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THERMAL BELTS AND FRUIT GROWING IN NORTH CAROLINA. 
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INTRODUCTION. 

A research (upon the thermal conditions in the North 
Carolina mountain region) was inaugurated in 1912 by 
the United States Weather Bureau at  the request of the 
North Carplina State Board of Agriculture and the State 
Horticulturist, with a ho e that the so-called Thermal 

tions in the various sections for the planting of fruit 
trees mi ht  be determined, as far as possible. 

tions of that re on in the owing of hardy fruit, es- 

occurred, supposedly because tither of too great altitude 
or of unfavorable topography, inducing freezes in the one 
case and severe frosts in the other. 

Heretofore the planting of orchards in the mountain 
region had been carried on in a rather haphazard way, 
so far as the influence of temperature conditions was con- 
cerned, and it was believed by the State Horticulturist 
that an exhaustive study of the various problems might 
furnish valuable information for the guidance of or- 
chardists in the development of their pro erties. 

The special meteorological stations t K at  were estab- 
lished in the North Carolina mountain region for the 

urpose of this study at points shown in relief map in 
frontispiece were conducted under the direction of the 
Weather Bureau, while the State Horticulturist has 
afforded assisthnce with advice and suggestions. 

Reference has frequently been made m meteorological 
and climatological hterature to thermal belts or 
frostless zones in mountain districts, both in this country 
and in Europe. These belts, of va ’n width in which 
frost is never observed, were said to T f  e ound on certain 
slopes between the vaIley floor and the summit, their 
development being mainly due to the fact that during 
certain cool nights the temperature is relativelyhigh on the 
slo e-much higher than a t  the base. 

This phenomenon, termed the inversion of temperature, 
is observed most frequent1 on clear, quiet nights, but 

is called an “inversion” because ordinarily we expect a 
fall in temperature with elevation, which, for the want of 
a better name, we may here term a “norm” in contrast 
with the term “inversion.” On the average the tempera- 
ture of the free air falls with hei ht, the mean rate of 

many nights in the mounta!n region when this decrease 
in temperature m t h  elevation or even a greater one is 
observed, especially when the weather is cloudy and 
windy. There are still other mghts, moist and damp, 
when the differences in temperature between various ele- 
vations are hardly appreciable. 

Both inversions and norms revail within mountain 

factors in the question of fruit gromng. In  the one case 
the minumum temperature is lowest a t  the bas? and high- 
est a t  some point on the slope or at the sumnut, while in 
the other case the minimum is lowest a t  the summit and 
highest a t  the base; and, through a combination of these 
two cqndjtions, we sometimes have a belt more or less 
indefimte in width where the minima average higher than 

Belts might be more clear 7 y defined, and that safe eleva- 

Consi % erable success had been obtained in many por- 

pecially apples, ? ut  here an f there marked failures had 

somestimes on partly clou d y and even c oudymghts. It 

decrease being 1’ F. in 300.feet o i? ascent, and there are 

valleys to a considerable vertical K eight, and are important 

2 

at either the base or the summit, free from the frosts of the 
valley and from the freezes of the higher levels. Within 
this belt, which might roperly be called a “verdant 
zone,” the foliage is frest and green as compared with 
that above and below. 

DESURLPTION OF REGION. 

More has probably been written regarding thermal belts 
in the North Carolina mountains than in any other 
section of the country, doubtless because the phenomena 
are more pronounced there than elsewhere in the East on 
account of the more exten+ slopes and the greater area. 
The Appalachian Mountains, which form the divide be- 
tween the reat centralvalleys of theunited States and the 
Atlantic P Y ain, extend in a southwest-northeast direction 
from Pennsylvania to northwest Georgia, but the cul- 
minating section of the system lies in western North 
Carolina. While the elevation of the Atlantic Plain a t  
the base of the mountains is only 150 feet in Pennsylvania, 
and perhaps 500 feet in Virginia, in North Carolina it 
rises to about 1,000 feet. 

The Appalachians divide into two chains in Virginia, 
one known as the Great Smokies, continuing in its south- 
westerly course and formin the boundary of western 

the Blue Rid e, as the range in the north is called, 
crossing the &ate farther eastward and forming the 
great watershed of the drainage of that section. Be- 
tween the two chains lies a remarkable region of valleys 
and plateaus, at no point falling to a lower elevation than 
2,000 feet, while portions of the ateau in Watauga 

have elevations ran ingfrom 3,500 to 4,000 feet. Within 
this system scores of mountain peaks rise to an altitude 
of more than 5,000 feet, and many even more than 6,000 
feet, Mount Mitchell being the highest, mth  an elevation 
of 6,711 feet. 

The North Carolina mouatain region, then, is reemi- 
nently a land of high mountains and plateaus, and E ecause 
of its elevation it is known as the “Land of the Sky,” 
a region most irregular in shape, having an area of over 
5,000 square mdes and extending in a northeast-south- 
west direction, about 125 miles. 

In  a eneral view the eastern chain, or Blue Ridge, is 

chain, the Great Smokies, is more regular, elevated, and 
continuous. Nevertheless, the drainage of the plateau 
between the two is thrown entirely to the westward. 
Numerous cross chains uniting the main ranges form 
basins which contain the mountain tributaries of the 
Tennessee River. Projecting into the Piedmont region 
east of the Blue Ridge are a few detached chains and 
isolated knobs. 

The principal streams of the mountain re ion rise in the 

the more elevated western barrier in deep chasms, t e 
French Broad, the North Toe, and the Pigeon, all three 
flowing into the Tennessee; and the Tuckasegee, into the 
Little Tennessee; while those on the other side of the 

North Carolina, and the ot  B er, retaining the name of 

County to the north and Macon CY1 ounty to the south 

seen to % e irregular and fragmentary, while the western 

! Blue Ridge, and those trending westward % reak throu h 
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AVERAGE ANNUAL RAINFALL AND TEMPERATURE 1913- 1916 

ridge trending eastward are the Yadkin, emptying into 
the Pee Dee River, and the Catawaba, separated from 
the Yadkin by the Brushy Mountains and flowin first 

re 'on into the Atlantic. 
?he mountains are for the .most part covered with 

timber up to their very s m i t s ,  even Mount Mitchell 
havlng considerable forest growth a t  the hi,Fhest points; 
but there are a few peaks, termed "Balds, with eleva- 
tions of 5,000 feet or more, whose rounded knobs are 
almost bare of tiplber. 

The relief map in the frontispiece shows the general 
topography of the region. 

easterly and then southerly through the Pie 2 mont 

temperature and elevation above mean sea level of the 
base stations. 

Taking temperature conditions in the sections to  
the east of the mountains as a basis, there is normally, 
because of the difference in latitude, about 2" difference 
in the mean annual temperature between the northern 
and southern limits of this mountain region. In  the 
lower levels the isotherm of 59" E" runs somewhat south 
of the Virginia-North Carolina border, while that of 61" 
is approximately in line with the Georgia-North Carolina 
boundary. Temperature data for the summits of the 
highest mountains in North Carolina are not avadable, 
but the means deduced from the observations at  places 

I 1 

GENERAL TEMPERATURE AND RAINFALL CONDITIONS IN 
REGION AS AFFECTED BY ELEVATION. 

Tbe modif ing effect of 
meteorologicJ conditions of the region is 

sharply northward, while tf& rainfall is muc B greater 

a reduction in tern erature and an 
The isotherms 8s t{ey approach from the eastern low- 
lands cl,lrve southward rapid1 and, after crossing the 
mountaw more or less ipe  ugrly a t  right an les, bend 

in the mountain region than at the lower levels, and is 
greatest Over the more elevated sections, especially 
those on .the side of the mountains facing the rain- 
bearing wmds. 

Figure 1 gives the average annual percipitation over 
western North Carolina for the four years 1913-1916. 
Isotherms for the Same period are also shown and in the 
upper left-hand corner will be found a key to the loca- 
tlori of the obsermng stations, also the mean annual 

having altitudes up to 4,000 feet are sufficient to show 
strikingly the effect of elevation upon tomperature.. The 
lowest annual mean for a considerable perlod in the 
mountain region is 49" at Blowing Rock and Bgvands,  
both about 3,600 feet above sea level, the first ?n the 
extreme northwestern portion and the other the 
extreme southwestern portion of the State. Because of 
the difference in latitude, Blo$n Rock should nor- 

tion is not apparent in the observations because of the 
difference in topography, the station at  the latter place 
being located in a well-marked frost ocket where the 
night temperatwe average," yniformly. pow. This meal1 
annual temperature of 49 1s approximately the mean 
of the Weather Bureau station at Albany, N. Y., where 
the thermometer shelter stands about 100 feet above 
sea level. 

m d y  average 2" colder than B g  2 ands, but this varia- 
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The rainfall in the Carolina mountain region, as shown 
in Figure 1, varies considerably and it is generally much 
heavier than on the Atlantic Plain. The largest amounts 
occur along the main Blue Ridge, especially on its south- 
ern and eastern sides, as the principal rain-bearing winds 
in that section are from east to sout#h. The southerly 
winds carry the moisture-laden air from the Atlantic and 
the Gulf of Mexico, and naturally the greatest rainfall is 
recorded at  the stations farthest to the south, where 
these east to south winds, moving inland, 
over the slopes, the cooling of the air resu ting in con- 
densation, often excessive. During a four-year period, 
1913-1916, inclusive, the gauge at Highlands re istered an 

two extremely wet years. In  the same period the cooper- 
ative station at Rock House, formerly known as Horse 
Cove, (Fig. 7), about six miles southeast of Highlands, 
recorded an average rainfall of 94.62 inches. These 
figures are considerably above the average for a long 

eriod of years, which are, res ectively, SO and 82 inches, 
gut in antcase this s ot in t I! e mountain region close to 
the Nort Carolina- e eorgia boundary is the wettest 
lace in the United States except the extreme northwest 

Facific coast. 
The rainfall over the Great Smokies is much less than 

alon the Blue Ridge, because the southerly and easterly 
rain- B earing winds are shut off, or at least their moisture 
is largely condensed over the Blue Ridge before reaching 
the Smokies. Moreover, the rainfall on the plateau in- 
closed by these two mountain ranges is very much less 
than on the surroundin mountains, obviously because 
of the condensation of a 5 arge portion of the moisture at 
the hi her levels before the winds reach the plateau. 
Ashevi fl e, in the valley of the French Broad River and 
walled in by mountains has an average annual rainfall 
of only 39 inches. 

YS upward 

aver e annual precipitation of 97.86 inches, t ?l e total in 
1915 ”a eing 111.21 inches, and in 1916, 105.10 inches, 

SOHEME OF WORE AND DISTRIBUTION OF STATIONS. 

Although the s ecial research was inaugurated in 1912, 

selected were in full  operation. Stations were installed 
at 16 places in the mountain region, Bryson, Ellijay, 
Hi hlands, Waynesville, Blantyre, Hendersonville, Ashe- 
d e ,  “r on, Cane River, Altapass, Blowing Rock, Globe, 
Gorge, &anson, Wilkesboro, and Mount Airy. Bryson is 
the most westerly,Mount Airy, close to theVirginiaborder, 
the most northerly and easterl , and Hi hlands and 

respectively, the most southerly. At the 16 points of 
of observation there was a total of 68 stations, varying 
at each point from 3 to 5. The point having the greatest 
elevation is Highlands, where the stations range from 
3,350 feet to 4,075 feet in altitude, and the lowest is 
Tryon, its base station having an altitude of only 950 feet. 
Six of the slopes, Ellijay, Tryon, Cane River, Altapass, 
Globe, and Gorge, have differences in elevation between 
base and summit of 1,000 feet or more, the longest slope, 
1,760 feet, being a t  Ellijay. Some of the slopes are steep, 
and others are gentle, irregular, and broken up into coves 
and frost pockets. Some are heavily timbered, while 
others are comparatively free from forest growth, just as 
certain of the individual stations are surrounded by dense 
ve etation while others are more or less bare. St one oint, Asheville, the stations were located above 
8 valley goor on two slopes, northerly and southerly, 
facing each other, while a t  two other places, Brpson and 
Mount Airy, the stations were on slopes leading down 

it was not until t H e fist part of 1913 that all the stations 

Tryon, close to the Georgia and 8 outh Carofina borders, 

from different sides of hobs .  Nearly all the short 
slopes lead up to isolated knobs, also some of the longer 
ones, and in other cases there is a large extent of surface 
area near the summit. Some of the valleys at  the base of 
the slopes are narrow and confined, and others are com- 

aratively broad; again, some base stations are located on 
groad benches. A wide range of conditions has thus been 
afforded for investi ation. 

all being located in the main portion of the mountain 
district with the exce tion of Wilkesboro and Mount 

Blowing Rock and Altapass, are on the main Blue Lidge. 
There was no definite uniformity observed in determining 
the positions of the stations on the individual slopes, 
the exact locations in some cases being dependent upon 
conditions beyond the control of the leader, the urpose 

within an orchard, when one was available. 
The task of selecting locations for the stations was 

rather difficult. The purp.ose was, of course, to make as 
complete a survey as possible of the meteorological con- 
ditions in the mountain region. The sco e of the work, 

securing and training competent observers and because 
of the jmpracticability of locating stations in some cases 
where most desired. To do the observation work with 
absolute completeness, ex erienced observers should have 

cessible; but this was, of course, impracticab e. The 
bureau was obliged to select places where men were 
available to take observations, generally su erintendents 

to be trained as observers, the observation work being 
incidental and in addition to their regular duties. 

The places selected were for the most part on slopes 
havin orchards already planted, the number of stations 

ience the stations were numbered in consecutive order 
from the base to the summit, station No. 1 being on the 
valley floor, or at least a t  the base of the particular 
slope, and stations Nos. 3 , 4 ,  or 5 ,  as the case might be, ab 
the summit, or as far u as racticable. In  some places, 

Altapass, the No. 1 station was not placed actually on 
the valley floor;. while at  a few places, as at  Rshevillc, 
the hi hest station was not at the summit, the location 
in ea& case being governed by the exigency of the 
situation. 

The observations continued at  all 16 places until the 
close of 1916, with the exception of Waynesville, where 
the work was terminated in the middle of the period. 
The data at  that place, on account of this interruption, 
have consequently not been included herein. For the 
sake of uniformity and convenience, the dicussion of the 
observations in this research is limited to the four years, 

The individual stations were furnished with ther- 
mometer shelters containing thermographs and maxi- 
mum and minimum thermometers, these instruments 
being placed about 54 feet above the ground; and one 
station in each place, called the “home station,” was 
supplied with a mimimum thermometer attached to the 
outside of the shelter, a sling psychrometer, and a rain 
g y e ‘  This home station was the one nearest to the 
res1 ence of the observer-at some places at the base, 
at  others on the slope or even on the summit, depending 
u on the convenience of the particular point to the 
o E server’s residence. At the home stations the observa- 

The places were f airly well distributed geographically, 

Airy, which lie in the P oothills to the east. Two laces, 

being to place at  least one or two stations in eac E group 

however, had its limitations because of t 1 e difficulty in 

been located at  many e P evated points well-ni h inac- 

or foremen employed in the orchards, and t R ese men had 

at  eac % place averaging four. For purposes of conven- 

where there was a furt ! I  er escent below the base, as a t  

!? 

1913-1916. 
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tions were made and the thermometers set daily, while 
at  the other stations the readlngs were made twice a 
week only, the thermo raph traces, however, furnishing a 

stations are more complete and dependable than at  the 
others. In addition to the instrumental record of temper- 
ature and precipitation, data as to wind direction and 
estimated velocity, especially at  sunrise and sunset, and 
notes as to the character of the weather during both day 
and night were kept by the observers. The regular e uip- 
ment a t  Tyron was supplemented by a hygrograp B at 
station No. 3. 

There were not available at  any of the special stations 
instrumental records of wind or sunshine, but the records 
of the regular Weather Bureau station in the city of 
Asheville have been used to supplement the observations 
made in the field. Asheville is fortunately located in 
the very center of the region under investigation, and 

oup of orchard ex erimental stations was estab- 

Moreover, the observations made by the orchard ob- 
servers were su lemented in the spring of 1916 .by 
s ecial work at  RB lli'ay, Highlands, Tryon, and B l o m  
Jfock by Mr. E. H. baines, of the Chicago Weather Of 
fice, and in the s rin of 1915, at Ellija and Hlghlands 
by Prof. H. H. !&%all and Mr. R. d Covert, of the 
Central Office at  Washington. Professor Kimball's ob- 
servations2 have already been published. 

continuous record. 8 owever, the data a t  the home 

lishe One r a few miles distant P rom the city. 

TOPOGRAPHY OF THE INDIVIDUAL SLOPES AND THE 
EXPOSURE OF "HE INSTRUMENTS. 

A complete description of the conditions under which 
the instruments were exposed is essential to an under- 

* Rimball, H. H., Noeturnal Radiation Measurements, MONTHLY WEATHER REVIEW, 
February, 1918,46 : 57-60. 

standing of the observations, and detailed statements 
regarding the environment of each group of stations will 
be found with the contour maps of the res ective stations. 

gentle, whether regular or broken up into coves and 
ockets; also its hei ht  above the base and above sea 

kvel, the direction o P its inclination, its general environ- 
ment as regards topograph and vegetation-in a word, 
to know every condition t K at  might possibly affect the 
temperature, rainfall, humidity, or wind. It will be 
found later, as the observations are discussed, that 
exposure and environment have a most important bear- 
in upon the situation. 

%he stations are not located necessarily at  the exact 
oints where the numbers appear in the relief map, 

{ecause these numbers are entered a t  the positions of 
the various cities or villages, while in many instances 
the experimental stations are a few miles distant. This 
variation will be explained under the description of each 
group of stations, and the special contour maps and 
accompanyin profiles will show in detail the local topog- 

distances between the base and the summit stations and 
the vertical and horizontal distances from station to 
station. As stated previously, the lowest, or base sta- 
tion, is always numbered 1, while the highest in the 

oup has been numbered 3, 4, or 5, as the case may be, % ending upon the number of stations employed. 
fn  the descriptions of the stations and their ex osures, 

only important features are mentioned; but t E ese, a t  
least, are necessary to an understanding of the observa- 
tions. 

The shaded portions of the to ogrnphical maps indicate 
cleared areas in the vicinity of t E e observation stations. 

The arrangement of the stations is from west to east. 
following the numbers on the relief map which forms the 
frontispiece. 

It is important to know whether the s f ope is steep or 

raphy at  eac a place. The profiles indicate the vertical 
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BRYSON. 

Cupt. A .  M .  F r y ,  Observer.--S group of four stations in the orchard 
of the observer, about 2 miles northeast of the village of Rryson and 13 
miles north of the Tuckmegee River, on the valley floor of Deep Creek 
in a region hemmed in on the north by the spurs and ridges of the 

rated from station No. 1 by a knob, the summit of which is about400 feet 
southweat of station No. 2. No. 2a, home station, on south slope 385 
feet above station No. 1; aame elevation as station No. 2, but over the 
hill and on the op osite side; shelter in midst of orchard close to apple 
trees; wending sfope on all sides, except gradually descending on 
south side between two hills; timber to south and west about 100 feet 

FIG. 2.-Bryson, contour map and pro6le. 

Great Smokies and on the south by the Yalaka Mountains; mountains 
at varying distances tower above on nearly all sides. Base station, No. 
1, 1,800 feet above sea level, in a gram plot on a flat plain with the 
country in the immediate vicinity rolling and broken. Station No. 2, 
in a cove or gully 385 feet above and in a horizontal direction 3,000 feet 
northeast of station No. 1; in the midst of apple orchard, the trees 
being a few feet from the shelter on all sides; on northerly slope sopa- 

distant. Station No. 3 on a small knob 570 feet above station NO. 1; 
not in orchard; shelter surrounded by ferns and scrub oaks; also high 
timber to the south and southwest 15 to 20 feet and to the  east 30 feet 
distant; sharp descent to orchard below. The slope in the orchard, 
aa a rule, is quite gradual. The vertical distance between stations 
Nos. 1 and 3 1s 570 feet, and the horizontal distance is 3,000 feet, a 
grade of 12'. 
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(To face p. 6.) 

FIG. 5.-Slopc, north sidc, lZllijag Creek, Isciog rrscarcli stations, nud 
showing s~iov' linc of April 9, 1SIG. 
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FIG. 11 .-Slation No. 2, Dlantyrc, 011 Stntc farm in sag at basc of LittlqPoddcrstack Mountain 

] P I G .  12.-Slalions Noc. 3 and 4, Illnnlyro, in orchard of Stalc farm on Litllc Foddcrstack Mountain. 



M. W. R., Supplement No. 19. (To face p. 7.) 

PIG. l(i.--Stnliou N o  3. IIcndrrsonvillc. 

F I G .  1.5.-Stnlion No. 2, IIcndrrsonrillc. 

Pia. lX.-Nortli slopc in  orclisrd nrnr hslicvillc, looking do\vn \-alley. 



(To face P. 7.) 
M. W. R., Supplement No. 19. 
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FIG. %.-Station No. 4, AltapaSS; orcllnrd on SlCOp SlOpC. 

k 

BIG. B.--Station No. 6, hltapass, on grass plol on somumit, orchard 0 1 1  lcll and brlow 



M. W. R., Supplemsnt No.  19. (To face p. 7.) 

FIG. 31.--Grandfathcr Mountain koin 13Iowiiw Rock. 

FIG. 33.-l'ortion of Flat Top orchard from station No. 4, Jlloying Rock, looking 
soublicast, sniall lake in forcgroond, nl)oro which is sl.nlion No. 3. 
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ELLIJAY. station No. 1, over sod in apple orchard on moderate slope though 
steeper above and below, slope broken up in>o rldges and hogbacks. 
Station No. 4, 1,240 feet above station No. 1, in clewing and on edge 
of steep northerly slo in corn and potato patch; brush about 1G feet 
to the west; some t i m g i  100 feet to the west and southwest. In  winter 
sun shut off during greater part of day. Station No. 5, 1,7GO feet above 
station No. 1, a level field near the summit of a high knob, another 
prominence, Peak Knob, 180 feet higher than station No. 5, distant 
1,800 feet to the south; timber to the west, southwest and south, mostly 

Chas. G. Miny, Observer.-The Ellijay stations, on the property of 
the observer, on a stee northerly slope of a 8 ur of the Cowee Moun- 
tains, the base station,%o. 1, being in the valgy floor of Ellijay Creek 
at an elevation of 2,240 feet, while the high station, No. 5, is on the 
summit of a knob 1,760 feet above the baae and 4,000 feet above sea level. 
Station No. 1, in a field about 30 feet south of the creek, over IWR plot, 
at a considerable distance from any trees; acroa creek to t i e  north, 

Fia. 3.-Ellljay, contour map and profile. 

steep high slopes, more or less broken, while to the south, slope abru t 

erlY slope broken and uneven with natural terraces here and there; 
valley narrow and trending in emt-west direction, almost entirely 
inclosed b mouptains. Station NO. 2, in orchard, on rather steep 

No. 1; timber to north, northwest, west and southwest; cleared land 
directly to east, northeast, &nd southeast, and for some distance to the 
south, about 500 feet. Station No. 3, the home station, 620 feet above 

near the valley floor; orchard at some distance south of shelter on nOrt 1: - 

northerly 8 K ope mth ferns and weeds on all sides, 310 feet above station 

dead, close ba[.; abrupt slopes to the north and east. (See qg. 4, Peak 
Knob in the istance to the right:) Ellijay Creek, near which statlon 
No. 1 stands, flows In a westerly dlrectlorl thrqugh a narrow valley, and 
the slope on the north side is broken-up into spurs and hogbacks. 
(See fig. 5 for photogra h taken from stabon No. 4,showmq mountains 
and slopes on north aiie of Ellijay Creek.) For a vertical distance of 
1,760 feot between stations Nos. 1 md.6 at ElhaY, there is a hori- 
zontal distance of about 5,lF feet, eqwvalept to an average grade of 
19O. The grade on some portions of the slope 18 more than 30". 



a SUPPLEMENT NO. 19. 
HIGHLANDS. 

T. G. %arbison, Observer.-Eighlands is on an elevated plateau 
Close to the Georgia border, and its group of five stati01~ on the 
property of the observer in  two different orchards more than 2 miles 
apart, No. 1 and 2 being in the Satulah orchard on a souther1 dope 
h e c t l  below Mount Satulah, and Nos. 3, 4, and 5 in  the Wardhem 
orchar$ on the southeast dope of Dog Mountain. These stshone have 
the highest elevation of all used in the research, station No. 5, near 
the summit of the Wa!dheim orchard slope, having an altitude of 
4,075 feet. The place Is. near the southern end of the Blue Ridge. 
There are several mountam peaks in the vicinity, the more prominent 
being Satulah and Whiteside, with elevatione of 4,560 and 4,930 feet, 

feet distant. Timber within 30 or 40 feet of shelter and between it 
and Mount Satulah, locat3d to the northeast and north, which towera 
directly above and appears like an immense rock reaching an elevation 
of more than 1,000 feet above station No. 2. The grade from that 
station to the summit of the rock ia 45O, while the average grade in the 
orchard itself is only 10' or 11O; timber to west is close by and reaches 
also a little to the south and is rather high. Station No. 3, the base 
station of the group in the Waldheim orchard, has an elevation of 
3,675 feet above sea level; shelter in grass plot in a sink immediately 
below orchard; slope above not steep, except near the Iower edge 
directly aboye stabon No. 3, and for a short distance above station 
No. 4. Statson No. 3 near the bottom of a general east to southeast 
slope, surrounded by trees, except where the ground slopes upward 

FIG. 6.-IIighlands, con 

respectively. Highlands iS only a few mil08 northwest of Rock House 
or Home Cove, where the largest amount of rainfall in the United 
States ie recorded With the exception of the extreme north Pacific 
coast. (Fig. 7 shows the cooperative station at Rock House, the 
thermometer shelter being in  the center of the picture.) Station 
No. 1, in the Satulah orchard, the home stabon, 3,350 feet above sea 
level, almost directly south of Mount Satulah and about 1,500 feet 
distant from ita bwe. The ground dopes rapidly away from the 
shelter to the southeast and west. Slope rather moderate immediately 
to the north in orchard; in fact, slope in that direction does not become 
steep for more than 1,000 feet, bu j  beyond that point toward Mount 
Satdah the grad? is quite steep. Station No. 2, 200 feet above station 
No. 1, in 8 honzontal direction about 1,000 feet distant. Shelter 
located over a g m y  plot With apple trees all mound and only a few 

tour innp and profile. 

toward the orchard on the northwest side; no descent on any side 
of this depression, but land somewhat broken. The depredon a 
natural frost pocket. (Fig. 8 shows station No. 3, looking to the 
northwest toward orchard.) Station No. 4, 200 feet above station 
No. 3, on a southeast slope in orchard over sod covered mth g w ,  
weeds, and bushes in the midst of apple trees; slope at  oint 
moderately Steep and in  an east-southeast direction. Stahon &. 5, 
400.feet above Btation No. 3, in apple orchard 20 to 30 feet below u per 

way down; shelter 150 to 120 feet below the summit of Dog Mountain. 
Timber above orchard to the West and northwest, also to the south, 
but not heavy, the closest timber being about 25 feet dbtant. Average 
grade between stations NOS. 3 and 5 is 16", much greater than between 
statione Nos. 1 and 2 in the Satulah orchard. 

hmt; Slope moderate near shelter and moderately steep most o P the 
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BLANTYRE. 

John E. Davidson, Observer.-A group of four stations on the State 
Farm a t  Blantyre, located in the valley of the French Broad River, 
which is rather wide a t  this point. The river falls here at the rate 
of only about 100 feet in 35 miles of meanderin over the plateau. 
Base statlon, No. 1, close to the valle flopr, 2,090 feet above sea level; 
the other three stations about a hakmlle dutant on the nprthwest 
slope of Little Fodderstack and separated from the base stahon by a 
gradual ascent partly timbered. Big Fodderstack, a few hundred 

southeast and a small hill to the north and northwest; shelter in lower 
ed e of apple orchard. Above station No. 2 the grade rather steep 
a n i  the mde of the mountain terraced; the slope broken up consider- 
ably in various directions. The sag in which station No. 2 is located 
slopes gently from the southwest to the northeast; and this is apart 
from the general slope thence upward to summlt of Little Fodderstack 
in a southeast to south direction. Station No. 3 in the midst of apple 
orchard, 150 feet above station No. 2, is about half way up Little 
Fodderstack. Shelter located on a hogback or ridge 50 or 60 feet 
broad running northwest down to station No. 2. Slope down, steep, 

FIG. ll.-Blsntyre, contour map and profile. 

feet hi her than Little Podders$ck, distant abput a *e  to the puth- 
West, no high mounwns in the immedaate nan i ty .  Nine or 
ten mfies away are several high peaks, includin Mount egah ,  which 
stands to the northwest in the distance witk a maximum height 
Of 5,749 feet. Countr in immediate ViCinity of research stations 
rolling and .broken. &ation N ~ .  1, home station (fig. IO), over a 
grass plot.sl%h*.Y above the bottom lands on one of several terraces 
15 feet mde, mth moderate slope; peutle slope upward in rear of 
shelter to the 5011th and southwest on y few degrees to base of Little 
Fodderstack; $0 the southeast of shelter a peach orchard in terraces 
about 30 feet distant from.shelter. Station NO. 2 (2. ll), 500 feet 
higher than station No. 1, a sag between Little Fo demtack to the 

20 feet northwest of shelter, do e upward directly be ond shelter, 
more moderate. Station No. 4, f00 feet above s h t m  0. 2 and 600 
feet above station No. 1; shelter on a hogback al.moflt on summit of 
Little Fodderstack, but the ground a few feet h~ her to the south, 
southeast, and east; 20 to 40 feet s?Uth and Eout east of shelter it 
slopes almost generally in all direcbons. sparse. hmber southwat, 
sou$, southeast, and east of shelter 20 to 40 feet dlsbnt; clear view a t  
station No. 4 at Bunrise and sunset; shelter located Over gms and just 
beyond u per limit of orchard. Average grade between stations Nos. 
2 and 4 $?ut 2 2 O ,  only a few @pPm, such as .A%as!, Ellijay, Globe, 
and the China orchard a t  Blomng ack.hamng.secbons any steeper. 
fig. 12 gives good view of orchard lncludlng statlona Nos. 3 and 4. 

R 
fl 
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HENDERSONVI LLE. 

S. McCarson, 0bsavm.-The qroup of four stations at Henderaonville 
located 3 miles to west of the city, the base station in  a meadow and 
the other three in the apple orchard of Cap. M. C. Tome on the moderate 
slope of Echo Mountain, or Hickory Hill, aome distance southwest of 
the base station. This group of stations is only about 7 miles distant 
from Blantyre on the other side of the French Broad River. Jump Off 
Mountain, the most prominent point in the vicinit with an elevation 
of 3,141 feet, lies distant less than a mile west of Ecto Mountain, which 

respectively; brush and scrub pine to west 40 feet and timber to west 
about 300 feet distant. Station No. 2 (fig. 15) over thin grass on sandy 
soil 450 feet above station No. 1, and 3,500 feet distant in  a horizontal 
direction west by south, at the bottom of apple orchard; timber, not 
heavy, surrounds shelter from southwest to northeast by way of south- 
east, at varying distances, forming a semicircle. Station No. 3 (fig. 16) 
in  midst of apple orchard, soil covered with grass, 600 feet above 
station No. 1, on B uniform northeast to east slope from the summit; 
slope at No. 3 more easterly, continuing in that direction for descent 
of from 40 to 50 feet, then a little gap between two small knolls to the 

FIQ. 13.-Eendersonville, contour map and profile. 

has an elevation of 2,950 feet, there being amg between the two knobs. 
There is also a small knob, Mount Davis, 5 short distance to the north 
and of about the same elevation aa Echo Mountain. Below these 
mountains there is a more or less p a d d  downward slo e in  practically 
all directions to an extensive plain which reaches For manymiles, 
mountains in the distance surrounding. Station No. 1 (fig. 14), 2,200 
feet above sea level on a bench some dlstance removed from the valley 
floor, on a m y  plot with a very slight declination to the ea&; shelter 
surroundef by timber except at o enin to east through a narrow gap; 
slight slopes upward to.north ancfsout~, on both of which timber ia 
located, the timber bemg 30 to 50 feet north and south of shelter, 

north and to the south. Station No. 4, the home station, 750 feet 
above station No. 1, in apple orchard on the knoll called Hickory Hill 
or Echo Mountain. The shelter distant 10 feet or more from mall 
apple trees, with clover, grass, and weeds covering the soil. The 
general slope at Hendersonville is more radual than at any of the 
other places, except poaaibl Gorge anjTranaon, the slope being 
sharp at on1 a few oints. $he average rade between stations Nos. 
1 and 4 iS on& 7 O  ancfthat between statiom%os. 1 and 2 about the aame. 
However, the grade between station Nos. 3 and 4 is somewhat steeper. 
There is here a wider expanse of surrounding laina than in  the vicinity 
of any other station, except possibly Wilkesforo and Mount Airy. 
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ASHEVILLE. 

Chas. V. Joyner, Observer.-The five stations on Afr. Chm. H. Webb's' 
propert about 4 miles northeast of the city of Asheville, on a bench 
above t t e  valley of the French Broad R:ver, which is a proximately 
the center of the North Carolina mountain region. Mr. kebb's prop- 
erty lies on the north and south slopes of Bull COVQ Branch (fig. 18, 
photograph taken from north slope in the orchard looking down the 

of the top of a spur reaching westward from the peak of Bull Mountain, 
which towers a thousand feet above, but statipn No..3a, in a clewing 
surrounded by timber on the opposite slope, is mthin about 100 feet 
of the summit of the ridge, projecting acrom from Rice Knob. The 
southerly slope is much steeper than the norther1 . Whlle stations 
Nos. 3 and 3a are each 380 feet above station &::!, the  horizontal 
distance on the south slope is only 1,200 feet, wh!le it 2,000 feet on 
the north slope. The north slope is broken up into ridges and hog- 

VallQy toward the city of Asheville). Station No. 1, the home Station, 
Over grass at an elevation of 2,445 feet above sea level, in a sag between 
n?rtherlY and souther1 slopes. Stations Nos. 2 and 3 on rough broken 
Sol1 In apple orchard &g. 19) on a northerly slo e of Bull Alountain, 
155 feet and 380 feet, respectively above stationKO. 1. Stations NOS. 
2a and 3a on the opposite southerly) slope (fig. 20) at the same elevations, 
respectively, m stations NOS. 2 and 3. Station No. 3, only a few feet 
distant from heavy timber to the south, west, and cast within 300 feet 

3@&4%23---2 

backs, but the south slope is more regular. The southerly slope has 
a grade of nearly 18O, while the opposite northerly ~lpp? hm a grade of 
only lo&". It is rather level immediate1 in the vlclnlty of shelter a t  
No. 2 on noitherly slope in the midst of tze orchard, but quite stee a t  
point opposite on southerly slope where No. 2a 18 located in. open 
over short grass (fig. 20). The shelter at No. 3, because of its locatloon 
on a northerly slope and proximity to timber, is shut off from p ~ c -  
tically all suhhine. 
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TRYON. 

W. T. Lindsey, Observm.-The stations a t  Tryon, four in number, 
located about 2 miles to the northwest of the village; station No. 1 
(fig. 22), on the valley floor of the Pacolet River, at an elevation of 
950 feet above sea level, the lowest of the experimental stations used 
in this research; stations Nos. 2 and 3 in the vineyard of the observer, 
on the southeast slope of Warrior Mountain, and station No. 4 higher 
up on the slope, with an elpation of 1,100 feet above station No. 1 
and within 400 feet of the summit (figs. 22 and 23). There are several 
other mountains in the immediate vicinity in  the same range, the 

station No. 2 is rather stee to the east and southeast, but almost level 
as station No. 1 is approacted; shelter over broken ground with grm 
and weeds, especially to the north; timber covem most of the slope 
between stations Nos. 1 and 2, also some timber to the east 50 to 75 
feet; vineyard practically surrounded by timber, terraced and fairly 
steep, but not so steep as immediately below or above. Station No. 
3 (fig. 24), 570 feet above station No. 1, on southeast slo e about 60 
feet above upper rim of vineyard; in a small apple orcharc! over grass, 
weeds and rocka; rather a steep slope above to station No. 4, with 
brush and high timber about 100 to 150 feet to north, northwest, west, 
and southwest, half encircling station. Station No. 4, 1,100 feet above 

FIG. 21.-Tryon, contour msp and protile. 

most prominent being Tryon Mountain to the northeast, with an eleva- 
tion of 3,231 feet, while that of Warrior is only 2,465 feet. Then there 
is Round Mountain, almqst midway between Warrior and Tryon. 
Across the Pacolet valley 18 Melrose Mountam (see fig. 24), but not 
near enough nor of sufficient mass to serve effectively as an opposing 
slope to Warrior Mountain where the research stations were located. 
Station No. 1, located on the rather wide valley floor of the Pacolet 
River running in east-west direction,.is well situated for the expeii- 
mental work, being at the foot of Warrior Mountain, on a grass covered 
plot on ground practically level. Shelter at the home station, No. 2, 
on lower ed e of vineyard, on southeast slope 380 feet above station 
No. 1, the ~orizonts l  distance being 4,000 feet. The slope below 

station No. 1, is on southeast slope on edge of cliff with sharp drop 
of several hundred feet to station No. 3; is over grass and weeds in 
small cleared space; timber and brush within 10 to 20 feet on all 
sides except south and southwest, where sheer drop occum. From 
station No. 4 the ground slopes upward rather steep in places to the 
summit of mountain more than 400 feet above. Slope is heavily tim- 
bered above and below station No. 4. The slope, as a whole, from 
station.No. 1 to station No. 4 has an average grade of about 113", but 
immediately above the valley floor, between stations Nos. 1 and 2, 
the grade is very gentle, while between stations Nos. 2 and 4 the 
grade is quite steep, especially above station No. 3. The average 
grade between stations Nos. 2 and 4 is about 26". 
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CANE RIVER. 

Hiram A .  Pro tt Obsmer.--Cane River is located on the northwest 
side of the Blactdountains, and the orchard stations, four in  number 
are about 2 miles west of the village, on the property of the observer: 
the base station in a level plot having an elevation of 2,650 feet above 
aea level and somewhat above the valley floor af McElroy Creek, a 
branch of Cane River. The summit station is h,igh up on a knob 
above a steep timbered slope 1,100 feet above the base and about 

northerly slope; heavy timber on steep upslope to the south, south- 
west, and southeast of shelter; some timber also to the east and weat 
more distant; hills also in those directions 500 or GOO feet away; shelter 
located over grass-covered surface. Station No. 3, 400 feet above 
station No. 1, on northerly slope moderately steep; shelter in  upper 
portion of apple orchard near baae of mountain in a cove-like inclosure, 
with grass-covered surface; heavy timber to emt,, southeast, south, 
southwest, and west. Sun shut off by timber during early morning 
and late afternoon hours for the greater portion of the year; steep 

I 
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' ALTAPASS. 
R. F. Brewer, Observer.-Altapass is on the main range of the Blue 

Rid e Mountains, the villa e itself being on the divide dlrectly north of 
McIfinney Gap, with the #lack Mountains, including Mount Mitchell, 
Clingmans Peak, and Celo Mountain standin up at  great heights to 
the west, Grandfather Mountain and Brown &fountain to the east, and 
smaller knobs in between. The southeasterly slope containing the 
experimental stations is steep, while the slope on the other side of the 
Blue Ridge to the north and northwest is gentle. Five stations here 

timber and hills to east and west 200 .feet or so. Station No. 3, home 
station, 500 feet above station No. 1, shelter in peach and apple orchard 
on ahassoutheasterly slope; slope broken into ridges and hogbacks. 
Station 0. 4 (fig. 28) ,  750 feet above station No. 1; shelter in apple 
orchard with small trees in vicinity; on stee southeasterly slope; sol1 
badly gullied and worn away here by f loof in  the summer of 1916. 
Station No. 5 (fig. 29) ,  1,000 feet above station No. 1, on summit of 
rid e 200 feet wide and extending in a northeast-southwest direction 
a n t  nearly level for a mile or so; shelter in midst of small trees over 

Fro. P6.-Altapass, contour map and profllc. 

are in the orchard of the Holston Corporation, the base station No. 1, 
being 2,230 fect above sea level, with the others each 250 feet above its 
lower neighbor. While the summit station k directly on the main 
ridge, No. 1 is really on the slope, as the descent below continued 730 
feet down.? the valley floor a t  a place called North Cove, two miles 
distant from station No. 1. Station NO. 1 18 a small level plot in corn- 
field and surrounded by dense vegetation; timber and hills to west, 
northwest, and southwest close by; also to east but much €arther away; 
hills to the north. Station No. 2 (fig. 27) ,  250 feet above station No. 1, 
in small level plot in cornfield in midst of steady southeasterly slope; 

grass and weeds, in marked contrast to the comparatively bare soil at 
the stations lower down on the slope, as shown in figure 28, where the 
vegetal cover thin because of the steepness. l h e  slope becomes 
steadily steeper from station No. 1 to summit and is es ecially steep 
between stations Nos. 4 and 5. The average grade OF entire slope 
from station No. 1 to station No. 5 is about 1 6 O  and is robably more 
regular and uniform than any other long slope, except Ellilay, which 
has an average grade of No. The entire Ahpass slo e, incl$mg that 

is 1,760 feet. 
below station No. 1, is about 1,730 feet in height, an B the E b y  slope 
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BLOWING ROCK. 

E. G. Underdown, Observer,-The village of Blowin Rock is located 
to the east of Grandfather Mounta? ( f ig .  31) on the pfateau flush with 
the crest of the Blue Ridge, running parallel.there to the Tennessee 
boundary line and distant from It about 10 miles. The plateau here, 
as well as at Highlands, close to the Georgia boundary, averages more 
than 3,500 feet in elevation. To the west and south of the village there 
is a sharp descent to the valley of the Johns River, and beyond as far 
as the eye can see are towering mounqains. On the plateau itself are 
sqveral knobs, of which the two pr?ncipal ones lie to the north of the 
village, Pine Ridge and Flat Top, m t h  elevations of 4,400 feet and 4,590 

rassy plot, 450 feet above No. 1, on rather steep southerly slope, 
troken u into ridges and hogbacks, so that while the general 810 e is 
south anasoutheast the local slopes in the orchard vary. The orcffard 
extends upward from station No. 2, with a rather uniform steepness. 
The average slope in this orchard is about 15". The slope extends 320 
feet above No. 2 and 1,130 feet below No. 1, in all a vertical height of 
about 1,800 feet, even greater than those at  Altapass and E l l ~ ~ a y ,  but 
for purposes of the discussion this slope will not be classed with the 
other long slopes because of lack of suitable observation stations. The 
Flat Top orchard (figs. 32 and 33) is shaped much like an amphtheater 
whlch gradually slopes down from the up er run to a lake or large pond 
at the base. The basin is mostly inclosezand the descent at the outlet 

FIG. 30.-Blowing Rock, contour map and profilc. 

feet, resFoctively. The experimental stations are five in number, 
divided Into two groups, three in the Flat Top orchard and two in the 
China Orchard, bo& apple orchards, and owned by Mrs. Abram Cob, 
located, rcsPectlvelY, from 1 to 2 miles north and northwest of the 
village, and distant from each other about one-half mile. In these two 
and the Green Park oryhard, another pro erty of the Cohn family in 
the vicinity, are aP roxlmately 40,000 apse trees, the throe combined 

orchard, containing statlon.8 &?e. 1 and 2, is on a stee and narrow 
southerly  slop^ which drams into the Johns River. &ation No. 1, 
elevation 3,130 feet aboye level; shelter over sod on southerlv 

being probablythe P West Pro erty of the kind in the East. The China 

slope; timber on sharp slopes to Cast, southonst, southwest, and weit 
from 30 to 50 feet from shelter. The slope continues downward from 
the China orchard to a ravine far bolow. station NO. 2, in rough 
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or less brokenly tending on one side downward toward the east and on 
the other toward the west or southwest. Station No. 5, 350 feet above 
station No. 3, the home station; located on upper rim of orchard just 
below roadway near the residence of owner. Shelter is over long 
grass. From this station the orchard stretches down in all directions, 
except to the northeast, north, and northwest. The average slope from 
station No. 3 to station No. 5 in the Flat Top orchard is leas than go, 

compared with the slope of 15' between Nos. 1 and 2 in the China 
orchard. There is a large extent of surface area in the vicinity 
of No. 5 approximately at the same level, and the surroundings are 
much unlike the knobs on which several ofthe summit research stations 
were located. No. 3 ia the valle floor station for the Flat Top @?up at  
Blowing Rock, just as No. 3 at sighlands is the valley floor station of 
the Waldheim group. 

FIG. 35.-Globe, contour map and profile. 

GLOBE. 25 feet distant from shelter t o  the north; south and east is timber about 
Julius L. GTagg, Observer.-+obe, with its group of three stations, is 

located in  the mdst  of mountalns, Grandfather Mountain to the north- 
west and Brown Mountain to  the southwest. The Summit station is 
on the southeasterly slope of a spur of Grandfather, called Snake Den 
Mountain. The valley of Grag Fork, in  which the base station is 
located, is here narrow and minjing and re?chea generally in  a north- 
west-southeast direction; but below, the direction is more southerly, 
drainin the northern portion of the eastern slope of Grandfather Moun- 
tain. 'fhe slopes are steep on both sides of the valley, except in the 
lower levels of the mountain, where the slope 18 gradual. Station No. 
1, the home station, 1,625 feet above sea level, on a level grass plot 
acroea Gragg Fork from the base of mountain, shade trees in yard about 

300 feet distant and to  the west about 600 feet. Station No. 2, 300 
feet above station No. 1, in small orchard on east to southeast slope; 
shelter i n  small patch of cleared land surrounded by timber 200 to  300 
feet distant on side of mountain on moderate slope, but steep above and 
below; sunshine cut off early in  afternoon, especially in  late fall and 
winter. Station No. 3. on summit of ridge 1,000 feet above station NO. 
1 on Snake Den Mountain; shelter in  clearing surrounded by brush 
and timber about 20 feet distant in all directions; grade steep up the 
mountain from station No. 2 to station No, 3. Timber covers practically 
the entire mountain; peaks all around. The entire slope from station 
No. 1 t o  station No. 3 averages about 1 3 O ,  but that from station NO. 2 
to station No. 3 averages more than twice this-28O. 
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GORGE. 

Wm. A. Tolbmt, Observer.--Gorge is located at  the base of Brown 
Mountain and the stations, five in number, reach along the Black 
Bee Branch up the slope t o  the summit of Little Chestnut Knob, the 
slope downward being in  a general northeasterly direction. The main 
peak of Brown Mountain is distant about a half mile to  the southeast 
with a sag between. The region is quite mountainous, but there are 
no peaks of great height in the immediate vicinity. The main chain of 
the Blue Ridge lies to the north, northwest, and west of Brown Moun- 
tain. Station No. 1, the home station, 1,400 feet above sea level, in 
the valley floor of Wilson Greek, is in  a gap close to Black Bee Creek 

farther away. Although the general slope on this side of the mountain 
is northeasterly, the ground is so broken at No. 3 the slope turns there 
to the southerly, thus forming a cove or pwket partly inclosed, with 
sunshine cut of€ in the afternoon. Station NO. 4 (old), 840 feet above 
NO. 1, in an abandoned orchard on the north slope on a hogback 
which slopes o1f gently to the east and west; in the midst of brush, 
apple and other small trees, and 20 to 30 feet away from larger timber, 
but none very large; station in operation in 1913 and 1914 only. Station 
No. 4 (new), 840 feet above No. 1,  in operation in 1915 and 1916, located 
on a moderate northerly slope in clearing over thin grass, although the 
general slope is northeasterly. Station is surrounded by trees of dif- 
ferent heights at distances varying from 60 to 125 feet; small brush all 

FIG. 36.-Gorge, contour map and profile. 

and ashofidistance west of Wilson Creek, into which Black Bee empties. 
The gap runs f!om west to east between hills for 500 feet. The station, 
Over comParatlvelY bare soil and on rather level plot with brush close 
at  hand, is.Sumounded by hills and mountains with timber. Sta- 
tion No. 2, in Bagley orchard, 290 feet above stdtion No. 1, on north- 
easterly Slope, about 50 feet east of Black Bee Creek. The valley here 
runs from southwest down to northeast alld is surroundeil by hills, this 
location partaking of base station conditions. Surface under Rhelter 
rather bare; slope U fr?m No. 1 t o  No. 2 gentle, as is, in  fact, almost 
the entire slope. itatmn No. 3, 615 feet above No. 1 in Chestnut 
Hollow Cove, on moderate north to  south alone: t,irnlwr i s  rnt,hnr thin 

around. This station is distant about 4,500 feet in a horizontal direc- 
tion from the old No. 4, and wassubstituted for it at  the close of 1914 be- 
cause of the inconvenience in reaching the old location. Station No. 5, 
1,040 feet above station No. 1; shelter 0; Chestnut Knob in midst of 
brush; sparse timber distant 20 to 30 feet all directions; knob slopes 
off on all sides, there being a lev.! space of about 30. feet square on the 
top where shelter stands. The tim+ around station NO. 5 does not 
cast nearly as much shade a8 at Statlop No: 4. For a long slope, Gorge 
is the most gradual of all employed 1 n . k s  yesearch, the horizontal 
distance between the base and thesummt stations being about 2 miles 
€or a vertical distalice of 1,040 feet. The entire Slop0 from base to 
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TRANSON. 
Sidney J.f. Damon, Ob8~vt?r.-%amon is i n  the extreme northern 

portion of t h e  Carolins Blue Ridge region at  a considerable elevation, 
the lowest of the experiments1 stations in  the group of f o y  stations 
being 2,970 feet above ma level. The country in  the immediate 
vicinity is rolling and broken with peaks here and there in the distance 

tion No. 3, 300 feet above station No. 1, has much the same exposure as 
NO. 2, over grass; rather flat surface with general westerly gradual slope; 
some timber about 300 feet to the south. Station No. 4, 450 feet 
above station No. 1, in a flat grassy plot on a small knob. Almost 
the entire slope is gradual, except immediately below station NO: 4. 
Stations Nos. 1, 2, and 3, are in  the same straight line, and for a vertical 

FIG. 37.-Trsnson, contour msp and profile. 

although not BO mounhinous as the sections farther south. The stations 
we on the pro erty of the observer. The base station, No. 1, 2,970 
feet above ma revel; the home station, on a level grass plot in  a cove 
on the weaterl slope about 300 feet above the valley floor of Peak 
Creek; no t h L r  in the immediate vicinity. Station No.. 2, over 

also on the west slope 150 feet higher up, the ground being rather 
%?&here the shelter stands and the general Slope gradual. Sta- 

difference of 300 feet between stations Nos. 1 and 3 there is a horizontal 
distance of about 3100 feet. While the general slope is westerly, it 
is not a steady decline from station No. 4 to the base, there being some 
small secondary hills or humps on the way. Above, as well as below, 
station NO. 3, for instance, the ground descends, and also at station NO. 
2, but to a lesser extent. The entire slope between stations Nos. 1 and 
4 averages about go. 
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WILKESBORO. 
John Johnston, Obsmver.-Wilkesboro is considerbly east of the Blue 

Ridge, in  the valley of the Yadkin to the north of the Brushy Mountains. 
The principal town there is now called North Wilkeaboro, but the ex- 
perimental stations, four in  number, on the north slope of the Brushy 
Mountains, are nearer to the old to.? of Wllkesboro. The stations are 
in the orchard of Dr. Charles A. Wi11is and lie on a moderate northerly 

in apple orchard across road just below station No. 3, on moderate slope 
with grass covered soil. Station NO. 3 ,  350 feet above station No. 1, 
on northerly slope, on knob in  orchard over weedy surface; sag between 
it and station No. 4; round flat around shelter for 100 to 200 feet or more 
then slopes off all iirections. Station No. 4, 430 feet above station 
No. 1, on grass covered soil in  apple orchard on rather level rid e, 
extending north and south and about 130 feet below summit of t i e  

FIO. SS.-Wilkesboro, contour map and profile. 

, 

b 
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MOUNT AIRY. 

J. A .  Sparger, Observer.-Mount Airy, close to  the Virginia border, 
is of course, even farther than Wilkesboro from the main mountain re- 
gion, and in  the vicinity there are only a few spurs or peaks, and 
these are of rather slight elevation. The experimental stations here, 
four in number, are on the property of the Spar er Orchard Co., about 
G miles east of the city of Mount Airy, on Sfate Mountain, station 
No. 1 at  the base, stations Nos. 2 and 3 on the western and eastern slopes, 

directions is rather flat, but the land becomes rolling as the mountain 
is approached. Station No. 2, in  orchard in  cultivated area, 160 
feet above station No. 1, on fairly steep westerly slope, with timber 
150 feet upslope; the land on this slope somewhat broken to the north 
and south; slope to the south rather moderate, but steep to north from 
a point 30 feet from shelter. Station No. 3, on easterly slope, with 
the same elevation as station No. 2. slope more gradual as compared 
with the westerly slope; not in  orchard but on rough weedy ground: 
and between it and the summit is a belt of timber. Station No. 4 

FIG. 3S.--Mt. Airy, contour map and profilc. 

respectively, and station No. 4 at the summit. Slate Mountain 
overlooks the rity of Mount Airy, which stands on a broad plain to  the 
west. Distant 10 to 20 miles farther west are the Sorrytown Mountains, 
a branch of the Blue Ridge, extending in a southwesterly direction 
and across the Yadkin t o  the southwest, 30 miles or more away are the 
Brushy Mountains. To the east is a broken country for 15 to  30 miles 
with several spurs of varying heights. Station No. 1 (fig. 40), the 
home station, 1,340 feet above sea level, on a level plot of grass, some- 
what distant from the base of the mountain on which the orchard is 
located. The country near station No. 1 for several hundred feet in all 

(fig. 41), in orchard 360 feet above station No. 1, is on the summit of 
the ridge 200 feet arross and almost level, with slight slopes leading 
thence directly toward the west and east. The rid e runs from north- 
east to southwest 1 mile, undulating somewhat broienly; a portion of 
the ridge to the northeast about a quarter of a mile away is about 30 
feet higher than shelter No. 4. Horizontal distance between station 
NO. 3 and the summit is nearly three times as great as the distance 
between the summit and station No. 2 .  The average grade on the 
westerly slope between stations Nos. 2 and 4is l G o ,  as compared with the 
average grade on the eaaterly slope between stations Nos. 3 and 4 of 10'. 
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ARRANQEMENT OF TABLES. 

It is necessary to limit the pub!ication of tho tabular 
matter to the smallest size consistent with an under- 
standing of the problems under consideration. If only 
a few slopes were under mvestigation, it mi ht  have 
been possible to ublish the data in greater fietail, as 

stations involved; but in this case we shall have to be 
content for the most part with summarized tables, except 
when it becomes necessary in expounding certain theories 
to ive daily and hourly values. 

#he average maximum, average minimum, absolute 
maximum, and absolute minimum temperature, and the 
absolute and average range and mean temperature will 
be discussed in the order named, and then will follow 
special cha ters on inversion and norm conditions, 

mentary studies bearing upon the situation. Graphs 
have been employed to emphasize special features, and 
it is thought that those, together with the tables, will 
be considered sufficient1 comprehensive. 

Before taking up the discussion of the observational 

there would then f: ave been 9. relatively small number of 

frosts, lengt a s of the growing season, and a few supple- 

Physical explanation of T oca1 variation in temperatuTe.- 

data or dealing with the question of tern 
circulation. within the valleys, it  
to present in a connected form a 
oxplanat!on of the causes of 
observations disclose. 

It must be recognized that the progressive changes 
of temperature from hour to hour and from day to day at  

any one locality result from a great many causes, but our 
present problem is chiefi concerned wlth changes going 
on between daytime a n 8  nighttime in mountain valleys 
at times when the atmosphere is clear and little or nor 
wind prevails, especially at  night. Even in the daytime 
on these occasions the motions of the atmosphere are 
more or less dominated by local influences rather than the 
general cyclonic or antic clonic circulation and changbs 
of temperature are then c9 ue primarily to solar insolation 
in the daytime and radiation a t  night. 

It is well known that atmospheric absorption. and 
radiation, especially when the atmosphere is relatively 
dry or free from clouds, are very small. Important 
changes of temperature are then brou ht about chiefly 
by contact with the earth's surface, whic 5 is warm or cold 
accordin to circumstances. It is important to reco nlze 

of valleys as the primary heating agency of the atmosphere 
durmg the daylight hours, and, conversely, during the 
nighttime these same walls and floors are the primary 
cooling a encies by reason of the active loss of tempera- 

to nocturnal radiation. 
The processes by which the heating in the daytime 

and the cooling which occurs a t  ni httime communicate 

phere are the phenomena which we will try to make clear 
m the interpretation of such observational data as have 
been collected in this study. 

that on t a is account we must regard the walls and 8 oors 

ture by t f e surface cover and vegation of the walls, due 

heat to  the atmosphere or receive a eat from the atmos- 
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TEMPERATURE. 

Principal and slope stations 
elevation above mean sea level 
of base station (feet). 
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IIeight of 
slope sta- 
tion abovi 

base 
(feet). 

MAXIMUM T E M P E R A T U R E .  , 

In the. discussion of aver: e maximum temperature 
Table 1 is supplemented by jables la,  lb ,  IC, and Id. 

The avear e maximum readings contained in these 

daytime only, instead of t,he 24-hour maxima, just as 
later in the discussion of the mean minimum temperature 
night minima only are used. This plan has been adopted 
in order to  make possible comparisons of day conditions, 
on the one hand, and of night conditions, on the other, 

tables are de rf uced from the maxima observed during the 

Alta ass: 
Bo. 1, base station, eleva- 

No. 5: summit ............... 

No.2, d ..................... 
NO. 3, 'N ..................... 

tion 2, 230 .......................... 
No. 2, SE ................... 
N0.3,SE ................... 
N0.4 SE ................... 

No 1 base station, ~lova-  

No.% 6 .  ................... 

Asheville: 

ti062 445 ............................ 

No. 38, S .................... 
Blantyre: 

No. 1 base station, eleva- 

No.2,NW .................. 
No.3, NW .................. 
No 4 NW.. ................ 
No. 1, base station, eleva- 

No. 2 s. .................... 

tion) 2,090 ........................... 

Blowing hock: 

' tion3,130 ........................... 
No 3'SE ................... 
NO: d SE. .................. 
No.5:SE ................... 

Bryson: 
No. 1, base station, eleva- 

No. 2, d . .  .................. 
No. 2a S .................... 

NO. 1 base station, eleva- 

No.2,N .................... 
N0.3 N E  ................... 
No. 4: summit ............... 

1 base station, eleva- 

No.2,d ..................... 
No 3 N .................... 
NO: 4' N.. .................. 
No. d summit ............... 
No. 1 base station, eleva- 

NO. 3, summit ............... 
'"'B"0. 1 base station, eleva- 

No. 3: s.... ................. 
No.4, N. (Old). NE. (new).. 
No' ' 8  Summit :. ............ 
No. 1 base station, elova- 

tion 1 EM)... ........................ 

No. 3, )summit ............... 
Cane River: 

tiOi2.650 ........................... 

tion' 2 240 ........................... 

Globe: 

tior; 1 625 ........................... 

tion' 1 400 .......................... 

No.2,d ..................... 

No. 2 '"E .................. 

Hendersonvme: 

tion' 22w. ......................... ...... ~ 0 . 2 ' ~  
N0.3:E ...... :::-:::::::::: 
No. 4, Summit.  ............. 

tion 3 350 ................. 
Xighlands: 

No. 1, base station, elcva- 

................. 
No. N0.3,SE 2,'Sh. ................... 
No.4 SE ................... ................... No. 5) SE 

Mount Airy: 
NO. 1, base station, eleva- 

tion 1340 .......................... 
No.2'Mf .................... 
No.3'E .................... 
No. 4: Summi t  .............. 

and the influence of maxima that occurTed in the 
nighttime or minima in the daytime wlll thus be 
eliminated. 

The maxima in the mountain region vary considerably 
because of difference in latitude, elevation above sea 
level, character of the weather, whether cloudy or sqn- 
shiny, shade from neighboring timber, hills, or mountains, 
the direction and degree of inclination of the slope, the 
seasonal variation of the sun, the character and amount 
of vegetal cover, and the absolute and relative humidity 
of the air. 

250 
500 
750 

1,000 

155 
155 
380 
380 

300 
450 
600 

450 
450 

800 
025 

3&5 
385 
570 

190 
400 

1,100 

310 
620 

1 240 
1:760 

300 
1,000 

290 
615 
840 

1,040 

450 
Goo 
750 

......... 
2M: 325 
52: 
72: 

16( 
16[ 
36( 

TABLE l.-Monthly and annual average maximum temperatures, 1915-1916. 
[Tho differenced between the averaged a t  the base station and those Of the rWP3ctivo slopes may be seen by simple inspection.] - 

Janu- 
ary. 

1 47.4 
1 46.6 
144.9 
143.9 
143.1 

50.8 
49.4 
50.1 
47.0 
51.0 

52.5 
50.8 
50.7 
51.3 

44.5 
44.0 
42.8 
43.5 
43.0 

952.2 
S50.6 
252.3 
2 51.1 

1 47.9 
'46.9 
'43.2 
144.1 

1 51.4 
1 50.2 
1 49.1 
145.0 
245.8 

50.5 
48.2 
48.0 

50.0 
50.2 
49. 1 
48.5 
48.0 

1 48.9 
1 47.6 
1 47.1 
1 46.0 

1 45.9 
1 47.3 
1 43.1 
1 43.1 
'42.7 

49.7 
4L 4 
48. t 
47. a 

F O ~ C U -  
ary. 

1 47.3 
1 46.4 
144.7 
'43.4 
1 42.7 

48.2 
46.7 
47.7 
44.9 
48.8 

51.2 
49.3 
49.2 
51.0 

42.5 
42.6 
41.2 
41.8 
40.6 

1 51.3 
1 51.1 
152.2 
1 52.1 

1 40. a 

1 a n  

151.0 

145.5 
1 42.0 

150.2 
1 48.6 
1 45.1 
146.C 

50. C 
49. c 
48.5 

50. E 
49. c 
48. 5 
48. C 
47. f 

1 49.5 
1 47. ( 
146. I 
1 45. I 

144.1 
147.1 
1 42. I 
1 42. ( 
141. I 

48. 
1 47.. 

47.1 
47. I 

- 

blarch. 

____ 

'50.7 
1 49. 6 
1 48.0 
147.4 
146.6 

52.2 
51.2 
51.5 
49.6 
52.9 

55.8 
54.3 
52.4 
54.6 

46.4 
46.1 
44.7 
45.1 
44.8 

1 54.1 
1 54.1 
'55.1 
1 65.9 

1 48.5 
1 48.2 
1 46.7 
146.1 

153.6 
152.9 
151.3 
1 48.4 
1 48.2 

54.8 
54.0 
53.1 

56.3 
54.8 
53. 6 
53.3 
53.1 

1 53.4 
150. : 
1 49.7 
1 49.0 

1 48. c 
1 47. E 
1 46.1 
144.2 
143.E 

54. f 
53. ( 
53. i 
53. : 

- 
April. 

__ 

65.7 
64.8 
63.3 
62.0 
61.5 

04.8 
64.0 w. 9 
G3.0 
oa. 3 

68.2 
87.7 
67.1 
68.9 

59.0 
59.0 
58.2 
57.8 
57.8 

89.0 
68.9 
69.8 
72.7 

63.6 
63.3 
62.8 
62.6 

88.1 
67.1 
64.9 
03.5 

163.0 

67.9 
67.8 
67.3 

69.7 
08.0 
66.4 
67.1 
67.0 

67.2 
64. 6 
G3.8 
63.3 

62.8 
62.6 
GO. 7 
GO. 1 
GO. 4 

68.4 
67.2 
66. E 
(io. Q 

- 
May. 

75.0 
74.6 
73.2 
71.8 
70.8 

75.2 
74.8 
74.0 
72.8 
75.6 

78.0 
77.8 
77.3 
77.9 

69.8 
69.2 
88.2 
68.2 
67.7 

79.2 
79.4 
79.7 
81.6 

74.1 
73.9 
73.5 
74.0 

78.1 
77.1 

73. e 
1 72.7 

78.2 
77.4 
77.4 

80.3 
78. I 
76.4 
77.4 
76. I 

76. i 
74. 
73.t 
73.4 

72.4 
73. ( 
73. ( 
70. ! 
70. I 

75. a 

78.1 
78.1 

77.. 
77.; 

- 

June. 

- 

79.3 
79.0 
77.4 
76.1 
75.3 

79.5 
78.8 
78.2 
75.9 
79.2 

82.0 
81.4 
80.8 
81.6 

74.4 
74.2 
73.2 
73.4 
73.0 

83.5 
82.8 
82.0 
84.1 

78.5 
78.4 
77.4 
77.2 

81.8 
80.8 
79.0 
76.8 

1 75.3 

82.2 
80.1 
80.1 

83.9 
82.0 
79.8 
80. e 
80.1 

80.6 
78.6 
77.5 
77.2 

75. E 
76. I 
73. € 
73. € 
74.4 

84. f 
83. E 
82.1 
82.1 

- 

July. 

82.0 
81.1 
79.2 
78.1 
77.7 

81.9 
81.1 
80.4 
78.0 
81.2 

83.8 
82.9 
82.4 
83.0 

76.8 
76.1 
75.1 
75.8 
75.4 

a.0 
84. h 
84.7 
84. E 

81.3 
80. E 
79.1 
79. c 

83. E 
82.6 
81. c 
79. I 

1 77.c 

84. E 
1 82.1 

82. I 

88. : 
84. l 
82. < 
82. : 
82. : 

83. ( 
80. : 
80. : 
79. I 

77. I 
77.8 
75. ' 
75. I 
76. 

85. I 
85. ! 
84. I 
84. ! 

u1gust. 

81.2 
80.2 
78.4 
77.0 
76.9 

81.5 
'80.2 

80.2 
76.8 
80.3 

82.5 
81.5 
81.1 
82.3 

75.6 
74.4 
73.8 
74. 6 
74. a 

84.9 
84.2 
83.8 
84.0 

80.7 
79.7 
77.6 
77.4 

83.1 
81. e 
80.0 
78.2 

1 76.8 

82.8 
1 81.3 

80.4 

84.0 
83.4 
81. C 
81.4 
80.4 

81.5 
79.5 
78. I 
78. E 

76. f 
77. I 
75. I 
76. 
75.4 

83. t 
82.4 
82.2 
81. i 

- 
e tem 
Eer. 

74.9 
74.8 
72.7 
71.3 
71.2 

76.2 
1 74.8 

75.3 
70.4 
74.8 

76.4 
75.4 
74.8 
70.7 

69.9 
69.3 
88.0 
68.9 
68.3 

79.8 
79.2 
79.0 
78.6 

75.1 
73.8 
70.8 
70.7 

78.2 
77.2 
74.6 
72.5 

1 72.1 

77.1 
75.3 
74.2 

77.8 
77.4 
75.2 
74.6 
73.7 

75.0 
73.3 
72.4 
72.6 

71.6 
71.8 
69. 2 
68. G 
69.2 

77.7 
77.1 
77.0 
75.9 

- 

ktober. 

- 

68.2 
67.9 
65.4 
04.7 
63.8 

68.2 
66.1 
67.2 
62.4 
67.8 

68.7 
68.2 
88.3 
69.5 

62.4 
61.8 
31.2 
61.4 
60.8 

71.4 
70.4 
71.4 
70.1 

66. Q 
66. a 
61. n 
62. a 

70.3 
88. s 
67.4 
34. E 

1 64.4 

70.4 
68. I 
67.3 

70. € 
69. E 
68.4 
67. E 
(io. 4 

68. c 
65. € 
64. € 
65. C 

64.4 
64. E 
62.4 
01. E 

182.5 

69. t 
68. t 
68.1 
07. I 

- 

Tovem- 
ber. 

__ 

58.6 
57.6 
55.8 
55.2 
54. 6 

59.0 
56.9 
58.2 
53.8 
M). 6 

0 . 2  
59.5 
59.7 
60.8 

52.0 
53.0 
51.8 
52.5 
51.6 

1 31.4 
1 59.8 
1 61.3 
160.2 

57.2 
56.9 
62.0 
54.4 

I 61.3 
Bo. 0 
58.6 

'55.1 
155.0 

60.8 
58.1 
58.4 

GO. 8 
GO. 0 
59.4 
57.9 
58.4 

59.1 
57.1 
56.5 
56.2 

56.6 
56.2 
54.4 
53. e 
54.6 

59.2 
58.1 
58. 5 
57. I 

DECWll- 
ber. 

- 

46.8 
46.2 
44.6 
43.1 
43.0 

47.6 
46.0 
47.3 
43.6 
48.3 

48.2 
47.4 
47.4 
48.0 

42.0 
42.3 
41.3 
42.2 
41.3 

'48.3 
1 46.4 
1 48.1 
146.3 

45.7 
45.1 
41.4 
42. E 

49.6 

47. 7 
44.1 

144.1 

48.4 
45. E 
45. E 

47.4 
47.5 
46. i 
45. € 
45.4 

47.: 
45. I 
45. [ 
44. f 

45. I 
46. I 
43. j 
42. I 
43.1 

46.' 
45. % 

46. ' 
45. ' 

a. e 

- 

annual. 

64. s 
34.1 
62.3 
61. P 
60.6 

35.4 
34.2 
64.5 
61.5 
35. 3 

67.3 
36.4 
60.1 
67.2 

59.7 
59.4 
58.3 
58.8 
68.2 

38.4 
67.6 
68.4 
68.5 

1.8 
1. 2 
8 . 8  
61.2 

67.5 
36.5 
34.8 
62.2 

1 61.7 

67.4 
35.6 
65.2 

68.2 
67.1 
65.6 
65.4 
35.0 

65.8 
63.7 
63.0 
62.6 

61.0 
62.5 
60.0 
59.4 
59.0 

67.2 
36.3 
36.1 
65.6 

3-year average. 
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Principal and slope stations 
elevation above mean sea level 
of base station (feet) . 

SUPPLEMENT NO . 19 . 

Height 01 
slope sta . 
tionabovi 

base 
(feet) . 

TABLE 1 ..-Monthly and annual average d m u m  temperatures. 191S.l916--&ntinued . 
[The differences between the averages a t  the base station and those of the respective slopes may be seen by simple inspection.] 

Novem- 
ber . Decem- 

ber . 

43.8 
48.0 
42.0 

141.1 

54.3 
53.9 
51.9 
50.7 

50.4 
49.8 
49.3 
48.6 

.. 

48.4 
46.3 
46.4 

143.5 

59.2 
59.0 
56.3 
55.4 

56.3 
55.8 
55.4 
54.6 

Transon: 
No . 1. base station. eleva- 

No 2 f .................... tion. 2 970 .................. 
NO: 3’ w .................... 
NO . 4: SlUUlllit .............. 

Tryon: 

.................... 
No ................... ................... .................. 
No . 1, base station, eleva- 

No . 2 ’d .................... tion 1240 .................. 
NO.3’N .................... 
NO . 4: w .................... 

54.6 
52.4 
52.7 
51.3 

43.8 
41.2 
41.2 
40.3 

78.1 
75.8 
76.1 
75.1 

86.7 
86.2 
83.8 
82.9 

84.9 
84.3 
82.7 
82.6 

72.7 
69.3 
70.7 
69.8 

80.9 
80.6 
77.6 
77.0 

79.2 
77.6 
76.0 
75.7 

63.8 
83.9 
60.7 
61.1 

61.1 
60.0 
59.4 
59.2 

51.8 
51.5 
48.7 
48.5 

48.6 
46.9 
47.1 
46.7 

mean 

Heightof Clear 
slo e period- 

statfon May 
above 19-28 in . 
base clusib. 
(feet) . 1914 . 

Globe: 
No . 1. base station. elevation 1.625 ........................... 
No . 3, summit ...................................... 

No . 2, N E  .......................................... 
No . 3 S ............................................ 
No . 5 summit ...................................... 
No 1, base station, clevation 2, 200 
No . 2, E ............................................ 
No . 4: summit ...................................... 
No . 1 base station, elevation 3,350 ........................... 
No.2’SE .......................................... 

No.5 SE .......................................... 
Mount A$: 

NO . 1, ase station, elevation 1,340 ........................... 

No.2, E ............................................ 
Oor e ........................... 80 . 1, base station, elevation 1,400 

NO . 4: N E  .......................................... 
Rendersdnville: . ........................... 

N0.3 E ............................................ 
Highlands: 

No . 3’ SE.,. ........................................ 
No . 4: SE .......................................... 

No.2 W ........................................... 
No . 3‘ E ............................................ 
No . 4: summit ...................................... 

Transon: 
NO . 1, base station, elevation 2,970 ........................... 
No.2,W ........................................... 
No.3 W ........................................... 
N O  . 4: summit ...................................... 
NO . I base station, elevation 950 ............................ 
No . 2: SE  .......................................... 
NO . 3, SE .......................................... 
No . 4, SE .......................................... 
No . 1, base station, elevation 1,240 ........................... 
No . 2, N ........................................... 
No 3 N ........................................... 
NO: 4: W ........................................... 

Tryon: 

Wilkesboro: 

300 
1, 000 

290 
615 
840 

1, 040 

450 
OM) 
750 

200 
325 
525 
125 

180 
160 
360 

150 
300 
450 

380 
570 

1, 100 

150 
350 
430 

Alta ass: 80.1, basestation. elevation 2.230 ............................ 
No.2 SE  .......................................... 
No.3:SE .......................................... 
NO.4,SE .......................................... 
No.5, summit ...................................... 
No . 1, base station, elevation 2,445 ........................... 
No . 2h S 

NO . 3k, S ........................................... 

Asheville: 

No.2 N ........................................... 
N0.3 k ........................................... 

........................................... 

250 
500 
750 

Lo00 

155 
155 
380 
380 

Blantyre: 
No . 1 basestation. elevation 2.090 ............................ 
No.2’ N W  ......................................... 
No . 3’ N W  ......................................... 
No . 4: NW ......................................... 
No . 1 basestation, elevation 3, 130 ............................ Blowing Rock: 

No . 2’ 8 ............................................ 
No . 3’ SE.,. ........................................ 
No . 4: SE .......................................... 
No.5,SE .......................................... 

300 
450 
000 

450 
450 
625 
800 

No . 4; summit ...................................... 

No . 2: N ........................................... 
E l l i p :  

0.1 base station. elevation 2.240 ............................ 
N0.3 N ........................................... 
NO.4:N ........................................... 

1. 100 

310 
620 

1240 

Dctober . Janu- 
SrY . 

40.2 
44.1 
44.1 

‘41.4 

54.6 
53.4 
52.0 
51.6 

51.4 
50.6 
50.6 
50.0 

May . June . July . Annual . 
- 

61.9 
59.8 
60.0 
58.4 

71.1 
70.6 
68.0 
67.3 

68.8 
68.0 
66.9 
66.4 

April . 

61.8 
60 . 2 
60.7 
58.4 

71.7 
72.0 
69, 2 
68.0 

69.8 
69.5 
68.1 
68.0 

71.9 
69.8 
70.2 
68.1 

81.4 
81.4 
78.8 
77.1 

79.4 
79.7 
78.0 
76.8 

77 . 1 
75.2 
75.7 
73.9 

86.2 
83.4 
80.7 
79.0 

85.2 
84.6 
82.7 
82.1 

79.6 
77.0 
77.8 
76.1 

88.6 
88.1 
85.1 
84.2 

87.5 
87.2 
84.9 
84.5 

65.2 
61.6 
62.9 
60.7 

74.0 
73.2 
68.9 
70.4 

71.8 
70.0 
69.0 
68.0 

......... 
150 
300 
450 

......... 
380 
570 

1, 100 

......... 
150 
350 
430 

1 %year average . 2 %year average . 
TABLE la.-Average maximum temperatures during selected clear 

periods-Continued . 
[The differences between the averages a t  the base station and those of the respective 

slope stations may be seen by simple inspection.] 

TABLE la.-Average maximum temperatures during selected clear 
periods . 

[The differences between the averages at  the base station and those of the respective 
slope stations may be seen by simple inspection.] 

C!ear 
period- 
Mav 

Height 01 I slow 
Clear 

mid- 

nd 22-26 
oclusive: 

1914 . 
‘TOV . 1-7 

Clear 
eriod- R ov . 1-7 

nd 22-26. 
nclusive . 

1914 . 
Principal and slope stations: elevation above 

sea level of base station (feet) . Principal and slope stations: elevation above mean 
sea level of base station (feet) . station 

above 
base 

(feet) . 

80.6 
80.1 
78.8 
77.9 
76.1 

81.0 
80.4 
78.4 
77.5 
80.6 

83.0 
84.1 
83.5 
84.6 

75.8 
74.0 
73.1 
73.5 
72.8 

84.7 
84.9 
84.5 
86.0 

79 . 8 
78.8 
78.6 
81.8 

80.9 
82.1 
79.1 
78.8 
77.5 

64.3 
63.7 
61.3 
60.9 
59.8 

62.2 
60.0 
62.8 
56.2 
67.6 

66.4 
65.0 
65.5 
60.5 

58.0 
58.1 
55.8 
58.2 
55.9 

67.4 
65.5 
67.8 
65.5 

61.2 
60.8 
56.0 
58.3 

66.2 
63.8 
63.6 
58.8 
60.3 

67.2 
62.0 
65.3 

67.8 
66.2 
66.0 
67.1 
65.5 

65.2 
61.9 
62.0 
61.5 

60.1 
64.1 
58.8 
57.7 
60.8 
65.0 
62.7 
63.1 
62.8 

58.3 
65.6 
56.8 
65.3 

72.0 
71.6 
69.2 
68.3 

67.5 
60.2 
65.7 
64.8 

82.6 

76.2 
78.2 
74.6 
74.2 
75.9 

Bryson: 
No . 1. base station. elevation 1.800 ............................ 
No.2,N ........................................... 385 
N0.28 S ........................................... 385 
No . 3. liummit ..................................... I 570 I 

Cane River: ............................ No . 1 basestation. elevation2. 650 
No . 2’ N ........................................... 
No.3iNE ......................................... 1 . 4001 

190 87.5 
89.0 
83.4 
81.5 

87.1 
85.8 
83.9 
83.2 
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TABLE Ib.-Average differences between the maximum temperatures at the base station and those higher u p  on the three long slopes of Altapass, Ellijay, 
and Gorge on  selected days of cloudy weather in 1915. 

250 
500 
750 

1,000 

ALTAPASS. 1 Fect. 1 Difference. 11 ELLBAY. 1 Feet. 1 Difference. 11 GORGE. 
, _ _ _ _ - ~  ~ ~ _ _  

..................... 
-0.7 
-1.5 
-2.1 
-3.2 

No. 1 base station.. ................. 
No. 2' SE. slope.. ................ 
No. 3: SE. slope .................. 

............ 
290 
615 
840 

1,040 No. 4; SE. slope.. ................ 
Average, 1' for each 312 feet. 
NO. 5, SUUlUlit .................... 

lovem- 
bcr. 

___ 
58.6 
54.6 

-4.0 
250 

57.2 
54.4 

-2.8 
393 

61.3 

-6.3 
279 

60.8 
58.4 

-2.4 
417 

60.8 
58.4 

-2.4 
433 

63.8 
61.1 

-2.7 
407 

155.0 

Decem. 
ber. 
- - 

46.8 
43.0 

-3.8 
203 

45.7 
42.9 

-2.8 
393 

49.8 

-5.7 
309 

48.4 
45.8 

-2.6 
385 

47.4 
45.4 

-2.0 
520 

51.8 
4R.5 

-3.3 
333 

244.1 

No. 1, base station.. ................ 
No. 2, N. slope .................. 
NO. 3. N. slope.. ................ 

rebru- 
ary. 

147.3 
142.7 
-4.6 

217 

146.0 

-3.1 
355 

151.0 
'48.0 
-5.0 

352 

50.0 
48.2 

-1.8 
556 

50.5 
47.9 

-2.6 
400 

€4.3 
50.7 

-3.6 
306 

142.9 

No. 4. N. slo@ .................. 
Average, lo for each 326 feet. 
No. 5: summit.. ................ 

March. 

-- 
~ 5 0 . 7  
346.6 
-4.1 

244 

r48.5 

-2.4 
458 

'53.6 
SM.2 
-5.4 

326 

54.8 
53.1 

-1.7 
588 

56.3 
53.1 

-3.2 
325 

59.2 
55.4 

-3.8 
289 

nUI.1 

............. ... ..... ...I.. ......... -11 No. 1, base station. 
ain -n. 7 No. 2, NE. slope.. ............... 

9. slope .................... 
No. 4, W, slope.. ................ 

Altapass No. 1.. ............................... 
Dmerence .......................................................... 
Feot for 1' difference ................................................ 
Cane River No. 1 ............................... 
Difference. ......................................................... 
Feet for 1' dmerence 4 .  ............................................. 

Altapass: No. 5... 

Can0 River: No. 4.. ....................................... 

........................................ 

............................. ........................................... 
Di .......................................................... 
Feet for lo difference.. ............................................. 
Globe, No. 1.. .................................. 
Globe No.3 .............................................. 
Feet for lo difference ................................................ 

Gorge No. 5 .............................................. 
Differknce.. ........................................................ 
Feet for 1" difference ................................................ 
Tryon, No 1 .................................. 
T o n N o . 4  ............................................. 
D%erdnce. ......................................................... 
Feet for 1' difference ................................................ 

Diffeknce.. ........................................................ 

Gorge, No. 1.. .................................. 

.._ 
620 -i;i N0.3, :::ai -3.7 -5.4 1 1 :  No 5 summit ................... 

A v s g e ,  1" for each 347 feet. I 

2,230 .......... o 47.4 
1,Ooo '43.1 

-4.3 
233 

2,650 .......... * 47.9 
1,100 * 44.1 

-3.8 
289 

2,240 .......... 351.4 
1,760 45.8 

-5.6 
314 

1,625 I.. ........ 50.5 
1,OOO 48.0 

-2.5 
400 

1,400 .......... 50.0 
1,040 48.0 

-2.0 
520 

950 .......... 64.6 
1,100 51.0 

-3.6 
306 

....... 
-0.7 
-1.8 
-2.4 
-3.0 

TABLE IC.-Monthly and annual average maximum temperatures on  six long slopes and rate of decrease with elevation, 19184916. 

[The slopes selccted for this comparison have a difference in elevation 1,Ooo feet orploro between base and summit stations. The differences In temperature between the base and 
summit stations are given, as well as the difference in feet, for each degree difference in temperature.] 

.... -. ... - -.__ - 

SlQpes and stations. 
I 1 Elevation (feet).' 

kpril. 

3 65.7 
361.5 
-4.2 

238 

63.6 
62. 6 

-1.0 
1,100 

68.1 
3 63.0 
-5.1 

345 

67.9 
67.3 

-0.6 
1,667 

69.7 
67.0 

-2.7 
385 

71.1 
68.0 

-3.7 
297 

___ 

May. 

75.0 
70.8 

-4.2 
238 

74.1 
74.6 

+O. 5 
2,200 

78.1 
2 72.7 
-5.4 

326 

78.2 
77.4 

-0.8 
1,250 

so. 3 
76.8 

-3.5 
29: 

81.4 
77.1 

-4.3 
256 

79.3 
75.3 

-4.0 
250 

78.5 
77.2 

-1.3 
846 

81.8 
9 75.3 
-6.5 

271 

82.2 
80.1 

-2.1 
476 

83.9 
80.1 

-3.8 
274 

86.2 
81.4 

-4.8 
220 

__ 

Vonth. 

July. 

82.0 
77.7 

-4.3 
233 

81.3 
79.0 

-2.3 
478 

83.8 
2 77.0 
-6.8 

259 

84.5 
82.1 

-2.4 
417 

86.3 
82.2 

-4.1 
254 

88.6 
84.2 

-4.4 
250 
- 

__ 
Au- 
gust. 

81.2 
76.9 

-4.3 
233 

80.7 
77.4 

-3.3 
333 

83.1 
1 76.8 
-6.3 

2i9 

82.8 
80.4 

-2.4 
417 

84.0 
80.4 

-3.6 
289 

86.1 
82.9 

-3. R 
289 

- 
e tem 
ter .  

74.9 
71.2 

-3.7 
270 

75.1 
70.7 

-4.4 
250 

78.2 
3 72.1 
-6.1 

289 

77.1 
74.2 

-2.9 
345 

77.8 
73.7 

-4.1 
254 

80.9 
7i. 0 

-3.9 
282 

- 
Octo- 
ber. 

68.2 
63.8 

-4.4 
227 

66.9 

-4.1 
268 

70.3 
9 64.4 
-5.9 

298 

70.4 
67.3 

-3.1 
323 

io. 9 
66. 4 

-4.5 
231 

74.0 
70. 4 

-3.6 
306 

02. n 

An- 
nual. 

64.8 
60.6 

-4.2 
238 

63.8 
61. 2 

-2.6 
423 

67.5 
61.7 

-5.8 
303 

67.4 
65.2 

-2.2 
455 

68.2 
65.0 

-3.2 
325 

71.1 
67.3 

-3.8 
289 - 
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reasons for the differing amount of insolation received 
during sunshiny weather on unit areas of slo es of varying 

uite ap arent from a glance a t  that graph that 

of June on both north and south facing slopes, as shown 
by the areas A, B, and D, the degree of inclination of the 
slope at this season, when the sun is high in the heavens, 
being a negligible factor. 

However, it  may also readily be seen that there is a 
considerable diflerence in the insolation on a slope 
according as it faces north or south during the month of 
December, when the meridian altitude of the sun is low, 
as represented by the areas C, E, and A. This is because 
the same amount of insolation is spread out over much 
greater area on a north-facing slope than on one with a 
southerly exposure. Likewise, the intensity of the inso- 
lation received on a north-facing slope during the winter 

inclination and direction, as illustrated by 1 gure 42. 

practica i ! l P  y equa insolation is received during the month 
It is 

In  Table la  there is shown to be a somewhat greater 
decrease in maximum temperature with elevation during 
clear weather than a pears in the general average in 
Table 1 embracing a$ weather conditions, and this is 
what should be expected, as the vapor pressure is usually 
less during clear weather. Moreover, Altapass is a 
regular slope and the exposures of the various stations 
are quite uniform. There 'is a certain harmony between 
the variations during the two clear periods, especially 
between the two lower stations and that at the summit. 

AsheviBe (Table l).-During all the months of the 
ear the maxima at station No. 3 average lowest 

cecause of its location on the northerly slope close to 
heavy timber to the south, west, and east, which permits 
very little sunshine in the vicinity of the shelter and 
keeps it in a heavy shade. As the slope is rather steep 
northerly, the effective rays of the sun are at  a minimum 
in the winter, as shown in Figure 42. 

I 1 
FIG. dZ.--Effect of varying inclination and direction of slopes upon maximum temperatures. 

months will vary with the degree of inclination, as shown 
by areas C and E, the gentler the slope the more con- 
centrated the insolation. We find, then, higher maxima 
during the colder months on a southerly slope than on a 
northerly one simply because the sun's rays on a south- 
facing slope are more direct and therefore more effective. 

(Table 1) .-There is apparently little seasonal change 
in the differences between the maxma a t  the five stations 
on this long southeasterly slope, the differences for the 
various months being remarkably uniform throughout 
the year. The maxima at station No: 1 average the 
highest durin all months, and the readmgs a t  the sum- 
mit station, 80. 5 ,  1,000 feet above, the lowest. The 
slight variation in these differences from month to month 
is due to  change in shade from near-by tunber and 
vegetation. The average difference for the four-year 
period between No. I and No. 5 is 4.2", or a decrease of 
1' for each 238 feet. As this is a southeast slope, it has 
considerable sunshine, especially in the morning. 

AVERAGE MAXIMA ON INDIVIDUAL SLOPES; ALSO 
MAXIMA DURING SUNSHINY PERIODS-&UpUSS 

The maxima average.highest at station Nos. 1 and 
3a, the readings being slightly lower a t  No. 3a than at 
No. 1 in the summer months and slightly higher in early 
s ring and late fall months. No. 3a is on a southerly 

the sun to some extent. On the other and, the sun's % s P ope, but the timber during the growin season screens 

of the valley 
of the sun from 
reaches its lowest meridian altitude in December, 31' 
in the latitude of the Carolina mountam region, the 
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No. 2, N., 155 
feet ._._...__. 

No. 2a S., 165 
feet.! ...__._. 

Difference ....._ 

south-facing slope at station No. 2a receives about 
twice as much insolation-over a given area as No. 2. 
But after the vernal equmox, as the sun rises higher 
and higher, this difference in the amount of heat received 
becomes such a negligible quantity that it may be dis- 
regarded entirely, and it is found that the maximum 
temperatures are then practically the same a t  both 
stations. In  June, with the sun's rays from a meridian 
altitude of 78O, the insolation on both slo es is about 
equal in amount, but a t  No. 2a, where the s o e is steep 

Another reason for the re atively high maximum 
during the spring and summer months at No. 2 on the 
north slope is the fact that there is considerable vegeta- 
tion surrounding the station which serves to trap the 
heated air while the location on the north facing slope 
a t  No. 2a is almost bare of vegetation. 

Four-year average maxima, Asheville, Nos. 2 and 2a and S and Sa, 
ancluding direction of slope and elevation above the base. 

and faces a lar e area-of free air, the unsta Pg le equili- 

f brium of the sur f ace an 1s rapid relieved by interchange. 

. . .  . . . . . , .  I ,  

i 

__-----__-p--c 

49.4 46.7 51.2 64.0 74.8 78.8 81.1 80.2 74.8 80.1 56.9 46.0 84.2 

50.1 47.7 51.5 63.9 74.0 78.2 80.4 80.2 75.3 67.2 58.2 47.31 64.5 
+0.7+1.0+0.3,--0.1-0.8-0.8-0.7 0.0+0.5+1.1+1.3,+1.3,+0.3 

N o . 3 , N . , 3 8 0 /  feet __._.__... 47.0 j 44.9 1 49.6 1 63.0 1 72.8 1 1  75.9 78.0 1 1  76.8 70.4 j 82.4 1 1  53.8 43.6 1 01 5 
No.3a.  S.. 380 51.0 48.8 52.9'66.3 75.6 79.2 81.2 80.3 74.8 67.8 00.6'48.4 0518 

=ifferehoe feet.. . . . .... . . . . . . .i+~.ol+3.91+3.3,+3.31fz. I 8i+3.3/+3.21+3.5[f4.6/+6.4j+6. 81+4.7/+4.1 

From an examination of this table it is evident that the 
maxima a t  No. 3 on the northerly slo e are lower than 
those at  No. 3a with a south exposure iuring all months 
of the year, the reatest difference, 6.S0, occurring in 
November and the 7 east difference, 2.S0, in May. During 
June, when the meridian altitude of the sun is tho hi hest, 

slopes (see fig. 42). However, as stated previously, there 
is a large amount of shade a t  No. 3 as com ared with the 

screens the sun's rays from the former, especially in the 
the middle of the day, so that the temperature there is 
revented from reaching as hi h a point as a t  No. 3a. 

3)n December, with the sun at  a p" ow meridian altitude, the 
question of shade, although still a factor, is not so impor- 
tant as the amount of effective insolation received at  
these two points. Owing to its osition on the northerly 
slope and timber to the east an (P west. No. 3 at this time 
of the year is cut off from any rays of the sun, while No. 3a 
on the opposite slope receives more effective insolation in 
comparison with that received at  No. 3 than it did in.June. 

For the same reason outlined on a previous age in the 
between the maxima a t  No. 2 and K 0. 2a, the 

months in which the least and greatest differences occur 
betwee? Nos. 3 and 3a are May and November, respec- 
tively, instead of June and December, as would be ex- 
pected were ?he angle of the sun's rays the only factor. 

Figwe 43 illustrates the effect of shade in reducin the 

as corn ared with No. 3a on the op osite southerly slo e, 

tude of the sun 1s low. Durin this clear period, from 
midnight October 30 to noon gNovember 1, 1913, the 
maximum temperature on the southerly slope was each 
day practically 13' hgher than on the slope opposite. 
In  the figure are also shown the curves of temperature 

practically equal insolation prevails on these two B acing 

conditions in the vicinity of No. 3a, and t R is effectually 

~ ~ 1 m U m  temperature a t  No. 3 on the northerly s 7 ope, 

especia P lY a t  the time of the year w R en the meridian a i i -  

30442--23--3 

for the same period for the stations NOS. 2 and 2a on these 
slopes, but here we have no contrast of sunshine and 
shade, as a t  the upper stations, but the effect only of 
northerly and southerly inclination and varying amounts 
of vegetation. The maxima on the southerly slo e at 

ence is only 2O or 3". f n  the warmer monthsof the year, 
when the s u n  is more near1 overhead, there 1s no apprp- 
ciable difference between t Tl ese two stations on days of 
sunshine. 

In  the comparison in Table la,  the variation in maxi- 
mum temperature at  the two stations on the northerly 
slope, as compared with those a t  the base and on the 
southerly slope during the selected periods of clear 
weather in May and November, is quite marked, for reasons 
slmilar to those already stated. 

NO. 2a rise to a higher oint than at  No. 2, but the b! iffer- 

PIG. 43 -Thermograph traces north and south facing slopes October 3&November 1 
1913 Ashoville; stations 2 a id  3 and 2s and 38 are locatdon opposite slopas iactni 
north and south, rwpectively. 

BZuntyre (Table 1) .-Disregarding the summit station, 
the maximum temperature on this slope decreases uni- 
formly with elevation. The average Merence between 
the summit and the base is very slight, and in some 
months the avera e at the summit is higher. This is due 

tion and denser vegetation at  the summit station No. 4 
than at No. 1, which is real1 on a small bench on a 
gradual northerly slope, a s&ht distance above the 
valley floor. As there is no month in which the avera e 

normal rate, there must be a factor or factors w o r h g  
during the entire year to prevent the temperature at 
No. 1 from reaching higher maxima. The forest growth 
above and to the south of No. 1 shades this station during 
much of the time; in the spring and summer on account 
of the foliage on the trees, and in the fall, eve?, because 
the trees, notwithstanding the dimigshed fohage, offer 
obstruction sufEcient to modify consJderab1 the effect 

point is far from being as pronounced as at  statlon No. 3, 
Asheville. In  the wmter the low a!tltude of the su 
becomes an additional factor whlle in the. summer the 
excessive cloudiness in the e d y  afternoon aids in cutting 
down the difference in the m a m a  between Nos. 1 and 4. 

The average difference between the mamma a t  Nos. 
1 and 2 is 0.go for an ascent of 300 feet, and this is about 
what should be expected. 

Station No. 3 has a 1ower.average.maimurn than any 
other of the Blantyre stations dprmg the whole yew, 
because of the fact that the s h e  1s northerly and steep 
and is ineffectively heated bY the Sun's rays. The differ- 
ences between Nos. 1 and 4 and between 3 and 4 are 

doubtless to the B act that there is more effective insola- 

difference between these two stations approaches t % e 

of the sun's heat, although the conditlon of s TI ade a t  this 
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Ashevillo: 
2, N 155 

25 S 155 
feci: ....._ 
feet :'...... 

Difference.. 

2, N 385 

2a s., 385 

BryEOn: 

f8d ...... 
....... 

Difference.. 

abnormal. As No. 4 is located on the summit and 
receives more effective insolation, as previously stated, 
the maxima at that station are rather high, and this is 
the case especially in the fall, when the number of clear 
da s is the greatest. 

%urin the clear period in Ma , as shown by Table la,  
station 80. 2 has an average oP1.1' higher than No. 1 
and this is large1 because the former is located in a s a i  

vegetal growth, whereas No. 1 is on a flat bench wit 
but little vegetation in the vicinity, besides being in the 
shade much of the time, as stated above. This excess 
of 1.1' at No. 2 over No. 1 is in marked contrast with the 
four-year average deficiency of 0.9' as shown in Table I, 
and this is because the latter average includes both clear 
and cloudy days. No 4 also is hi her, while No. 3 on the 

entire grou . 
shows a more nearly normal rate of decrease as compared 
with station No. 1, as in this month the vewetation in the 
vicinity of No. 2 is not a factor. Station fio. 3 shows an 
an increase in the difference between it and No. 1 in 
November as com ared with May, and this is no doubt 

during this month, when the meridian altitude of the 
sun is low, while the effect of shade at No. 1 in November 
as compared with the station No. 4 on the summit is 
res onsible for the variation in the difference shown in 

Blowing Rock (Table 1).-In com arin the maximum 

that there are two groups of stations on different slopes 
about one-half mile apart, stations Nos. 1 and 2 being 
located in the China orchard and Nos. 3, 4, and 5 in the 
Flat Top orchard. 

The hi hest maxima occur a t  No. 1, although there is 

No. 1 is by no means a base station, as both it and No. 2 
are on a rather steep southerly slo e in the China orchard. 

cially in the winter; hence this slight avera e difference 
between the stations, 0.3', although the fifference in 
elevation is 450 feet. The maxima in the China orchard 
are uniformly higher than those recorded a t  stations 
Nos. 3, 4, and 5 in the Flat To orchard because of the 

on a steep narrow slope with high inclosing sides, which 
tend to prevent a free circulation of air, and thus aid in 
producin relatively high maxima, while Nos. 3, 4, and 

a huge amphitheater-shaped basin with an opening to 
the southeast. 

la) the difference between the values at Nos. 1 and 2, 
-1.8', is about what sho$d be expected, while there is 
a difference of only + 0.1 O in the November period. This 
variation is undoubtedly due tp the fact that in the winter 
there is more effective insolation at No. 2 than a t  No. 1, 
while in the summertime the normal rate of decrease be- 
tween the two points prevails, as the amount of insolation 
received at Nos. 1 and 2 is practlc?$' equal. For the 
same reason there is a seasonal variation in the rate of 
decrease between Nos. 2 and 3 in that Nq. 2 averages 0.9' 
higher in the May period and 2.3' higher in the November 
period. 

Bryson (Table 1) .-The differences between the max- 
im& at Bryson do not vary materially for. the entire 
perlad, but there is a remarkable seasonal vanation noted 

l or gully where t IT e warm air is trapped by the near-b 

northwest slope has naturally the 9 owest maximum in the 

During t E e November period (Table la) station No. 2 

due to the more e fp ective insolation at No. 1 than at No. 3 

Ta B le l a  between these two locations. 

temperatures a t  Blowing Rock, it s 1C.f oul be understood 

very litt B e difference between this station and No. 2. 

No. 2 receives more effective inso P ation than No. 1, espe- 

difference in local exposure. Np os. 1 and 2 are situated 

5 have a f reer exposure, as they arp located on the slope of 

During the period o f clear weather in May (see Table 
(See fi . 30.) 

49.4 46.7 

50.1 47.7 
+0.7 $1.0 

60.6 51.1 

62.3 52 2 
+I. 7 +1: 1 

between Nos. 1 and 3, the base and the summit stations. 
with E'ebruary, the temperature a t  No. 3 

Beginnin% exceeds t at  at  No. 1, culminating in the month of April 
with a four-year average excess of 3.7'. With the 
advance of the season, the difference gradually becomes 
less and less until July, when it becomes a deficiency 
which increases to an average of 2' in December. Ths 
change is quite uniform throughout each of the four 
years of record and may be due to 
ve etation in the vicinit of No. 3 

as February. However, the excess in maximum tempera- 
ture a t  No. 3 does not begin until toward the close of 
that month, the vegetation there doubtless reaching 
its maximum density in May. The peculiar situation 
at  No. 3 is probably due to some extent at  least to the 
surrounding vegetation and timber in the vicinity, which 
trap the warm qir. The condition is purely local, and 
the temperature oscill~$es considerably on sunshiny 
days during the months in which the excess is noted, 
especially in the spring. 

The difference in height between the summit and the 
base being 570 feet, the average decrease in tem erature 

normal rate in strong contrast with the excess of 3.7", 
noted in April, The average excess at  the summit in 
April, 1914, amounted to 4.6", while the average deficiency 
in September, 1916, was 3.9'. 

Of course, where sunshine is a principal factor in 
governing a variation, the monthly average differences 
should depend upon the relative frequency of sunshiny 
days, the greater the amount of sunshine the more marked 
the excess or deficiency as the case may be, while in 
months with an excess of.cloudiness the differences in 
the maximum tem erature should depend almost entirely 
upon elevation. For  instance, in July, 1916, a cloudy 
month, the average deficiency at  No. 3 as compared 
with No. 1 was 1.8', while in July, 1913, a sunshiny month, 
the average excess at  the summit station was 0.3". 

The variation in maximum temperature between the 
the northerly and southerly slopes. at  both Asheville 
and Bryson is consistent in the various months of the 
year, as shown by the table below, in that the excess on 
the southerly slope IS greatest at  both places during 
the winter season, when the sun IS farthest south, with 
the most insolation on a south-facing exposure. The 
excess on the northerly slope is greatest at Asheville 
from May to July, mclusive, and at Bryson from July 
to September, but ~f Bryson the differences in the summer 
are very sll ht. T ~ s  table indicates the mean differences 

and Bryson. The grades of these slopes are not the 
same, so that, of course, the comparison will serve only 
in a general way. 

alt % ough this could not g e considered a 

of 2", as noted in December, does not differ much P rom the 

by months f or stations No. 2 and No. 2a at  both Asheville 

51.2 

51.5 
+O. 3 

54.1 

55.1 
+l. 0 

Fouryear average muximu, Asheville and Bryson, Nos. 2 and 2a, 
including direction of slope and elevatwn above the base. 

I , 6 I I I , # I ,  I t .I - 

64.0 

63.9 
-0.1 

68.9 

69.8 
+o. 9 

74.8 

74.0 
-0. 8 

79.4 

79.7 
+O. 3 

78.8 

78.2 
-0.0 

82.8 

82.9 
+O. 1 

81.1 

80.4 
-0.7 

84.8 

84.7 
-0.1 

80.2 74.8 66.1 56.9 

80.2 75.3 07.2 5 8 2  
0.0 +O. 6 +l. 1 +l. 3 

84.2 79.2 70.4 59.8 

83.8 70.0 71.4 81.8 
-0.4 -0.2 tl. 0 +l. 8 

47.3 
+1.3 

46.4 

48.2 
tl. 8 

46.0.64.2 

64.5 
+O.S 

07.6 

Oh4 
+o. 8 
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Cane River (Table 1).-The maxima do not decrease 
here with elevation through the var!ous months of the 
year with any regularity. The readm s a t  station No. 

a t  No. 4 relatively hi h; in fact, for the four- ear period 
No. 4 averages 0.4' gigher than a t  No. 3, w&ch IS 700 
feet lower down. 

No. 3, which is in a cove-lik? depression on a north 
slo e, with Rocky G o b  towering above to the south 
an8 timber in most duections. except southeast, is not 
on1 cut off from sunshine dying much of the morning 
andrafternoon, but the slanting.rays of the sun on the 
steep slo e are ineffective in raising the surface tempera- 
ture. Tiis condition, of course, is most marked during 
the sun's lowest meridian altitude, and the difference in 
insolation as reflected in the daytime temperatures at  
Nos. 3 and 4 is well shown in figure 44. 

A seasonal variation is noted between No. 3 and No. 1 
in that the maximum a t  No. 3 is much lower than that 
at No. 1 in the colder months of the year, and we would 
expect on this account to find the greatest average 
monthly difference between the maxima at  No. 1 and 
No. 3 in December, but this actually occurs in October 
and November, because of the number of sunshiny 
days in those months. Durin month of October, 
1914, the average difference the maxima at 
Nos. 1 and 3 on 8 cloudy days was 1.7', while on 17 
clear days the average difference was 7.6". The greatest 
difference on any cloudy day was 5', while on one clear 
day the difference was 13' and on a majority of the 17 
da s the differences were 8' or more.  OW, taking the month of May, 1914, 8. nionth unlike 
October in that the altitude of the sun is then higher, 
when its rays reach into the cove at  No. 3, thus producing 
more equal insolation a t  Nos. 1 and 3 than during October 
when the altitude of the sun is lower, we find an average 
difference of 1.7' between Nos. 1 and 3 for 7 cloudy days, 
exactly the same as during a period of cloudy weather in 
October, 1914; while on 18 clear days in May the average 
difference is only 1.5', compared with an average differ- 
ence of 7.G' in a period of clear weather in October, 1914. 
On 1 cloudy day in May, 1914, the extreme difference of 
5' was noted, while on no one of the 18 clear days was 
there a diiference greater than 3'. 

Therefore, in the summer time, when the sun is hi hest 
and the rays strike directly down into the cove at 80. 3, 
the difl'erences between the maxim at Nos. 1 and 3 are 
small as compared with those in the colder months of 
the year. If June and December were as clear as May 
and October, the least and greatest ranges between the 
diflerences at Nos. 1 and 3 would be found in the former 
months, but the latter months are taken simply because 
of the greater number of sunshiny daTs. 

The average decrease, 2.6", in maximum temperature 
for the four-year period from No. 1 to summit stabon 
No. 4 for an elevation of 1,100 feet is at  the rate of 1' 
for 423 feet- No. 4 is located on a knob with dense 
timber below on all surroundin slopes, except on tke east side, and vast amount of teated air is trapped in 
the upper PoStlon of the timber, and this heat, together 
with that radiated from the surface of the foliage, is felt 
On the knob* There is, moreover, a clearing around the 
shelter, permitting free exposure to sunshino at all times, 
althou h small brush Covers the ground. 

fiigure 44 are temperature curves representing 
Nos. 1, 3, and 4, Cane River, for the two days January 
4-5,1916, which show the great excess in day temperature 
during sunshino at Nos. 1 and 4 as compared with that 
at NO. 3. On the 4th) a clear, calm day, the maximum 

3, 400 feet above the base, are unusual P y low, and those 

at No. 3 was 12' lower than that at  Nos. 1. and 4, where 
the maxima were unusually high, being Intensified by 
the existing calm, while on the 5th, a cloudy day, the 
differences in maxima were not so marked. 

EZZijay (Table l).-The maxima at Ellijay show 
greater ulliformity than erhaps any other group of 
statiqns not on1 in the P our-year averages but in the 
individual mantis. With an elevation of the summit , 
station above the base of 1,760 feet on this northerly 
slope there is an average decrease in maximum tem era- 
ture of 5.8', approximately 1' for each 303 feet. 80 .4 ,  
at an elevation of 1,240 feet above No. 1, shows the 
only irregularity, doubtless because of the configuration 
of the slope and the near-by timber, which shut off the 
sunshine more than at  the other stations, es ecially in 

The variation in the maximum temperature during 
the May clear period (Table la) shows a comparatively 
lower reading a t  station No. 3 and a higher one a t  No. 4 
than 1s indicated by the four-year averages. In this 
case the readings of all the stations are consistent except 
that at No. 3, which for some reason is not in harmony 
with the averages at  other stations. 

the winter months. Thjs slo e and that a t  Ap tapass 'are 
the most regular of all the s f opes. 

40 40. 

30 90' 

20 20" 

Fro. 44.--Thermograph traces, January 44,1916, stations Nos. 1,3, and 4, Cane River. 

The Ellijny stations, located as they are on a northerly 
slope, naturally have lower day temperatures as com- 
pared with the base durin the month of November than 
in May, and this fact is %rou h t  out by the fi 

GZobe (Table l).-In this group of three stations the 
maximum readings do not show a decrease a proachn 

1,000 feet above No. 1, has a mean maximum O ~ Y  2.2' 
lower than No. 1, approximately 1' for each 455 feet. 
This slight decrease is doubtless because No. 3, the 
summit station, being located on an arm of Grftndfather 
Mountain, receives a much greater share of lnsolation 
than the base. The maxima a t  No. 2 on the easterly 
slope, only 300 feet above the base, averages 1.8' lower 
than No. 1, this large difference bepg due to the shutting 
off of the sun at  NO. 2 by surroundln timber early in the 
afternoon. esr>ecialIv in the late fa11 and winter, as 

Table la, with the exception o B those at  station r;. in 

9 the normal rate. Station No. 3, at an e P evation o 
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No. 3 averages 3.3' higher than No. 2, located 700 feet 
below, while in May i t  averages higher by but 0.1'. 

Gorge (Table l).-At the summit station of Gorge, 
with an elevation of 1,040 feet above the base, the maxi- 
mum avera es 3.2' lower than at  the base, approxi- 
mately 1' fiifference for each 325 feet. The average 
differences for July, September, and October all exceed 
4', while in January and December the average differ- 
ences are as low as 2'. This variation is due largely to 
the fact that the sun's rays are far more effective in the 
warmer months than in the cold months of December 
and January at  the base of a northeasterly slope on which 
No. 1 is located as compared with the summit. In  the 
latter months, when the sun's rays strike this north- 
easterly slope obliquely, the maximum readings at  all 
stations on the slo e, including No. 1, more nearly 

out by the figures in the tables and should be compared 
with the monthly variation on the southeasterly slope 
at Altapass, for instance, which shows no such variation 
in maximum temperature differences at  its stations in 
the different months of the year. In  fact, a t  Altapass 
the maximum temperature in the summer a t  the summit 
averages lower than the base station by the same amount 
as during the winter. The avera e difference of 4.2' 
for the four years at  Altapass for a gfference in elevation 
of 1,000 feet is even somewhat exceeded in the winter 
months, January showing a difference of 4.3' and Febru- 
ary, 4.6', while a t  Gor e, for a difference in elevation of 

four- ear difference is 3.2', but the January and February 
mont 3: s have differences of only 2' and 2.6', respectively. 
These fi ures indicate strongly the effect of the direction 
of the s 7 ope on the maximum temperature as modified 
by the season, which fact is also brou h t  out prominently 

slope stations at  Asheville and Bryson. (See the dis- 
cussion on those stations.) 

The rates of decrease in maximum temperature, +lo 
between Nos. 1 and 2 at Gorge for a difference in elevation 
of 290 feet and 2.6' between Nos. 1 and 3 for a difference 
in elevation of 615 feet, are somewhat above the apera e, 

situation at No. 5, because Nos. 2 and 3 are shut off from 
sunshine during a considerable portion of the day. The 
rate, however, a t  No. 4 shows a smaller value, 2.8' for 840 
feet, or 1' for 300 feet. But this statement needs some 
qualification. No. 4 was located during 1913 and 1914 on 
a north slope at an elevation of 840 feet above the base, 
and during 1915 and 1916, on a northeast slope a t  the 
same elevation. The maxima were much higher a t  the 
first location than a t  the second as compared with the 
base station, the avera e two-year difference between the 

being 1.8' and 3.8', respective1 . There was a better ex- 

focated on a small ridge u;ith downward slopes on either 
side to west and east, in the mdst  of surrounding vegeta- 
tion such as is likely to be found in any neglected a ple 
orchard; and on sunshiny days the radiation of tea t  
from this vegetation was relatlvel large. The maxima 
in 1915 and 1916, however, were ow as compared with 
those a t  the old location in 1913 and 1914, as the station 
did not have such a free exposure to sunshine in the 
later eriod and there was not as much vegetation sur- 

old and the new No. 4 stations, respectively. 
The comparison in Table l a  for the clear periods will 

serve to bring out more prominently the variation be- 

approximate the rea 9 ings at  the summit. This is brought 

1,040 feet between the % ase and the summit, the average 

in the comparisons between the nort i erly and southerly 

but this is not strange, especially as compared tvlth t % e 

old No. 4 and No. 1 an i between the new No. 4 and No. 1 

osure to insolation a t  the old { ocation, as the shelter was 

roun d! ng the shelter. Fig. 36 shows the locations of the 

cause of sunshine. During the May eriod the maxima 

we should expect, the low readin a t  No. 3 in the cove a t  

pronounced. 
As a rule during November the maxima on the slope 

are not so low as compared with the base as in May, and 
this is probably because of the greater amount of sun- 
shine during months when the foliage has fallen from the 
trees. This is clearly the case a t  station No. 4, which, 
although located on a northerly slope in 1914, has at  the 
same time a free east and west ex osure, the location of 
the shelter being on a ridge or  hog ack. 

ITendersonvillf (Table 1) .-The maximum at the sum- 
mit averages 3.2' lower than at the base station for a 
difference in elevation of 750 feet, a rate of 1' for each 
234 feet, and this does not seem to be due so much to the 
fact that No. 4 is low as it is that No. 1 is rather high. 
The difference is quite marked between Nos. 1 and 2 , z . l "  
for 450 feet, but the decrease between Nos. 2, 3, and 4 
is smaller and quite regular. The maximum at No. 1 
reaches a high point on days of sunshine, as it is located 
in a ocket surrounded by trees on all sides except to the 
sout i! east, thus trapping the air and preventing free 
circulation. 

The decrease in maximum temperature with elevation 
during the clear period in May, 1914, as shown b Table 

four-year average decrease m d  less between stations 
Nos. 2 and 1, and this variation, as well as that between 
the May and November clear periods, is due to the effect 
of wind direction. During the week in May the weather 
was characterized by light variable winds, mostly south- 
erly with frequent calms, while in the period in the fall 
the winds were light to moderate northwesterly. The 
small average diflerence between the maxima at  Nos. 1 
and 2 in May is accounted for by the fact that during 
this period with southerly winds NO. 2, being located in 
a basin protected by a ridge to  the south, has relatively 
high maxima. In  fact, high temperatures are observed 
at  this location during periods of calm also, as there is no 
interchange of air between the saucer-shaped depression 
where No. 2 is situated and the free air outside. I n  
November, with light to moderate northwest winds, a 
circulation is produced at  NO. 2 as this station is not then 

rotected from such winds, which condition revents 
Lgh  maxima as compared with No. 1, where t 1 e ques- 
tion of wind direction and velocity is not a factor, For 
this same reason station No. 3 averages 1.4' lower than 
No. 2 in May and 0.1' higher in November. It is there- 
fore apparent that No. 2 has relatively high maxima in 
the spring and relatively low maxima in November, 
durin both periods the mnd direction not being a factor 

are what might be termed "constants" and No. 2 the 
" variable." 

This effect in wind direction is strikingly shown by the 
daily maximum readin s at Hendersonville on three suc- 

will serve to illustrate the. differences in maximum. tem- 
peratures under varying mnd directions and velocities. 

were really lower a t  all the stations a g ove the base than 

an elevation of 615 feet above t 8_ e base being the most 

la, is somewhat greater between Nos. 3 and 4 t li! an the 

at eit E er No. 1 or No. 3. In  other words, Nos. 1 and 3 

cessive days in Novem % er, 1914, and the following table 

Date. 

Maximum tompera- 
turos. 

Wind direction and velocity. 

NOV. B 1914 .______._._._ ~ .._. 53 48 47 Lkhtnorthwostwinds. 
NOT. 24' 1914 ... ............... 48 48 DO. 
Nov.25: 1914 ....._............ 1 61 [ 2 1 67 1 Do. 
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NO. 2, W., 160 
feet- -......_. 

NO. 3. E., 160 
feet ........__ 

Highlands (Table l).-Stations Nos. 1 and 2 are in the 
Satulah orchard under conditions much unlike those ob- 
taining in the Waldheim orchard 2 miles distant, where 
Nos. 3 , 4 ,  and 5 are located. While the maxima a t  No. 2, 
200 feet above No. 1, should, because of elevation, average 
slightly lower, the four-year mean is 0.6' higher, doubb 
less because of the radiation of heat from Mount Satulah, 
the immense rock which stands to the north and northeast 
immediately above. Tlus temperature excess a t  No. 2 
over No. 1 is greatest in the winter, when the sun is in the 
south and its rays more directly strike the side of the rock 
above No. 2. Moreover, No. 2 is located in an orchard 
in tho midst of rather high grass and fruit trees, the 

large difference, considerin the short distance between 
%dy, 1916, a month with ex- the two stations. 

cessive precipitation an much cloudy weather, the 
the avera e difference between the maxima a t  Nos. 1 and 
2 was 1.0 , No. 2 in this case averaging lower than No. 1. 
In  July, 1914, a month with little precipitation and much 
sunshine, No. 2 averaged 1.5' higher than No. 1. 

The rate of decrease in maxima between No. 1 in the 
Satulah orchard and No. 3, tho base station in the Wald- 
heim orchard, 1.9'Sor 325 Seet, is greater than the normal 
rate, doubtless because of the better ex osure to iiisola- 

thc variation between Nos. 3 arid 4, 0.6" for 200 Seet, is 
But No. 5, 200 fcet above No. 4, 

Bas actually a higher average maximum than No. 4 by 
0.2' for the four-year period. Although both stations 
are on a slope, the slope is steeper at  No. 4 than at No. 5, 
and therofore the maxima a t  the latter would more nearly 
ap roach those found over levcl places. No. 4 has thus 

and also because No. 5 is protected on the west and south 
by forest growth, which is not found around No. 4. The 
excess in averagc maximum tcmpernture at No. 5 over 
No. 4 is due wholly to the gain made on days of sunshine, 
the readings being actually lower on cloudy days. 

The variation a t  Highlands during the selected period 
of sunshine in Ma shown in Table l a  is rather irregular, 

and the variation in the November periozis much the same 
as in May. 

Mount Airy (Table l).-The maxima average lower 
from the base to the summit, but the range in elevation at  
Mount Airy, of course, is not great. There are differences 
of 0.9' and 1.1' between Nos. 1 and 2 on the west slo e 
and between Nos. 1 and 3 on the east slope, respective P y. 
Both slope stations are 160 feet above the base, while the 
decrease in temperature between Nos. 1 and the summit 
station, NO. 4, for a difference in elevation of 360 feet 
is 1.6'. 

Station No. 1 averages rather high in comparison with 
the other stations .because of its exposure on broad 
bench, where there 1s a large amount of radiating surface. 
No. 2, on the west slope a t  an elevation of 160 feet above 
the base, averages for the !our-year period 0.2' higher than 
No. 3 at the same elevation on the east slope, and it is 

Durin5 
F 

tion a t  No. 1 as compared with that tLt 8 o. 3. However, 

ractically normal. 

a f reer exposure than No. 5 because of the above fact 

but conforms to t 91 e statements in forewoing paragraphs, 

_------ 
48.4 47.2 53.6 67.2 78.1 83.3 55.2 82.4 77.1 68.8 58.2 45.5 66.3 

48.8 47.4 53.7 66.8 77.4 82.4 84.8 82.3 77.0 68.4 58.2 46.2 66.1 

0.0 -0.7+0.2 
I-- __--___.------ 

-0.4 -0.2 0.1 +0.4 +0.7 +O.Q +0.4 +0.1 +O. 1 +0.4 I- I I  I /  

found to be general1 the case that the average maxima 

2 over No. 3 is lar ely in the warmer season of the year, as 

and differences for the four-year period for the two 
stations : 
Four-year average maxima, Mount Airy ,  Nos. 2 and 8, incliLding direc- 

taon of slope and elevation above the base. 

on the west side are K igher. Moreover, the excess at  No. 

shown by the fol P owing table, which gves the averages 

~ 

plus (+) sign excess and minus (-) sign dotlciency of No. 2 compared with No. 3. 

No. 3 on the east slope, as brought out by the to o raphi- 

although coming from a lower altitude, fall upon No. 3 
almost erpendicular, because at that location the ground 

while at  No. 2 the slo e is distinctly westward, the 

This seasonal vuriation is inore strongly shown in Table 
la, a discussion of which is given in the following 
paragraphs. 

During the sunshiny period in May, 1914 (Table la) ,  
No. 2 on the west slope averwes exact1 the same as the 

elevation, 160 feet above the base, averages 1.9' lower 
than the base, conforming generally to the theory that, 
during sunshiny weather n west exposure has a higher 
day temperature than an easterly slope. The summit, 
station, 200 feet above No. 3, has also a higher tempera- 
ture than this easterly slope station during the period. 

The variation in maximum temperature during the 
clear eriod in November (Table la) is much the same 
as in Hay, with the exception of No. 2 on the west slope, 
which averages 2.3' lower than No. 1, while there 1s. no 
difference between these two stations in the s ring. 

from the side with small heating effect as com ared mth  
their influence on the level surface at NO. 1. TEO seasonal 

cal map (see fig. 39). In  the winter the rays o Ft!L t e sun, 

slopes ?I ownward to the south as well as to the east, 

insolation therefore reac R ing the station from the side. 

base, while the station on t t e  east s P ope at the same 

Here, a ain, it  is a uestion of insolation, the. S" R elng 
low in t fl e south in 3 ovember and its rays strlkmg NO. 2 

at  No. 1 and No. 4, there 
the average differences for the two Periods, NO. 4 being 
the lower, as would be expected, *n both cases. 

Transon (Table l).-There 1s no regylarity in the re- 
lation between the maxima at  the ?ranson stations. 
No. 2 on the west slope, 150 feet above the base, averages 
2.1' lower, or about 1' for 71 feet difference in elevation; 
yet at No. 3, 150 feet higher u the average maximum is 
actually 0.2' higher tlmn at $& 2. On the other hand, 
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No. 4, on the summit, with an elevation of 450 feet above 
the base, averages 3.5' lower than the base. Either the 
readings at  Nos. 1 and 3 must be rather high or those at  
Nos. 2 and 4 rather low for their elevation. As a matter 
of fact, both of these conditions may be true. No. 1 is 
in a cove, the country to the east and to  the west being 
rather flat for ? mountainous section and with con- 
siderable vegetation around the shelter, while No. 3 has 
a free exposure toward the west, with ample sunshine. 
But even here the decrease from the base station up the 
slope is considerable, 1.9' for 300 feet. So it must be 
considered that the base station, a t  least, has relatively 
high maxima. No. 4, of course, has a free exposure on 
the summit of a small knob with but little vegetal cover, 
and therefore its maximum temperatures are lower than 
No. 1, especially on clear days, assuming, of course, that 
the sunshine a t  the base station is not cut off materially. 
On some days the maxima at  No. 4 are actually 8' lower 
than at  No. 1. During November, 1914, the average 
difference for 21 clear days was 4', with an extreme 
difference of So, while during a period of clear da s in 
May, 1914, the average difference was 3.6', wit1 an 
extreme difference of 6 . On cloudy days the differences 
ranged from 0.6' to 2.3'. 

In  a comparison of the maxima during the May period 
of clear weather (Table la) the relations between sta- 
tions Nos. 1 , 2 ,  and 4 seem to be about the same as shown 
by the four-year averages, the differences at these sta- 
tions, as stated above, bein rather large considering the 

slope, has a relatively high maximum during the period 
of sunshine, as should be expected. 

The variation during the clear period in November is 
somewhat different from that in Ma , in that station 

difference being 2.5', while in May there is a decrease of 
but 0.4'. However, as in the spring period, the averages 
a t  all the upper stations, Nos. 2, 3, and 4, are lower than 
at  the base. 

Tryon (Table 1).-The decrease in maximum temper- 
ature from the base station, No. 1, to Nos. 2, 3, and 4 is 
not uniform but most irre ular. The slight average 

in height of 380 feet, can be accounted for by the lar e 

rather flat surface on a general southeasterly slope, so 
that the maximum there a proximates closely that at 

temperature at  No. 2 is as high or higher than that a t  
No. 1, while on cloudy days it is often a degree or more 
lower. 

The average maximum a t  station No. 3, 570 feet above 
the base, is abnormally low, the average decrease being 
3.1°, equivalent to 1' for 184 feet. There is, moreover, 
an average decrease of 2.6' from No. 2 to No. 3, although 
the difference in elevation is only 190 feet, amounting 
to lo for 73 feet. The No. 2 shelter is located just below 
the lower edge of a vineyard in a plot of long grass and 
weeds, while No. 3 is directly rqbove the upper edge in a 
small orchard where vegetation is rather thin. We 
should expect more than the usual decrease between 
Nos. 2 and 3, because No. 2 is the more favorably situated 
for high day tem eratures durinE periods of sunshine; 
but the unusual Jfference of 2.6 on an average seems 
rather difficult to explain. 

The apparent discrepancy mi ht  be accounted for 

registered 1' too low, but this supposition is hardly 

slight elevations. Station 54 0. 3, however, on the west 

No. 3 averages considerably lower t z an the base, the 

difference, only 0.5' between a os. 1 and 2 for a difference 

P 
high maximum at that point. Moreover, ka  0. 2 is on a 

No. 1 in the valley. In  P act on sunshiny days the 

amount of vegetation at  No. 2, this causin 

possibly by assuming that the t B ermometer at  No. 3 

justified, because of the close attention given to the 
instruments. 

In  connection with the above, it is interesting to note 
that the maximum at the summit station in its relation 
to  the base, 1,100 feet below, appears to be normal, as 
there is a decrease between the two of 3.8', or 1' for 289 
feet. This fact makes the maximum readings at  station 
No. 3 appear even more strange, that station averaging 
only 0.7' higher than No. 4, although the difference in 
elevation between Nos. 3 and 4 is 530 feet. In  fact, No. 4 
conforms so closely to what should be expected for all the 
months of the year that the record at  that point does not 
re uire detailed discussion. 

%he comparison of the selected sunshiny periods 
(Table la) does not explain the apparent anomal a t  
station No. 3. The average of the maxima at  d. 2 
during the period of clear weather in May is 1.5' higher 
than the base station, but the avera e at  No. 3 is 4.1' 

paratively low maximum, being 6' lower than the base. 
In  the November clear period (Table la), the varia- 

tion is more regular, as there is. a gradual decrease from 
the base to the summit, the difference being relatively 
great between stations Nos. 2 and 3, but not nearly so 
great as during the May period. 

WiZkes6oro (Table l).--Station No. 1 is located in a 
comparatively flat open plot on a bench although not so 
extensive as that at Mount Airy, but sufficienctly so to 
cause relatively high maximum temperatures. More- 
over, No. 2, 150 feet, and No. 3, 350 feet, above the base, 
are located on northerly slo es, and therefore their 
maxima are relatively low. RT 0. 4 also has a rather 
low maximum, with a decrease of 2.4' for an elevation 
of 430 feet above the base. The marked1 super- 
adiabatic rate of decrease in temperature is un c9 oubtedly 
due to the character of the exposure of No. 1, which is 
undul heated on sunshiny days during the entire ear; 

movement over the flat surface, with thc increased 
vegetation during the warmer months of the year, 
produce relative1 hi her mammum temperatures than 
m the autumn, w en t e effect of vegetation is practically 
at a minimum. Nos. 2, 3, and 4 are ideal slope stations 
with open exposure, which in itself would be sufficient 
reason for the relatively low maximum tem eratures 
a t  these locations as compared with No. 1 in a H months 
of the year. 
During both sunshiny periods, as shown by Table la ,  

the decrease IS much greater at  Wilkesboro than the 
four-year avera es would indicate. Considering the 

ture 1s greater here than a t  any other place, there eing 
a decrease of 3.9' for a difference in elevation of 430 feet 
between No. 1 and NO. 4. 

Variations in maximum temperature in clear and cioudy 
weather.-The irregularities in clear weather are due 
largely to local exposure in the shape of timber and 
topography, which cut off the sunshine in varying 
degrees near the time of maximum temperature, and to 
surrounding vegetation, which allows abnormal local 
heatln of the air. There are a number of instances of 

Asheville No. 3a, Blantyre No. 4, Bryson No. 3, Cane 
River No. 4, Globe No. 3, Transon No. 1, and Tryon No. 
2, as brought out under the discussion of maxmum 
temperature on the individual slopes. Generally speak- 
ing, this factor is most important during the growing 
season, probably most effective from May to August, 
when vegetation is densest, and least effective during the 

lower. In  the selected May period %? 0. 4 has a com- 

but t x e more direct insolation and the retardeJ air 

g shortpess of the s K ope, the decrease in maximum tem era- 

this a f normal heating, especially a t  Highlands No. 2, 
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winter. However, the conditions noted during the 
selected period in May (Table la) are dependent on sun- 
shine at  the time of the maximum temperature, but the 
frequent cloudiness in the afternoon at  the time of the 
maximum temperature during June, July, August, and 
September minlmizes local operheating at  these stations, 
so that the decrease in maxmum temperature does not 
differ reatly from the normal decrease with elevation. 

Wi t i  the approach of clear weather in autumn, the 
maximum temperature at such stations is again slightly 
increased, although the decrease in the surrounding 
vegetation prevents the marked local heating which 
occurs in April and May. However, it will be noted that 
the four-year average excess in maximum temperature 
for November, as shown in Table 1, at  the summit 
stations, Asheville No. 3a and Blantyre No. 4, over those 
at  the bases is about e ual to the excess recorded in the 

percentage of sunshine, as is the case at  the remaining 
stations, but rather to other reasons which have been 
described previously. 

spring, but this is not 1 ue entirely to the increase in the 

..__-_____-.I_-.. - - _ ~ - . -  

FIG. 46.-Avernge daily maxima during selected oriod of clear weather in spring; 
stations grouped nccording to elevation nbove sw  love^. 

Naturally, there is greater uniformity in the decrease 
in temperature with elevation during cloudy weather 
than during days of sunshine, as then the effect of local 
overheating is avoided. 

The figures in Table l b  show the rate of the decrease on 
selected da s of cloudy weather in the year 1915 on the 
three lon s 9 opes having five stations from base to suminit, 
separate% from each other more or less uniformly. 

The rates of decrease in temperature on these three 
slopes are Iairly uniform at different elevations, and for 
the slopes as a whole there is a decrwse of 1' for each 
312 feet at  Altapass, each 326 feet a t  Elli'ay, and each 

normal rate of 3 ecrease in free air-1' for 300 feet- 
doubtless because of the higher vapor pressure under 
cloudy conditions. 

Figures 45 and 46 furnish a graphic representation of 
the variation in maximum temperature at a!l the stations 
in the research during the selected clear periods in spring 
and autumn. 

The high maximum at l'ryon No. 2 in autumn (fig. 46) 
as compared with the others at  the same elevation lsdue 
to more insolation on this southeast slope and is in con- 
trast with the slight differences in the averages during 
the spring period (fig. 45). There is also here apparent, 

347 feet at  Gor e. Tliese rates are all i ess than the 

for the same reason, a marked difference between the 
stations Nos. 2 and 3 at Mount .Any 111 the spring as 
com ared with the readings in autumn, doubtless because 

&Other instances earing upon t is point ~111 be found, 
such as the readings at  stations Nos. 2 at Globe and 
No. 3 at Gorge, and Asheville stations NOS. 3 and 3a. 
Cane River No. 3, located in a cove on a northerly slope? 
is also another striking example of difference m insolation 
between s ring and autumn. Then there are the rela- 
tively higg readings in the spring at Bryson No. 3 and 
Cane River No. 4, both summit stations, due to the 
large amount of vegetation which traps and radiates the 
heated air near the shelters. 

Rates of decrease in monthly and annual average maxi- 
mum temperature on six selected long slopes.-The figures 
in Table IC show that for the entire period of four years 
the rate of decrease in average maximum temperature 
m t h  elevation on the Alta ass, Ellijay, and Gor e slopes 

in 
Table lb. 

E !I 
the dp irection of slo e is not so im ortant in the spring. 

was greater than during t 1 e cloudy period incuded 7 

Fro. 40.-Avemge daily malrima du+g selected eriod of clear weather in autumn; 
stntions grouped nccorrl~ng to elevnbm nbove sea level. 

The largest decrease is found at  Altapass, with n rate 
of 1' for each 238 feet. Ellijay is close t o  the normal 
rate for free air, with 1' for each 303 feet, and Gorge 
less than the normal, with 1' for each 325 feet. 

The data are included in Table IC also for the three 
other long slo es, Cane River, Globe, and Tryon. 

each 423 feet and 455 feet, respectively, are abnormal 
because of local conditions previously referred to, while 
the rate a t  Tryon is about normal, with 1' for each 289 
feet. 

Monthly and annual average maxima at the two, stations 
having, respectively, the highest and 10~.uest eha tms . - - -A  
comparison is mahe in Table Id for the four-year period 
between the average maximum temperatures at  the 
lowest and tho highest stations eqployed in the yesearch, 
Tryon No. 1, 950 feet m dopation, base station, md 
Highlands No. 5, 4,075 feet in elevation, the summit 
station. The diirerence in elevation between these two 
stations is 3,125 feet, the e x t ~ ~ m e  range employed in 
this research. 

For this differencc in elevation there is an average 
four-year difference 1n malm? temperature of 11.5', 
the reatest average m0n:h.b dlfference being 15.6' in 
Mar& and the least 8.3" in December. 

The rates o P decrease a t  Cane River and Globe, 1' for 
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The rate of decrease for the entire eriod between 
these two stations is 1’ for 272 feet. T t e  difference in 
latitude between Tryon and Highlands is negligible 
in so far as its effects on temperature are concerned, 
both being located close to the southern boundary of 
the State. 

MINIMUM T E M P E R A T U R E .  

Inversions and norms.-The subject of minimum 
temperature in mountain sections is much more compli- 
cated than that of maximum. There is usually a certain 
uniformity in the variation of mean maximum tempera- 
ture, because on most slopes there is an average decrease 
from the lowest to the highest elevations; but no such 
regular decrease is found in the averages of minimum 
temperature. This is because on some nights there is a 
steady decrease in temperature from the base to the 
summit, on other nights an increase, and on still other 
ni hts an increase to a certain point on the slope and then 
a % ecrease farther up. So, in the one instance we have 
the usual decrease in temperature on account oi eleva- 
tion, called here “norm” for the sake of convenience, 
and in the other two, the variations due to both inversion 
and norm conditions. There is usually a decrease in 
minimum temperature from the base to the summit 
on cloudy or y n d y  nights, while on comparatively clear 
nights, wlth little or no wind, an inversion occurs with 
the lowest temperature in every case at the base. Some- 
times, there is even a combination of the two, norm and 
inversion, as we shall point out later. 

Additional types of inversions.-When reference is 
made in meteorological literature to night inversions, it  
has been generally understood that they occur only in a 
region with high pressure, clear weather, and light wind 
or calm. It is seldom stated that inversions of con- 
sequence occur under other conditions, but this study in 
the Carolina mountain region furnishes additional in- 
formation on the subject. True it is that the most 
marked instances of inversion usually occur under high- 
pressure conditions, but we find that inversions obtain 
also in the assiiig of the HIGH and in the approach of 
the LOW. &e have in consequence concluded that in- 
versions may be divided into three different types, the 
Anticyclonic or Ideal Ty e, the Recovery or Inter- 

The Anticyclonic or Ideal Type is of course the one 
best known, and the best examples of this type occur 
when the anticyclone persists two or more days. 

The Recovery or Intermediate Type is marked by a 
more rapid movement of anticyclones than in the first- 
named type, and occurs during the transition from an 
anticyclone to a cyclone. Inversions of this character 
are pronounced on only one night, as a rule, but they are 
sometimes greater than those found under the Anti- 
cyclonic Ty e. The Recovery Type is usually accom- 

due to the stagnation of the colder and heavier air with 
a further fall in temperature in the hollows and pockets, 
where the lower stations are located, while the warmer 
and lighter air above, as it is drawn into an approaching 
cyclone, flows over the summits andsthe upper +opes. 

The Cyclonic or Overflow Type. is characterized by 
moderate to strong winds and rapidly falltng pressure, 
with a well-developed cyclone approaching. During 
inversions of this type the low temperatures at the base 
stations are due to the confinement of air! already cold, 
in the pockets and narrow valleys, whi!e the strong 
southerly winds, which usually prevail in the North 
Carolina region, bring warm air to the higher stations, 

mediate Type, and the Cyc P onic or Ovpflow Type. 

panied by c P ear weather and light winds and is largely 

and although these winds soon draw the colder air out 
of the pockets, sometimes this does not occur in time to  
prevent a strong inversion. The Cyclonic Type occurs 
most frequently in the winter months, when there is 
pronounced storm activity. 

Each one of the three types often merges into one of 
the two others, so that many of the weaker inversions 
may be placed in any two of the three types. There 1s 
often no sharp line of demarcation between the Inter- 
mediate Type and the Cyclonic Type, and yet at  other 
times these two classes have their individual and distinct 
characteris tics. 

Anticyclones occasionally dominate the weather in the 
Carolina mountain region for a week or more a t  a time, 
and it is then that pronounced inversions of the Ideal 
Type occur. No month is without.inversions, and rarely 
a week goes by without one of considerable range. They 
are most frequent and reach their greatest development 
during the spring and autumn, with mamma in May and 
November. 

rarely an inversion of the Cyclonic Type. 
Nountain breezes.3-430 far in the discussion of inver- 

sions no reference has been made to certain complications 
in valleys caused by the direct flow of air downward from 
above-a subject of considerable moment. 

When the air resting above a slope becomes cold com- 
pared with the free air over the valley floor, it  descends 
the slope in the form of a night wind or breeze, common 
in mountain sections, and as such a breeze is not gradual 
but sudden the air in descending is heated mechanically. 
This condition is graphically shown by thermo raph 
traces of tem eratures on the slo e at  Asheville BO. 2 

rising as the rusl  of air passes the instrument see figs. 
56 and 63). It may be said that in the convective inter- 
chan e the flow is nonwaterlike, but when air descends 
the s Y ope in a mountain breeze it is a waterlike flow. In  
the inclosed valleys or basins such a flow is never ob- 
served, but in valleys having an outlet, especially those 
adjoining deep canyons that afford good opportunities for 
drainage and where the extent of surface area aloft is 
great, it is noted frequently. 

An example of a sudden rise in night temperatures 
a t  a slo e station clue to the re lacement of unusually 

thermograph curve a t  Asheville No. 2, Figure 55, and 
at  Blantyre No. 2, Figure 56; and an example of a rise 
on the valley floor caused by the downrush of air from 
the mountain above, as often experienced at Tryon, is 
illustrated in Figure 62. These figures will be discussed 
later. 

Average monthly .and annual minimum tem erature.- 
Table 2, average minimum temperatures and &%maces, 
1913 to 1916, moqthly and annual, presents the data 
much the same as does Table 1 for the maximum, and 
Table 2a resents data for inversion and norm periods 

in connection with maximum temperature values. There 
is, as has been stated before, a much greater variatlon 
in the mlnimum than in the maximum temperature, and 
we shall note also a much wider variation during inver- 
sion than durin norm conditions. 

TWO periods,%ay 1-6, 1913, and November 2-5, 1916 
(Table 2 4 ,  have bcen selected as typical of clear weather 
in which marked inversions of temperature are noted, 
the one with gentle to light southerly winds and the 

In these two seasons the inversions belon 
almost entirely to the Anticyclonic or Ideal Type, wit a 

P and on the vale P floor at  Tryon 8 0. 1, the tem erature 

cold air \ y the warmer free aly a tf Joining is shown by the 

just as Ta g le l a  includes data for periods of clear weather 

a The author is here dealing with the nighttime feature of the well-known phenomenon 
of mountain 8nd valley winds,-EDITOR, 
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Principal nnd slope slations 
elevation of base stntion stlord 
mean sen level (feot). 

other with northerly winds, eriods with different wind 

factor in affecting minimum temperature on nights of 
inversion. 

directions being selected, as t K e direction is an important 

Hoight 
Of ‘lope 

base 
(feot). 

investigation; and the dates selected in 1916, eight in all, 
and included in Table 2a, are not consecut!ve, but they 
will serve to illustrate the variation in minimum tem- 
perature during these special conditions. 

hltnpass: 
NO. 1, bnsoslntioii, clovntion 

No: 2 SE ................... 
No. 3’ SE.. ................. 
No 5 summit .............. 
No. 1 base stntion, oloV8- 

N o . 2 , d  .................... 
No. 2n. 8 .................... 
N0.3,N .................... 
No. 3n, S .................... 
No. 1, base stotiou, elova- 

No. 2, NW .................. 
NO. 3, N W  .................. 

No. 1 base station, rlovn- 

No 2 SW .................. 
N O :  3; SE .................... 
No. 4 SE ................... 

No. 1 base stntiou, elevn- 

No 2 N .................... 
No: 2k, 8 .................... 
No. 3, summlt .............. 

2230 ....................... 

NO. 4: SE. .................. 
Ashoviilel 

tion’:! 445 ................... 

Blnntyre: 

tion 2.090 ................... 

Blo;io.g4hEy:. ................. 

tion’3~30.. ................. 

No. 5: SE ................... 
Bryson: 

tiolil,8 m... ................ 

FIG. 47.-Avernge dnily minims during selected inversion periods in spring; stations 
grouped nccording to elevntion above sea level. 

The two periods are probably as representative as 
any that might be selectxd, permitting, as they do, the 
discussion of the question of inversion as far as may seem 
necessary at  this time in connection with the chapter on 
average minimum temperature. Later the subject of 
inversion will be treated separately and in greater 
detail. 

It is rather difficult to find a period of several days in 
succession in which norms occur on all the slopes under 

FIG. 48.--Avernge dnily minima during selected inversion period in nutumn; stntions 
grouped according to elevation above sea level. 

The data for both inversion and norm periods as shown 
by Table 2a should be hclpful in explaining the variations 
in average minimum temperature on the vsrious’slopes. 
A discussion now follows embracing Tables 2, 2a, 2b, 
and Figs. 47, 48, and 49, which present data for the 
various groups of stations. 

The avera e minima to be discussed here will be limited 
to night reafings, ust as the average maxima have been 
limited to day rea A ings. 

’ 1’mm 2.-1ll0nt1112/ and annual average mi,nimum temperatures, 1919-1916. 

[Tho differenccs betwoen tho nveragos a t  tho bnse station nnd those of the rcspcctiro slope stations may be seen by simple inspection.] 
- 
Jnnu- 
nry. 

Pebru- 
nry. 

30 tern. 
fer .  March. April. June. July. August. Ictober. Annual. 

1 44. n 
145.7 

131.1 
1 31.5 
131.4 
120.4 
1 20.1 

32.3 
33.3 
34.5 
33.0 
34.5 

30.1 
31.4 
32.5 
38.5 

30.0 
30.0 
27. 2 
20.0 
28.0 

131.3 
132.8 

133.8 
2 33.1 

1 28.1 
120.6 
128.3 
1 27.3 
1 27.0 

1 31.5 
131.3 
1 30.8 
128.0 
1 28.8 

32.0 
33. 6 
34.7 
34. 1 
34.4 

30.2 
32.2 
32.8 
33.8 

30.2 
20.0 
27.6 
20.0 
28.0 

128.3 
1 20.5 
129.8 
130.6 

1 44.2 
1 45.3 
1 44.5 
1 42.3 
1 42.1 

41. 8 
43.6 
45.0 
44.7 
45.4 

38.4 
41.6 
43.7 
45.0 

41.2 
42.4 
37.1 
40.5 
30. G 

30.4 
41.3 
42. 4 
44.4 

52.8 .w. 0 
53. 6 
51.8 
51.0 

50.7 
52.0 
53.0 
M. 0 
55.2 

47.7 
40.6 
52.1 
54.0 

50. 2 
51.0 
46. I 
50. 2 
40.8 

48 5 
40. 7 
50.6 
52.3 

58.4 
50.2 
58.0 
56. 7 
55.8 

56.6 
58.0 
50.1 
GO. 0 
60.1 

56.1 
.%. 0 
67.2 
58.4 

.%. 0 
57.2 
53.3 
55.0 
55.6 

55.7 
58.0 
56.8 
57.6 

62.6 
63.1 
62.7 
60.5 
00. 2 

GO. 3 
61.4 
62.4 
63.2 
63.4 

60.7 
50. 8 
61.2 
62.5 

60. 6 
60. 0 
56.8 
50.0 
50.2 

60.0 
50.8 
01. 2 
61. 2 

61. 3 
62.1 
62.0 
60.1 
50.6 

51. a 
55.5 
55.3 
53.3 
52.5 

52.6 
54.6 
55.7 
55.6 
56.3 

52. e 
51.7 
53.4 
55.3 

53.6 
53.8 
48.4 
52.4 
61.6 

5 2  6 
53.0 
53.3 
53.6 

46.3 
48.2 
48.0 
46.6 
45.2 

44.6 
45.0 
47.5 
47. 0 
48.4 

43.2 
43.0 
45.3 
47.0 

45.4 
45.8 
42.2 
44.6 
43.8 

43.1 
44.2 
44. I 
46.0 

20.8 
30.2 
29.7 
27. 8 
27.4 

28.8 
28. 5 
30.0 
30.8 
30.8 

26.0 
27.3 
20.1 
30.3 

27. 2 
27.0 
24.0 
26.2 
25.2 

26.5 
27.0 

1 28.2 
1 28.0 

36.6 
38.4 
37.0 
36.2 
35.4 

34.4 
36.5 
37.6 

38.8 

20.7 
31.8 
35.5 
37.5 

35.0 
30.8 
20.6 
35.0 
33.8 

1 30.7 
138.6 
133.7 
136.2 

3 8  8 

......... 
250 
500 
760 

1,000 

........ 
155 
155 
380 
380 

......... 
300 
450 
600 

......... 
450 
450 
625 
800 

......... 
385 
355 
570 

145.3 
143.4 
1 42.0 

43.6 
45.0 
40.1 
46.4 
46. 7 

28. 8 
20.7 
30.6 
30.1 
30.4 

20.6 
27.8 
20.2 
30.6 

26. 6 
20.4 
23.4 
25.3 
24. 6 

127.4 
1 28.5 
129.0 
128.0 

SO. 8 
60.4 
61.7 
62.3 
62.6 

41 8 
421 6 
44.4 
45.8 

60.0 
59.6 
80.8 
61.8 

43.1 
43.0 
30.3 
42.2 
41.4 

60.4 
60.4 
56.3 
50. 0 
58.5 

50.8 
50.0 
GO. 6 
GO. 8 

141.0 
1 43.0 
143.6 
144.6 

1 Three-year nverage. wo-yoar nverage. 
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TABLE 2.-iWonthly and annual average minimum temperatures, 191s-1916-Continued. 

[The differences between the averages a t  the base statlon and those of the respective slope stations may be seen by simple iXISPeCtiOn.1 

Principal and slope stations : 
elevation of bssestatlon above 
mean sea level (feet). 

Helght 
Of 'lope 

s~~~~~ 
base 

I- 
Cane River. 

NO. 1, 'base station, eleva- 

No 2 id .................... 
No: 3 ' N E  ................... 
No. 4: summit.. ............ 
NO. 1. base station. elcva- 

tion 2 650 ................... 

Ellijay: 

ti on'^, m... ...... 1.. 
No. 2 N.. .................. 
N0.3" .................... 
NO. 4: N .................... 
No. 5, summit .............. 
No: I, bnse station, elcva- 

No .2 ,E  .................... 
No. 3. summit .............. 

Globe: 

tion 1,625 ............................ 

......... 
190 
400 

1, loo 

................ 
310 
620 

1 240 
1: 760 

300 
1,000 

Gorge: 
No. 1, base station, elevation 

No) 2 N E  .................. 
No:4: N. (old); NE. (new).. 
No. 5. summit.. ............ 

1400 ................................ 
No' 3' S... .................. 200 

615 
840 

1.040 

tion 2 200 

lIenders&ville: 

No.2, f .................... 450 
N0.3. E. ................... 600 

NO. 1, base station, eleva- 

Highlan&sis-~ 
NO. 1, base station, oleva- 

No. 3: S E  ................... 
No*4 No 5' #"-- E ................... 
NO. I, base station, eleva- 

No.3," .................... 
No. 4, summit. ............. 

tion 3 350.. ......................... 
No.2 $E .................. 

................. 
Mount Airy. 

tion 1 340.. ........................ 
No. 2, w'. ................... 

No. 4: summit.. ........... .I 750 

200 
325 
525 
725 

160 
160 
360 

Transon-'  NO.^ base station, elova- 

No. 2 f .................... tior;, 2 970.. ......................... 
No. 3: \V- ................... 

NO. 1 base station, cleva- 

No. 2, SE ................... 
No. 3, SE. .................. 

NO. 4, s u d t . .  ............ 
Tryon: 

tion'950.. ........................... 
NO. 4, SE. .................. 

Wilkesboro: 
NO. I, base station, olova- 

tion 1240. .......................... 
No. 2, P$. ................... 
N0.3 N .................... 
No.4:W .................... 

____..__-- __----__. 

150 
300 
450 

380 
570 

1,100 

150 
350 
430 

___ 

Janu- 
ary. 

- 

1 26.4 
1 29.9 
129.5 
1 28.8 

1 30.2 
131.1 
231.9 
1 32.8 
2 32.6 

31.8 
33.4 
33. G 

30.8 
30.6 
32.4 
33.0 
33.5 

128.9 
1 30.7 
1 31.5 
131.7 

1 32.2 
1 33.0 
126.8 
129.0 
1 28.6 

33.0 
34.3 
34.0 
33.9 

28.8 
30.6 
30.4 

129.1 

34.7 
38.1 
37.6 
35.8 

31. 6 
33.1 
34.2 
34.2 

___ 

Febru- 
ary. 

125.7 
1 27.2 
126.1 
126.9 

1 27.7 
1 30.0 
129.9 
1 30.8 
329.6 

29.0 
30.6 
30.4 

281 
27.8 
29.6 
30.2 
30.9 

327.3 
128.5 
129.8 
1 30.0 

128.9 
131.1 
123.4 
125.9 
1 25.7 

30.0 
31.4 
30.8 
30.8 

24.7 
26.4 
26.8 

127.2 

32.3 
36.0 
34.8 
33.3 

28.8 
30.4 
31.8 
31.4 

___ 

March. 

1 27.2 
'28.9 
1 27.9 
1 27.1 

128.6 
1 30.5 
1 30.5 
1 30.8 
128.6 

32.4 
34.3 
33.8 

32.3 
32.0 
33.6 
34.4 
34.4 

1283 
1 30.3 
1 30.7 
1.30.9 

1 30.4 
1 30.2 
124.4 
126.0 
1 25.4 

34. i 
35.6 
35.3 
34.7 

28.4 
29.8 
29.8 

I 27.8 

35.9 
39.4 
33.1 
36.2 

33.8 
35.2 
36.2 
35.8 

__ 

- 

April. 

__ 

37.6 
40.9 
41.3 
41.0 

39.7 
42.6 
43.2 
45.4 

1 44.2 

41.9 
45.1 
46.0 

40.5 
41.2 
43.8 
45.6 
46.9 

38.8 
41.7 
44.0 
44.6 

44.2 
44.2 
34.6 
41.2 
41.5 

45.0 
47.2 
46.4 
46. e 

38.3 
41.4 
41. E 
42. C 

44.7 
50.6 
49.7 
47.6 

43.4 
45.7 
47.5 
47.4 

-~ 

1 Three-year average. 

AVERAGE M~NIMUM TEMPERATURE ON INDIVIDUAL 

AND NoRM.--AZ~U~~SS (Table 2) .-The observations on 
this southeasterly slope show the highest mean minimum 
temperature to be at station No. 2, 250 feet above station 
No. 1, and the lowest at  No..5, 1,000 feet above No. 1, 
the former aveSag1n 0.9' hl her and the latter 1.9' 
lower than station 80. 1. Tfk average values a t  the 
stations between Nos. 2 and 5 show a gradual decrease, 
No. 3 averaging 0.5' higher, and No. 4, 1.4' lower, than 
No. 1.  Taking these values .as a basis, it is apparent 
that the highest average minlmum. temperature on the 
entire slope is either at  No. 2 OF s!ightly above. There 
is a Considerable monthly variation in these means, 
inversion conditions being more pronounced usually in 
the autumn months than m any other season of. the year, 
this being due to a combination of longer nights and 
longor periods of clear weather. 

During the critical periods of s ring and fall the entire 
slope from the summit down to  8 0. 1 and lower is usually 
free from whlte frost, except on small benches, but with 

SLOPEB, ALBO MINIMA DURING PERIODS OF INVER6ION 

May. 

46.6 
49.6 
51.0 
51.3 

48.2 
51.0 
52.2 
54.8 

154.0 

51.1 
55.0 
55.9 

49.3 
50.2 
52.3 
54.8 
57.0 

47.8 
50.8 
53.2 
54.2 

53.2 
53.4 
43.4 
50.7 
51.4 

53.6 
57.2 
55.6 
56.8 

46.4 
51.2 
51.2 
52.3 

54.8 
60.4 
58.8 
56.9 

52.1 
54.9 
57.0 
57.3 

June. 

53.9 
55.4 
56.2 
56.7 

54.7 
56.6 
57.1 
59.4 

158.4 

58.0 
60.5 
61.2 

56.8 
57.2 
58.0 
59.7 
61. 4 

55.4 
57.7 
58.7 
59.3 

58.3 
58.5 
49.4 
55.6 
SB. 5 

60.5 
63.1 
61.8 
62.6 

53.3 
56.7 
57.2 
57.5 

63.0 
65.7 
64.2 
GI. 9 

59.2 
GO. 6 
62.3 
62. G 

July. 

58.1 
59.1 
59.8 
60.2 

58.8 
59.9 
60.4 
62.1 

1 GO. 9 

62.0 
64.1 
64.6 

61.1 
61.0 
61.8 
63.2 
64.9 

59.6 
61.1 
61. 8 
62.6 

61.6 
61.7 
53.5 
58.5 
59.8 

64. a 
66.3 
64.7 
66. C 

57.0 
59. E 
GO. E 
60. € 

66.5 
69. c 
67. i 
G5. I 

63.1 
64.4 
66.2 
66. t 

__ 

4ugust 

58.0 
58.7 
59.4 
59. 6 

58.4 
59.0 
59-6 
61.2 

1 60.0 

61.6 
63.5 
63.5 

61.0 
60.8 
61.0 
62.4 
63.7 

59.8 
60.5 
G l .  4 
61.6 

61.0 
61.4 
53.0 
57.6 
58.7 

63.4 
64.7 
64.0 
64. 9 

56. 6 
59.2 
59.8 
60.0 

66.3 
67.6 
66.4 
64.4  

62.8 
63.7 

65. C 
65. a 

:e tem- 
Em. 

49.6 
51.3 
52.5 
53.1 

51.1 
52.0 
53.3 
55.3 

154.7 

54.6 
57.0 
57.2 

53.9 
53.6 
54.2 
55.9 
67.7 

51.8 
53.0 
54.7 
55.5 

55.2 
55.3 
45.7 
51.3 
52.6 

M. 3 
58.8 
57. G 
58.8 

48.8 
52.0 
52.8 
54.2 

58. 5 
61.4 
59.9 
58.0 

55.6 
56.2 
58.2 
58.3 
_ _  

ktober. 

- 

40.4 
43.0 
44.4 
45.3 

42.5 
43.7 
45.3 
47.7 

1 48.1 

46.5 
49.3 
49.7 

45.2 
45.1 
45.8 
48.0 
49.9 

43.2 
44.9 
46.9 
47.8 

47.0 
47.4 
38.0 
44.2 
46.0 

48.2 
51.3 
49.7 
51.2 

41.4 
43. E 
45. 1 
46.2 

50. E 
52. z 
47. i 

46.4 
48.4 
5.0. t 
SO. t 

53.5 

- -___ 

i o v m -  
her. 

28.5 
33.7 
35.2 
36.3 

31.1 
33.8 
36.7 
39.1 

1 37.7 

34.6 
38.6 
39.8 

32.8 
33.8 
36.6 
39.1 
41.1 

31.1. 
34.4 
37.4 
38.4 

38.0 
38.9 
27.7 
35.8 
36.8 

37.0 
41.0 
39.0 
40. G 

80.4 
34.9 
35.9 
36.9 

37.3 
44.3 
43.0 
40.6 

35.0 
37.6 
40.0 
41.2 

- 
Decem- 

ber. 

__ 

24.8 
27.6 
27.3 
27.2 

27.4 
28.6 
29.7 
31.1 

1 28.6 

29.2 
31.2 
30.8 

27.9 
28.6 
29.7 
30.8 
32.0 

27.4 
28.9 
29.7 
30.1 

30.7 
31.8 
23.4 
27.2 
28.6 

30.2 
32.2 
31.8 
31.8 

24.5 
26.8 
27.0 
27.3 

32.8 
35.9 
34.4 
32.8 

29.0 
30.7 
32.2 
32.3 

- 

m u a l .  

39.7 
42.1 

1 42.6 
1 42.8 

3 41.6 
943.7 
9 44.4 

45.8 
1 44.9 

44.4 
46.9 
47.2 

43.3 
43.5 
44.9 
46.4 
47.8 

42.0 
44.7 
46.2 
46.8 

45.1 
45.6 

41.8 
42.5 

46.3 
48.6 
47.6 
48.2 

40.0 
42. 8 
43.2 
43.8 

48.1 
51.8 
50.5 
48.8 

45.0 
46.7 
48.5 
48.6 

a7. o 

* Two-year average. 

elevation there is always danger from top 

lower than No. 1 during norm conditions. 
On the other side of the Blue Ridge at Alta ass, 

called the Mitchell County side, the descent is very sfght, 
the plateau here being at  times flush with the to of the 
ridge. As would be expected, heavy frosts are o i served 
frequently on the plateau, the wenera1 flatness and high 
elevation being ideal for great poss of heat by radiation 
in clear weather. 

Unusual fluctuations in temperature at  Nos. 1 and 2 
during anticyclonic weather indicate the development 
under favorable conditions during the night, of a mountain 
breeze, the air descending from the high plateau through 
McKinney Gap (see fig. 36.) The unusual frequency of 
norther1 winds also indicates such a mountain breeze. 

In  Tach 2a the variation in average temperatures and 
differences for the periods of inversion weather bear a 
certain relation to  thosc shown in Table.2. However, 
the differences betwecn No. 1 and the stations higher up 
during inversions apparently do not compare with those 

increasinE freeze, t e temperature at  No. 5 averaging about 5" 
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Principal and slope stations elevations of 
base stations above mean sba level, fect. 

on many other slopes, sim ly because all the stations 
at  Altapass are located hg! up above the valley floor. 
During the May period of inversion, with lbh t  southerly 
winds, the highest minimum is shown to ge at  station 
No. 2, 250 feet above No. 1, while the lowest is at  the 
summit, 1,000 feet above.No. 1, the excess at  the former 
being 4.9', and the deficiency at the latter 0.6'. No. 2 
is practically in the middle of the thermal belt during this 
period. 

The selected November peSiod of inversions with light 
northerly winds shows variations between the basc, 
slope, and summit stations similar to those noted in the 
May period, but in a lesser degree, as this period, taken as 
a whole, was not so favorable for lar e inversions as the 
period in the spring. Again, the in fi uence of northerly 
winds serves to lessen the differences between the tem- 
peratures a t  the various stations, as these, although 
gentle to light, bring the colder air from over the plateau 
on the edgc of which No. 5 is situated and lower the 
temperature on the whole slope, as shown in Table 2a: 

During norm conditions (Table 2a) a different situation 
is apparent, when the temperature Fadually decreases 
from the base to the summit, rough y speaking, at the 
rate of 1' for  about 200 feet. In both inversions and 
norm conditions the lowest temperatufe at Altapass is 
on the average at the summit, an4 thls is consistent with 
the mean minima data appcarln in Table 2. Tho 

and during norm conditions is No. 1. 

TABLE Ba.-Average miiiimum temperatures during selected inversion 

warmest station during periods o .F inversion is No. 2 

Height 
of slope 
stntion 
above 
base 

(foet). 

IIendersonville: 
NO. 1. Bwo station, elevation 2,200.. 
No.2. E ................................. 
No. 3. E ................................. 
NO. 4. Summit .......................... 

IIichlandc: 

.............. 40.5 
450 47.5 

57. n % 58.3 
....... 

NO. 1. Base station, elovation 3,350.. 
No. 2. SE.. ............................. 
No. 3. SR. base station. ................. 
NO. 4. SE.. ............................. 
No. 5. SE.. ............................. 
NO. 1. Base station, olevation 1,340.. 
No. 2. W . .  .............................. 
N0.3. E ................................. 
No. 4. Summit .......................... 
No. 1. Base station, olevation 2,970. 
No.2. W ............... ~ ................ 
N0.3. W... ............................. 
No. 4. Summit.. ........................ 

Nount Airv: 

Transon: 

Twon: 

.............. 
200 
325 
525 
725 

.............. 
160 
1GO 
360 

............... 
150 
300 
450 

I!iver- 

May 1 4  
nclusivk 

1913. 

s10n- Principal and slope statlons; olcvations of 
basc stations above mean sea level, fcot. 

50.3 
55.2 
53.3 
51.3 
40.7 

4,;. 2 
51.2 
Y2.3 
55. 2 
5G. 2 

39.0 
44.7 
51.2 
54.2 

4s. 8 
51.7 
39.5 
61.8 
53.2 

39.7 
45.0 
46.7 
52.7 

30.0 
46. 3 
50. 7 
58.7 

41.6 
40.0 
.%.? 
58. 4 ........ 
14. 8 
51.3 
61.7 

4'. 0 
43.5 
52.3 
57.3 
64.2 

- 

lleight 
oi slope 
station 
above 
base 

(fcet). 

Inver- 
slon- 

vov. 2-6 
iclusivc, 

1910. 

Alta ass: 80.1, Base station, elovation 2,230 
No.2. SE ............................... 
N0.3. SE.. ............................. 
N0.4. SE ............................... 
No. 5. Summit.. ........................ 

39.8 
42.5 
40.8 
30.5 
39.5 

33. R 
88.2 
41. 8 
44.2 
44.6 

29.0 
3@. 5 
37.6 
42.2 

39.2 
45. 2 
34.5 
42.0 
40.0 

28.2 
3'2.0 
31. 8 
36.2 

27.0 
35.0 
41.0 
43.6 

30.0 
3%. 0 
39.0 
4G. 5 
45.0 

30.5 
44.2 
47.2 

31.2 
33. 0 
37.8 
'17. 0 
40.5 

............... 
250 
500 
750 

1,OOfl 

__- 
Vorm- 
Eight 

rolccted 
dates, 
anuaJy, 
'ebruary 

and 
March. 
1916.' 

17.5 
16. 4 
15.5 
13.4 
12. .I 

15.5 
13.5 
15.4 
13.4 
14.1  

20.5 
IS. 6 
17.6 
17.9 

13.2 
11.5 
10.9 10.2 
8.8 

18.1 
17.5 
17.2 
IG. 0 

15.0 
14.5 13.1 
9.5 

18.0 
1 R. 0 
15. 6 
13.6 
11.5 

23.6 
22.1 18.0 
23. 6 
32.5 
20. !I 
I 0.0 
18. G 

No.28. S ................................ 
No. 3. N ................................. 
No. 1. Baw st.ation, elevntion, 2,090.. 
No, 2. NW.. ............................ 
NO. 3. NW. ............................. 
Np.4. NW .............................. 
NO. 1. ~ a s c  station, olevation 3,130.. 
No. 2. S ................................. 
No.3. SE ............................... 
No.4. SE ............................... 
No. 5. SE. .............................. 
No. 1. Base station, elevatioll 1,800.. 

N0.38. S ................................ 
Blantyro: 

Blowmg Rock 

Bryson: 

TABLE %.-Average minimum temperatures during selected inversion 
and nom periods-Continued. 

155 
3Rn 

............. 
300 
450 
600 

............. 
450 
450 
625 
800 

............. 

380 

No. 3. Summit.. ........................ 

No, 2. N ................................. 
No.3. NE ............................... 
No. 4. Summit.. ........................ 

No. 2. N. ................................ 
No. 3. N... .............................. 
No. 4. N... 
No. 5. Summit.. ........................ 
NO. 1. ~ a s e  station, clevabion 1,625. 
No. 2. ,E ................................. 
NO. 3 .  summit. .  ......................... 

Cane River: 
No. 1. Base station, olevation 2,G50.. 

E'li%y: o 1. Base statioii, elovation 2,240.. 

.............................. 
Globe: 

Inver- 

570 

100 
400 

1,100 

............. 
310 
620 

1,240 
1,760 

.............. 
300 

1,000 

............. 

sion- 
May 1-6, 
inclusive 

1913. 

Gorge: 
No. 1. &so statioii, elevnt.ion 1,400.. 
N0.2. NE ............................... 
No. 3. s ................................. 

___ /---.I-- 

............. 
290 
615 

52.3 
65.7 
33.3 
63.0 
55.0 

49.8 
62.0 
56.8 
63.3 

39.0 
53.2 54.8 
56. 8 

"No. 1. Bwc station, elcvatioii 950 49.3 
NO. 2. SE ............................... 
NO. 3. SE.. ............................. 
NO. 4. SE ............................... 

Willtesboro: 
No. 1. Base station, clevation 1,240.. 
No.2.N ................................. 
N0.3.N ................................. 
No. 4. m ................................ 

46.2 

____  ~- - - _ _  . __ 
1 Jan. 14 and 17, Fob. 3 and 14, Mar. 4, R,15, and 16. 

___ 

Ipver- 
SIOU- 
?ov. 2 5  
lclusive 1916. 

29.5 38.0 
43.2 . 44.2 

40.8 
41.8 
22.5 
41.5 
43.2 

40.5 
47. R 

48. c 

42.2 
44. f 
44. k 

42.5 
50.5 
49. 1 
43.5 

34. E 
42.6 
48. F 
50.2 

44. a 

33. a 

._ 

q0l.m- 
Eight 
;elected 
dates, 
pnuary, 
ebruary 
and 

Mar . 
1913 

17.4 16.5 
15.1 
14.2 

16.6 
1s. 2 
13.4 
11.5 
10.6 

22.9 
21.1 21.4 
20.2 

13.4 
12.5 12.1 
11.5 

26.7 
24.6 
23.0 
20.5 

23.9 
27.0 
23.2 
22.8 

- -__ 

AsheviZZe (Table 2).--From the base station, No. 1, 
the average minimum tem erature on the north slope 

Nos. 1 and 2 and bctween Nos. 2 and 3 being exactly the 
same for the four-year period, 1.4', or a total of 2.8O 
between Nos. 1 and 3. The averqge minima on the south 
slope from No. 1 to No. 3a also increase with elevation, 
but the differences are larger, although not so regular, 
as on the north slo e No. 2a averaging 2.5', and No. 3a, 
3.1", higher than 1. 

It should be understood that the stations above the 
base at Asheville are at-the same elevation on two slopes 
facing each other and Inclosing a rather narrow valley. 
The southerly slo e is much steeper than tho northerly 

The excess in mean minimum temperaturc at  the two 
liigliest stations, Nos. 3 and 3a, over the base, No. 1,  IS 
oreatest in May and November, the months with the most 
?re ueiit and largest inversions. There is a remarkable 
un&rmity between the minimuni rcadings czt the two 
highest stations in all seasons of the year. In  fact, there 
is also a certain uniformity in the readlngs at NOS. 2 and 
2a. The table below contains the four-year average 
minima b months for the two sets of stat~ons on these 

increases gradually up to rp 0. 3, the difference between 

one, as shown by 5 4igure 17. 

opposite s 9 opes. 
Fozlr-year avera e minima, Aslheville, NOS. and 2a and S and 3a, 

including &yxtion of stope and etevataon above the base. 
, / / I , / /  
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This table shows that both stations on the southerly 
slope have higher minima than on the northerly slo e 
throughout the year, and this may be partly due to t E e 
difference in direction of slope, but the greater steepness 
of the southerly slope i.s the main factor. Moreover, the 
difference in minima is much greater between Nos. 2 
and 2a than between Nos. 3 and 3a. The differences in 
the minima at  the two higher stations a t  the same eleva- 
tion, however, are slight, and no seasonal variation is 
a parent, but even here the advanta e is with No. 3a on 

the lower level at 
The differences between the average minima at  Nos. 2 

and 2a and between Nos. 3 and 3a are slight as cornpared 
with the differences between the average maxima, 
Tables 1 and la. The maxima at the upper station, 
No. 3a, on the south slope are much the higher during 
sunshiny weather at all seasons of the year and at No. 2a 
in the colder months. The minimum at No. 3 averages 
almost as hi h as the minimum at No. Sa, even though, 

are much lower. In  s ite of these low day temperatures 

air in the valley on nights of inversion serves to prevent 
the minimum tem erature on that slope from falling 
appreciably lower t an on the opposite souther1 slope. 

A comparison of the minimum temperature ata for 
the selected periods of inversion (Table 2a) indicates that 
the thermal conditions on both slopes at Asheville are 
much the same in the May period, but that they differ in 
the November period, especially at  the elevations of Nos. 
2 and 2a. Thus in May stations Nos. 2 and 2a have an 
avera e excess over the base of 6" and 7.1", respectively, 
while % os. 3 and 3a, higher up, have averawe excesses of 
10" and ll', respectively, in each case t h r e  being a 
slight advantage in minimum temperature on the steep 
southerly slope. In the November period the advantage 
of a steep southerly exposure is es ecially marked at  

located on the slopes at a level considerably higher than 
Nos. 3 and 3a, but because of the absence of additional 
stations the exact level can not be determined. 

During norm conditions, according to the data in 
Table 2a, the stations on the northerly slope are re- 
lativel colder than those on the southerly slope, but 

UP are never great, obviously because of the slight 
diff crences in elevation. 

eneral the avera e minima 

No. 1 is some distance from the remaining three stations, 
which are located on the slope of Little Fodderstack 
Mountain, No. 2 being at  its immediate base. In the 
summer months the differences between the minima at 
all the stations are small as compared with the spring 
and autumn months, especially April, May, and Novem- 
ber, when inversions are frequent. In  November, 1913, 
the averawe minimum at No. 4 was 9.9' higher than at  
No. 1, an$8" higher than at  No. 2. In the summer, the 
average at  No. 2 is often lower than at No. 1, and in 
July, 1916, an unusually rainy and cloudy month, all 
stations averaged lower than NO. 1. The month of 
June, 1915, also cloudy and rainy, shows averages with 
similar differences. 

roperly be considered a base 
station, although 300 Feet higher than No. 1. The 
lar er amount of vegetation around NO. 2 as compared 

relatively low minima at  the former during the warmer 

7 t K e southerly slo e, but to a much ess degrce than at  K 0.2a, where the slope is steeper. 

because of t a e shade previously referred to its maxima 

caused by shade on t R. is northerly slope, the warm free 

;Y R 

No. 2a. Doubtless the center of t 1 e thermal belt is 

the di ir erences bctween the base station and those hieher 

BZnntyre (Table 21.-In 
here increase from the base 8 0. 1 to  No. 4 on t J! e summit. 

Station No, 2 may 

wit fl NO. 1 1s also an important factor, as shown by the 

months, when the vegetation is densest. Moreover, 
during these months the differences between No. 1 and 
the stations higher up are least because of the large 
amount of vegetation in the orchard as compared with 
the closely cropped grass around No. 1 below and because 
of the small range of inversion usually prevalent during 
the summer. 

The considerable differences in average minima be- 
tween the base and the higher stations are doubtless 
due to the exceedingly low readings at the lower levels 
and not to any abnormally high readings at the more 
elevated stations. The valley of the French Broad at 
Blmtyre is rather wide, with only a slight descending 
grade, and is inclosed-by mountains at a distance. It is 
much like a vast frost pocket with opportunities for free 
radiation, resulting in a blanket of very cold air at the 
lower levels. In  fact, considering its elevation above 
sea level, station NO. 1 at Blantyre has, together with 
Bryson No. 1 and Gorge No. 1, the lowest average 
minima of all the stations employed in the research. 

In  the selected periods of inversion (Table 2a) the 
data show steadily increasing minima from the vall8y 
floor to the summit of Little Fodderstack, the No. 4 
station averaging 15.2' higher in May and 13.2' hi her 
in November than No. 1. The center of the thermal t elt 
at  such times would be above the elevation of the summit 
station were the slope higher, judging from a com arison 
of Blantyre No. 4 with the summit stations at  gender- 
sonville and Asheville, which average from 2" to 4" 
hiwher than Blantyre during these periods. 

%wing norm conditions at Blantyre, for which data 
are given in Table 2a, while the marmest station is on 
the valley floor, the coldest is not at the summit but on 
the slope at No. 3, 190 feet lower down, the slight avera e 
clieerence of 0.3 0 betwecn these two stations possibf'y 
bein due to instrumental error. 

B$wing Rock (Table 2).-IIere the five stations are 
divided into two groups, Nos. 1 and 2 of the lower group 
being in the China orchard on a steep so>therly slope and 
Nos. 3, 4, and 5 of the higher group in the Flat Top 
orchard on a moderate southeasterly slo e (fig. 30). 
Nos. 2 and 3 ,  although in different orchar tp s about one- 
half mile apart, are both at  the same elevation, 450 feet 
above No. 1. 

No. 3, although the lowest in altitude, is not a valley 
floor station, while NO. 3 is a distinctly valley floor station 
for the group of stations, NOS. 3,4, and 5 ,  in the Plat Top 
orchard. It is for these reasons that the differences be 
tween the minima at  station No. 1 and those higher up do 
not apparently conform to the differences noted in the 
groups at  Altapass, Ashville, and Blan tyre, previously 
discussed. 

In  examining the figures in detail by individual months 
we find that in the months of November and December, 
1016, and April, 1915, No. 2 averages, respectively, 3.9", 
3.3', and 2.8" higher. than No. 1, while in September, 1913, 
a cold and more or less cloudy month, No. 2 averages 1.2' 
lower than No. 1. Aside from the fact that the lar est 
inversions occur in April, May, and November, there foes 
not-seem to be any regularity as to the occurrences of 
positive or negative differences between Nos. 1 and2. 
On November 4, 1916, No. 2 was 10" higher than No. 1, 
while negative differcnces of 8" and 9" were noted on in- 
dividual days in the months of December, 1916, and 
April, 1915. 

These great differences de end almost entirely upon 
the direction and velocity of t R e wind, as frqm an exami- 
nation of the Blowing Rock contour map, Figure 30, it is 
evident that under favorable conditions the topography 



THERMAL BELTS AND FRUIT GROWING IN NORTH CAROLINA. 39 

No. 2, N., 355 
No 2n S 385 

&et.: ..'.'____. 
Difference.. .. . . 

feet .._..___. 

aids great1 in developing a breeze down the slope at  

the cold plateau to the north of the China and Flat Top 
orchards and the warmer descending ridges and spurs of 
the valley of the Johns Eiver and the Middle Fork of the 
New River. On nights when this wind blows, No. 2 
located near the top of the plateau and 450 feet above 
No. 1, averages colder than the base station, while on 
nights when this wind 1.s not developed particularly 
during the prevalence of light southerly winds which are 
suEcient to check the flow of cold air from the plateau, 
there are large inversions between Nos. 1 and 2. 

All of the stations in the Flat To orchard show average 
minima lower than those in the K iina orchard, and this 
should be expected, as the Flat To orchard is a partly 
inclosed basin with only a very sli %t slope at  the o en 

No. 3, the base station in the Flat Top orchard, %as, of 
course, the lowest minimum, the avera e being 3.8' lower 
than No. 1 in the China orchard. At g o .  3 is found the 
lowest average minimum temperature of all the experi- 
mental stations, exce t Highlands No. 3, which is also 

As in the China orchard, so in the Flat Top grchard, 
there is evidence of a mountain breeze which occurs under 
exact1 the same conditions, but on ni hts when No. 2 

than No. 3, although the excess at No. 5 over No. 1 is 
greatly reduced during the prevalence of this broeze, 
and, taking the tem erature a t  these stations hourby 
hour on such nights, K 0. 5 is actually colder than No. 3 
by several de rees. 

No. 2 averages G o  higher than No. 1. Nos. 4 and 5 in 
the Flat Top orchard average, respectively, 12.3' and 
12.7' higher than No. 3, its base station, in May and 7.5' 
and 5.5 hi her in November, although their respective 

differences in temperature are exceptionally large when 
the slight differences in olevation are considored. The 
minimum temperature at No. 3 in the Flat Top orchard 
during the May period averages 15.2' lower than No. 2 
in the China orchard, although both stations have 
exactly the same elevation. 

The effect of wind direction and velocity is again 
apparent in comparing the average differences in minima 
between Nos. 3 and 5, as shown in tho twoselectedperiods. 
During the week in May with light southerly winds the 
temperature at  No. 5 exceeds that at  No. 3 by an average 
difference of 12.7', and on these nights the u per limit 
of the thermal bolt probabl extendod above 80. 5. In 

some nights by northerly winds, increases the tem- 
perature at  No. 3 and lowers it at  No. 5, the difference 
is reduced to 5.5', and the middle of the thermal belt on 
these nights is probably close to NO. 4. Of course, during 
this same eriod conditions were favorable for a breezc 

are located, gut  no effect upon the te.mperature condi- 
tions was apparent in the average difference betwoen 
these two stations, because on one of the nights included, 
November 4, the excess of No. 2 over No. 1 was so marlced, 
lo', that the deficiencies on the other nights were neu- 
tralized in the averages. 

the selected norm period the temperature in 
each orctard decreases regularly with elevation, but, as 
is usually the case because of its esposuro, No. 3 in the 
Flat Top orchard has a somewhat lower tcmpera,i,ure 
than No. 2 in the China orchard. 

night, whic i in this region is an exchange of air between 

end, furnishing conditions favorab P e for a frost oc K et. 

located in a frost poc~et ,  P 

is col dy er than No. 1 the minimum a t  Ng 0. 5 is not lower 

During bot a selected periods of inversion (Table 2a) 

elevations a R ove No. 3 are only 175 and 350 feet. These 

but of a different character. 

November, when the preva 9 ence of the breeze, aided on 

down the s P o e of the other orchard where Nos. 1 and 2 

Durin 

32.0 28.0 29.5 41.3 49.7 5G.O 59.8 59.0 .S.O 44.2 33.0 "7.9 43.0 

33.1 29.0 29.8 42.4 50.0 50.8 61.2 60.0 53.3 44.1 33.7 28.2 43.6 +o. 6 +o. 4 +o. 3 +I. 1 +o. Q +o. s +1.4 +I.O +0.3 -0.1 +o. 1 +0.3 +a 6 

Bryson (Table 2).-The avera e minimum temper- 

a rees closely with that at  the base station at  Blantyre, 

for the four-year period bein 41. 9' and 41. 8', re- 
spectively. These values are f 0th low for the altitude, 
and this is due to the fact that both stations are.located 
close to a rather wide valley floor with condifiions re- 
sembling a large frost pocket. The average minma at  
the more elevated stations at  Bryson, Nos. 2 and 2a, on 
the north and south slopes, respectively, both at  an 
elevation of 385 feet above the base, and at  No. 3 on 
the summit, with an elevation of 570 feet, are consistent1 
higher. While the averawe excess at  No. 2 on the nort 
slope over No. 1 is 1.1': that at  No. 2a on the south 
slope is greater, 1.7', there being an average difference 
of 0.6' between the two slope stations. The difference 
between No. 1 and the summit station No. 3 is 2.7". 

of the mountains sur- 
on nearly all sides serve to 
lower layers of the atmos- 

of inversion much lower 
expected, considering its 

position at the summit of a small knob. Even so, it is 
then warm as coinpared with No. 1 on the valley floor. 

The table below shows the mean monthly and annual 
minimum temperatures a t  stations Nos. 2 and 2a on the 
northerly and southerly slopes, res ectively, for the 
entire four-year period, together wik the differences. 
While the average yearly difference is on1 O.G', the 

averaging higher in all months with the exce tion of 
October, in which month it is 0.1' lower. In  P uly the 
minimum on the southerly slope averages 1.4' higher 
than the station on the other slo e, this being the greatest 

Four-year average minima,  Byson, Nos. 2 and 2a, including direction 
of slope and elevation above the base. 

ature at  the Bryson base station, # 0. 1, is rather low and 

w a ich has a slightly higher elevation, the average midma 

monthly variation is irregular, the sout i erly slope 

four-year average monthly di . f p  erence. 
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During norm conditions the variation in temperature 
has no special features, the decrease with elevation being 
approximately the amount usually observed. 

Cane River (Table 2).-While the maxima a t  Cane 
River have some unusual characteristics, especially as 
regards the rather low readings in the cove at station 
No. 3 and high readmgs at  No. 4, as shown in Tables 1 
and la, the minima also are not entirely free from irregu- 
larities. For instance, the minimum at No. 2,  on a 
northerly slo e 190 feet above the base station No. 1, 
averages the bgher by as much as 2.4', but the increase 
in temperature above that point is very slight, the aver- 
age a t  No. 4, the summit station, being only 3.1' more 
than that at  the base. However, these values are, as a 
matter of fact, consistent when we consider that both 
nights of inversion and norm are involved. 

The thermal conditions a t  Cane River during nights of 
inversion are quite marked, as shown by the avera es 
for the selected periods (Table 2a), largely because of t % e 
absence of opposing slo es close by. At the summit 

base, the average excess in minimum temperature over 
No. 1 in May is 17.7', with several individual differences 
of 20' or more, while a t  Nos. 2 and 3, 190 and 400 feet 
above the base station, the average excesses for the same 
month are 7.3" and 11.7', respectively. These large dif- 
ferences between No. 1 and the slope stations Nos. 2 and 
3 are, of course, unusual considering the elevation. 

The differences between Nos. 1 and 3 are more pro- 
nounced in November than in May, and this is due to 
the effect of the northerly winds durin the November 
period. As the slope at  Cane River B aces the north, 
winds from this drection, even though light, cause 
higher temperatures a t  Nos. 2 and 3. 

The variation durin norms is consistent with the de- 
crease in elevation, t e decrease in tem erature being 
quite regular and much the same as on ot or slopes. 

ElZiiuy (Table 2).-Here we have a group of five sta- 
tions on a northerly slope ranging from the base, with 
an elevation of 2,240 feet above sea level, to the summit, 
with an elevation of 4,000 feet. This slope has been 
referred to previously as one more nearly approaching 
the ideal, as it is not broken up into coves and frost 
pockets, the descent being more or less regular from the 
summit to the base. 

Of the average minimum values (Table 2)  No. 4, with 
an elevation of 1,240 feet above the base, is the highest, 
the excess over No. 1 being 4.2'. No. 3 has an excess 
of 2.8O and No. 5, at the summit, 520 feet above No. 4, 
an excess of 3.3'. These, of course, re resent only aver- 
age conditions, and when we realize t R a t  during norm 
conditions the s& t station invariably is considerably 
colder than No. 4 we must conclude that during nights 
of inversion the minimum a t  No. 5 is relatively high. As 
a matter of fact, while the center of the thermal belt at 
Ellijay is usually not far below the summit, inversions 
noted here are not so,pronounced as those observed a t  
Cane River. 

Although the summit station, NO. 5, 1,760 feet above 
the base, was not in operation in 1913 during the selected 
period of inversion in May included ?n Table 2a, the aver- 
ages in the November period bring out clearly the 
thermal conditions at that level, as well as at  the other 
stations on this slope, there being a steady increase up 
to NO. 4, with No. 5 averaging 1.5' lower than No. 4, 
but nevertheless 15' higher than NO. 1. AS NO. 4 has 
an average excess of 17.0' in the May period, it is prob- 
able that the thermal belt was close to the summit. 
In  fact, sometimes during these inversion periods the 

station, No. 4, with an e P evation of 1,100 feet above the 

E E 

temperature is highest at  the summit, but it is never- 
theless most frequently the highest at  No. 4. This 
excess, 17.0" at the elevation of 1,240 feet above the 
base, is about the same as that at the summit station 
at  Cane River, which has during the same period an 
excess of 17.7' for an elevation of 1,100 feet. 

During norm conditions the tem erature, of course, 

averages shown in Table 2a conform to the variation at  
other points, considering the marked differences in 
elevation. 

GZoBe (Table 2).-The stations in this group are only 
three in number, No. 2 being 300 feet and No. 3 1,000 
feet above No. 1, the base station, and because of the 
wide gap between the two upper stations the tempera- 
ture conditions on the slope can not be clearly defined. 

The average minima here (Table 2) generally increase 
from No. 1 to No. 3, although in the colder months of 
the year there is very little difference between Nos. 2 
and 3, and not infrequently No. 3 is lower than No. 2. 

During nights of inversion the temperature at Globe 
No. 2 is unusually high considering its elevation above 
the valley floor, 300 feet, and during the selected period, 
November 2-5, 1916 (Table 2a), the minimum tempera- 
ture averaged 44.2') while near by at  Gorge No. 2 ,  
290 feet above its base, the temperature averaged 33'. 

The variation in minimum tem erature during norm 
conditions needs hardly any specia I; reference, as its rate 
of decrease does not seem to differ materially from that 
observed elsewhere. 

G o r p  (Table 2 )  .-The four-year-average minima re - 
various stations during each month. ?n no month 
during the research is the average at No. 5, the summit 
station, lower than that at  No. 1, the base, there being 
a steady increase in all months from station No. 2 to the 
summit. The average difference between Nos. 1 and 2 
is only slight, the latter in some months averaging the 
lower, situated as i t  is in a cove on a gradual slope. In  
December, 1914, and July, 1916, both cold and wet 
months and with few nights of inversion, there was 
practically no difference between NOS. 1 and 5. 

Inversions a t  Gorge aro .e?ceedingly well marked, 
and during several of the indmdual months in the four- 
year geriod the minimum at No. 5 averaged from 7" to 
1 1 O  a ove No. 1, and on somo nights differences ranging 
from 15' to 20" were registered. An inversion of 24 
was noted between Nos. 1 and 5 on May 22, 1914, and 
also on November 27 of the same ear; and a t  6 a. m. 
November 13, 1913, there occurred t i e  oxtreme inversion 
of 31". On ths date the difference in the minima was 
but 16O, the temperature at  No. 1 falling from 29' at 9 
p. m. on the 12th to 26', the minimum, at  6 a. m. of the 
13th, while during this same interval the temperature 
at NO. 5 rose from 42', the minimum, to 57'. 

Although the position of station No. 4 was changed 
a t  the close of 1914 from the north slo e to a point on the 

base, the average minima as compared with the base 
station do not vary considerably. The old station 
aveSages somewhat lower than the new one. The mean 
minimum temperature at the old No. 4 for the two years 
1913 and 1914 is 2.8' higher than the base station, while 
that at the new location for the two years 1915 and 1916 
is 3.4' hlgher than the base station, the difference in the 
excesses being 0.6'. 

Durmg the selectcd periods in May and November 
(Table 2a) the inversion conditions are seen. to be quite 
pronounced at Gorge, there being a slight rue from the 

is steadily lower from the base to t E e summit, and the 

rescnt fairly we11 the differences existin between t f e 

northeast slope having the same e P evation above the 
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base to station No. 2, and thence a rapid rise to the 
summit. The averages at the summit for the May and 
Novemberperiods were 22.2' and 18.3, respectively, higher 
than the base, although the difference in elevation is only 
1,040 feet. This rate of increase is even greater than 
that at  Cane River, Ellijay, or Globe for the same periods. 
No. 2 partakes lar ely of valley floor conditions, and i t  is 
nearly as cold as 80. 1 during the May and November 
periods of inversion. 
No. 3 is affected by the hills close by, not, of course, in 

the same de ee as No. 2,.but considerably, nevertheless, 

during inversion conditions, as compared with stations 
at  approximately the same level a t  other places. 

It is because of the great increase in temperature a t  the 
higher levels during nights of inversion that the avera e 
mmimum is relatively so high a t  the upper stations. fn  

. fact, the four-year-average excess in minimum tempera- 
ture of 4.5' at No. 5 over the base station at Gorge, as 
shown in Table 2, is the greatest noted on any slope. 

The decrease in temperature with elevation during 
norm conditions is regular and does not vary to any 
extent from the decrease observed on other slopes. 

HendersonwiZZe (Table 2) .-The four-year averages in 
these tables re resent fairly well the situation at  Hen- 
dersonville. . T K e differences in minima between. the 
various statioits are lar e ?onsidering the slight differ- 
ences in elevation, and t % is is due to the great variation 
in temperature during nights of inversion. 

Station No. 1, located on a nearly level surface some 
distance from the base of Jump Off Mountain, is a rather 
cold place (see fig. 13). No. 2 is on a bench or flat plot 
on the northeast slope of the mountain, where there is 
a better exchange of air on nights when the wind is from 
a northerly quarter than from other directions. On 
nights with large inversions at  No. 2 the general move- 
ment of the air is from the north, and on nights when the 
inversions are small between Nos. 1 and 2, but lar e 

south. Thus the barrier to the south allows the cold to 
accumulate at  No. 2 ,  while the greater freedom of ex- 
change with a northerly wind retards the loss of heat. 
Later under the caption '( Inversions ' ' the effect of wind 
direction upon the temperature on this slope will be 
brought out in detail (see fig. 62). 

During the selected periods of inversion (Table 2a) 
there is a pronounced increase in temperature from the 
base to the summit. Moreover, the increase is relatively 
as great in the lower as in the higher levels so far as the 
observations show, there being in May an excess of 7' at  
No. 2, with an elevation of 450 feet above the base. 
Again, between Nos. 2 and 4, .with a difference in eleva- 
tion of 300 feet, the average increase in temperature in 
the May period is 10.8', whde the average excess at the 
summit station over the base, for a difference in eleva- 
tion of 750 feet, is 17.8', both excesses being trul 
markable. In  the November enod the relatively ar e 

winds in favoring freedom of exchange m t h  the warm 
free air, as stated above. 

The differences in temperature from base to summit 
during norms are Iairly uniform and much tlie same as at  
the other places. 

Highlands (Table 2).-Here we hape the hi hest group 

chards, the Satulah and the Waldheim. The Satulah 
orchard, in which Nos. 1 and 2 are located, is rather 
warm, considering its elevation, doubtless because of its 
location on a southerly slope and immedmtely under 

as indicated T y the small increases a t  that level, 615 feet, 

between Nos. 1 and 4, the wind is invariably fr6m t f e 

T y- 
inversion at  No. 2 is due to t B. e effect of the northery 

of stations in the entire researcli-in. two & erent or- 

Mount Satulah, which towers above to the north and 
northeast. A vast amount of heat is undoubted1 radi- 

closest to the rock, naturally has the highest temperature, 
maximum as well as minimum. 

However, the minimum at No. 2 does not average uni- 
formly higher than No, 1, because in cloudy or wet weather 
the normal rate of decrease with elevation prevails. But ~ 

in months having fre uent ni hts of inversion the aver- 

the month of February, 1915, the minimum at No. 2 was 
fre uently 10' higher than the minimum at No. 1. 

h e  Waldheim orchard, on Dog Mountain, with some- 
what higher elevation and distant a couple of miles from 
Mount Satulah, is much colder. The mean minimum for 
the four-year period at No. 3, the base station of this 
orchard, is 8.1 below the average at  No. 1 of the Satulah 
orchard, and is, in fact, the lowest average of all the sta- 
tions employed in this research, due to its peculiar ex- 
posure and its elevation above sea level. 

The minima at No. 3 are the special feature of the 
Waldheim orchard, as those at  Nos. 4 and 5 are not 
unusual! considering the elevation, nor is there generally 
much dlffereiice between the minima at the two higher 
stations. No. 3 is in a typical frost pocket in a small 
basin at the foot of the slope on which the orchard is 
located and is surrounded on all other sides by heavy 
timber. A relatively large area of radiatin surface here 
permits rapid loss of heat on nights favora % le for inver- 
sion, and convective exchanges are impossible. 

During the selected periods (Table 2a) marked inver- 
sions are noted in both the Satulali and Waldheim 
orchards. The large inversions in the Waldheim 
orchard are due more to the very low niinimn observed 
at  No. 3, its base station, than to high minima on the 
slope at  Nos. 4 and 5. The minima at  No. 3 at High- 
lands durin the May eriod average 33.3', which is 19' 

stran e that a marked inversion is noted during this 

over the base of 19.7' in the May and 19' in the November 
period for a difference in elevation of 200 feet, and this 
rate of increase in average minimum temperature between 
Nos. 3 and 4 is the greatest observed on any slope in this 
region during this period of inversion. For the next 200 
feet, from No. 4 to No. 5, the increase in tem erature is 
not important, so that the main fcature of t Q 1~ thermal 
conditions in tlie Waldheim orchard is the increase from 
No. 3 to No. 4. 

The decrease in temperature during norm. conditions 
at Highlands conforms generally to the situatlon in other 
portions of the region. 

Hount Airy (Table 2).-The group of stations at  this 
place, having a much lower elevation than those in the 
main mountain region, natural1 do not have SO low 
minima during critical periods. $he base station, No. 1, 
at  Mount Airy avera es the lowest of the P U P ,  eke- 
where. No. 2, on t Fl e rather steep west slope With an 
elevation of 160 feet above ths base, &ows the highest 
avera e minima-in fact, 1' higher than NO. 3 on the 
east s 7 ope at  the same elevation.. This 1s as we would 
expect, because of the comparative steepness at  No. 2 
and its wester1 exposure. A wester1 exposure havinv 

of a clear day, the free air on that slope 1s warmcr than on 
the easterly side, and a station there has usually both a 
higher maximum and W l m u m  temperature than an 
easterly slope. The summt station, No. 4, 200. feet 
higher up on the ridge and located between Nos. 2 and 3, 

ated from this rock to the orchard below, and k 0. 2, 

age at  No. 2 is consi % f  erably igher than at  No. 1. In  

lower than a 0. 1 in t i e  f Satulah orchard, and it is not 

perio % at Nos. 4 and 5. At the former we have an excess 

the benefit of J rec t  sunshine du rW t K e warmest pori02 
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34.3 
34.0 
-0.3 

has an average minimum midway between the two on the 
slo e. 

$he table below gives the average mo,nthly and annual 
minimum temperatures for Nos. 2 and 3, on the west and 
east slopes at  the same elevation, with the differences 
between the two. While No. 3 avera es 1' lower for the 

ferences are much greater, the greatest being 2' in No- 
vember, which month, along with May and October, is 
characterized by a large number of inversions. The 
months with few inversions and cloudy weather, Janu- 

, February, March, and. December, have only small 
Tserences between Nos. 2 and 3. 

Four-year average minima, Mount Airy, Nos. 2 and 3, including direc- 
t ton of slope and elevatwn above the base. 

entire four years, there are some mont % s in which the dif- 

31.4 35.6 47.2 57.2 63.1 66.3 64.71 58.8 51.3 41.0 32.2 48.6 

30.8 35.3 46.4 55.6 61.8 6L7 64.0 57.6 49.7 39.0 31.8 47.6 
-0.0 -0.3 -0.8-1.6-1.3 -1.6 -0.7 -1.2 -1.6-2.0-0.4 -1.0 I 1 

No. 2, W., 160 
feet.. . . . . -.. 

No. 3, E., 160 
feet .... . . . . -. 

Difference.. . . . 

The mean minima durin the selected periods of inver- 

Mount Airy are most unusual, especially at  No. 2 at  the 
160-foot level on the west slope, where there was an 
average excess in minimum temperature over the base of 
12.2' m the May period, thus emphasizing the effect upon 
the minimum temperature durin nights of inversion of a 

much greater than that noted in the same periods between 
Nos. 2 and 2a, Asheville, which have a corresponding ele- 
vation above the base station, but not so great as noted a t  
Transon No. 2, somewhat similarly situated as regards its 
base station. The summit station No. 4 a t  Mount Airy, 
200 feet above No. 2, has an average excess of 13.5' over 
the base station. This in itself is exce tionally large, but 
the principal feature is the excess a t  80. 2. The figures 
in the November period follow closely those in Ma as far 
as variation is concerned, although the actual va 9 ues are 
lower, as should be expected. 

norm eriod, as shown b Table 2a, are somewhat a nor- 

and summit being 2.2' for 300 feet, 
Transon (Table 2) .-The group here has a considerable 

altitude above sea level, but with only slight differences 
between the various stations. Moreover, the slope is 
entle and not steadil upward, there being two or three 

profile in Figure 37. 
The four-year averages in minimum temperature are 

fairly representative of the variations throu hout the 

months there is little difference between Nos. 3 and 4. 
However, No. 1 is always the coldest, as in no month 
during the entire four years does any other station here 
average lower. 

During the selected periods of inversion (Table 28) 
the increase in temperature on the. slope is most marked; 
in fact, considering the slight differences in elevation 
between the various stations. the average inversion 

sion (Table 2a) indicate t a at the thermal conditions at  

westerly location and a steep s P ope. This difference is . 

% the 
mal, t E e average rate of B ecrease in minima between base 

fnolls and correspon ci! ing depressions, as shown by the 

different months of the year, although in t a e colder 

The conditions prevalent at Mount Airy durin 

and No. 2 on the west slope, 150 feet higher u . While 

the two lower stations in the Waldheim orchard at High- 
lands, the excess is greater than that noted at.No. 2, 
Mount Airy, somewhat similarly situated, and it 1s more 
than twice as great as that between Nos. 1 and 2 at 
Wilkesboro, which have the same difference in elevation, 
althou h the No. 2 station there is on a north slope 
instea C f  of a west slope, as at  Transon. 

During norm conditions the rate of decrease in tempera- 
ture from the base to summit at  Transon is apparently 
close to the average for the re ion. 

the least altitude above sea level of all employe in the 
research, 950 feet, No. 4 is 1,100 feet above on Warrior 
Mountain, so that on this slope there is a considerable 
ranee in elevation. 

T%e mean minimum tem erature decreases regularly 

years in which No. 3 is not lower than No. 2 and in which 
No. 4 is not lower than No. 3. In  this respect Tryon 
differs from all the other groups of stations, except pos- 
sibly Altapnss. However, the avera e for the four years 
at  each of the three higher stations a t k y o n  is higher than 
at No, 1, although in steadily decreasing amounts from 
No. 2 upward. 

The conditions at  Tryon, with a high plateau over- 
looking the Pacolet valley, are ideal for the development 
of the mountain breeze at  night, and an examination of 
the trace sheets at  No. 1, on the valley floor, shows this 
to be the case durin periods of anticyclonic weather. 

according to the direction and speed of the general air 
movement. 

The increase in temperature during the selected May 
period of inversion (Table 2a) was quite. marked from 
the base to No. 2 station, 380 feet above wikh an average 
excess of 14.4', but, of course, this rate of increase does 
not compare with the increase at  the lower levels of the 
slope at Highlands, Transon, or Mount Airy. During 
the November period the inversions were not so large as 
those found in the spring, and this was largely due to 
the prevalence of the mountain breeze during the former 
period, which prevents the temperature a t  No. 1 from 
reaching a low point, 

During norm conditions .at Tryon (Table 2a) the aver- 
age rate of decrease in minimum temperature is about 
normal between N p .  1 and 2, while the decrease between 
Nos, 1 and 4 1s 1.4 for each 300 feet, or slight1 in excess 
of the normal rate in this region. Between R os. 2 and 
3 there is a decrease at  the rate of 2.5' for 300 feet. It 
is not understood why there should be the great difference 
in minimum temperature between these two stations 
located only a short distance from each other, and it is 
probable that a part of the difference is due to instru- 
mental errors that were not detected during the period 
of the observations, although every recaution was taken 

wi&$oro (Table 2).-This oup, like Mount Airy, 

from 1,240 feet to 1,670 feet above sea level, also has 
minmum temperatures relatively high. 

No. 1 is a cold station during inversion weather and, 
although not on a vallev floor, is located on a bench or 

this difference is not so large as that observe 1 between 

7 Tryon (Table 2).-While the Q ase station a t  T on has 

from No. 2 to No. 4, there ?3 eing no month in the four 

The strength of the B reeze is either aided or impeded 

to check the readings and correct a P 1 errors. 

having a low altitude, with the s T ope ranging in elevation 

nearlylevel portion of the slop'e. The exposure at  No. 2 
is. better, and that station IS free from frost during 
critical periods, During inversion weather th? differences 
between Nos. 1 , 2 , 3 ,  and 4 are greater with high ressure 
north of the station than when it is to the sout R . The 

during the May period is one 'of the greatsst observed 
during .the research, and this applies especially to the 
large difference of 14.2' between the base station, No. 1 
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barrier of the Brushy Mountains cuts off any flow of light 
southerly wind and allows the cold air to accumulate on 
the comparatively level portions of the slope. 

Nos. 3 and 4 are uite warm, No. 3 being on a small 

for the four-year period, respectively, 3.5' and 3.6' above 
No. 1. These fi ures exceed the four-year average 

and compare with those at  Hendersonville for the same 
period. 

During the selected periots of inversion (Table 2a) 
I the increase in tem erature m t h  elevation at  Wilkesboro 

west slope at Mount Airy. !?he effect of northerly winds 
during the November period is markedly shown in the 
lar e amounts of inversions, Nos. 3 and 4 avera ing 14' 
an fi 15.4', respectively, higher than No. 1. Wfkesboro 
is the only point in the research where the inversions 
were greater in the November than in the Ma period, 

of inversion here in the K ovember period is in harmony 
with the four- ear average differences in minimum 
temperature an B even exceeds those observed at  Bryson, 

knob and No. 4 on t 1 e crest of. a small ridge, averaging 

differences recorde f even at  Bryson, Globe, and Blantyre 

is quite pronounce t; , althou h not so marked as on the 

as is evident from an ins ection of Table 2a. J he range 

Globe, and Blantyre. 
The difference in elevation between the Wilkesboro 

stations is on1 slight, so that during norm conditions 
there is natur J ly not much variation in temperature, as 
shown by Table 2a. 

Variation in minimum temperature dqring periods of 
inversion in spring and autumn.-Figures 47 and 48 
striking1 illustrate the variation in minimum tempera- 
ture in t TI e region as a whole during tho selected periods 
of inversion in s ring and autumn, the data for which 

eriods the nights were 
clear, with calm air or light sout ?l to southeast winds in 
the former and light to gentle northwest winds in the 
latter. 

At a glance one may determine the character of the 
exposure of the stations havin approximately similar 
elevation, or, at  least, whether t % ey are valley-floor sta- 
tions on the one hand or slope and summit stations on 
the other. 

For instance, note the high temperature during both 
these poriods at  Tryon No. 2 on a slope as compared with 
the valley-floor stations having approximately the same 
elevation, and especially with that at Gorge No. 1, the 
latter registermg 21.7' lower in the s rin period and 
19.3' lower in the autumn eriod than t i e  I tyon station. 

4, with the cold base station at  Blantyre, where we find 
in the spring period a difference of 23.2' and in the autumn 
the smaller difference of 14.5'. 

There are also large differences. apparent in the two 
periods between the summit. station at  Gorge and the 
valley floor station a t  Ashedle, both .having about the 
same elevation, and between the sumnflt station at  Globe 
and the valley-floor station at Cane River. 

There are the unusually large difference! between the 
minima on the valle floor in the Waldhelm orchard at  
Highlands, station d. 3, and several other stations with 
a proximately the same elevation, the. base station at 
Sghlands in practical1 every case bemg.20' or more 

s rin eriod the difference between the mlnimum in 
tEe &$$lands frost ocket and the summit station at 
Cane iver was 23.4 and in the autumn 21.0'. 

The figures also furnish some light on the relative 
exposuros of the base stations. Thus, compare the read- 

are given in detai P in Table 2a. 
In  both May and November 

Then we may compare t !I e summit station, Tryon No. 

lower than any of the s 9 ope or summit stations. In the 

2 

3 0 4 4 2 - 2 3 4  

ings at the base station at  Gor e with that at Mount 
Air 

Compare the base stations at  Bryson, Blantyre, Hen- 
dersonville, Ellija , and Altapass, the first two named 
being the coldest gecause they are located in mde frost 
pockets. Ellija No. 1 is not so cold, because free radia- 
tion on that v aT ley floor is obstructed by the towering ' 
mountains on both sides. Station No. 1 at Altapass is, 
of course, much warmer, because of its location on a 
slo e. 

#he valley-floor characteristics of the slope stations, 
NO. 2, a t  Gorge and Blantyre, are also brought out by 
th!s comparison, the minima at  these two stations aver- 
aging much lower than at  the other stations on slopes 
or summits havinm approximately the same elevation. 
In  fact, Blantyreko. 2 averages lower than Asheville 
NO. 1 during inversions. 

It is also evident from the fi ures that the No. 1 
stations at  Blowing Rock and Hig % ands are not valley- 
$0: stations, but rather located on slopes where the 
mnima durin inversions are quite high. 

for comparison between t e summit stations. Station 
No. 5 at Gorge and No. 3 at Globe, with their relatively 
high minima, stand out as rather warm; also Cane River 
summit station, No. 4. 

The high minima a t  the summit stations of Gorge and 
Globe are in strong contrast to the low minima a t  the 
summit station a t  Bryson No. 3. The stations in the 
Bryson group differ only slightly in elevation, and, while 
marked inversions occur there, the section as a whole is 
in a wide frost pocket with surroundin mountains at 

would be at a much higher elevation were the slope of 
greater altitude. 

The minima are shown to be low on the summit a t  
Altapass, station No. 5,  because of the great surface 
area surrounding it during inversions, as compared with 
other summits and with other slopes of approximately 
the same or even higher elevation. Altapass is on an 
elevated plateau on the main Blue Ridge with op or- 
tunity for free radiation at  station No. 5, and the P oss 
of heat through radiation from this large mass is lar e 

free air. 
The differences between the minima at this summit 

station in the selected spring and autumn periods of 
inversion and the other summit stations of higher ele- 
vation, such as Ellija Cane River, Transon, and High- 
lands, are striking, a tapass  registering from 5' to 7' 
lower, althou h normally, because of lower elevation 

these other summit stations are located bekg small, 
artake of the temperature of the sumovdlng warm 

free air. The effect of summit area upon night minima 
is brought out strongly in this comparison. 

The summit area a t  the highest station at  Blowing 
Rock is also considerable, but not 60 great as at  ass, 

inversion station No. 5 at  Blow? Rock averages about 

So the summit station a t  Trson No 4 in-the November 
period has a low minimurp as compared with many sum- 
mit and slo e stations higher UP during the prevalence 
of light nor&west winds, when the effect of loss of heat 
through radiation from the high plateau is pronounced, 
and this difference exists m s ite of the fact that n y o n  

the former being much co P der, as it is in a frost 
poc t et. 

i Moreover, t % e data in Fi ures 47 and 48 furnish a basis 

great elevation. The center of the therma s belt at  Bryson 

tu compared with that received by interchange with t B e 

alone, it sho 5 d read higher. The knobs upon which 

and we find here that durmg. the dec ted  perlo a s of 

3' lower than station No. 5 at Hig % 

has one of the most southery P positions. In the May 
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July. 

60.5 
00. 2 

-2.3 
435 

58.1 
00.2 

+2.1 
624 

58.8 
00.9 

+2.1 
838 

02.0 
64.6 

+2.6 
385 

GI. 1 
64.9 

+3.8 
274 

66.7 
65.0 

-1.7 
547 

period, with prevailing south to southeast winds, the 
temperature on the Tryon summit was not so low. 

Rate of increase or decrease in average monthly and 
annual minimum temperature on six selected long slopes.- 
Table 2b contains a comparison of themeanmonthly 
and annual minimum temperatures for the lowest 
and the highest stations on the six longest slopes having 
a difference in elevation of 1,000 feet or more, after 
the plan of Table lb,  which gives a comparison of 
the mean maxmum temperature. This table will sup- 
plement the. tables of other minimum temperature data 
which have Just been discussed. 

Because of the influence of inversions the avera e 

base stations of five of the six slopes. Altapass is the 
only one of the six that has a lower average minimum 
at the summit than at  its No. 1 station, and this con- 
dition is persistent throughout all months. However, 
if Altapass No. 1 were located on a valley floor, the 
observations on that slope might show much the same 
relation as those noted on the other slopes, with the base 
station averaging the lower, although this might not be 
so, as the summit at  Altapass, because of the great 
summit area surrounding, has comparatively low minima, 
as we have already seen. 

The four-year average for March at  the base station at  
Cane River is slightly higher than that at  the summit, 
and this relation is true also at Tryon from June to 
October, inclusive. At the latter place in December 
there is no difference between the averages at  the base 
and summit stations, nor at  Ellijay in March; other- 
wise the averages at the base stations are lower than 

minimum temperature for the four years is lowest at  t fi e 

August 

_____ 

61.3 
69.6 

-1.8 
556 

58.0 
59.6 

+1.6 
058 

58.4 
60.0 

f1.6 
1,100 

01.6 
63.5 

+l.9 
526 

61.0 
63.7 

+2.7 
385 

66.3 
84.4 

-1.9 
579 

those at  the summit. At Tryon the small increase in 
average minima between the base and summit is not 
indicative of either the frequency or amount of inver- 
sion, as the point of highest minima on t h s  slope lies 
between the two a t  an unusually low altitude, 400 to 
500 feet above the valley floor. 

Of all these selected slopes the greatest rate of increase 
in annual average minimum temperature between the 
base and summit stations is at  Gorge, 1’ for 231 feet, the 
average minimum a t  No. 5 a t  this point exceeding that 
a t  No. 1 by 4.5”. The rate of increase in minimum 
temperature would naturally be the greatest on the,  
slope havin the largest inversions for the least difference 
in altitude % etween base and summit, and this relation, 
as brought out later in the discussion of “Inversions,” 
is most marked at  Gorge. The slopes at Cane River and 
Globe have rates of increase amounting to 1’ for 355 
and 357 feet, respectively, while Ellijay, with about the 
same difference in average minima between its summit 
and base stations as.Cane River and Globe, has actually 
a smaller rate of increase, doubtless because of the 
greater length of its slope. 

Excepting Alta ass, the greatest average monthly rate 

autumn, usually in May and November, when inversions 
are most pronounced. Even at  Altapass the tendency 
to less ronounced norms in May, October, and Novem- 
ber is s J: own by the rate of decrease in average minima 
during those months. 
This table brings out strongly the great preponderance 

of inversion over norm conditions. 

of increase on a1 i) the slopes occurs in the spring and 

e%ir 

54.0 
52.5 

-1.5 
667 

49.6 
53.1 

+3.5 
314 

51.1 
64.7 

+3.6 
489 

54.0 
57.2 

+2.6 
385 

53.9 
57.7 

TABLE Zb.-Mmtldy and annual average minimum temperatures on the &ix long slopes, showing rate  of increase or decrease with eleualion, 1919-1916. 

octo- 
ber. 

____ 

46.3 
45.2 

-1.1 
909 

40.4 
45.3 

+4.9 
224 

42.5 
48.1 

+5.6 
314 

40.5 
49.7 

+3.2 
312 

45.2 
49.9 

[The slopes seteoted for this comparison haye a d p r e n c e  in elevation of 1,ooO feet or more between the base and summit station. The difference in temperature between the 
base and s u m m t  stalxons on each slope is given, as well as the difference in  feet for each degree difference in temperature.] 

Cane Rivcr No. 1 ............................... 
Cane River No. 4.. ....................................... 
Difference.. ........................................................ 
Feet for 1’ difference.. ............................................. 
Ellijay No. 1.. ................................. 
Didereace. ......................................................... 
Feet for 1’ difference. .............................................. 
Qlobe No. 1. ................................... 
QlobeNo.3 
Difference.. ........................................................ 
Feet for 1’ difference.. ............................................. 
Gorge No. 1. .................................... 
QorgeNo.5 .............................................. 
Difference.. ........................................................ 
Feet for 1’ difference.. .......................... 
TryonNo.1 .................................... 
Tryon No. 4.. ............................................ 
Difference .......................................................... 
Feet for lo difference.. ............................................. 

F,IU nyNO.5 ............................................. 

.............................................. 

Elevation.1 
Janu- I Bnse. I Summit.! ary’ 

Slopes and stations. 

I 
2 , w  .......... 

1,100 

2,240 .......... 
1,760 

1,025 .......... 
1, OOo 

1,400 ........... 
1,040 

i. ................. 

1,100 
.......... 950 

I I I 

Altnpass No. 1.. ............................... 2,230 .......... 
Altapass No. 5 
D ~ e r e n c e  
Feet for 1. difference.. 

31.1 
29.1 

-2.0 
500 

26.4 
2 8  8 

+2.4 
458 

30.2 
32.6 

+2.4 
733 

31.8 
33.6 

+1.8 
556 

30.8 
33.5 

+2.7 
385 

34.7 
35. a 
+l. 1 
1, 

Febru- 
ary. 

29.1 
27.0 

-2.1 
470 

25.7 
26.9 
+l. 2 

917 

27.7 
29.6 
+l. 9 

926 

29.0 
30.4 

+l. 4 
714 

28.1 
30.9 

+2.8 
371 

32.3 
33.3 
+l. 0 
1, 100 

&arch 

31.5 
28.8 

-2.7 
370 

27.2 
27.1 

-0.1 
11,ooo 

28.0 
28.6 
0 
0 

32.4 
33.5 

3.1.4 
714 

32.3 
34.4 

+2.1 
495 

35.9 
36.1 

+O. 3 
3,667 

April. 

44.2 
42.1 

-2.1 
476 

37.6 
41.0 

+3.4 
324 

39.7 
44.2 

+4.5 
391 

41.9 
45.0 

+4.1 
244 

40.5 
46.9 

+6.4 
162 

44.7 
47.5 

f 2 . 8  
393 - 

May. 

52.8 
51.0 
-1.8 
658 

46.6 
51.3 

+4.7 
234 

48.2 
54.0 

+5.8 
303 

51.1 
55. €I 

+4. a 
208 

49.3 
57. a 

+7.1 
135 

54. a 
56.9 

+2.1 
524 

JUnO. 

58.4 
65.8 

-2.6 
385 

53.9 
66.7 

+2.8 
393 

54.7 
58.4 

+3.7 
470 

68.0 
51.2 

+3.2 
312 

56.8 
61.4 

+4.6 
226 

63.0 
61.9 

-1.1 
1, 000 - 

ovem 
ber. 

36.6 
35.4 

-1.2 
833 

28.5 
36.3 

+7.8 
141 

31.1 
37.7 

+6. 6 
267 

34. G 
39.8 

+5.2 
192 

32. F 
41.1 
+8.3 

125 

37.3 
40. $ 

+3. L 

332 

- 
Deram. 

bcr. 

29.8 
27.4 

-2.4 
417 

24.8 
27.2 

+2.4 
468 

27.4 
28.6 

+1.2 

29.2 
30.8 
+l. 6 

625 

27.9 
32.0 

+4.1 
254 

32.8 
32.8 
0 
0 

1,407 

- 

nnual. 

__ 

44.8 
42.9 

-1.9 
526 

39.7 
42.8 

+3.1 
355 

41.6 
44.9 

+3.3 
533 

44.4 
47.2 

+2.8 
357 

43.3 
47.8 

+4.6 
231 

48.1 
48.8 

+O. 7 
1,571 

~ 

1 Base station above sea level. summit above base. 
3 The datum “Feet for 1’ difference” obVioUslY fails Of any physical significnncc when the lcmpernlure differences betwccn slope stations are quitc small.-En. 
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Tryon No. 1 .._..._.._..._. 
Highlands No. 5 . .  _ _ _ _ _ _ _ _ _  
Difference _.______._______.. 
Feetfor lodifference .__.... 

.Monthly and average annual minima at the two stations 
having, respectively, the highest and lowest elevations.--In 
comparing the mean minma at  the station having the 
lowest altitude, Tryon No. 1, a valle -floor station, with 

short distance below the summit of Do Mountain, with 
a difference in elevation of 3,125 feet ( 8 able 2c), we find 
that the Highlands station averages the lower throughout 
all the months of the year, m t h  an average difference of 
5.6', the greatest difference, 10.5', being in March, when 
norms are most frequent, and the least, 0.5', in No- 
vember, a month marked by frequent inversions. The 
avera e decrease for the entire four-year period amounts 

TABLE 2c.-Average monthly and annual minimum temperatures at 
the two stations having, respectively, the highest and lowest elevations, 
showing rate of decrease with elevation, 1915-1916. 

the most elevated station, Highlan ;Y s No. 5, located a 

to 1' 9 or 558 feet. 

Feet. 
850 34.7 32.3 35.8 44.7 54.8 63.0 

4,075 28.6 25.7 25.4 41.5 51.4 56.5 ._...... -6.1 -6.6 -10.6 -3.2 -3.4 -6.5 ._._._.. 512 473 298 977 918 451 

:i:F- March. April. May. June. l-l-l-/-l-l-l- 

Tryon No. 1 _.._... 
Hi~hlandsNo.5  ... 
Difference ._____... 
Feet for 1' mer-  

ence _.._......... 

Feet. 
850 65.7 66.3 58.5 50.8 37.3 32.3 48.1 

4,075 59.8 58.7 52.6 46.0 36.8 28.6 42.5 _....___ -6.9 -7.6 -5.9 -4.6 -0.5 -3.7 -5.5 

........ 453 411 530 679 6,250 540 558 

NORMS. 

The graph, Figure 49, illustrates the variation in aver- 
age minimum temperature on the selected dates in Jan- 
uary, February, and March, 1916, during norm condi- 
tions, the data for which are given in detail in Table 2a. 

In  considerin this graph we should make due allow- 
ance for latitu c f  e, and the figures might be reduced to 
the parallel of 35', approximately the position of High- 
lands, by using corrections, the largest of which would be 
3' for Mount Airy, located in the extreme north, the 
correction for the other stations lying between that 
amount and zero. The lowest average minimum during 
this period is 8.8', at Blowing Rock No. 5,  one df the 
most elevated stations and one of the most northerly, 
while the other summit stations havin a greater altitude, 

11.5" and 10.6 , respectively; but if due correction were 
made for difference in latitude the excesses at the more 
southerly stations, Ellijay and Highlands, would be 
lar ely offset. 

8 n  the selected nights there seems to be a general de- 
crease in temperature wlth .elevation from the lowest 
station at  Tryon to these h h-level stations, but this 

latitude and in some cases because of dfference in topo- 
raphy and slight influences of inversion. In  this respect 

gigwe 49 furnishes data in strong contrast with Figures 
47 and 48, which present mean minmum tem eratures 

of inversion weather. While topography has little 
effect upon the minimum temperature during nqrm con- 
ditions as compared with inversion, its !nfluence is never- 
theless apparent. We find by referring to Fi ure 49, 

elevation base stations register the lowest and upper 

Ellijay and Highlands, have considera % 1y higher minima, 

decrease is not uniform, main P y because of difference in 

for the various stations during the two selecte : periods 

that almost invariably, of the stations havlng t B e same 

stations the highest minima. There is no question that 
during clear weather at night, even with strong winds 
from the northwest, surface area is a factor in increasing 
the loss of heat through radiation from the ground, pro- 
vided it is colder than the free air, and t h s  study shows 
that in the mountain region there is always. a tendency 
toward inversion, with a conse uent lowering of tern-$ 

erature on the valley floors. T&s effect, however, was 
fargely neutralized on these dates selected, as the weather 
was mostly wind , and thus the average decrease in 

closely the adiabatic rate. 
Comparing the mean minima for the days selected a t  

the lowest and highest stations in the region-Tryon 
No. 1, a base station with an elevation of 950feet above 
sea level and an average minimum of 25.7', and High- 
lands No. 5, a summit station with an elevation of 4,075 
feet and an average minimum of 10.6'-we find a differ- 
ence in  temperature of 15.1', or a rate of decrease with 
elevation of 1.4' for 300 feet. 

Moreover, the mean minimum for the whole region 
shows an average decrease in temperature for elevation 
of about 1.5' for each 300 feet of ascent. Individual 
dates a t  Ellijay show rates as much as 1.9' per 300 feet, 
which are superadiabatic. With fallin temperature 
over an entire slope, as in the approach o P a general cold 
wave, i t  is evident that there is a strong operrunning at the 
more elevated stations, and the vertical temperature 
gradient then becomes strongly superadiabatic. 

At Bryson and Ellijay, which are in the extreme 
western part of the region, clear weather prevailed in the 
earl morning on two, and possibly three, of the dates 

the two lower stations, w ich reduced somewhat the 
average differences on these slopes. Thus a t  Ellijay we 
have an aver e difference of only 0.6' for the first 300 

entire slope. On the Altapass slope durin this eriod 

elevation, 1.4' at Tryon, and 1.5" a t  Cane River. The 
norm condition was ideal a t  Globe on all the dates 
selected, and here we find an average decrease of 1.7' 
for each 300 feet. 

In comparing the Waldheim orchard stations, Nos. 
3,4, and 5, with the Satulah orchard, stations Nos. 1 and 
2 a t  Highlands, the protective influence of Mount Satulah 
seems to be evidenced by the higher temperature in the 
latter. 

At Asheville stations Nos. 2 and 3, which face the full 
force of the northerly winds, seem invariably to hap-e a 
lower minimum temperature during norm conditions 
than Nos. 2a and 3a, which are rotected somewhat by 
a steep ridge running east a n i  we+. The cold air 
evidently sweeps over the ridge, s t r ikw Nos. 2 and 3 
directly and reaching the other stations only by a back 
flow or eddy. Thus with a lowering temperature there 
is a continual dela of the minimum temperature at 
Nos. 2a and 3a, unti s finally, after daybreak, the temper- 
ature begins to rise a t  all stations,. although much earlier 
at  Nos. 2a and 3a, if the sun 1s shining. 

Under norm conditions we would expect the tempera- 
ture decrease to be a proxlmat?lY normalebecause the 

and in equilibrium. Ordinarily a fall in temper- 
ature the thermo raph traces on. any long slope are 

condition IS well illustrated by Figure 69, which shows 
a typical cold wave, the thermograph traces 

March 24,1916, on the slopes o Ellijny and Altapass. 

minimum with e i evation in the region approximates 

5 3  
use B in the table, allowin a slight inversion between 

feet, compare 7 with the rate of 1.2' per 300 feet for the 

the rate of decrease was about 1.5 for eac % P  300 eet of 

air is relatively dry an B a t  thsvarloug elevations is mixed 

found in parallel. 7 ines, O r  aPPrOximate1y so, and this 

durln! 
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The effect of decrease in temperature with elevation 
is strikingly shown in Figure 49, and this is a most impor- 
tant factor in the rowmg of fruit in the Carolina moun- 
tain region. Whfe frost may a t  times during inversion 
conditions be damaging on valley floors, it is the cold of 
elevation durina norm conditions that causes the greatest 
injury. We w81 see later as we proceed in the discussion 
that the length of the growing season depends largely 
upon the altitude, and reasons will be given why successful 
fruit growing is not found a t  the higher levels of this 
region. 

h~. 49.-Avera edallyminQna durlngeight selected normnI htsln January, February, 
and Marc%, 1916; stet~ons grouped according to elevatfon above sea level. 

ABSOLUTE MAXIMUM AND ABSOLUTE MINIMUM TEMPER- 
ATURES. 

purposes. It hardlyseems advisable to o into a dis- 

made to the more important features. 
The highest absolute maximum in the entire re on, 

stations, Nos. 1 and 2, and the other stations at which 
100" was reached or exceeded, Gorge Nos. 1 and 5, Mount 
Airy No. 1, Tryon Nos. 3 and 4, and Wilkesboro Nos. 1, 
2, 3, and 4, were in no case above the 2,100-foot level, 
except Gorge No. 5, which has an elevation of 2,440 feet. 
Maxma as high as 100' were re lstered in only two of 

crease from the 100" mark dowpward throug the go's, 
every station registering a mammum of 90" or over in 
one or more summers, except Nos. 2 , 3 , 4  and 5 a t  Blow- 
ing Rock and Nos. 3, 4, and 5 a t  Eghiands, all above 
the 3,500-foot level in the two most elevated grou s. Of 
these seven stations, Blowin Rock Nos. 2, 3, an 5 and 
Highlands Nos. 3 and 4 hafa four-year absolute maxi- 
mum of 88", the other two having one of 89". Thus we 
have for the four-year period an extreme variation of 
15O, from 103" to 88", in the absolute maxima in this 

cussion of the data in great detail, but re H erence will be 

103", occurred July 19, 1913, a t  the w o n  lower-eve1 ? 

the four years, 1913 and 1914. !f here was a eneral de- !i 

region, with stations ranging in elevation from 950 feet 
at Tryon to 4,075 feet at  Highlands. At the latter ele- 
vation, Highlands No. 5,  however, the absolute maxi- 
mum was 89",. lo in excess of the lowest absolute maxi- 
mum, 88', re lstered at  certain stations of lower altitude 
at  both Hi hfands and Blowing Rock named above. 

As alrea cf y stated, a maximum of 100' in this mountain 
region is not reached every year by any means, even a t  
Trxon, where the highest readings in 1 91 5 and 191 6 were 
99 and 97", respectively. Moreover, 90' is not regis- 
tered each year on an average at  an one of the Blomng 
Rock or Highlands stations, their Gghest annual read- 
ings usually being considerabl below that mark. In  

85" to 81" and at  Highlands from 87' to 85", the low 
reading of 81' at Blowng Rock being registered on June 
30, a t  station No. 5, 3,930 feet above sea level. In  spite 
of the elevation, 81" s e e m  to be an exceedingly low max- 
imum temperature for an entire year. It is the lowest 
summer maximum registered durin the period of the 
research. Both Blowing Rock and &&lands are located 
on elevated plateaus, the former close to the Tennessee 
border on the north and the latter only a few miles from 
the Georgia border on the south, as shown by the relief 
maf. At Highlands ideal summer-resort weather pre- 
vai s durin the heated season, though its latitude is only 
about 35"% The summer temperature is even lower 
at  Blowin Rock, located far to the north. 

Station a 0. 3 a t  Highlands, with an elevation of 3,675 
feet, has the lowest minimum during the four-year eriod, 
-7' on December 15, 1914, and in no other year i id  the 
temperature a t  any one of the Highlands stations fall 
below zero. No. 3, at which this low minimum occurred, 
is in the frost pocket so often referred to  in this discussion, 
where the lowest average minima in the entire region are 
also observed (see Table 2). Highlands Nos. 4 and 5 
recorded a minimum of -2" on March 2, 1914. The 
absolute minimum at Blowing Rock was -5" a t  No. 5, 
3,930 feet above sea level, on December 15, 1914, the 
same date on which the absolute minimum of -7" was 
re istered a t  Highlands No. 3. 

%he lowest minimum, considering the elevation, was 
- 6' at Blantyre No. 1, elevation 2,090 feet, observed also 
on December 15, 1914. It has been stated previously 
that the avera e minima .also at Blantyre me relatively 

nights of inversion. The valley of the French Broacf 
where Blantyre is Ipcated, is rather wide with gentle 
grade, end ths condition, together with the surrounding 
mountalns in. the distance, forms an extensive frost 
pocket, favoring the occurrence of abnormally low 
minima during inversion conditions. 

The Bryson region is somewhat similar topogra hi- 
cally, and the mera e minima at  both places are P ow 
during inversion con % itions, but, nevertheless, at none 
of the Bryson stations was an absolute minimum of 
zero recorded during the entire four-year period, the 
lowest being 1' above zero on December 15, 1914, at the 
summit station, No. 3. 

The !C'r on stations, at  which high maxima are 
observed, [ave relatively hioh minima also, the lowest, 
7', being recorded at  both 80s. 1 and 4, at the former, 
December 20, 1916, and at  the latter, December 15, 1914. 
NOS. 2 and 3 have minima of 12' and lo", respectively, 
and these are the highest absolute minima noted in the 
entire region during the eriod of the research. 

So the highest absokte maxima and minima are 
registered at stations in the Tryon group, the lowest in 
elevation, just as the lowest absolute maxima and 

1916 the absolute maxima a t  B r owing Rock ranged from 

low, because o B the low night temperatures there durin 
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minima are observed in the most elevated oups, Blow- 
ing Rock and Highlands. While the hig ?T est maxima 
occur in July and August, the lowest minima during the 
four-year period do not, as a rule, occur in January and 
February, as would ordinarily be expected. The lowest 
mark was reached at  most of the stations during the cold 
spell from December 14-16, 1914. In fact, there is not 

oup in which the. absolute minimum is not 
registere at least at one s t a t i p  during that eriod. At 
the two upper stations at  Ellijay, Nos. 4 an 5,  and at 
Highlands, Nos. 1, 2, 4, and 5 ,  the lowest temperature 
was recorded March 2, 1914, and at Blowing Rock Nos. 
3 and 4, Mount Airy No. 1, and Wilkesboro No. 2, on 
January 18, 1916. 

At no station was the absolute minimum registered in 
the month of February, although the average minima a t  
all stations were considerably lower in February than in 
January. The same may be said regarding the maxima, 
but this is because there were two warn1 Januaries-1913 
amd 1916-and not because January is normally warmer 
than February. 

The figures that impress one most in this discussion 
are not the absolute maxima, but rather the absolute 
minima. The absolute maxima are usuall 
what should be expected when the elevation of 
is considered, but one is rather surprised that 

a singlef 

minima are not lower and the winter *cold is. not more 
severe. In  fact, the minima are relatwely hlgh during 
the colder months of the year, doubtless because in the 
winter there occur frequent eriods of precipitakion 

The area of high ressure off the Carolina coast during 

of temperature are infrequent. Conse uentl low min- 

from the regions farther west, but the cold waves in 
their eastward and southeastward course moderate 
steadily, the HIGHS passing uickly across the region, 

Thus the minima in the winter occur nearly always 
under warm conditions and not in periods of inversion. 

Both the absolute and average maxima, as well as the 

with high relative humidlty an B considerable cloudiness. 

that season is or I? marily not persistent, and inversions 

ima are due then almost entirely to t 1 9  e cod brought 

followed usually by an imm? 1 iate rise in temperature. 

No mountain breeze is ever observed at  Highlands 
NO. 3 station, which is situated in a slight depression 
with no outlet at  the base of a.slope surmounted by a 
small knob and surrounded by timber on the other 
sides, with comparative1 level country beyond, so that 

tain breeze in that locality. However, the plateau at 
Blowin Rock, on which the summit station, No. 5,, 
stands,%as considerable surface area, and there is an 
outlet to the southeast and south from the valley floor 
where No. 3 is located, with a steep descent beyond, 
the position being especially favorable for a descendlpg 
breeze when t.he wind is from the north. These varia- 
tions in topographical conditions are often res onsible 

the two places, and while the Blowing Rock station 
usually has low minima during nights of inversion the 
nocturnal fall in temperature is often retarded because 
of the breeze down the slope from Flat Top. 

During the spring rather low minima are observed 
at  Transon, Blowing Rock, and Highlands, the more 
elevated places. In  April the absolute mnima are far 
below freezing. Moreover, in May, a t  Transon station 
NO. 1, a minimum of 25" was re istered in 1913 on the 

mum of 23" was registered at Blowing Rock No. 3 and 
one of 27' a t  Highlands No. 3 on May 10, 1914. Other 

during May are Barge No. 2, with a record of 29' &y 11, 1913; Cane 
River, on the same date, with a record of 30" a t  station 
No. 1; and both Bryson and Blantyre when 31" was 
registered at  the base stations on May 12, 1913, and 
May 19 and 20, 1914, respectively. All these low 
minima were registered at  the stations that have been 
shown to be notably cold durin inversion conditions 
and where the average annual an% monthly minima are 
low. 

Transon No. 1 and Highlands No. 3 are the only 
stations where freezing temperature was observed durin 
anr  June in the four-year period. A minimum o 
31 was registered a t  the former on June 11, 1913, 
while readings of 32" were registered a t  Highlands on 
three days in June during the three-year period. The 
temperature a t  the colder station at Blowing Rock, 
No. 3, did not fall quite to freezing in June, probably 
because of the influence of the nocturnal breeze down 
the slope. 

there is no opportunity 9 or the development of a moun- 

for great differences in minimum temperature E etween 

11th. Also on the same date t % e absolute May mini- 

laces having mnima below freezin 

f 

low temperatures are registered at 
not only in the s ring and summer, 

In  practical P y every September 
the temperature falls to freezin or below a t  stations 
No. 3 a t  both Blowing Rock and highlands and a t  No. 1 
a t  Transon, and 25' was registered at  the Hi hlands 
station on Se tember 23, 1913. The lowest a t  Blowing 

The lowest temperatures registered in October in the 
four-year research were 12" at  Highlands and 19" at 
Blowing Rock in 1914 on the 28th. These represent, 
of course, the conditions in the frost Pockets a t  both 
places. The autumn minima at  the other stations On 
tliese two slo 0s are considerably b h e r ,  especially at 
Highlands. J& instance, the lowest temperature in 
September at  any slope sotation. at  Highlands during the 
four-year period was 35. and October 20'. In  any 
case, the temperatures in the spring and autumn are 
usually sufficiently low a t  these higher altitudes to  
limit the gowing peason to. a period too short for the 
satisfactory maturing of frut. 

Rock was 30 B on the same date. 
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Principal and slope stations: elevation of 
base stations above mean sea level 
(feet). 

At Bryson and Blantyre, also, low minima are ob- 
served in the autumn, freezin tem mature usually 

ber. During the four-year eriod the lowest minmum 

I n  October, moreover, the minima at  these two places are 
even lower than those at  Blowing Rock, but not so low 
as those in the frost ocket at Highlands. 

Tryon, because of i ts  low altitude, does not seem to 
experience any Fritical temperatures durmg September, 
and it is not untll late in October, after harvestin of the 
fruit, that the freezin point is reached. In  8ctober 

whole mountain re ion with the exception of TFyon, the 

the four years of the research being only slightly 
be hf ow freezing. 

The lowest minima, of course, are at the bases of the 
respective slopes, while the orchards, as a rule, are on 
the slopes above, where much highcr minima are observed 
during frosty nights. 

One is impressed with the low minima in these moun- 
tain sections during the s ring, summer, and autumn 

perature is quite common durin the month of A ril and 

occurring a t  the base stations in % P  0th p aces m Septem- 

in this month was 31' a t  B P antyre and 32' a t  Bryson. 

minima considerably be 7 ow freezing occur throughout the 

absolute minima t E at  month a t  the four stations dur- 

months, especially at the ii gher levels. Freezing tem- 

at the higher elevations and in B rost pockets in &y, and 

d i e  
stat om 

(feet). 9 

occasionally even in June, while in the suqzmer months 
temperatures below 40' occur frequently in the colder 

In  the autumn in the more elevated sections 

ing are observed in practically all sections of the region. 
On the other hand, relatively high maxima, as a rule, 
are observed. for protracted periods during the winter 
and early sprmg, as high as 60 to 70' or more in January 
and February and 70 to 80' in March. These unusual 
conditions result in the early opening of buds and are 
often followed by damaging temperatures. This feature 
of the temperature conditions in the mountain region 
will be discussed in extenso later in connection with the 
discussion of " Hour-degrees of frost," the occurrence of 
frost and freezing temperatures, and the length of the 
growing season. 

The absolute maxima and absolute minima in each 
group occur, as a rule, a t  the stations where the highest 
average maxima and lowest average minima, respec- 
tively, are recorded, and in the large majority of cases 
the absolute maxima, the highest average maxima, the 
absolute minima, and the lowest average minima are 
observed at the base stations. Absolute minima recorded 
at the summit occur during norm conditions and those 
at the base stations during nights of inversion. 

temperatures invariably occur during the latter 
September, and by October minima below freez- 

Dates 
of absolute 
m8xim8. 

TABLE 3.-Annual maximum and minimum temperatures and range for  the years of observation (on the left) and absolute maximum and minimum for 
the period (on the right). 

[The differences between the averages a t  the base station and those of the respective slope stations may be seen by simple inspection.1 

Dates 
01 absolute 

m i n i m s  * 

IHeightI 1913 

Alta ass: 
80.1 base station, elevation 2,230 
N o i S E  ........................... 
N d  3'SE ........................... 
No:4'SE.. ......................... 
No. 5: summit ....................... 

........... 95 
250 96 
500 92 
750 92 

1,ooO 92 

July 31,1915 ... 
July 19 1913 ... 
..... do.:.. ..... ..... do ......... 
July 19, 1913: 

July31,1915. 

Doc. 16,1914. 
Dec. 15 1914. 
Mar. 2 '1914. 
Dec. 16,1914. 
Dec. 15, 16, 

1914. 
Asheville: 

No. I, basestation, elevation 2, 445... ETs: gNG: ........................... ........................... 
N0.3," ............................. 
NO.38.S ............................ 

- 1 
- 

16 
14 
14 
12 
10 

10 
11 
11 
11 
11 

9 
10 
10 
11 

7 
6 
2 
6 
6 

19 
21 
20 
22 

10 
13 
12 
8 

10 
10 
12 

11 

13 

14 
12 

.... 

........ 94 
155 94 
155 93 
380 91 
380 B8 

1 - 
79 
82 
78 
80 
82 

84 
E3 
82 
80 
85 

89 
88 
87 
86 

83 
82 
86 
83 
83 

78 
76 
77 
73 

83 
80 
81 
86 

86 
85 
80 

79 

84 

83 
88 

.... 

July 19,1913.. . ..... do ......... ..... do ......... ..... do ......... ..... do ......... 
..... do ......... ..... do ......... 
..... do ......... ..... do.: ....... 

1914 

Dcc. 15 1914. 
Do.' 
Do. 
Do. 
Do. 

Do. 
Do. 
Do. 
Do. 

- 

I s 
- 

95 
95 
93 
92 
91 

92 
92 
91 

95 

94 
93 
93 
95 

88 
88 
88 
88 
87 

96 
96 
96 
96 

92 
90 
90 
93 

!% 
93 

m 

m 
m 

96 

88 

2 

Blantyre: . 
No. 1 base station, elevation 2, W... 
N o 3 N W  .......................... 
No: 4'NW .......................... 
No. 1 base station, elevation 3,130 
No.2:S ............ a ................ 
N0.3 SE  ........................... 
N0.4; SE ........................... 
No.6,SE ........................... 

No.2,N ............................. 
N0.28 S... ......................... 

NO.$ NW .......................... 
Blowing hock: 

BrySOn: 
No. 1, baso station, elovation 1,800.- 

No. 3 Summit ....................... 
No 1 bnse station, elevation 2,650- 
~ o : i  N ............................. 
No. 4: summit ....................... 

No. 3: N ............................. 
No.4," ............................. 

Cane Ri&: 

No.3'NE ........................... 
o 1, base station, elevation 2, 240.- 

No.2 N ............................. 
Ellijr. 

No.5,summit ....................... 
No. 1, base station, elevation 1,6 25... 

N o . 2 E  ............................. 
No.3: summit ...................... 

Globe: 

- 1 
- 

3 
5 
4 
2 
0 

3 
2 
3 
2 
3 

-6 
-3 

0 
1 

1 
0 
1 
0 

-5 

2 
2 
2 
1 

3 
2 
0 
1 

2 
1 
1 

3 
0 

7 

7 
6 

........ 98 
300 BE 
450 67 
800 97 

........... 9t 
450 ab 
450 88 
625 89 
800 88 

........ 97 
385 97 
385 97 
570 95 

........ 93 
190 93 
400 93 

1,100 94 

........ 95 
310 95 
620 92 

1240 90 
1:760 ..... 

........ 97 

1,ooO 98 
300 97 

4 - 
92 

89 
90 
91 

89 
90 
88 
88 
92 

100 
96 
93 
94 

88 
ab 
87 
88 
92 

04 
94 
94 
95 

89 
88 
90 
92 

92 
92 
89 

87 
88 

89 

87 
91 

m 

 do ......... 
.... do ......... .... do ......... .... do ......... 

- 

B s 
- 
96 
93 
9G 
go 
92 

Bo 
go 
89 
85 
94 

91 
9t 
6i 
6i 

84 
8t 
87 
87 
85 
92 
92 
93 
92 

88 
86 
85 

92 
91 
89 

89 
90 

95 

94 
94 

m 

Do. 
Jan. 18 1916. 

Dd. 
Dec. 15,1914. 

1916 

July 18,1913.. . 
. .__do ......... .... do ......... 
June 11,1914.. 

July 18,1913.. ... .do.. ....... 
July 19,1913.. ~ .... do. ........ 

- 1 
- 

16 
15 
15 
13 
12 

15 
15 
15 
13 
14 

12 
13 
14 
14 

12 
10 
7 
9 
7 

11 
12 
13 
14 

11 
11 
10 
8 

11 
14 
13 

12 
9 

16 

17 
16 

Do. 
Do. 
Do. 
Do. 

Dec. 19,1916. 
Dec. 15,1914. 

Do. 
Dec. 19,1914. 

$ 
VI - 
80 
78 
75 
77 
80 

75 
75 
74 
72 
80 

79 
77 
76 
76 

71 
7f 
80 
78 
78 

81 
80 
80 
78 

77 
75 
75 
72 

81 
77 
76 

77 
82 

79 

77 
78 

July 18,1913.. . 
__..do ......... 
Jul 18, 19, 

.... do ......... 
July 31,1915 ' . 

&3. 

- 

I s 
- 

9G 
91 
86 
88 
86 

89 
87 
88 
83 
9 i  

93 

w: 
84 
8: 
83 
82 
81 

92 
92 
92 
95 

88 
86 
86 
87 

89 
87 

84 
86 

92 

95 
90 

E 

m Dec 15 1914. 
Do.' 
DO. 

Mar. 2,1914. 
Do. 

1916 

Jul 18, 19, 

July 19,1913.. . 
,....do ......... 

d13. 

_- 1 
- 

9 
8 
8 
4 
4 

4 
3 
5 
6 
5 

-3 
0 
5 
6 

2 
3 

-3 
-1 
-2 

2 
5 
4 
5 

-5 
2 
3 
0 

5 
5 
5 

7 
4 

9 

8 
7 

Dec. 15,1914. 

DO. 
Do. 

- 

1 - 
81 
83 
78 
82 
82 

85 
84 
a3 
78 
85 

96 
82 
88 
84 

82 
82 
86 
83 
83 

87 
88 
90 

93 
84 
83 
87 

85 
84 
82 

77 
82 

83 

87 
89 

m 

1913-19 
- 

d 
i - 
98 
96 
92 
92 
92 

94 
94 
93 
91 
Be 

96 
9E 
9; 
9i 

9( 
81 
88 
89 
88 

97 
87 
97 
96 

93 
93 
93 
94 

95 
95 
92 

90 
90 

97 

97 us 

- .I 
- 

3 
5 
4 
2 
0 

3 
2 
3 
2 
3 

-6 
-3 

0 
1 

1 
0 

-3 
-1 
-6 

2 
2 
2 
1 

-5 
2 
0 
0 

2 
1 
1 

3 
0 

7 

7 
6 

- 

ai w 

8 - 
93 
91 
88 
90 
92 

91 
92 
90 
89 
93 

104 
101 
97 
90 

89 
88 
91 
90 
93 

95 
95 
95 
95 

98 
91 
93 
94 

93 
94 
91 

87 

90 

90 
9? 

m 
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B 
P; 

TABLE 3.-Annual maximum and minimum temperatures and ran e fo r  the years o observation (on the left) and absolute maximum and minimum for  
the period [m the right)-dntinued. 

lThe differences between the averages a t  the base station and those of the respective slope stations may be seen by simple inspection.1 

Dates Dates 
of absolute Of absolute 
maxima. minima. 

b 

Principal and slopestations; elevation of 
base ststions above mean sea level 
(feet). 

fl."*"A. 

si$ F stat ons 
":E? .il 

4 (feet). -- 

Principal and slopestations elevation of 
base ststions above me& sea level 
(feet). 

Gor e: 80. 1, basestation, clewtion 1,400 

No: $4(- ........................... 
No. { ~ b .  (new). .................... 
N0.5 SU&t ....................... 
No. 1, base station, elevation 2,200 
No.2,E ............................. 
N0.3,E ............................. 
No.4,summit ....................... 
No. 1, base station, elevation 3,350 
No 2 SE ........................... 
No:3;SE ........................... 
No 4 SE ........................... 
No: 5' SE. .......................... 
No. 1, [as, station, elevation 1,340 
No. 2 W ............................ 
No. 3: E ............................. 

No 2 NE ............................ 
....................... old). 

Hendersdnville: 

Highlands: 

MountAh : 

N0.3 N ............................ 
NO. 4: w ............................ 

si$ F stat ons 

4 (feet). -- 
............ 101 

290 99 
615 96 

} 840 98 
1,040 100 

........... 97 
450 95 
600 94 
750 94 

........... 90 
200 90 
325 88 
525 87 
725 E9 

........... 95 
160 96 
160 95 

- .I 
k - 
13 
11 10 

11 
12 

11 
14 
13 
14 

12 
12 
6 
9 
9 

9 
9 

10 

12 

4 

5 
5 
4 

15 
19 
18 
16 

14 
14 

14 
13 
- 

-1 

96 July 19,1913.. . 
95 ..... do ......... 
91 ..... do ......... 
91 ..... do ......... 
91 ..... do ......... 
96 _.__.do ......... 
91 ..... do ......... 
93 ..... do ......... 
93 ..... do ......... 
88 ..... do ......... 
88 ..... do ......... 
95 July 18 1913 ... 
90 June Id, 1914. 
91 July 19,1913. 

1 
i - 
88 
88 
86 
87 
88 

86 
81 
81 
80 

78 
78 
82 
78 
80 

86 
87 
85 

83 

87 

86 
86 
84 

88 
a4 
84 
85 

87 
88 

86 
81 

~ 

Dec. 15,1914. 

Doc. 19,1916. 
Do. 

Dec. 15,1914. 
Do. 

Dec 16 1914. 
Dec: I d  1914. 

Do.' 
Do. 

Mar 2 1914. id. 
Dec. 15 1914. 
Mar 2 '1914. 

Dd, 

- 
Ll 
4 
4 - 
98 
97 
93 
94 
95 

93 
90 
91 
90 
89 
90 
85 
88 
88 

99 
99 
98 

98 

92 

90 
91 
90 

100 
101 
99 
98 

99 
100 

99 
98 
- 

93 
91 
91 

92 

96 

89 
90 
90 

1914 

July 31,1915 ... 
..... do ......... Dec. I b  

Jan 18 1916 ..... do ......... Dei. 2 j  1914. 
1914; 

Jan. 18 1916 ..... do ......... Dec. 27, i914. 

June 26,1914.. Dec. 16 and 27, 

..... do ......... Dec. 18,1914. ..... do ......... Dec 15 1914. ..... do ......... Do.' 

1914. 

- 1 
__ 

5 
4 
6 
7 
9 

1 
4 
1 
1 

2 
2 

-7 
-2 
-2 

9 
8 
8 

7 

-4 

1 
1 
0 

13 
12 
10 
7 

6 
8 

10 
8 

No.4, summit ....................... [ 360 

No. 1, haso station, elevation 2,970 ........... 
No.2 W ............................ 150 

No.4, summit ....................... 450 

No 2 SE ........................... 380 
No' 3' SE.. ......................... 670 
No14'SE ........................... 1,100 

No. 1,  base station, elevation 1,240 ........... 
No.2, N ............................ 150 

Trans on: 

No.3: W ............................ 300 

No. 1, base station, elevation 950;. .......... Tryon: 

Wilkesbdo: 

j 
- 

93 
93 
87 
87 
86 

92 
86 
90 
69 
87 
88 
92 
90 
90 

90 
91 
90 

91 

96 

E9 
90 
90 

87 
89 
89 
91 

93 
92 

89 
90 

95 

91 

91 
91 
88 

103 
103 
102 
101 

101 
102 

R A N G E  I N  T E M P E R A T U R E .  

The range in temperature is perhaps not of much im- 
portance in the growing of fruit. The principal factor is 
the minimum, and yet the maximum is also a factor, 
although much less important. The ran e simply shows 

month, or the day. 
Of course, the range averages the least where the mini- 

mum is hi hest and the maxmum lowest, and the range 

the maximum highest,. or relatively so. We know from 
the discussion of previous tables that, with only a few 
exceptions, the maximum is hi hest and the minimum 
lowest at the base stations, a n f t h e  greatest ranges are 
usually found there. However, as the maximum is the 
least sometimes on the summit and at other times at  a 
station on the slope lower do? and. on knobs of slight 
elevation, and the minimum highest in the center of the 
thermal belt, located either on theFlope Or a t  the sum- 
mit, there is necessarily a great vanatlon in the position 
of the least range. 

AbsoZute  TU^ e.-The absolute ranges for the four- ear 

with the absolute maxima and minima. 
The greatcst absolute range is lo?', recorded at the 

base station, Blant e No. 1, elevation 2,090 feet, this 

and a minmum of -6'. Reference has already been 

the variation between the two, whether P or the year, the 

averages t fl e greatest where the minimum is lowest and 

period for all t % e stations are included in Table 3, a 9 ong 

range being the di IF erence between a maxlmum of 98' 

96 
94 

90 
92 

_-- 
Ll 
4 
8 
L 

98 
97 
93 
95 
95 

92 
90 
90 
89 
87 
87 
82 
86 
87 

I00 
99 
99 

99 

90 

88 
89 
86 

99 
99 
98 
96 

99 
98 

95 
98 
- 

..... do ......... Dec. 20,1916. ..... do ......... Dec. 16 1914; 
Jan. f8 and 
Dec 20 1918. ..... do ......... Dec. i5  1914. ..... do ......... Do.' 

1915 
- 1 
h - 

16 
15 
14 
16 
15 

12 
13 
13 
14 

11 
11 
3 
5 
5 

16 
16 
17 

16 

9 

14 
11 
11 

16 
21 
19 
17 

15 
15 

17 
16 
- 

- 

d 
2 - 
82 
82 
79 
79 
80 

80 
77 
77 
75 

76 
76 
79 
81 
82 

84 
83 
82 

83 

81 

74 
78 
75 

83 
78 
79 
79 

a4 
83 

78 
80 
- 

- 
B 
.l 
8 - 
97 
92 
93 
91 
91 

90 
88 
89 
87 

87 
87 
85 
85 
85 
91 
91 
92 

92 

86 

83 
84 
83 

97 
95 
93 
91 

93 
93 

91 
91 
- 

1916 
- 1 
- 

1 
9 
5 
9 

12 

4 
6 
2 
4 

6 
0 
3 
3 

7 
10 
8 

I1 

3 

2 
3 
3 

7 
12 
10 
8 

5 
e 

11 
11 

a 

_- 

j 
- 
90 
83 
88 
82 
79 

86 
82 
87 
83 
79 
82 
85 
82 
82 

84 
81 
84 

81 

83 

81 
81 
80 
90 
83 
83 
83 

88 
85 

79 
80 
- 

- 
I 1913-1916. I 

- 
$ 
f3 a - 
101 
99 
96 
98 

100 

97 
95 
94 
94 

90 
90 
88 
88 
89 

100 
99 
99 

99 

92 

Bo 
91 
90 

103 
103 
102 
io1 

101 
102 

100 
100 

- .I 
h - 

5 
4 
5 
7 
9 

1 
4 
1 
1 

2 
2 

-7 
-2 
-2 

7 
8 
8 

7 

-4 

1 
1 
0 
7 

12 
10 
7 

5 
10 8 

8 

... Dec. 20,1916. ..... ......... Dec 15 1914. 
92 ..... do ......... Do.' 
94 ..... do ......... Do. 

made to the fact that the minima at the Blantyre base 
station are abnormally low, considering the moderate 
elevation of the station above sea-level, and it is on this 
account that the range is so large, the absolute maximum 
of 98' not being unusual. The least absolutc range is 
87' a t  Ellijay No. 4, 3,480 feet above sea level, doubtless 
because the minimum at that point on the slope is rela- 
tively high during ni hts of inversion, as it is well withln 

not rise to  a high point on account of the elevation and 
the northerly inclination of the slope. 

In cities near sea level in the northern States of this 
country having summer minimum temperatures simdar 
to those at Highlands and Blowing Rock in th: Nortb 
Carolina Mountain Region, winter minima of 25 to 30 
below zero and even lower occur. At the Weather 
Bureau station at Albany, N. Y., for instance, which has 
the same annual mean tem erature as Blowing Rock No. 

colder and the summers warmer. 
Although the mean temperature at  both stations 

for the four-year period is approxlmate!y 4 9 O ,  the abso- 
lute range durin this time at Albany 1s 117O, while at  
Blowing Rock 80. 3 it  is onl 91'. Taken as a Whole, 

warmer and the summem much cooler 1n this mountain 
region than the winters and Summers of northern cities 
near sea level having the same annual mean tempera- 
ture. 

the thermal belt, an % because the maximum there does 

3, the extremes are muc B greater, the winters being 

the figures in Table 3 show t TI at the winters are much 
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Figure 50 shows aphically the absolute and annual 
ranges for the s i x s n g  slopes, Altapass, Cane River, 
Ellijay, Globe, Gorge, and l’ryon, in addition to the 
absolute extremes of temperature and the avera e annual 

Blowing Rock and fighlands, at which exceedingly low 
temperatures occur, are not included, as the stations a t  

temperature during the four-year research. % ata for 

-/o 0 10 PO 30 40 Jo so 70 eo 90 47d . 

I I I I I c ) L o & l  I I I I 

4- 

I 
I I I I I I T R Y ~ N I  I I I I 

I I I I I  I I I I 

FIG. 50.-Absolute and average annual maxfmum and minimum temperatures and 
range, six long slopes. Solid lines show extremes; shaded, averages. 

both these places are in two groups located on different 
610 es nor is any other short slope included. 

*here is a certain uniformity apparent in the varia- 
tion of the range on these long slopes. The lar est 
absolute ran es are found a t  the base stations a t  d t a -  
p a s ,  Cane giver, Gorge, and Tryon, w v e  the least in 
every case is at some point on the slope in the thermal 
belt. The largest range at Globe is on the summit, because 
of the .high maxima registered there, while tbe largest 

at  Ellija is at  station No. 2, which has the lowest minima 

Average annual range in  temperature.-The variation 
in average annual range in temperature on the six long 
slopes, as illustrated in Figure 51, conforms roughly to 
the variation in absolute ran e.  

and least avera e annual ranges do not, of course, neces- 

sual and even abnormal conditions, while the latter are 
the result of all conditions, both normal and abnormal. 

Daily range-Seasonal varia.tion.-For lack of space the 
table compiled to show the average daily range of tem- 
perature on all slopes is omitted in this publication, but, 
nevertheless, the material may. be discussed briefly. 

The greatest daily ranges usually occur at  the base 
stations in months most favorable for inversions-Ma 
and November-when the m v i m a  are relatively hig 
and the minima low under the influence of clear weather, 
especially on the valley floors. The least average daily 
ranges are found in the thermal belt, either on the slopes 
or at  the summits and usually in Januar and December, 

unfavorable for frequent mverslons, although with large 
ranges on individual clear days. While the small range m 
the thermal belts is, as a rule, due to the high minima 
found there on nights of inversion, sometimes because of 
special local conditions, such as those at the No. 3 stations 
at  Asheville and Cane River, a low maximum is equally 
important. At Alta ass and Tryon the middle of the 

a t  No. 3 in both places are found the least average daily 
ran es, 17.9O and 18.0°, respectively. At Ellijay the 
sma 5 lest average daily range, 17.0°, occurs at  No. 4, and this 
is not onlybecause of the relatively high minima recorded 
theredurin inversion conditions, but also because of corn- 
pardive? Tow maxima during a portion of the year, as 
explaine under tho discussion of “Avera e maximum 

River lies between Nos. 3 and 4, and at the former station 
is found the smallest average daily rFnge on that slope, 
19.Zo, but this is the result of a combmation of relatively 
high minima due to frequent inversions and relativel low 
maxima due to local exposure, as already cxplaineb: It 
can be seen, then, that the least average daily range is 
generally coincident mth  the. highest average minma, 
which, in turn, are found at  pomts locating the middle of 
the thermal belt during Inversion conditions, although 
unusually low maxima are sometimes factors. 

While the base station at  Blantyre registered the 
greatest absolute range in the four-year period, the group 
at Bryson, as a whole, has the greatest avera e dad7 range, 

this broad frost pocket and the high maxima due to the 
moderate elevation of the group. The greatest annutll 
average daily range at any one station at  Bryson, 27.1°, 
occurs Ft the base, this bein greater than at  any other 

daily range at  Bryson, station for station, is greater than 
on an other slope, and this also can be said for the 

annual daily ranges at the base stations at  Blantye, 
Ellijay, and Gor e are relativel large, being, respectively, 
26.2O, 26.6O, anf25.6’. It w& be noted that meeach of 
these instances, including Bryson, the base statiqns me 
located on true valley floors, where the exposure Insures 
high maxima on days with clear weather and low minuna 
during nights of inversion and where the elevation above 
$ea level i s  n o t  necessarily low. Moreover, the vegeta- 

on this s s ope above the base. 

The greatest and least abso 5 Ute ranges and the greatest 

sarily coincide, % ecause the former are often due to unu- 

K 

months with considerable .cloud!ness an B storm activity, 

thermal belt is usu all! y located between Nos. 2 and 3, and 

temperature.” The center of the thermal % elt at  Cane 

probably on account of both the unusually P ow minima in 

station in the research. Furt % ermore, the annual average 

mont d y average daily range, as a rule. The four-year 
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tion in an group is usually densest. at  the base, trapping 

loss of heat through radiation at  night. 
The least average daily range in a group as a whole 

occurs at Blowing Rock, and the ranges a t  Highlands, 
with the exception of No. 3, are nearly as small. Of the 
five stations at  Blow’ Rock the lowest average occurs 

occurs at  Nos. 1 and 2, the figures being 17.6’ for each 
station. In  general, the smallest ranges occur practically 
always in the most e l e v a t e d p p s ,  because, in addi- 
tion to Blowing Rock and ighlands, the higher sta- 
tions at Transon, Elli’a , Cane River, and Altapass have 

dwever ,  the smallest average daily range, 16.4’, of 
all the stations in the region is noted at  Asheville No. 3, 
shut in by timber on a northerly slope, 2,825 feet above 
sea level, but this range, which is 1.4’ lower than the 

the heate ;Y air during days of sunskne and insuring great 

at No. 2,1623’. At Hig % ands theleast average dailyrange 

com aratively small d.S ai y ranges. 

variation in the range between the base and the summit 
and can be used to better advanta e in comparisons. 

sion. In  every case thelargest averagerange, bothseasonal 
and annual, is seen to be at  the base stations) while the 

osition of the least range on the slo e varies, always 

thermal belt. 

This graph will serve to supplement t E e previous discus- 

%eing, however, approximately near t Yl e center of the 

any mont%, as shown 

the same station at d llijay, while the largest average for 

The lar est average 

Gorge station No. 1, 

range for these six slopes in 
graph, is 30.3’, in April at  

smallest average in any 
month is 13.3’ in January at  Ellijay Station No. 4, 
located 1,240 feet above the valley floor. Moreover, the 
smallest average dail range for the four years, 17’, is at  

the entire period, 26.6’, is also at  Ellijay, but at  the base 
station, the latter, in fact, registering a considerable 
range in all months of the year. This comparison, of 

JAN. I APR. I JUL. I OCT I ANNUAL 1 1  

F I G .  51.-Aversgo daily range in temperatwo, six long slopes. The numbers at the bottom represent the several slope stations. 

ran e for the same len th of time a t  the highest elevation 

remarkably low maxima, as already stated, but its high 
minima are also a factor, as the station is located well 
within the thermal belt during nights of inversion. 

In generfil, then, the statement of Hann in his Hand- 
book of Climatology that “the amount of range in tem- 

erature generally decreases with increasing elevation ” 
Eolds ood for this region , because these observations 
would % efinitely show this to be the case were the environ- 
ments of the stations comparable, aside frpm elevation. 

Figure 51 shows the average daily vanation in range, 
seasonal and annual, on the six long slopes, Altapass, 
Cane River, Ellijay, Globe, Gorge, and Tryon. For 
convenience the months of January, April, July, and 
October are chosen as representative of the various 
seasons. Long slopes show marked uniformity in the 

in &e research, Hig 8 ands No. 5,  is due largely to the 

4 Hann Dr, Jgius, “Bandbook of CUmatology,” pp. 273-274. Engllsh translation 
b? Ward: 

course, has reference to the six long slopes only, because 
it has already been shown that, for the entire region, the 
greatest average daily range for the 4-year period ‘1s 
27.1’, at Bryson station No. 1, and the smallest, 16.4’, 
at Asheville No. 3. 

The average daily range in temperature, whether for 
the months or for the year, does not indicate much as to 
the largest ranges that may be observed 111 a single day, 
as individually daily ranges are much greater. In  the 
four-year period of the research for the entlre region, 
embracing all stations, the largest range in one day was 
52’, observed at  Blantyre station No- 1 on November 13, 
1913. Other relatively large ranges Were 51’ at Bryson 
No. 1 on A ril 19, 1916.48 at Gorge No. 1 May 1, 1916; 
and 47’ at klijay No. 1 b a s  21, 1914 all four during clear 
weather favorable for .large 1nverSlOnS. On the other 
hand, the smallest d d y  ranges observed were lo at 
Ellijay No. 4 January 3, 1914, and 2’ a t  Asheville No, 3 
January 2, 1914, both during cloudy weather. 
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July. 

The range in temperature, of course, depends largely 
upon the weather conditions, there being much greater 
range during periods of sunshine than in cloudy weather. 
In  clear weather the .maximum temperature rises to a 
high point and the minlmum falls correspondingly low, 
thus ermitting a considerable range; but during cloudy 
weat er, when the sunshine is shut off, the maximum 
during the daytime is rather low, and at  night the mini- 
mum is high, as the loss of heat by radiation with the 
sky obscured is comparatively small. 

So in Figure 51 we have seen that the largest daily 
ranges occur in the spring and autumn a t  the time of 
largest inversions, when the weather conditions are most 
settled. The eatest averaw dail ran es are shown to 

recorded in January, usually stormy and cloudy, and in 
July, with a high ercenta e of cloudiness and with small 

the smallest. Doubtless, the range is ow in January 
because of the comparatively high minima and in July 
because of the comparatively low maxima. Moreover, 
in April and October, the months of reatest range, the 

be in the mont Yl s of April an$ Octo K B  er, w ile the least are 

"81" January 
inversions, April 1 .  avmg t % e largest ra 

maxma are comparatively high and t % e minima low. 

in Table 4 have been computed P rom the true means of 

MEAN TEMPERATURE. 

Honthly and annual mean tem eratures.-The figures 

the maximum and minunurn temperatures. In  the 
mountain region there is no uniformity in the variation 
of mean temperature with elevation, and this is because 
of the great irre-darities in both the maximum and 
miniqum temperatures on the various slopes, particu- 
larly the latter. On this account it hardly seems advis- 
able to discuss the mean temperatures a t  any great 
len th. fi is ap arent at  a glance that the mean temperature 
does not a ecrease with elevation a t  any uniform rate and 
that in some instances there is even an increase with 
elevation, large1 because of the frequent periods of in- 

upon the 

cursory inspection of the differences between the means 
of base stations and those of the respective slopes in- 
dicates that sometimes the lowest mean is at  the base 

version, at  whic ilr times the base station is the coldest. 

variation in the readings on the individua 7 slopes. A 
It seems necessary to  touch only briefl 

August. 

station, at other times at  the summit, and at still other 
times at  some point midway between. Where there are 
base stations located in distinct frost pockets, as at stations 
No. 3 at both Blowing Rock and Highlands and stations 
No. 1 at both Blantyre and Bryson, the lowest means 
will be found there, and, as previously shown, these 
stations have also the lowest four-year average minima. 
On such slopes as Mount Airy and Wilkesboro the mean 
averages the lowest at the base, and on the long slo os, as 

perature is generally lowest at the summit. But where 
there are coves or frost pockets on long slopes, as at 
station No. 3 at Cane River and Nos. 2 and 3 at Gorge, 
the lowest means will be at  those points, instead of at 
the summits. Generally, the variation in mean tem- 
perature on a slope depends more upon the variation in 
minimum temperature than upon the maximum, but 
station No. 3 at Asheville, a slope station, owes its low 
mean solely to the low maximum, where the shelter is 
on a northerly slope with timber above, which, as stated 
reviously, shuts off the sunshine ractically all the time. 

above, is largely due to the low maxima at times when 
the sunshine is shut off early. 

The highest mean temperatures are found invariably 
at some point above the base and in no case is the highest 
annual mean, and seldom even the mean in any month, 
found on the valley floor. Whether the highest is found on 
the slope or at  the summit, the place is usually coincident 
with the center of the thermal belt during nights of in- 
version, this being the level of the least average range, 
as well. Thus on most of the slopes wherethethermal 
belts are centered at the summit, as Blantyre, Bryson, 
Gorge, and Hendersonville, the hi hest mean tempera- 

cases, ds Cane River, Mount Airy, and Wilkesboro, the 
highest mean temperatures are lower down on the slope, 
in the latter instances the influence of the maximum 
temperature counteracting that of the minimum. The 
minimum, however, as stated before, stands out most 
prominently as the factor affecting the osition of the 
mean tom erature, as shown not only y the number 
of places iaving the hi hest mean at the summit, but 

lower down on >he slope, as at  Altapass and Tryon near 
Stations No. 2 in the center of the thermal belt. 

at  Altapass, Ellijay, and Tryon, the mean annua H tem- 

&oreover, the low mean at Cane l$ iver No. 3, referred to  

tures are found at  those levels, alt 5l ough in some other 

also by certain other p B aces where the highest mean is 

~ -~ 

Principal and slope stations, 
elevation base station above 
mean sea level (feet). 

TABLE 4.--dlonthly and annual ?,wan temperatures, 1918-1916. 

Height 
Of 'be 

base 
(feet). 

bhrch. 

'41.4 
'40.9 
'39.8 
'40.4 

38.0 

42.7 
42.4 
43.1 
41.8 
43.6 

43.4 
43.6 
43.7 
44.6 

April. 

-- 

155.1 
155.3 
r53.9 
152.4 
52.0 

53.7 
54.2 
55.0 
54.0 
65.9 

53.6 
54.9 
55.6 
57.1 

Janu- 
ary. 

Altapsss: 
NO. 1, base station, eleva- 

tion 2 230 ........................... 
No. 2, &E. .................. 
NO.3,SE ................... 
No. 4, SE ................... 
No. 5, summit ............... 
No. 1, base station, eleva- 

No. 2 N ..................... 
No.2A S .................... 
N0.3  k. ................... 
NO. a;, 8.. .................. 

Asheville: 

tion 2,445 ........................... 

Blantyre: 
No. 1, base station, eleva- 

No.2  3 W  .................. 
No.3'NW .................. 

tion 2 090 ........................... 

w o . 4 : m  .................. 

1 39.6 
1 39.4 
1i38 5 
1'30 9 

36.4 

41.7 
41.4 
42.4 
40.7 
42.4 

41.4 
41.1 
41.6 
42.4 

250 
5lN 
750 

I ,  000 

155 
155 
380 
380 

300 
450 
goo 

Febru- 
ary. 

138.4 

',37.4 
135.7 

35.2 

38.9 

39.3 
37.8 
39.8 

39.1 

39.4 
40.7 

1 3 8 3  

3a 4 

3a 7 

72.3 
72.2 
71.0 
09.4 
69.1 

71.2 
71.1 
71.5 
70.6 
72.3 

71.3 
71.2 
70.2 
68.9 
68.2 

70.7 
70.3 
71.0 
69.5 
71.5 

May. 

64.2 
64.6 
63.6 
62.0 
61.0 

63.2 
64.2 
64.2 
64.2 
65.6 

63.1 
83.9 
65.0 
86.1 

June. 

69.0 
69.4 
6 8 2  
66. 6 
65.8 

68.2 
68.6 
68.9 

69.8 

69.2 

69.1 
70,I 

ea 1 

ea 8 

-- I 
8e tem- 

Em. 

64.6 
65.2 
64.1 
62.4 
62.0 

64.6 
64.9 

63.2 
05.7 

65. a 

61. a 
63.9 
64.2 
66.0 

- 

)ctober. 

57.4 
68.2 
50. 8 
55.7 
54.6 

56. a 
56.3 
57. 6 
55.6 
58.2 

56.1 
55.6 
57.0 
58.4 

- 

govern- 
ber. 

- 
47.9 
48.2 
47.1 
45.9 
45.2 

47.2 
47.1 

46.8 
50.0 

45.2 
45.8 
47.9 
49.4 

4 a  3 

Decem- 
ber. 

38.5 
38.4 
37.2 
35.6 
35.3 

38.5 
38.0 
39.4 
37.5 
39.6 

37.3 
37.4 
38.2 
39.2 

4-year 
annual. 

154.9 ' 55.1 
253.9 
152.7 
151.8 

54.8 
54.8 
55.5 
54.2 
56.2 

54.7 
54.9 
55.4 
56.6 

2 2-year average. 



THERMAL BELTS AND FRUIT GROWING IN NORTH CAROLINA. 

TABLE 4.-Monthly and annual m a n  temperatures, 191s-1916-Continued. 

Principal and slope stations 
elevation base station abovd 
mean sea level (feet). 

Height 
Of 'lope 

z$,p 
base 

(feet). 

Blowing Rock: 
No. 1 base station, eleva- 

tion'3 130 ........................... 
No 2 d ..................... 
No: 3' 8 E  base sta.. ......... 
No. 1 8E.  .................. 
No. 5, SE ................... 
No. 1 base station, eleva- 

N0.2, d .................... 
No.3,bummit ............... 
No. 1 base station, eleva- 

No. 2 d .................... 
No.3'NE ................... 
No. 4 summit.. ............. 
No. 1 base station, eleva- 

~ 0 . 2  rS ..................... 
NO. 3: N.. .................. 
N0.4,N ..................... 
NO. 5, summit ............... 

Rryson: 

tion'1800 ........................... 
NO. 28 8 .................... 

Cane River: 

tion':! 050 ........................... 

Ellijay: 

tion'2 240 ........................... 

Globe: 

........................ ................. ............... 
'Or%. 1 base station, eleva- 

No: 4: N. (old), NE. (new).. 
NO. 5 SUIlldt ............... 

tiodl 400 ........................... 
N~ ~ N ' E  ................... ~ o '  3' s. .................... 

Hendersdnville: 

........................ 

Janu- 
aw.  

- 

37. I 
30.9 
35.0 

35.4 

2 42.0 
Z 4 l . D  
2 43.0 
242.0 

1 38.5 
1 38.7 

1 36.7 

141.0 
141.0 
1 40.8 
1 39.3 
2 39.5 

41.0 
40.7 
41.0 

40.5 
40.4 
40.8 
40.7 
40.8 

36.1 

136.5 

1 39.1 
1 39.5 
1 39.5 
1 39.5 

1 39. E 
1 40.5 
9 37. E 

1 36. ( 
1 36. t 

41.4 
41.4 
41. I 
41. ( 

37. I 
37.4 
37.1 

1 35. f 

44. 
40. ( 
45.1 
43. 4 

41. f 
42. : 
42. t 
42. 4 

450 
450 
025 
800 

385 

570 
3% 

190 
400 

1,100 

310 eza 
1240 
i:7ea 

3oa 
1,000 

ma 
615 
84C 

1,04C 

- 
Pebru- 
arY. 

............... 
Highlands: 

No. 1, base station, eleva- 

No. 3 'SE base sta .......... 
tion 3 350 ........................... 

No. 2 dE .  .................. 
No. 4: SE ................... 
N0.5 SE ................... 

Mount Airy: 
No. 1, base station, eleva- 

No. 2 dv .................... 
No. 4: summit ............... 
No. 1, base station, elova- 

No 2 & .................... 

tion 1 340 .......................... 
NO. 3' E ............ _.:. ..... 

Transon: 

tion 2 970 .......................... 
NO: 3: w... ................. 
No. 4, summit ............... 
No. 1, base station, elova- 

No 2 SE ................... 
Tryon: 

tion950 ........................... 
No: 3' BE. .................. 
No. 4' 8E.. ................. 

Wilkesbdro: 
NO. 1, base station, elova- 

tion 1 240 .......................... 
No 2 d... ................. 
N0:3:N .................... 
N0.4,W .................... 

35.0 

33.7 
32.8 

1 39.3 
139.9 
1 40.7 
141.0 

1 30.2 
130.5 
135.0 
1 35.0 

1 39.4 
139.3 
139.1 
1 37.8 
2 37.0 

39.5 m. 8 
39.2 

34. e 
32. e 

39. e 
39.1 
39.4 
39.3 
39. 6 

1 38.5 
1 37.8 

1 37.9 

1 36.2 
1 39.3 
1 33.0 
1 33.8 
1 33.6 

39.3 
1 39.3 

39.4 
39.1 

34.0 
34.0 
34.7 

134.2 

43. E 
45. I 
43. E 
42. C 

40. C 
40.4 
40. S 
40.1 

1 x 1  

- 

75( 

Un 
32! 
52! 
72 

161 
161 
361 

151 
30( 
451 

381 
571 

1,1@ 

151 

1 3-year average. 

larch. 

38.5 

30.4 
37.1 

3s. 1 

36. e 

141.7 
1 42.2 
142.9 
143.7 

138.3 
139.0 
1 37.7 
2 36.2 

141.5 
1 42.0 
141.3 
1 40.0 
138.7 

43.8 
44.2 
43.5 

44.7 
43.8 
43.8 
43.8 
43.7 

1 41.4 
1 40.9 
1 40. 5 
1 40. t 

1 43. : 
140.4 
135. 5 
1 35. t 
1 34. C 

44. : 
45. ( 
44. I 
44. ' 

3a I 

3s. ; 
38. f 

1 36. I 

48. : 
49. ' 
47. I 
46. : 

45. ! 
45. I 
48. 
45. ! 

__ 

- 

April. 

- 

50.6 
50.8 
47.9 
49.3 
4a 7 

54.6 
55.3 
68.3 
58.7 

51.0 
52.4 
52.3 
52.0 

54.2 
55.4 
54.8 
54.0 

153.7 

55.0 

56.7 

55.5 
64.9 
55.5 
53.6 

' 57.3 

53.3 
53.4 
54.1 
54.1 

53.7 
63.6 
47.9 
50. E 
51. C 

56.6 
57. e 
57. c 
57.3 

50.5 
51. I 
51. € 
50. E 

56.5 

58.5 
61. € 
59.5 
58. ( 

57. ( 
58.1 
58.2 
5a  5 
- 

- 

May. 

- 
eo. 3 
60. 9 
57.4 
59.5 
58.9 

04.0 
04.7 

67.2 

00.8 
62.1 

03.0 

63.2 
64.2 
64.1 
64.3 

163.5 

04. a 
66.4 
ee. a 

65.2 

65.2 

ez. 4 

64.7 
64.7 
.66.4 
67.0 

62. E 
63. I 
64. ( 

62. I 

el. : 

63. I 

63. : 
57.1 
60. f 

66. ! 
67. ! 
68. 
67. : 

59. fl 

60.1 
61.1 
60. I 

ea ! 
e9. I 
70. I 

67. : 

66. 
67.1 
68.1 
67. I 

June. 

- 
65.9 

63.4 
64.8 
64.4 

ee. o 

69.7 
69.4 
69.9 
70.9 

60.4 

66.9 
67. o 
67. o 

ea 3 
ea 7 

ea 2 
I 66.8 

68.2 

70.1 
70.4 
70. e 

69.7 
69. o 
70.5 

70.3 
70.8 

68. z 
68. 2 

68. 3 
68.3 

67. I 
67.4 
el. e 
64. I 
65.4 

72. ( 
73.2 
72.2 
72.4 

65. : 
68. ( 
68. t 
65. I 

74. I 
75.4 
73. I 
71. I 

72. i 
72. 
72. 
72. f 

- 

July. 

- 

68.8 

66.0 
68.0 

ea e 

67.3 

72.8 
72.3 
72.0 
73.3 

09.8 
09.9 
09.0 
69.6 

71.4 
71.4 
70.7 
70.0 

1 68.8 

73.2 
73.2 
73.3 

73.8 
72.9 
72.2 
73.0 
73.5 

71.3 
70.9 
71.0 
71.2 

69. e 
69. e 
04.5 
67.2 
68. 2 

74.9 
75.7 
74. E 
75. a 

68. 5 
eg. I 
68. 4 

7a 6 

68.7 

77.7 

76.5 
74.0 

75.5 
75. E 
75.5 
75. e 

__. 

- 

iugust. 

- 

a. a 
67. e 

60.4 

65.2 
88.9 

72.3 
71.8 
72.2 
72.3 

69.4 
09.2 

e a 4  

70.8 
70.4 
69.8 

08 5 

69.0 
1 68.5 

72.2 
72.1 
71. D 

72.7 
72.2 
71.1 
72.0 
72.0 

70.6 

70. I 

69. s 
69. E 

69. ( 

64. ( 

67. ( 

69.2 

68.1 

73. : 
73. : 
73. ' 
73. ' 

67.1 

67. f 

76. t 

67. f 
67. I 

76.1 
75. : 
73. ! 

73. I 
74. : 
74. I 
74. ! 
- 

2-year average. 

- 

e tem- 
Eer. 

___ 

61.8 
01.0 
58.3 

60.0 

00.3 

00.2 
06.3 

02.5 

01.0 
02.0 

84.8 
04.7 
64.1 

eo. e 

66. I 

62. e 

64. o 
63.4 

65. D 
06.2 
65.6 

66.0 
65.2 

65.4 
64.7 

65. e 

63.4 
63.4 
63.6 
64.2 

63.5 
63.0 
57.5 eo. a eo. g 

66. g 

67.3 
67.4 

67. S 

60. I 
60. E 
61. f 
el. E 

69. I 
71.1 
69. I 
67.1 

67. ( 
67.1 
67. I 
67. : 

- 
ctober. 

54.0 
53.9 
51.8 
53.4 
52.4 

57.4 
57.7 
57.8 
57.9 

53.9 
54.7 
53.3 
54.2 

50.4 
56.4 

56.3 
153.3 

58.4 
58.7 

56.4 

5s. 5 

58. 2 
57.5 
57.2 
57.6 
58.3 

55. E 
55. € 
56. ( 
58. t 

55. I 

50. : 
53. ( 
53.1 

58. I 

59. 
59. ' 

53. < 
52. ' 
53. 

56.1 

eo. : 

54., 

62. 

eo. 
63.1 
61. I 

59. 
59. 
59. 
59. 

ovem- 
ber. 

.__ 

44.2 
45.0 
40.9 
43.8 
42.8 

1 46.2 
1 46.D 
1 47.8 
1 4 a 2  

43.3 
45.4 
43. D 
45.6 

40.3 
47.1 
47. D 
47.5 

146. e 

47. e 
48.4 
49.0 

46.9 

4s. 6 

47.0 
48.0 

48.6 

45.3 
46.1 

47. E 

47.6 
47. E 
41.3 
45. I 
45. c 

46.3 

4a I 

4a 
49.5 

49.4 

42. 
44. ( 
44. ( 
44. : 

50. I 
54. ' 
52 
51. I 

4a : 
49. : 
50. * 
50. ! 

L_ 

)Wan- 
ber. 

34.8 
35.1 
32.7 
34.1 
33.2 

1 37.0 
137.1 
1 38.3 
1 37.6 

35.4 
36.4 
34.5 
35. a 

38. t! 

38. E 
37. E 

1 30.1 

38.1 

3 a  9 

3 8  4 
3a : 

37.5 
37. f 

38. 
38. I 

37.4 
37. I 
36. I 
37. f 

38. f 
39. I 
34. t 
35. : 
30. 

3 a  5 

38 '  
39. ' 
39. < 
38.1 

34. 
34. 
34. 
33. 

42. 
44. 
42. 
40. 

38. I 
3a  
40.1 
39.1 - 

53 

I-year 
nnual. 

51.0 ' 
51. 6 
49.0 
50.0 
30.0 

55.3 
55.4 
56.1 
56.0 

51.1 
52. D 
51.8 
52.0 

54.7 
55.0 
54.7 

63.3 

55.8 
56.1 
66.1 

55.9 
55.5 
55.4 
58.0 
56.3 

53.9 
53.8 
54.1 
54.3 

54. a 

53. e 
54.1 
48.7 
50.6 
51.1 

58.8 
57.4 
57.0 
57.1 

51.2 
51.4 
51.8 
51.0 

60.0 

68.0 

57.1 
57.0 

57.8 

el. 4 
59. e 

5a  o 

Rate of decrease in monthZy and annual mean temper- account, during nights of inversion the s u d t  station 
ature on siz seZected long sZopes.-In Table 4a are brou h t  is seldom warmer than No. 1, the thermal belt Usually 
to  ether the six places having stations on slopes witf a not reachin the more elevated sections, as on most of 

lowest and highest, the monthly and annual values being night inversions are sufficiently pronounced to make the 
given for these stations, together wlth the rate of decrease average monthly and annual values a t  the summit 
in mean temperature with elevation. hi her than a t  the base. 

Altapass, with a rate of decrease of 1' for 323 feet of $bus Cane River shows a decrease in mean tem er- 
elevation, is the only one that shows a decrease approach- ature a t  the rate of only 1' for each 11,000 a get ,  
ing the usual rate in free air. The stations a t  Altapass Elli'ay for each 1,257 feet, DYon for each 550 feet; 

several hundred feet above the valley floor. On this actually greatest a t  the summit* 

dikxence in elevation of 1,000 feet or more between the the other s 7 opes. On some of these long slopes the 

are, of course, on a regular slope with station No. 1 wh i e a t  Globe and Gorge, the mean temperature i s  
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TABLE 4a.-iKonthly and annual m a n  temperatures o n  the Siz long slopes, shom'ng rate of increase or decrease with elevation, 1913-1916. 

'g: 

38.4 
35.2 

-3.2 
312 

36.2 
35.0 

-1.2 
917 

39.4 
37.6 

-1.8 
978 

39.5 
39.2 

-0.3 
3,333 

39.6 
39.6 
0.0 

43.8 
42.0 

-1.8 
611 

....... 

[The slopes selected for thfs  comparison have a dHerence in elevation of 1, OOO feet or more between the base and summit station. The difference in temperature between the 
base and summit stations on each slopeis given, 8s well as the difference in feet for each degree diffexence in temperatme.] 

March 

-- 
41.4 
38.0 

-3.4 
294 

38.3 
36.2 

-2.1 
524 

41.5 
38.7 

-2.8 
629 

43.8 
43.5 

-0.3 
3,333 

44.7 
43.7 

-1.0 

48.3 
46.2 

-2.1 
524 

1,040 

Elevation.1 
Stopes and stations. Jam- 1 Base. 1 Summit.1 ary' 

June. 

69.0 
65.8 

-3.2 
312 

68.4 
67.0 

1,833 

68.3 
66.8 

-1.5 
1,173 

70.1 
70.6 

40 .5  

70.5 
70.8 

+0.3 
3,467 

74.8 
71.8 

-3.0 
367 

+0.6 

2,000 

1 -  ~ I I 

-____ 

July. 

-- 
72.3 
69. I 

-3.2 
312 

69.8 
69.6 

5,500 

71.4 
68.8 

-2.6 
677 

73.2 
73.3 

+O. I 
10,OOO 

73.8 
73.5 

-0.3 
3,487 

77.7 
74.6 

-3.1 
355 

-0.2 

Altapnss No. 1.. ................................ 2,230 

Difference. 
AItapass No. 5. ............................... ........ 

........................ ........ 
Cane River No. 1 .  ............................. _ '  2,650 
Cane River No. 4.. ....................................... 
Difference. ......................................................... 
Feet for 1' difference.%. ............................................. 
Ellijay N o .  1 .................................... 2,240 
Elli'ay No 5 ............................................. 
Diderencc:. ........................................................ 
Feet for 1' difference.*. ............................................. 
Globe No. 1 ..................................... 1,625 
Globe No. 3 
Difference. ......................................................... 
Feet for lo dlfference.'. .............................................. 

Gorge No. 5 .............................................. 
Difference.. ........................................................ 
Feet for lo diiTerence.'. ............................................. 
Tryon No. 1 .................................... 950 
Tryon No. 4.. ............................................ 
Difference.. ........................................................ 
Feet for lo diflcrcncc 2. ............................................. 

.............................................. 

Gorge No. l... .................................. 1,400 

.......... 
1,100 

.......... 
1,760 

.......... 
1, 

.......... 
1,040 

.......... 
1,100 

39.6 
36.4 

-3.2 
312 

38.5 
36.7 

-1.8 
611 

41.0 
39.5 

-1.5 
1,173 

41.0 
41.0 
0.0 

40.5 
40.8 

+O. 3 

44.9 
43.4 

-1.5 
733 

....... 

3,467 

70.8 
68.4 

-2.3 
765 

72.2 
71.9 

-0.3 
3,333 

64.8 
63.3 

-1.4 
1,257 

65.9 
65.6 

-0.3 
3,333 

April. 

__ 

55. 1 
52.0 

-3.1 
323 

51.0 
52.0 

+LO 
1, 100 

54.2 
53.7 

-0.5 
3,520 

55.0 
56.7 

+1.7 
588 

55.5 
57.3 

C1.8 
578 

58.7 
58.0 

-0.7 
1,571 

72.7 
72.0 

-0.7 
1,486 

76.6 
73.5 

-3.1 
355 

May. 

__ 

64.2 
61.0 

-3.2 
312 

60.8 
63.0 

+2.2 
500 

63.2 
63.5 
+O. 3 
5,867 

64.8 
66.8 

+2.0 
500 

65.2 
67.0 

+1.8 
578 

68.5 
67.2 

-1.3 
846 

__ 

66.0 
65.6 

-0.4 
2,600 

69.8 
67.5 

-2.3 
478 

Tryon No.1. .............. 
DiGence. ................. 

I 

Feet. 
950 44.9 43.8 

8.9 -10.2 

-I- 

Tryon,No.l ....... 
Hi hlands, No.5 ... 
Number feet for 1" 
D&renoe ................. 

Ucrence  

Feel. 
050 77.7 76.6 69.8 

4,075 68.2 67.0 60.9 
-9.6 -9.6 -8.9 

................ 329 326 351 

-- 

Octo- 
ber. 

- 
57.4 
54.6 

-2.8 
357 

53.9 
54.2 

+O. 3 
3,667 

56.4 
56.3 

-0.1 
17,600 

58.4 
58.5 +o. 1 

LO, 000 

58.2 
58.3 +o. 1 

LO, 400 

62.4 
60.4 

-2.0 
550 

__ 

lovem 
ber. 

- 
47.9 
45.2 

-2.7 
370 

43.3 
45.6 

+2.3 
478 

46.3 
46.6 

f0.3 
5,867 

47.6 
40.0 

+1.4 
714 

46.9 
48.6 

+1.7 
612 

so. 8 
51.0 +o. 2 

5,500 - 

kcem- 
ber. 

38.5 
35.3 

-3.2 
312 

35.4 
35.0 

-0.4 
2,750 

38.6 
36.1 

-2.5 
704 

38.7 
38.3 

-0.4 

37.7 
38.7 

+1.0 
1,010 

42.8 
40.8 

-2.0 
550 

2,500 

__ 
Base station above sea-level; summit above base. * The datum ' I  Feet for 1 degree difference" obviously fails of any physical significance when the temperature differences between slope stations ate quite small.--Ed. 

Monthly and annual mean temperature at the two 
stations having respectively the highest and lowest elevclr 
tions.--h a com arison between the station having 

No. 1 in the valley floor at  Tryon, with an elevation 
of 950 feet and a mean temperature of 60", and the 
most elevated station, Highlands No. 5, with an eleva- 
tion of 4,075 feet above sea level and a mean of 51.1', 
we find for this difference in elevation of 3,125 feet a 
difference in mean temperature for the entire period 
of 8.9", which is equivalent to a decrease of 1' for each 
351 feet, as shown in Table 4b. 

the lowest altitu c f  e above sea level, the base station 

lnnual 

- 
54.9 
51.R 

-3.1 
323 

52.1 
52. n 
-0. 1 

54.7 
5% 3 

-1.4 
1,257 

55. 8 
56.2 

+o. 4 
2,500 

55.9 
56.3 
+O. 4 
2,600 

60.0 
58.0 

-2.0 
550 

0 11,000 

- 

TABLE &.-Monthly and annuul mean temperatures at stations having 
the highest and lowest elevations, respectively, showing the rate of de- 
crease with elevation, 1913-1916. 

ference ................... 1 ........ 1 351 I 306 

-- 

March. April. May. June. ---- i l l  
$E/ q 

-13.4 -7.7 -7.3 -9.4 

I I - 
Octo- Novcm- Decem- Annual. 
ber. 1 ber. 1 ber. 1 

-/-I-/- 
m.g"/ 0.81 00.1 

36.2 51.0 
-9.0 -4.9 -6.6 -9.1 

347 I 638 I 473 I 332 
I I I 
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Topographical and meteorological factors in inversions.- 
Inversions, which are primarily radiation phenomena, 
are, of course, most frequent dunng clear or partly 
cloudy nights. A low fog often covers the valleys, in 
which case the inversions continue till the fog is lifted or 
dissipated. A calm or no more than a light wind is essen- 
tial on the valley floor, but a moderate or brisk southerly 
wind at  the higher eleyations does not prevent inver- 
sions, but may actually increase the degree considerably, 
as will be shown later, such a wind being characteristic 
of the Cyclonic or Overflow Type. The largest individual 
inversions occur when a HIGH centered to the east and 

perature on the valley floor is still falling. 
The factors which in varying combinations are most 

effective in causing inversions may be divided into two 
classes, topographical and meteorological, the former, 
of course, being absolutely essential as a foundation 
upon whch the meteorological conditions may work. 

The topographical features may be stated as follows: 
Variation in the conditions in the valley floor, whether 
flat or inclined, broad or narrow, o en or inclosed; the 

surface area of the slopeitself,with special reference to that 
of the summit, whether a knob, ridge, or plateau; location 
and character of opposing slopes, if any; general mass of 
mountains in the mmediate vicinity; density or lack of 
vegetal cover and forest growth; and, finally, the eleva- 
tion above sea level. 

The meteorological factors are the state of weather as 
to cloudiness and recipitation * the direction and velocity 
of wind; absolute % umidity; reiative humidity, especially 
when the dew oint is likely to be reached; position of 

ni ht. 
%e mi h t  go through the entire list of groups of sta- 

teristics of the slopes upon which the stations are located 
and find that no two are alike. These slopes of varying 
topogra hy furnish many complications in the study, 

radiation in a mqre or less degree. The variation i s  in 
itself helpful, as It adds to the scope and value of the 
research. 

A large number of tables and graphs have been pre- 
pared in addition to those already discussed with a view 
of covering the various features of the phenomenon of 
Inversion in a comprehensive manner, and an examina- 
tion of these now follow. 

Selected months of inversions, on  the 10% slope at Ellijay 

the daily minimum temperatures at  Ellijay, the longest 
d o  e emplo ed in the research, for May, 1914, to ether 

marked inversions occurring almost continual y through- 
put the month, there being only three nights on which 
Inversions did not occur, the 5th, 8tb, and 9th. For this 
month as a whole theminima at stationsNos. 4 and 5,with 
elevations of 1,240 and 1,760 feet, respectively, above the 
base, average 8.3' and 8' higher than at  the base station. 
Moreover, on two ni hts, the 21st and 29th, the minimum 
at No. 5 was 18' hig er than at  the base. On the 5th and 
9th there are norms to approximately adiabatic condi- 

direction, steepness, height, and uni P ormity of slope; the 

the high and P ow pressure areas; and the length of the 

tions use 8 in this research, noting the individual charac- 

as each F actor is important and affects the loss of heat by 

and on  the short slope ut Highlands.-Tab B e 5, which shows 

wit % I y  genera weather conditions, illustrates a erio8 with P 

tions, the minima steadily decreasing from the base to the 
summit, station No. 5 reading on the 5th and 9th 6' and 
7', respectively, below the minima at  the base. On the 
8th the difference was only 4O, and, while on the 18th the 
minimum at the summit station was 1' lower than at the 
base, there was a slight inversion shown at the mterma- 1 

diate stations on the slope. The total monthly precipita- 
tation was 0.89 inches, rain being recorded on only SIX 
days. The weather was mostly clear throu hout the 
month, with but few instances of cloudiness. l! he largest 
inversions occurred with light winds from the northwest to 
southwest. On the nights when no inversions were noted 
either the weather was partly cloudy or cloudy or the 
mnd was moderate to brisk. 

These large inversions on the long slope at  Elli'ay dur- 
ing May, 1914, were even exceeded in range on t h e short 
slope in the Waldheim orchard at  Highlands, 15 miles 
distant, as shown in Table 6 .  A comparison is here 
afforded of the conditions on the longest slope, Ellijay, 
1,76Ofeet, and on one of the shortest slopes, the Waldheim 
orchard, 400 feet. The average difference for the month 
in minima between Nos. 3 and 5, the base and summit 
stations in the Waldheim orchard, is.9.9', as com ared 
with the difference of 8.3' between Nos. 1 and 4 at EIli*ay, 
the latter, 1,240 feet above the base and 520 feet bdow 
the summit, marking the center of the thermal belt. On 
individual nights the inversions at  Highlands exceeded in 
amount those at  Elli'a by as much as loo, as, for in- 

and 5 in the Waldheim orchard were, respectively, 31' 
and 5 6 O ,  a difference of 25Oin 400 feet, and those at  Elli- 
jay Nos. 1 and 4, 41' and 5 6 O ,  respectively, a difference 
of 15' in 1,240 feet. Moreover, inversions of 20' or over, 
occurred in the Waldheim orchard on four nights, with a 
maximum difference of 25' on the 22d, as noted above, 
while a t  Ellijay there were no inversions over 20°, the 
greatest bein 

inversions was, of course, most unusual, there bein a 

month of the entire period of the research, with the 
single exception of November, 1913, when unfortunately 
Ellijay station No. 5 was not in operation. 

No less remarkable than the comparison of inver- 
sions a t  Ellijay and Highlands for Ma , 1914 (Tables 5 
and 6 ) ,  is that for these same slopes Juring November, 
1914, included in Tables 7 and 8. While the number of 
nights with inversions on the Ellijay slope is n?t SO 
large in the latter month, still the degree of indimdual 
inversions is greater, as well as the average degree. 
There were inversions November 7 and 25 of 23" and 21', 
respectively, between the base and sU-4 the first 
named exceeding the May record by 5". The week 
from the  1st to the 7th of November, 1914, is Probably 
one of the best periods of continous inversion weather of 
an autumn during the research. 

$he inversion conditions on the Highlands slope in 
November, 1914, were even more pronomlced than in 
the previous May a t  that. place as regards both fre- 
quenc and range, and it 1s probable that 111 no other 
periozon any slope employed In research were they 
so marked. On only one Illght.wa5 minimum a t  
No. 5 lower than at  the base station, No. 3, and on one 
night the minima were the same a t  bpth stations. On 
the other 28 nights there M'ere lnveralolls of greater or 
less degree between the base and the s u m i t .  In- 
cluding all 30 mghh  the average a t  No. 5 exceeded 

stance, on the night o 11 t e 22d, when the minima at Nos. 3 

The mont f lSO. of May, 1914, from the standpoint of 

larger number during that month than in any ot a er 
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Previous 
night. 

that a t  No. 3 by 11'. There were six nights with 
differences exceeding 20'. An inversion of 25' was 
registered on this slope on the 7th, the same night an 
inversion of 23O was observed on the long slo e a t  
Ellijay. While these figures for Higlands concern $09. 3 
and 5 only, with a difference in elevation of 400 feet, the 
inversions on this slope are often seen to be quite pro- 
nounced as low as No. 4, which is onl  200 feet above 

vember, 1914, was 20' on the 3d. However, occasionally 
when small inversions are noted a t  No. 5 ,  the minima 
are seen to be somewhat lower a t  No. 4 than at No. 3. 
The large inversions on the short slope a t  Highlands are 
mostly due to the unusually low minima registered in 
the frost pocket a t  No. 3 and to the fact that No. 5 is 
located just below a small knob with no opposing slope 

, so that a t  that level the amount of air free 
close availab bi e for interchange is limitless. The degree of in- 
version a t  Ellijay is natural1 not so great as at High- 
lands, partly because of the Lgher readings a t  the base 
station of the former. 

The lar e number of inversions during the months of 

conditions with clear skies, li ht  wind, little precipita- 

are in stron- contrast to those of the month of Jul , 1916. 
At Ellijay Gee Table 9) small inversions occurrezduring 
that month in the lower levels between Nos. 1 and 2 on 
13 nights and between Nos. 1 and 4 and between Nos. 1 
and 5 on but 9 and 7 nights, respectively. The weather 
was unusually cloudy and rainy, with but eight clear 
days, and a total precipitation of 13.71 inches, an un- 
usual record for a summer month. For the entire month 
the minimum a t  the base station, No. 1, averaged the 
highest of the five stations, 2.9' hi her than the summit 

(see Table 7), No. 1 averaged 8.8' lower than the summit 
station. Summer inversions are mostly of the Anti- 
cyclonic T e and are ordinarily as frequent as those of 
spring a n z u t u m n ,  but much smaller in ran e on ac- 
count of the high humidity and cloudiness. T%e month 
of July, 1915, with more settled weather, in contrast to 
July, 1916, was characterized by frequent inversions, as 
shown by the conditions prevailmg at  Ellijay (Table lo). 
Inversions were noted in that month every night be- 
tween stations Nos. l and 2, on 29 ni hts between Nos. l 

entire month No. 1 averaged the lowest, while the highest 
average was at  No. 4, 4.7 

development those of spring and autumn, but the degree 
of inversion is more fully under the control of assing 
weather than at  any other time of the ear. A! three 

by far the most prevalent. During the colder months 
well developed eriods of inversion are usually of short 
duration and re P atively infrequent, but individual cases 
offer most interesting studies 

Inversions in the winter months are shown fairly well 
by Tables 11 and 12, for the months of January, 1916, 

the base. The greatest inversion a t  t z at point in No- 

May and a ovember, 1914, is due to the settled weather 

tion, and low absolute humi c f  ity; and these conditions 

. 

station, No. 5,  while in the mont % of November, 1914 

and 4, and on 28 nights up to the leve 5 of No. 5. For the 

Winter inversions resemb 9 e somewhat in range and 

types are found in that season, but the B yclonic Type is 

her than No. 1. 

Day. 

and .February, 1915, respectively, a t  Ellijay. The in- 
versions were larger and more freguent in the selected 
February than in January, conditions in the former 
month being more settled and permitting inversions of .the 
Anticyclonlc or Ideal Type on several days in successlon. 
On 17 nights in the February month the center of the 
thermal belt reached on this slope up to station No. 4, 
the average excess a t  stations Nos. 5 and 4 over the base 
station for the month being, respectively, 2.3' and 3.8'. 
The lar est inversion was 16' on the 13th. In  January, 
1916, t fl e inversions were much less frequent and less 
pronounced, and were largely of the Recovery and Cy- 
clonic Types. The largest inversions were noted at Nos. 
3 and 4, with excesses over No. 1 of 10' and 12', reseec- 
tively, the reatest excess at  No. 5 over No. 1 being 9 on 
the 4th. &ring this month No. 5 averaged 0.4 lower 
than the base station and on only nine nights did the 
up er station average higher than the base. 

fables 5 to 12, inclusive, embracing data for the 
slopes a t  Ellijay and Highlands, serve to especially 
illustrate the. phenomenon of inversion in the mountain 
region, and Tables 11 and 12 Will be used later in COD- 
nection with the discussion of norms. 

TABLE 5.--dlonthly record of minimum temperatures, daily preci 'ta- 
t w n ,  wind direction and force, and state of weather, May, 1914 (seg ted  
month showing large inversions), Ellijay. 

[The differences between the rendinrzs at the base and the rmpective slope stations may 

Clear.. . . 
..do ..... 
Cloudy.. 
..do __.__ 
Clear.. . . 
..do .__. . 
Pt. cldy. 
..do ..... 
... do do ..___ ..... 
... .. do do ..... .__.. ... do ..... ... do ..._. 
... do _.... ... do ..__. . . .do _... . ... do _.___ ... do ___.. 
... do __._. ... do _.... 
, . .do ..... ... do ____. ... do _.... 
... do _ _ _ _ _  ... do .._.. 
. . .do _ _ _ _  . ... do ..... 
... do ... . 
Clear.. . . 

.. do ..... 

..-....... .......... 

be Seen by inspection.] 

Clear. 
Do. 

Cloudj. 
Pt.cl  y. 
Clear. 
Pt. cldy 
Clear. 

Do. 

Do. Do. 

Do. Do. 
Do. 
Do. 
Do. 

Pt.  cldy. 
Clear. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Pt.cldy. 
Clear. 
Pt. cldy. 

Do. 
Do. 

DO. . 

1 Temperature. I* 1 Wind. 

49 
64 
54 
48 
40 
42 
48 
51 
40 
39 
42 
48 
49 
53 
55 
50 
58 
52 
55 
58 
57 

I.... 
2.... 
3.. .. 
4.... 
5... . 
6.... 
7.. .. 
E... . 
II.... 

10 .... 
11 .... 
12 .... 
13.... 
14 .... 
15.... 
IS.. .. 
17 .... 
18 .... 
19. ... 
20.... 
2L.. 
22. ... 
23.... 
24.... 
25...- 
26 .... 
27. ... 
28.... 
29.... 
30 .... 
31 .... 

54 
68 
57 
48 
43 
46 
48 
51 
45 
44 
47 
51 
53 
56 
59 
55 
59 
56 
Go 
61 
61 

48 
45 
47 
45 
35 
44 
49 
54 
45 
39 
39 
42 
49 
34 
35 
36 
41 
44 
49 
49 
46 
64 
50 
50 
56 
55 

59 
02 
69 
47 
44 
48 
52 
51 
45 
50 
53 
56 
60 
62 
62 
58 
61 
59 
86 
64 
65 

59 
57 
50 
41 
47 
50 
48 
45 
50 
54 
57 
56 
62 
59 
59 

0.00 w. ... do ... 
0.00 sw. ... do ... 
0.00 w. ... do ... 
0.00 w. ... do ... 
0.00 w. ... do ... 
0.00 n. ... do ... 
0.00 ne. Brisk.. 
0.00 n. Mod... 
0.00 nw. ... do ... 
0.00 w. ... do ... 
0.00 n. ... do... 
0.00 w. ... do ... 
0.00 w. ... do ... 
0.00 w. ... do ... 
0.00 w. ... do ... 

W. 
SW. 
sw. 
w. 
w. 
w. 
ne. 
ne. 
nw. 
nw. 
w. 
w. 
sw. 

w. 
w. 
nw. 
w. 
se. 
s. 
sw. 

w. 

471 0.001 w. 1 Mod. .I 

... do.. ... do.. ... do.. 
Brisk. 
Mod.. 
... do.. ... do.. 
Brisk. ... do.. 
Mod.. ... do.. ... do.. ... do.. 
Lt ... 
Mod.. ... do.. ... do.. ... do.. 
Brisk. 
Mod.. ... do.. 

45 0.00 w. ... do ... 
501 54 0.001 0.11 sw. sw. I...do...( ... do ... 
63 0.43 w. ... do ..- 

621 63 0.00 0.021 w. w. /do...l ... do ... 
68 0.15 sw. ... do ... 
65 0.00 8. ... do ... 
66 0.00 sw. ... do ... 

1 Direction of slope and elevation of station above base station. 

Mod.-moderate; It.-light; pt.-partly. 

State of weather. 

-[-- 
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Dir. 1 Force. 

TABLE 6.-Monthly record of minimum temperatures, daily preci ita- 
tion, wind direction and force, and state ?f weather, May, 1914 (seicted 
month showing large inversions), Waldheam orchard, Highlands. 

[The differences between the readings a t  the base and the respective slope stations may 
be seen by inspection.] 

Previous Day. 
night. 

Dir. Force. 

------ 
l..... z..... 
3..... 
4..... 
5..... 
6. . . . .  
7..... 

34 
29 
37 
53 
55 
52 
30 

l.... . z.... . 
3..... 
4..... 
5..... 
6... . .  
?..... s..... 
Q..... 

10 ..... 
11. .... 
12 ..... 
13. .... 
14 ..... 
15.. ... 
16 ..... 
17 ..... 
18 ..... 
19 ..... 
20 ..... 
21. .... 
22 ..... 
23..... 
24.... . 
25..... 
%..... 
27 ..... 
28 ..... 
B..... 
30 ..... 
sum.. 
Mean. 

19 
33 
25 
31 
32 
33 
25 
35 
34 
17 
22 
18 
33 
30 
50 
37 
13 
7 

19 
1 

10 
28 
27 
10 
2x 
36 
25 
38 
38 
46 

800 
26.7 

nw. 
nw. 
nw. 
nw. 
nw. 
nw. 
se. 
se. 
so. 
se. 
nw. 
nw. 
se. 

Lt ...... nw. Lt  ......... do ..... Do. .. .do.. ... nw. .. .do.. ..... .do.. ... Do. .. .do.. ... se. .. .do.. ..... .do.. .... Cloudy. .. .do... .. nw. .. .do... .... .do.. ... Pt.  cldy .. .do.. ... se. .. .do.. ... Cloudy.. Clear. ... do ..... nw. _..do ..... Clear .... Do. 
... do ..... se. ... do ........ do ..... Do. .. .do.. ......... Calm.. .... .do.. ... Cloudy. 
Mod ..... se. hlod ..... Cloudy.. Do. ... do ..... se. L t  ......... do ..... DO. ... do ..... nw. Brisk ....... do ..... Clear. 
Lt ...... se. Lt ...... Clear .... DO. .. .do.. ......... Calm.. .. , .. .do.. ... Do. 

Mod ..... 
Brisk .... ... do 
L t  
 do.. ... do 

se. ... do ........ do ..... Pt.cldy. 
nw. Brisk .... Cloudy.. Do. ........... Calm ....... do ..... Do. ............... do.. ... Clear.. .. Clear. ............ do.. ..... .do.. ... Do. .............. do ........ do. .... Do. 

s..... 
g..... 

10 ..... 
11 ..... 
12 ..... 

44 
39 
27 
37 
45 

se. ... do ........... 
se. 1 Mod .__._ I _ _ _ _  ... 

Lt  ........ .do.. ... .. .do.. ...... do.. ... .. .do. ...... .do.. ... .. .do.. ..... .do.. ... 
Calm ....... do ..... 
..do.. .... Cloudy.. 

15 ..... 
16 ..... 
17 ..... 
18 ..... 

40 
34 
35 
43 

19 ..... 
20.. ... 
21. .... 
22 ..... 
23..... 
24 ..... 
25 ..... 
26 ..... 
27. .... 
28 ..... 
29 ..... 
30 ..... 
31 ..... 

37 
27 
28 
31 
43 
42 
46 
37 
53 
41 
44 
63 
49 

se. 
nw. 
nw. 
nw. 
se. 

~ ~~ 

Lt ............. Calm ....... do ..... Clear. ... do .... nw. L t  ......... do ..... Do. ... do ........... Calm ....... do ..... Do. ... do ..... se. Lt ......... do ..... Do. .. .do. .... nw. ... do ....... .do. .... Do. 
se.  do ..... se. ... do ........ do ..... Do.  

nw. 
nw. 
nw. 
nw. 

High .... nw. 
Brisk .... se. .. .do.. ... nw. 
... do ..... se. 

nw. .. .do... .. ...... I Calm .... se. 
se. 

se. 
se. 
so. 
se. 
se. 

Lt ............ Calm ....... do ..... Do. ... do ..... se. Lt. .  ....... do ..... Cloody. ... do ..... se. High .... Cloudy.. Do. 
High .... se. Brisk ....... do ..... Do. 
Lt. .  .......... Calm ....... do ..... Do. 

.................................................... ...................... ..........I .................... 

5... 
6 . . .  
7.. . 
E... 
H... 

10 ... 
ll... 
12 ... 
13.. . 
14 ... 
15 ... 
I6 ... 
17.. . 
18 ... 
10 ... 
20 ... 
21... 
22 ... a... 
24 ... 
25 ... 
26 ... 
27... 
28... 
B. . .  
30. .. 
21 ... 

581 60 60 61 69 .OO w. Mod... nw. ... do ...... do ..... 
59 62 61 62 Bo .OO w. L t  ..... sw. ... do... ... do..... Pt.cldy. 
03 63 60 60 58 .OB s. do 8 .  do Cloudy.. Clolldy. 
62 62 59 68 66 1.05 se. Mod... so. ... do... ... do..-.- Do. 
64 64 61 61 59 1.68 so. ... do ... se. Nod... ...do..-.. DO. 

69 65 62 61 59 .16 s. ... do.. . S. ..-do-.- ...do**--- Do. 
65 62 61 62 59 .75 s. ],t s. do... ...do..... Clear. 
65 63 62 84 61 .02 8. do.. s. do Pt.cldy. Pt .  rldy. 
63 00 G9 02 60 .03 SO. do... se. ...do... ...do.--.. Do. 
69 04 62 62 61 .30 s. do.. s. ...do... Cloudy.. Cloudy. 
72 67 65 65 03 1.68 s. do.. SW. ...do... ...do..... D O .  
67 64 63 65 63 .01 Calm.. SW. ...do... ...do DO. 
61 62 61 64 63 ,= s. Lt  S. Mod... Pt.cldy. Pt .  cldy. 
03 82 60 62 (11 1.60 S. ... do ... s. ...do... cloudy.. cloody. 
62 62 61 62 61 .26 sw. do SW. Lt.......dO DO. 

BB 84 64 63 61 .76 Calm.. sw. ..-do.-. do Do. 
61 60 59 61 60 .OO sw. Lt . . - -  3. ---do..- ... do ..... Pt.cldy. 

60 61 59 60 60 1.09 S. -..do..* SW. *--do.-. do Do. 
58 60 59 62 69 .OO S. ---do--- SW. *--do... Pt.cldy. Do. 
58 58 68 59 58 .16 s. .-.do-.- Se. .--do... ... do ..... Do. 
60 60 60 BO 69 .15-.--. Wmm.. s. ...da.. ... do ..... c~ear. 
65 66 84 65 62 -13 8. Lt*. .*  Mod-.. C1-r .... Pt. cldy. 
65 88 63 63 01 .00 e. ...do-.- e. ... do ... Pt.cidy. Clear. 
nz 64 02 04 82 .W 0. ...do..- 8. Lt. . . .  Clear .... DO. 

... ... ... ... 

... ... ....... . 64 65 61 61 59 .85/ s. do s. Lt do.... DO. 
.... ... ... . ... ... ... ... . ... . ..... ..... .... 

... ... ..... 
64 63 62 83 60 .68 s. ... do... SWw. ---do--- ... do..... Do. 

60 69 60 62 61 .45 8 .  ... do... 3. ..*do.-. C h r  .... DO. 
... ..... ..... 
... ..... 

5.... 
6.... 
7.... 
E.... 
9.... 

10 .... 
11 .... 
12 .... 
13 .... 
14 .... 
15 .... 
16 .... 
17 .... 
18 .... . 19 .... 
20 .... 
21 .... 
22 .... a.... 
24 .... 
XI.... 
26 .... n.... 
28 .... a.... 
30 .... 
Bum. 
Mean28.6 

33 40 
27 33 
30 38 
40 47 
35 35 
22 22 
25 30 
25 30 
34 38 
37 39 
51 49 
42 39 
15 14 
14 15 
22 22 
7 4 

10 8 
21 28 
17 23 
16 21 
19 24 
26 31 
30 3h 
35 39 
48 45 
54 52 -_ 

868 948 
31.6 

53 
50 
45 
50 
49 
35 
28 
38 
42 
43 
48 
50 
37 
15 
21 
26 
1 

13 
29 
28 
30 
37 
40 
44 
44 
42 
50 

114 
5.1 

50 0.00 
46 0.00 
45 0.00 
53 0.00 
49 0.34 
34 0.61 
27 0.00 
39 0.00 
43 0.00 
43 0.00 
48 0.25 
51 0.55 
35 0.M 
13 0.00 
20 0.00 
25 0.00 
0 0.18 

14 0.00 
30 0.00 
28 0.00 
31 0.00 
40 0.00 
44 0.00 
46 0.00 
40 0.00 
42 1.80 
48 0.52 

I 122 4.28 
--- 

35.4 I_.__ 

W. 
w. 
nw. 
nw. 
nw. 
w. 
w. 

... do ... W. ... do ...... do ..... DO. ... do ... W. ... do ...... do ..... Do. 
Brisk. n. Brisk. Cloudy.. Do. ... do. .. nw. ... do. .. Clear .... Do. 
Lt .... nw. L t  ....... do ..... Do. 
Mod ... W. Mod.. .... do ..... Do. 
L t  .... W. Lt ....... do ..... Do. . 

w. 
w. 
w. 
88. 
88. 
s. 

... do ... ... do ... ... do ... 
Brisk. 
High.. 
Brisk. 

. ..do. ... do... .. .do.. 
Hi  h 

Mod ..... ... t o -  ..... 

.... .do.. ... ... do ..... ... .do.. ... 
Cloudy.. 

.do.. ... 

.do.. ... 

[The differences between the readings a t  the base and the respective slope stations 
may be seen by inspection.] 

. 

- 
(0 

*- 
-3 

d, .Ei 
.A $ 4  
.E? d. 
0 
d 

.- v Y 

- 
0. 00 
0.00 
0.00 
0.00 
0.00 
1.67 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0. 00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.29 
0.00 
0.00 

1. 96 
- 
.... 
- 

- 
(D 

Y- 
m l  
I35 58 
24 
.Bd, 

s 0 
- 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.55 
0.00 
0.00 
0.00 
0.00 
0.00 
2.18 
0.60 
0. OO 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.40 
4.00 
0.20 

7.93 
- 
..... 
- 

1 Temperature. I Temperature. State of weather. I :  Wind. 

Sunrise. 1 Sunset. 

Wind. State of weather. 

Sunrise. I Sunset. 

__ 

d 
$$ 
n z - 

38 
42 
46 
52 
54 
54 
51 
43 
37 
43 
53 
57 
55 
51 
39 
45 

46 
44 
48 
50 
53 
53 
60 
56 
52 

59 
64 
61 

577 
io. 9 

48 

58 

62 - 

- 

- 

2 ... 
m 
B 

28 
- 

38 
42 
47 
52 
53 
53 
50 
43 
38 
40 
53 
57 
55 
47 
39 
45 
47 
45 
44 
48 
45 
51 
54 
53 
55 
51 
59 
54 
65 
60 
61 - 

25 
- 

- 

d 
e8 
a%. 

J 

B 

- 
$ 
g 
i 
ii - 

36 
38 
48 
48 
46 
41 
50 
47 
32 
30 
38 
42 
44 
51 
56 
39 
17 
23 
27 
1 

13 
32 
29 
30 
39 
44 
49 
48 
45 
50 

i:? 
- 

Previous D ~ ~ .  

Dir. I Force. 1 Dir. 1 Force. 1 night' 1 
Clear. 

Do. 
Cloudy. 

Do. 
Pt.  cldy. 
Clear. 

33 
40 
45 
49 
46 
41 
43 
45 
34 
24 
32 
33 
40 
43 
49 
33 
13 
17 
21 
0 
7 n 

26 
23 
29 
36 
40 
44 
38 
45 

...... Clear .... Clear. .. ... .do.. ... DO. 
nw. .. .do.. ... nw. .. .do.. ... Do. 
nw. ... do Calm do ..... Do. ... do ..... Do. 

Lt.. .... Clear.. .. 
Calm.. .do.. ... 
Lt  .do.. ... 
.. .do.. ... Cloudy.. 
Mod do ..... 

..... se. 

se. ... do ..... se. 
se. ... do ..... se. 

nw. I Brisk .... nw. I 

............ 

Lt.. .... .I clear.. . .i 
nw. 
nw. 
nw. 
nw. 
nw. 
nw. 

Pt.  cldy. 
Clear. 

Do. 
Pt . cldy. 

:E;&. 

nw. ... do ..... nw. 
nw. ... do ..... nw. 
nw. ... do ..... se. 
se. ... do ..... se. 

se. 1 Brisk .... 1 se. 1 Lt  ...... I Clear.L..l Do.- nw. I Mod ..... 1 hlod ........ do ..... 
Lt.. .... Cloudy.. .. .do.. ... Clear.. .. 

/...do .. .do.. .... ..... /...do .do.. .... ... 1 Pt.  cldy. 
Do. 

Clear. 
Do. 
Do. 

do ........ do ..... Do. 
DO. 1:::do ..... \...do ..... I 

se. ... do ..... se. ... do ........ do ..... Do. 
nw. .-.do ..... ... do ...... do ..... Pt cldy. 
nw. /...do ..... i.?-.l Calm .. ::/...do .... 1 Clear. 
nw. ... do do 
nw. ... do do ..... 
nw. ... do ..... 

696 
33.2 ................ I ......I ::::......I:: ... .I_. ........ /. ......... ..........I.......... 

1 Direction of slope and elevation of station above base station. 
Nod.-moderate; it.-light; pt.-partly. 

minimum temperatures, daily preci ita- 

inversions), Ellijay. 
and state of weather, Ju ly ,  1916 (se&etcd 

[The differences between the readings a t  the base and the respective slope stations may 
be seen by inspection.] 

Wind. 1 State of weather. 

1 Direction of slope and devation of station above base station. 
Mod.-moderate; lt.-light; pt.-partly. 

TABLE 'I.-Monthly record of minimum temperatures, daily recipita- 
t w n ,  wind dbectaon and force and state of weather, Novemfer, 1914 
(selected month showing large inversions) Ellijay. 

[The  differences betwcen the readings a t  the base and the respective slope stations 
may be scen by inspection.] 

Wind. State of weather. 
_ _ _ _ _ _ _ - ~  

Sunrise. I Sunset. 

- 
: 
a"-. 
a8 2= 
! - 
35 
42 
43 
47 
48 
39 
43 
50 
35 
25 
35 
33 
40 
46 
51 
35 
14 
19 
25 
4 

10 
31 
26 
26 
29 
34 
39 
45 
42 
50 - 
$04 
5.0 
- 

Previous night. Day. 

w. Lt ..... w. Lt ..... Clear .... Clear. ... ... ..... 
w. W. l...do..jG: . -.do. .. /...do.../...do do... do .... 1 Do. Do. 
w. do ... 1 w. l...do...l...do ..... Do. 
W. \.Mod ... l w .  Mod. .. l...do ..... 1 Do. 
w. Lt ..... w. Lt ........ do ..... Do. 
w. Mod ... Mod ...... do ..... Do. 
nw. w. 1.. . ..do.. .do..! . li. w. 1.. . ..do .do../ ..... -Cloudy./ .do. .... Cloudy. Clear. 

w. Lt .... Lt .... Clear .... Do. 
W. 1: ..do ...I w. I...do.../...do ..... Do. 
M'. ..do ... w. Br1sk.i ... do ..... 1 Do. _.  
SW. ... do ... SW. Lt ....... do ..... Cloudy. 
SQ.  s. I Mod...I Brisk. S. se. 1 MOd...i Brisk. Cloudy:./ Pt.cldy. Do. Do. 

w. Brisk. nw. ... do ...... do ..... Clear. 
nw. Mod. .. nw. ... do ... Cloar .... Do. 

W. 
W. 
W. 
se. 
80. 
S. 

_. 
Do. 
Do. 

Cloudy. 
Do. 
Do. 
Do. 

ope and dovation ( station above base station. 
Mod.-moderate; It.-light; pt.-partly. 
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be seen by inspection.] 
rD 

Temperature. Wind. 

Sunrise. Sunset. 

Dir. Force. Dir. Force. 

__--- ---_____-_- 
1. .. 56 58 58 59 57 0.16 w. Nod ... w. Nod ... 
Z... 56 57 55 56 550.40 w. ... do ... w. ... do ... 
3... 55 68 58 60 68 0.08 w. ... do ... w. ... do ... 
4... 59 61 60 60 59 0.35 sw. ... do.. . sw. ... do 
5.. . 61 63 80 59 58 1.22 sw. ... do ... w. ... do 
6. .. 47 51 51 52 52 0.01 nw. __.do. .. nw. ... do ... 
7. . 51 56 66 58 56 0.00 w. ... do ... w. ... do ... . 61 65 65 65 63 0.07 nw. ... do ... nw. ... do... . 54 59 58 61 61 0.00 w. ... do... w. ... do ... 

. 59 62 60 61 80 0.62 w. ... do ... w. ... do 

. 58 61 60 60 59 0.00 nw. ... do ... nw. ... do 

. 61 66 67 67 64 0.00 nw. ... do ... nw. ... do . 61 65 64 65 63 0.04 w. ... do ... w. ... do... . 56 60 60 62 62 1.01 sw. ... do... sw. Brisk.. . 60 62 61 63 63 0.65 w. ... do. .. w. Nod . 59 63 62 64 65 0.00 w. ... do ... w. ... do . 58 63 64 66 63 0.00 w. ... do ... w. ... do 

. 58 62 62 65 63 0.00 w. ... do ... w. ... do 

. 60 64 63 66 66 0.06 w. ... do. .. w. ... do . 60 63 63 66 64 0.13 w. ... do ... w. ... do 

. 55 59 58 60 67 0.00 w. ... do ... w. ... do 
22.. . 50 53 53 54 52 0.76 w. ... do ... w. ... do... 
23.. . 49 50 50 53 52 0.00 ne. ... do... w. ... do 
24 ... 51 54 54 56 55 O.Wnw....do... nw .... do 
25.. . 53 56 57 59 58 0.02 w. ... do.. . w. ... do... 
26.. . 56 58 58 61 80 0.03 ne. ... do ... ne. ... do 
27.. . 57 58 59 62 62 0.00 nw. ... do... nw. ... do... 
28... 59 60 61 66 65 0.00 w. ... do ... w. ... do 
29.. . 60 61 64 66 63 0.00 w. ... do... w. ... do... 
30... 60 62 63 68 65 0.00 w. ... do... w. ... do.. 
31.. . 61 62 64 68 69 0.00 w. ... do ... w. ... do 

_.----- 
Sum 1 7 6 0 1  8521 8481 9M1.869 5.61 
Mea; b.8 h9.7 b . 6  61.5 60.3 ..... 

1 Direction of slope and elevation of station above base station. 

8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 

s ta te  Of Weather. 

Previous Day. 
night. 

Cloud$. Cloudy. 
P t . c l y .  Clear. 
Cloudy.. Cloudy. ...... do ..... Do. ...... do ..... Do. 
Pt.  cldy. Clear. 
Clear .... Do. 
Cloudy.. Cloudy. 
Clear .... Pt.cldy. ...... do ..... Do. ...... do ..... Clear. ...... do ..... Do. 
Pt.cldy. Pt.cldy. 
Clear .... Do. ...... do ..... Cloudy. ...... do ..... Clear. ...... do ..... Do. ...... do ..... Do. ...... do ..... 

...... do ..... Clear. ... do ..... Pt.cldy. ...... do ..... Clear. ...... do ..... Do. ... do ..... Do. ...... do ..... Do. ... do ..... Do. ...... do ..... Do. ... do ..... Do. .... do ..... Do. ...... do ..... Do. 

...... do ..... %%i. 

48 
38 
22 
24 
32 
32 
23 
17 
13 
27 
29 
36 

42 
42 
30 
31 
32 
29 
26 
31 
38 

41 
25 
20 
29 
33 

TABLE 11.-Monthly record of minimum temperatures, daily precipita- 
tion, wind direction and force and state of weather, January, 1916, 
(selected month showing typical winter inveraions), Ellijay. 

[The differences between reedings a t  base and the respective slope stations may be 
seen by inspection.] 

I Temperature. Wind. 

I 1.93 s. High.. s. Nod.. Cloudy.. 
0.13 sw. Nod.. w. Brisk.. ... do ..... 
0.70 nw. ... do ... n. Mod.. ... do ..... 
0.00 nw. ... do ... nw. ... do ... Clear .... 
0.35 w. ... do... s. ... do. .. Cloudy.. 
0.00 w. ... do ... w. ... do ...... do ..... 
0.00 nw. Brisk. nw. ... do ... Clear .... 
0.00 nw. Nod.. nw. ... do ...... do ..... 
0.00 nw. ... do ... nw. ... do ...... do ..... 
0.00 w. ... do ... w. Lt ........ do ..... 
0.00 w. ... do ... w. Mod.. ... do ..... 
0.00 w. ... do ... w. ... do ...... do ..... 

4 0 0 . 0 0 s .  Lt .... 8 .  Lt ....... do ..... 
0.07 s. Mod.. s. Nod.. ... do ..... 
0.80 s. ... do ... 8 .  ... do ... Cloudy.. 
0.00 w. Lt .... w. Lt: ... Clear .... 
0.00 w. ... do ... w. ... do ...... do ..... 
0.00 w. Mod.. sw. Nod.. ... do ..... 
0.00 w. ... do ... w. ... do ...... do ..... 
0.00 w. ... do ... w. ... do ...... do ..... 
0.00 w. ... do ... w. ... do ...... do ..... 
0.02 s. ... do.. s. Mod.. Cloudy.. 

4 0 0 . 3 8 s .  Lt .... s. Lt ....... do ..... 
0.58 sw. Nod.. urn. Nod.. ... do ..... 
0.00 n. Brisk.. n. Brisk. ... do ..... 
0.00 nw. ... do ... w. Nod.. ... do ..... 
0.00 w. Mod. . w. ... do. .. Clear .... 
0.00 w. Lt  .... w . Lt.  ... Cloudy.. 

c_I-.I-I---- I I I 1 - 4 -  I-I-I-I- 

39 
28 
23 
33 
38 
27 
24 
15 
19 
24 
33 
32 
47 
47 
31 
24 
25 
27 
25 
26 
40 
47 
45 
32 
23 
30 
3R 

1.. . 
2.. . 
3. .  . 
4... 
5... 
6.. . 
7... 
8.. . 
9.. . 
IO.. . 
11.. . 
12.. . 
13.. . 
14. .. 
15.. . 
16 ... 
17.. . 
18 ... 
19.. . 
20.. . 
21.. . 
22.. . 
Z... 
24... 
25 . . .  
26.. . 
27.. . 
28.. .  
29... 
30... 
31-.. 

Sum. 
Mean 

Pt.cldy. 
Cloudy. 
Clear. 

do 
Cloudy. 

44 44 41 43 41 0.15 w. Mod ... sw. Mod... Cloudy.. 
55 57 63 0.12 w. ... do ... w. ... do ...... do ..... % :z 36 38 37 0.00 nw. ... do. .. nw. ... do ... Clear .... 

20 26 29 26 29 0.M) w. ... do ... w. ... do ...... do ..... 
28 33 34 38 36 0.00 w. Brisk. sw. ... do ... Pt.cldy. 
48 47 47 48 44 0.67 8w. Mod.. sw. ... do ... Cloudy.. 
49 48 49 47 440.96 w. do w. do do 
35 36 32 33 32 0.00 nw. ... do ... nw. ... do... ... do ..... 
29 27 24 26 27 0.00 nw. ... do ... nw. ... do ... Clear 
28 30 29 30 28 0.m W. ... do ... w. ... do.. . Cloudy.. 
48 49 48 49 45 0.05 W. ... do ... w. ... do ...... do ..... 
53 55 54 53 49 0.m W. ... do ... sw. Brisk. ... do ..... 
45 43 40 39 37 0.51 sw. Brisk. w. Mod ...... do ..... 
23 23 20 18 21 0.00 w. Mod ... W. ... do ... Pt.cldy. 
25 26 26 23 22 0.00 sw. ... do ... sw. ... do ... Cloudy. 
33 31 30 29 27 0 17 w. ... do ... w. ... do.. .... do ..... 
15 13 10 8 6 0 0 0  nw. Brisk- w. ... do ...... do ..... 
8 7 5 7 8 0 . 0 0 ~ ~ .  Mod uw do Clear 

10 12 10 13 15 0.00 w. ... do ... W. ... do ... Pt.cldy. 
22 25 24 26 27 0.00 w. ... do.. . S. ... do... Clear .... 
33 39 43 45 41 0.24 sw. ... do ... SW. ... do ... Cloudy.. 
51 50 48 48 43 1.14 sw. Qale.. UW. do.. do 
29 32 32 35 36 0.W nw. Mod.. nw. Brisk.. Clear .... 
24 29 30 33 32 0.00 w. do W. Mod do 
35 39 39 41 41 0.00 sw. do 8. do Pt. cldy. 
49 50 48 49 47 0.10 s. ... do ... 8. ... do ... Cloudy.. 
61 50 50 47 0.22 s. ... do ... S. ... do... ... do ..... tt 63 52 62 40 0 . 0 4 ~ ~ .  do SW. do do 

63 52 53 50 0.02 sw. do SW. do do 
E3 63 50 50 47 0.00 8. ... do ... 9. ... do ...... do ..... 
56 55 62 50 47 0.10 sw. Brisk. SW. Brisk. ... do ..... 

1 129 1 172 1 139 1 168 I 116 4.01 .................................... 
I......... 

... ... ... ...... ..... 
.... 

... .... ... .... 

... .... ..... 
... ... ...... ..... ... ... ... ... 

... ... ... ...... ..... 

... ... ... ...... ..... 

------ 
............................... 50.4 57.8 50.7 87.71 56.0 . 

do 
do 

Clear. 
do 

Cloudy. 
do 
do 

Clear. 
Do. 

Cloudy. 
Do. 

Clear. 
Do. 
Do. 
Do. 

Cloudy. 
Do. 

Clear. 
Do. 

Cloudy. 
Do. 
Do. 
Do. 
Do. 

Ft%&. 

.......... .......... 
~ 

1 Direction Of Slope and e l eV8th  01 station above base Station. 
MOd.-moderate; Lt.-light; Pt.-partly. 

TABLE l.Z.-Monthly record of minimum temperatures, daily precipita- 
tion, wind direction and force, and state of weather, February, 1915, 
(selected month showing typical winter anversbns), Ellijay. 

[The differences between readings a t  base and the respectlve slope Station3 may 
hn wnn hv insDection.1 

I Temperature. 1 -  I Wind. I State Of weather. 

1.. . 
2.. . 
3. .. 
4.. . 
5... 
6... 
7.. . 
8.. . 
9.. . 

10.. . 
11. .. 
12.. . 
13 ... 
14.. . 
15.. . 
16.. . 
17.. . 
18.. . 
19.. . 
20.. . 
21. .. 
22.. . 
2 3 . . .  
24.. . 
25.. . 
26.. . 
27.. . 
28.. . 

35 55! 
29 
20 
29 
29 
29 
24 
11 
13 
18 
27 
25 
46 
48 
29 
10 
20 
22 
21 
19 
40 
44 
42 
32 
20 
27 
37 

30 521 
26 
22 
32 
36 
25 
21 
14 
21 
25 
34 
35 
46 
46 
30 
24 
27 
28 
25 
28 
40 
44 
42 
29 
21 
28 
35 

50 
40 
24 
26 
34 
33 
23 
18 
19 
29 
29 
38 
41 
43 
45 
32 
30 
32 
29 
26 
31 
39 
42 
42 
27 
22 
31 
34 

Cloudy. 
Do. 
Do. 

Clear. 
Cloudy. 
Clear. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Pt.cldy. 
Cloudy. 

Do. 
Pt. cldy. 
Clear. 

Do. 
Do. 
Do. 
Do. 

Cloudy. 
Do. 

Clear. 

Cloudy. 
Do. 

:?%&. 

Bum. 810 894 875 915 873 4.96 .............................................. 
Mean 28.9 31.9 31.2 32.7 31.2 .................................................... l-l-l-n---l I I I I I 

1 Direction of slope and elevation of Station above base Station. 
Mod.-moderate; Lt.-light; Pt.-partly. 

Inversions on six selected long slopes having a vertical 
height of 1,000 feet or more.-Table 13 shows the frequency 
of inversions 111 the individual months and pars  of the 
research on the six lon slopes having a vertical height 
of 1,000 feet or rnore-hapass, 1,000 feet; Cane River 
1,100 feet; Ellija 1,760 feet; Globe, 1,000 feet; Gorge; 

the table represent results shown by @erences %&ween 
minima at  stations No. 1 and certain stations higher 
u on the slo es-usually.Nos. 2, 3, and 4, at Altapass, 

NOS. 4, 3, and 5, at Cane River, Globe, and Gor e, re- 
spectively-in each case the upper station as here ingcated 
being approximately ;S the center of the thermal belt. 
For purposes of conqenience this table has been prepared 
to embrace all inversions as low as 5', and this is necessary 
because of the. small number of large inversions registered 
at the observyg stations at Altapass, where the lowest 
station, No. 1, is not reall a base station, but rather on 
the slope several hundred 7 eet above the valley floor. 

The lar est number of inversions noted 111 any one 

year did the num!er ffll as low as 800. The largest 
number of inversions on a single slo e for the entire 
four-year period is 743 at Ellijay, whic% has the greatest 
vertical height, this being an avera e of 186 a year, or 
moTe than one every other day, .p; he average amount 
of lnversion at  Ellijay is go, and an extreme of 23' was 
registered on both Novemb.er 13, 1913, and November 7, 
1914, as shown by the differences in minima, and a t  8 
a. m. on those two dates inversions between Nos, 1 and 
4 were, respectively, 24' and 2 6 O ,  tho former being the 
largest inversions at  any hours noted at Ellijay during 
the research. 

Altapass naturally has the smallest recorded number, 
173, or 43 a year, the average range of its inversions 

1,040 feet; and 191 ryon, 1,100 feet. The figures iven in 

Tryon, P and E 8. ijay, * respectively, and the summit stations, 

year on a1 P six slo es to ether is 860 in 1913, and in no 
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bein 6". On the Altapass slope the greatest inversion frequent and conditions were generally unfavorabls for 
base 8 u on the minima, 13", was observed February 18, the occurrence of inversions. 
1915, wiile on* that day a difference of 19' was noted November not only has the reatest number of inver- 
between Nos. 1 and 3 at 7 a.m. 

All the data in Table 13 are based upon observations greatest average range, 12", as compared with 11" for 
of minimum temperature .and do not necessarily show April, and 10' for May and October, and July and Au- 
special instances of inversion at any particular hour on gust have the smallest range of inversion, m t h  only 7". 
any one night, as in the two cases at Altapass and Ellijay, Figure 52 is intended to supplement Table 13 and 
just referred to. illustrates graphically the frequency of inversions, the 

While the greates) inversion at  Gorge through a average range, and the extreme ran e on five of the long 

there was actually an inversion of 31" between Nos. 1 &versions on six selected short dopes.-Table 14 pre- 
and 5 on that slope at 6 a. m. November 13, 1913, Sents inversion data for the six short S ~ O  es, Blantyre, 
being the greatest inversion noted on any slope during Blowing Rock, Bryson, Hendersonville, gghlands, and 
the eriod of the research. The greatest inversion at  kfount b y ,  after the Ian of Table 13, which gives the 

1913, and at  the same how January 28, 1914, while at The frequency of inversions of 5" or more on the short 
Globe and Tryon the largest inversion at  any hour was slopes, as shown by Table 14, is much the same as on 
26", which occurred at 8 a. m. on both November 13,1913, the long 0118% the totals for the entire four-year period 
and February 18, 1916, a t  Globe and at 6 a. m. on both JAN JUN JuL AUO 9tP ocT 

November 14, 1913, and February 18, 1916, at Tryon. 
On both dates at Globe the maximum inversion was be- 
tween the base and summit stations, while at  Tryon on 
the November date the inversion occurred between Nos. 
1 and 3, and on the date in February between Nos. 1 and 
2. Gorge, Cane River, and Tryon have individual 
instances of inversions of 24', as shown by Table 13 
and the largest average amount on all the six on all the 
six slo es, IO", is found at  Gorge. Large inversions at 
indivi dP ual hours occw quite hequently a t  a few of the 
more elevated stations under the hermediate  and 
Cyclonic Types, and more examples will be given in 
detail later. 

As may be seen in the table, inversions are usually 
most fre uent in the spring and autumn months, No- 
vember, %as, April, and October having the largest 
totals for the entre  period in the order given. El l i j a~ ,  
which has the largest number of inversions on these s1x 
long slopes, as stated above, has a total of 83 in the four 
Novembers, while Cane River has an even greater num- 
ber, 87, the average number for that month at both 

aces being 21 and 22, respectively. Ellijay has its 
argest monthly total In May, equalling the Cane River 

figure for November, 87. Gorge also has its largest 
number for the four-year eriod in May, totalin 81. On 

sions on all six slopes as a w P ole, but it also has the 

~ 

comparison of minima is shown in Table 13 to be 24", d o  es, Altapass being omitted for o B vious reasons. 

any R our at  Cane River was 30' at 8 a. m., November 21, data for the Six long s P opes. 

-.-.- - ------_- 
*-++++..* 

Fro. IZ.--Monthly frequency, average, and extreme degrea of inversion on flvesdected 
Long slopea. 

P' 
the six slopes as a whole 8 ovember, 1913, and 18 ay, 1914, 

month the maximum recor c p g  of 26 ates of inversion was 

3 
?l 

the difference bein 
ass be omitte 

of t e fact that the 
there voids the comparispn, it 

noted, at Ellijay, there being only five ni hts without should be apparent that the frequency of these inver- 
inversions (see Table 5). Reference is ma % e on R pre- sions of 5" or more would be even relatively greater on 
vious page to Jul , 1915, in which inversions were noted the long slopes. 
every night at  d i jay ,  but that statement includes all 
inversions, even as small as lso, while only inversions no on the six short slopes is 868 in 1913, and the m a  lest 
smaller than 5" are included in Table 13. May, 1915, a number in any one year is 778 in 1915. *The largest 
month with considerable cloudmess and storm rnove- number of inversions on a single slope is 738 1: the Wald- 
ment, has a total of only G5 inversions on the six slopes, heim orchard at Hi hlands, as compared 1~1th 743 on 
but even in that month 20 of these axe noted at Ellijay. the long slope at ElEjay (see Table 13). For the four- 
The month of August generally has the smallest num- ear period the largest average dqgree of inveEsion at 
ber of inversions of 5" or more, the fowyear total for &ighIands was 11", as compared With 9' at.Ekjay. A 
that month a t  Cane River and Ellijay bemg 34 and 38, maximum inversion of 27 occurred a! Highlands on 
respective1 , while the least number in any one August November 21, 1913, Hendersonmue having On the same 

date an inversion of 25'. 
vidual months during the four years of record,. has the sions ,on these short slppes for the four-year period ja 
smallest number of inversions, the total on the SIX slopes 423 a t  Mount Airy, whde the s n d e s t  average range is 
behg onl seven, and of these one occurred a t  Ellijay, noted at Bryson, 7": 
none at  d n e  River and Globe, and four at  Tr on. July, November leads in the number of inversions of 5" or 

tam region, as heavy and even torrential rains were its excess over the ot er m ~ n t h s  being greater than t at 

have the largest number for the individual months, 
totaling 125 and 123, res ectivel , and in the latter 

year The largest number of inversions noted in any one 

at  either p 9 ace is as low as 5.  July, 1916, of all the in&- 

1916, was a most unusual month in the Car0 P ina moun- 

The ~mallest number of inver- 

I? B more on tlis short slo es, 440, by a considerable mar in, 

30442-2G-6 



60 SUPPLEMENT NO. 19. 

noted in Table XI11 for the lon slopes. The greatest 

while May follows with the second largest total of 372 
and with the average range of 10". August has the 
smallest total, 176, and the smallest average range, 7". 
These figures are comparable with those given in Table 13 
for the long slopes. There is, in fact, a striking similarity 
in the seasonable variation on the long and short slopes, 
the reatest frequency of inversion occu.rrin in the 

named, and the least in August. 
Inversions of stated amounts on  six selected long slopes 

in the year 1914.-Table 15, supplementing Table 13, 
contains inversion data for the six long slopes, Altapass, 
Cane River, Ellijay, Globe, Gor e, and Tr on, on the 5" 

for the year 1914. The figures covering inversions of 5", 
which appear in Table 13 for 1914, are repeated in Table 
15 in order to  show the contrast between them and the 
arger degrees of inversion. One year only, 1914, is 

average range of inversion is a so  P in November, l l" ,  

mont a s of November, May, and April, in t a e order 

basis, together with additional c f  ata for 10: 15", and 20" 

used in this comparison, as this will serve just as well as 
the entire four-year period. 

As should be expected, the table shows that Altapass 
has but few inversions even moderately large, it  having 
no valley flo?r station for purposes of comparison. It 
has an inversion of 10" or more only twice during the year, 
both instances occurring in November (Table 15), and 
as its lar est inversion is only l l " ,  this slope is not found 

sions of 15" and 20". While Ellij leads in the number 
of inversions of 5' or more, 196, an x Gorge is second with 
172, Gor e leads in the number of inversions of 10' or 
more wit% a total of 89, Ellijay following with a total of 
81. Gorge also has the greatest number of inversions 
of 15' or more, with a total of 33, Ellijay bein again 

more Gorge is reeminently in the lead, with a total of 8, 

with 2 each. Globe does not appear in the last list, as 
its greatest individual inversion is only 17". 

in the ot fl er two portions of the table embracing inver- 

second, with 31, and in the number of inversions o f 20' or 

Cane River folowing, P with 3, and Ellijay and Tyron, 

TABLE 13.-Tolal monthly and annual number of inversions of 5' OT more on  the 6 long slopes having a difermce in elevation of 1,000 feel between base 
and summit stations, 1915-1916, inclusive. 

I 1 Jan. I Fob. I Mar. I Apr. 1 May. I June. 1 July. I Aug. I Sept. I Oct. 1 Nov. I Dcc. I Annual. 

Values interpolated. * Also Nov. 13,1913 
a Also Nov. 21. 1914: 

occurred lietween any two stations on a slope. 

(d) Date of greatest invekfon. 
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Tasm 13.-Total monthly and annual number of inversions Of 5 O  or more o n  the6 long slopes having a diflerence in elevation of 1,000 feet between base 
and summit stations, 1913-1916, zndusive-Continued. 

TABLE 14.-!l'otal monthly and annual number of inversions of 5' or more on Sia: short slopes, 

1 Jan. I Fob. I Mar. I Apr. I May. I Juno. I July. I Aug. I Sept. I Oct. I Nov. I Dec. I Annual. 

1913. 

8 22 24 49 8 15 1870 8 17 6 86 8 17 31 114 11 25 7 39 8 15 12 852 9 25 hlay 22. 

___ 
Jan. Fob.. Mar. Apr. May. June. J U ~ ~ .  Aug. &pt. Oct. N O ~ .  DW. Four-YCarannllal. 

Stations. 

\ 

1913-1916. 
B h t  re ............................. 
Bryson ................................ 
Hendersonville .._..__..._......_..__._ 

Total, column (a) ... ..... . .... ... . 
Average column (b). . . . __. . _ _  _. . . 
Greatest: column (c). ._....... .... 

values interpolated. 

BloW&gkock _..._...__......____.... 

~ ~ g m l g Y  ...__._.___..__._..._..... .._.__..__...._..__...._... 

(b )  Avcrago (degioos) of invcrsions. 
(C) Amount of greatest inversion (degrees). 
(d) Date of greatest inversion. 

' Also Apr. 20,1915. 
(a) Number of nights during which inversions of 5. or more occurred between any two stations on a slope. 
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TABLE 15.-Totd monthly and annual number of inversions loo, 1 5 O ,  and 80° on &z long slopes having a diference in elewatim of 3,000 feet 
and summit stations, 1914. 

INVERSIONS OF 5" OR MORE. 

Nov. Dec. Annual. Feb. Mar. 1 Apr. May. June. July. Aug. Sept. Oct. 

27 4 1014 18 158 923 Jan.29. 
7 8 8 9 19 1% 923 *Nov. 7. 
3 4 5 7 17 142 917 Mar.16. 

27 6 7 12 17 172 10 24 Nov. 27. 
7 2 6 6 18 127 922 Jan. 29. 

I 
INVERSIONS OF 10" O F  MORE. 

__.__ 25 7 14 _ _ _  829 924 
Qrestest, col- 
umn (c) ..... 

Total, column 

INVERSIONS OF 15' OR MORE. 

INVERSIONS OF 20° OR MORE. 

1 Values interpolated. 
a) Number of nights during which inversions of 5O, loo, 1 5 O ,  ana 20° or more occurred between any two 8tatfOnS of slope. 
b) Average (de rees) of inversion. 
c) Amount in ckgrees of a t a t  inversion. 

(d) Qrestest inversion, dag Of. 
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TABLE 16.-Total monthly and annual number of inversions of 5', lo', 15', and 20' o n  &x short slop&, 1914. 

63 

INVERSIONS OF 5O OR MORE. 

Jan. Feb. Mar. Apr. May. June. July. Aug. Sept. Oct. Nov. DW. AnnU81. 

-___ 
Blantyre ........... 
BlowingRock ...... 
Bryson ............. 
Hendersonville ..... 
Higblands. ......... 
BfountAiry ........ 

Total, column .......... 
70 1018.. 451015.. 49 921 .. .. ... .. ..... ... ..... 

...... 

INVERSIONS OF 10' OR MORE. 

(a). 

umn (b) 

umn (c) 
Qreatest, col- 

. _ _ _ _ - _ _ _ ~ - ~  

............................ .................................................................................... Blantyre.. 1 20 20 16 1 20 ............................. ...... .......................... ........... Highlands 121 21 16 122 22 22 4 24 25 22.. 122 22 24 6 23 25 7 I 13 22 ____________________----___-------_-----------_--- 
.......... 

umn (b, ....................... 22021 .. 
umn (cj 

12222.. 42425.. ........ 12222 ............................ 6 2325 ................ 142125 

...... I Total, column 

Average, col- 

Qreatest 001- 

(a). 

INVERSIONS OF 15' OR MORE. 

20 Mae. 16. 
25 May 22. - 

Blantyre ........... ........... 221620 Mar. 16. ........................................... ........... Blowing Rock Bryson ........... 
Hendersonville ..... ......... 
Highlands 
Mount Airy 

4 16 18 May 27. 

.......... ......... .... ........... 

... .. ... .. 11515 .. 41820.. 11 1622 .. .. 31515.. 11717 ..... 1 1516 881626 

.... 

INVERSIONS OF 20' OR MORE. 

1 Valueu interpolated. 
a) Number of nights during which inversions of 5*, lo", 15*, and 2 0 O  or more occurred between any two stations on slope. 
b) Average (degreas) of ~VerSiOU. 
c) Amount (de ees) of greatest inversion. I d) Dato of ge& invarsion. 

The table shows that November, May, and April have 
the reatest number of inversions of the larger amounts 
in t fe  order named, es ecially those of 15" or more. 
The colder months of s anuary, February, and March 
are also well represented in the portions of the table 
showing the larger inversions; August has practically 
no lar e inversions, and Elli'ay, Gorge, and Globe are 
the onyy slopes in that monti  having amounts equaling 
lo", no slo e having inversions then of 15' or more. 

In  the !iscussion of Table 2a under the subject of 
Average minimum temperature" we found many 

Cases of pronounced inversions durin the selected 

that, as a rule, the jar est inversions occurred in the 

instances of inversions of 5" or more on the six longest 
Slopes, we fhd that, during the four-year period from 

(( 

clear periods of May 1913, and Novem % er, 1916, and 

May period; but in Tab B e 13, containing the number of 

1913 lo 1916 not only do the greatest number of inversiqns 
occur in November, but also the greatest range of m- 
version. However, in two out of the four years, 1914 
and 1916, the number of inversions in May exceeds 
those in November, while in every year of the four the 
average degree of inversion in November either equals 
or exceeds the average in May. Durin a long period 
of years there would doubtless be very ittle difference 
in the frequency or the range between the two months. 

Inversions of stated amounts on s m  selected short slopes 
in, the year 191/,.-Table 16 su Plements Table 14, just 
as Table 15 supplements Tab e 13, and, moreover, in 
p,resenting data for varying amounts of Inversion on 
six short slopes, ser'ves as a arisen with Table 15. 

Table 16 contains the data. fpor 1914 for Blantve, 
the Flat Top orchard afr Blowing Rock, Br son, gen- 

7 

P 

dersonville, tho Waldhem orchard a t  High s ands, and 
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Mount Airy, ran ing in vertical height, base to summit, 

ville. The figures for these shorter slopes in Tables 14 
and 16 generally represent inversions between the base 
and summit stations, while the fi ures for the long slopes 

between the base and certain slope stations at Altapass, 
Ellijay, and Tryon and between the base and summit 
stations at  Cane River, Globe, and Gorge. 

On the short slopes under discussion, for the year 1914 
the Waldheim orchard at Highlands stands out pre- 
eminently as having the largest number of inversions 
of stated amounts, 5", lo", 15", and 20°, and this record 
confirms previous statements made regarding that slope. 
While the total number of inversions of 5" for the year 
1914 does not quite equal the number noted in the same 
year at  Ellijay, 196, as shown in Table 15, the fre uency 

because of the abnormally low minima a t  the base 
station, totaling 115 with 10' or more, 46 with 15" or 
more, and 13 with 20' or more. During inversions 
there are, in fact, often extraordinary differences between 
the temperature at the base station and No. 4, 200 feet 
above, and at  times even greater differences between the 
base and the summit station, No. 5. 

Blantyre is the only other short slope which has an 
inversion of 20" or more, ranking next to Highlands in 
this respect, as well as in the number of inversions of 
5", lo", and 15'. Reference has been made frequently 
to the character of the exposure of the base station at  
Blantyre, the French Broad River valley at  that point 
being a vast frost pocket,.and it is because of the low 
minima at  No. 1 that the inversions there are com ara- 

large inversions of 15' or 20" are concerned, if Highlands 
were excepted the number would be considerably less on 
the short slopes than on the long ones. 

the six short slopes as a whole, May leads in 

November second, while November leads in the number 
of 15" or more and 20" or more. On the long slopes 
(Table 15) May leads only in the smaller inversions of 
5' or more, the month of November leading with the 
lar er inversions. 

highlands has the largest number of the smaller 
inversions in the month of July, 25, November following 
with 22, June with 21, and May with 20; in the lar er 
inversions of lo", 15", and ZOO, November and #as 
easily lead. It is intersting t o  note that the Waldheim 
orchard at Highlands has the reatest elevation above 

14 and 16, hut also of all the slopes in the entire research. 
Efccts of variation in vapor pr(:ssure, relative humid- 

ity, and fempwaturc, upon degree of inversion.-It has 
been shown in previous chapters that the frequency 
of and range in inversion.1~ greatest durin the spring 
and autumn months, mainly because in tiose periods 
of the year. in the Carolina mountains clear weather 
predominates to a much greater degree than in other 
seasons, areas of high pressure often remainin 
periods. However, the range of inversion is a so depen- 
dent upon other causes-name1 , Papor pressure, rela- 
tive humidity, temperature, win$ direction and velocity, 
and soil cover. 

Satisfactory data for vapor ressure and relative 

various orchard stations are not available, and in making 
a comparison between de ee of inversion and atmos- 
spheric moisture it has Kcome necessary to use the 

from 350 feet a t  5 lowing Rock to 750 feet at  Henderson- 

shown in the other tables usua ti y represent inversions 

of the larger inversions is always greater at  Hig Ill ands 

tively large and frequent. Generally speaking, so P tu as 

the num % er of inversions of 5" and 10' or more, with 
Takin 

sea level, not only of the six s f opes included in Tables 

B for long 

humidity covering the period o P the research for the 

humidity observations at  the regular station of the 
Weather Bureau at Asheville, located in the heart of 
the mountain region. These figures cannot be expected 
to ive the exact data for the various sections; never- 

correct for the stations in the immediate vicinity having 
the same elevation above sea level, as Hendersonville, 
Blantyre, and Cane River. 

resents in graphic form the variation in 

ran e of inversion the followin morning on the slopes 
at fsheville, Hendersonville, B antyre, and Cane River 
in certain selected clear periods of inversion weather for 
the 12 months of the year, including the selected May 
and November periods appearing in Table 2a. It is 
a parent that there is a striking inverse relation between 
t E e relative humidity and average range of inversion, 
the maximum degree of inversion being noted in May 

the B ess, they may be considered to be approximately 

and vapor pressure at nightfall for the 
er Bureau station and the average 

Y 

F I ~ .  fol relation of degree of ipversion to vari8tiOU in vapor pressure and relative 
humidity. R. K-rel. h u m ~ t y ;  v. P==vapor pressuro; 1NV.-inversion. 

and a secondary mcqximum in November at tho times 
of the two mnima in relative humidity. The lines in 
Figure 53 show that this inverse relation is constant, 
with the exception of a slight variation in the month of 
March. 

There is also ap arent, generalIy speaking, an inverse 
relation between t R e range of inversion and the vapor 
pressure, although the relation is not so close as between 
the relative humidity and degree of inversion. Vapor 
pressure is least during the winter months, but the degree 
of inversion is not greatest at that time, because of the 
fact that the air is so often disturbed by passing storm 
areas that i t  rarely becomes sufficiently warmed to 

ermit convectional exchanges of any marked extent 
Eetween the free air over the valley and the surface air 
on the slope and the maximum degree of inversion is 
found in the sprin and autumn months, when long 

The range of inversion is the least durin the summer 

relative hurqidity a n 8  the vapor pressure are a t  their 
maximum, 

periods of fair weat a er are prevalent. 

months, and especiall during August, w % en both the 



_ _  . ~~~ . ._____-_ 

Vapor pressitre (inches) _.__..__.__. 
Inversions ( P O ) :  

AsIieviIle _.._.___._............. 
Hendersonvillc ...._............ 
Blantvre ..__..._.._........_.... 
Cane hiver ..._..___.._.___.__.. 

P. M. I - 

in the mountain region with high humidity,. a!id therefore 
~ i a y ,  1013-8 p. m. J U ~ I ~ ,  1914-8 p. m. the two periods are made up of seven indimdual nights 

3 4 5 20 21 22 
diurnal range in temperature, 24.8', and a correspon - 

0. 154 0. 193 0.2% 0 . m  0.708 0.664 lngly small mversion a t  night, 4', between NOS. 1 and 4. 
The average diurnal range during the dry period 1s 40..2', 

15 24 18 5 10 :r nearly twice as great as that during the humid period, 
and the average inversion during the dry period is 18'- 

Low vapor pressure, High vapor pressure, 

___ each. 

__ .~ _- 
The humid period is cliaracterized by a small avera e ~ i .__.. 

3 6  9 13 13 

14 17 17 5 5 
17 21 i 21 8 8 

6 
8 

II 

No.5 ._.__.__._____.___ 
No.4  ._._..__........._ 
No.3 ____.___ ~ _.__.._.. 
No.2 ......__........._ 
No.1 .._..._.._._...... 

A . M .  , 

___- 
1 2  3 4 5 6 7 8 9 1 0 1 1 1 2  1 2  3 4 5 6 7 8 9 1 0 1 1 N o o n .  

~_________-_____.____________________-__________-__-~  

75.3 77.7 77.3 77.0 74.7 71.2 67.3 65.6 64.7 64.0 63.7 63.0 62.7 62.2 61.7 61.3 60.8 61.5 63.5 65.0 67.3 69.5 72.0 73.5 
76.5 78.7 78.5 78.2 76.7 73.0 68.0 67.2 66.5 65.7 65.2 64.8 63.8 63.7 63.6 62.7 62.6 62.6 61.0 66.7 68.5 70.5 72.8 74.6 
78.7 80.7 80.2 79.7 78.7 74.2 71.0 68.3 67.0 65.8 66.7 64.2 63.8 63.2 62.3 61.5 b1.5 61.5 64.3 67.5 70.5 72.0 74.7 76.3 
81.2 82.8 82.0 82.0 80.2 76.6 72.0 68.8 65.8 64.8 63.3 62.5 61.5 61.0 60.5 60.2 59.5 59.8 62.2 66.7 70.3 73.3 76.8 78.5 
81.3 83.3 82.7 82.6 80.6 75.8 71.3 66.8 64.2 62.8 61.7 60.7 60.0 59.5 59.2 59.0 58.5 59.3 62.0 66.7 70.8 74.0 78.0 79.7 I I 

No.5 _......._......... 59.6 60.4 61.4 BO.O 55.6 52.4 51.2 50.2 49.4 49.0 48.2 48.2 47.8 47.2 46.6 47.0 47.2 46.8 46.8 49.0 
No.4  ___. .___.__. . .____ 57.0 50.6 61.6 59.6 57.4 54.6 62.6 61.6 61.0 60.4 49.8 49.0 48.8 48.2 48.2 47.6 47.2 46.8 46.0 46.8 

..._ 61.4 64.0 65.4 64.4 60.2 66.2 52.0 49.4 48.0 46.8 45.8 44.6 43.4 43.4 41.8 41.8 40.8 39.8 39.4 40.0 

No.1 _..__._____......._ 65.6  67.6 68.6 61.4 .%.6 48.6 42.8 39.8 37.8 36.B 36.2 34.2 32.0 32.0 31.0 30.2 29.6 29.0 28.4 30.4 
I 

NO.% __.....__.......... 01.6 61.4 6,s.x 68.4 61.8 5-5.8 m.0 43.0 43.6 42.2 41.2 40.2 30.2 38.4 37.2 37.0 36.8 36.0 35.4 35.4 

- 

51.2 63.8 67.6 
48.4 50.8 53.4 
41.8 47.8 55.0 

3S.0 48.8 67.8 
37.2 43.b 54.6 

- 
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of absolute humidity on inversions. Aside from other 
considerations, the higher the temperatqe .and relative 
humidity the higher the absolute hurmhty and the 
smaller the inversion, the lower the temperature and the 
lower the relative humidity the lower the absolute 
humidity and the greater the inversion, while between 
these two extremes may occur combinations of high 
temperature and low relative humidity, and low tempera- 
ture and hi h relative humidity, the absolute hurmdity 

tion than with the second. As both low temperature 
and low relative humidity never occur a t  the same time 
in the Carolina mountain region, except in the winter 
when other.important factors are a t  work in producing 
large inversions, it is only in Ma with increasing tem- 
perature, and in November witg decreasm tempera- 

cause inversions, considering humidity and temperature 
alone. Moreover, in these two months the other factors 
which aid in producing inversions-high pressure and 
clear quiet weather-are usually present in greatest 
force. Hence inversions have both their greatest fre- 
quency and range in May and November, depending 
upon whch month the most favorable combinations 
occur. However, it is probable that of May and Novem- 
ber the largest inversions usually occur in the latter, 
aside from other considerations, simply because of the 
greater length of night in which radiation and conse- 
quent building up of inversions may take place. 

To sum up, ni hts in which the temperature is moderate 
or above normz, those occuring in spring and autumn, 
for instance, with low relative humidity and low absolute 
humidity, have the largest inversions, while those having 
relatively high temperature with high relative humidity 
and high absolute humidity produce little or no inversion; 
and between these two extremes may occur varying 
amounts of inversion, depending upon which factor or 
factors exert a predominating influence. 

Blair has found that in early winter with abnormal1 
low surface tem eratures the vertical gradients of bot 
temperature a n 8  vapor pressure are small as compared 
with those in early sprin and summer and that, in 

This may be an additional reason why inversions are not 
lar er on clear calm ni hts in winter. 

&ann states that in &e Alps November and December 
and the first half of January are the most favorable for the 
occurrence of inversions, because the nights are then the 
longest, but ho probably has in mind the extreme range 
of mdividual inversions rather than the average range 
and the frequency, SO far as the winter season is con- 
cerned. While large mdividual inversions are noted in 
that season in the Carolina mountain region, they are 
not as large nor is the average as large as in the spring 
and autumn, and especially m Ma and November. 

inversion.-The effect of e d  dlrection and velocity 
u on inversion is also sometun? considerable. It has 
Z e a d y  been stated that inversions are of little con- 
sequence unless there is a calm or the wind is light in the 
lower levels, but moderate and even fresh. mnds often 
serve to increase the degree of inversion. m the upper 
levels during the Intermediate or Cyclon~c Type of in- 
version. Moreover, when the topographical conditions 
are such as to produce a mountain breeze down the slope 

being usualy f relatively higher with the first combina- 

ture, that we h d  the most favorable con I f  itions that 

1 
consequence, radiation is B ess effective in early winter. 

E#ect of wind direction and ve.ocity 5 upon degree of 

' Hafr Wm. R. SUmIIl8~ Of the free data obtained St hfbount Weather. Bulletin, 
Mount +eather dbservatory 1013 vol 6 

6 Bsndbwk of CUmatolopy; by J'ullG Ern, p. q p .  English t~snslattop by W q 4 .  

into the valley the temperature rises upon the floor, and 
the degree of inversion is lessened in consequence. 

Agam, the wind direction is a factor bearing upon the 
de ree of inversion, even though the breeze be light. 
Wfen at  night the wind blows toward the slope, it brm s 

increasing t f e  dgree of inversion, in contrast with the 
condition when the wind blows away from the slope. 

resents inversion data for the five slopes at  
Blowing Rock, Tryon, and Wilkes- 

nights, December 5, 1913, and 

an increasin su ply of warm free air to the upper leve f s, 

November 4, 1916, the former with moderate northerly 
and the latter with light southerly winds. The direction 
of the slope is shown in connection with the numbers 
of the stations. 

On every one of these slopes the inversion is greater 
when the prevailing wind is blowing toward the slope. 
The same dates have been selected for all the places, 
and although on December 5 inversions occurred at 
Blantyre and Wilkesboro the influence of the northerly 
winds was sufficient on the southeast slopes a t  Altapass, 
Blowing Rock, and Tryon to produce norms instead, 
where the lowest temperatures were re istered at  the 

of 11' occurred at No. 2, Wilkesboro, on a northerly 
slope 150 feet above the base, while Nos. 3 and 4, located 
on small knobs with relatively free ex osures to all 
winds, were affected but slightly. At Brantyre No. 2, 
with a northwest exposure, there was an inversion of lo', 
while at  the hi hest station, No. 4, located near the 
summit of the s 4 ope, the wind direction is not an im- 
portant factor, just a9 at Nos. 3 and 4 at Wilkesboro. 

The inversions on the night of November 4, 1916, 
with southerly winds were uite pronounced on the 
southeast slopes at Alta ass, &owing Rock, and Tryon, 
in contrast with the nig % t of December 5, 1913. At the 
highest level a t  Wilkesboro, No. 4, 'on the November 
date the great inversion noted in Table 18 is not due SO 
much to the effect of the wind in causing a high reading 
there as to its effect in allowing uninterrupted loss of 
heat through radiation at  No. 1. 

The wind direction lays an unusual part in the degree 

version conditions on indimdual slopes. The direction 
and velocity have an important bearing upon the de- 
velopment of the mountain breeze down the slope where 
the surface area above is great and the wind is calm, or 
a t  least not blowing from an unfavorable direction. 
The breeze often develops on a night of inversion, de- 
scendine the 910 e and raising the temperature on the 
valley aoor, a n 8  thus reventing injury to vegetation. 
However, unless the sur F ace area above is great this breeze 
does not develop. Instances of the effect of the mountain 
breeze on the valley floor a t  Blowing Rock and Tryon 
will be later shown by the thermogra h traces; also the 

Mount Airy. 
Inversions seldom occur when strong winds prevail 

from a. northerly or westerly quarter, or when the temper- 
ature IS falling generally along the entire slope, because 
then norm conditions prevail, and this is also the case 
when the weather is cloudy. 

Table 18 contains the minimum temperatures on two 
selected nights of inversions, one with northerly and tho 
other with southerly winds, together with the differences 
between the base station and those higher. up on the 
respective slopes; also the difference in elevation between 
station No. 1. and those above. 

most elevated points. On that same nigit f an inversion 

of inversion, as will i? ? furt;her shown in discussing in- 

effect of variation in wind locally a t  H endersonville and 
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Principal and slope stations: elevation 
of base station (feet). 

TABLE 18.-Effect of wind dhctwn and velocity on inver&ns. 

Height 

station 
above 
base 

of slop1 

(feet). Min. 

32 
40 
39 
35 
34 

28 
27 
33 
39 

35 
45 
28 
40 
39 

39 
46 
47 
45 

29 
33 
40 
46 

Dit. 
-- 

........ 
+8 
+7 
+3 
+2 

-1 
+6 

+11 

+10 

+12 
+11 

+7 
+8 
+6 

+4 
+11 
+I7 

........ 

........ 

........ 

........ 

........ 

............................. 750 .......................... 

Min. 

43 
41 
40 
38 
37 

28 
28 
36 
34 

39 
39 
39 
39 
37 

51 
49 
47 
42 

36 
47 
48 
48 

No. 
No. 
No. 4 (NW.) I 600 ............................ 

pl~d,n Rnnlr. 

Dil. -- 
....... 

-2 
-3 
-5 
-6 

0 
+10 
+8 

0 

0 
-2 

....... 
-2 
-4 
-9 

....... 
+11 
+12 
+12 

....... 

....... 

....... 

.................... ............................ 300 ............................ 450 

Alta ass: 
bo. 1 (base), elevation, 2,230 .................... ,.I; ............................. .............................. 

.'""'Y~ &""U_. 

No. 1 base), elevatlon 3,130. .................. 
No.2 S.) ............................... I T  450 
No. 3 I base), elevation 3,580. ............ I.. ..... 

250 
500 

No.4 SE .............................. 625 ............................ 
L A " .  No. 5 iSE:]i I 
A L J V U . .  ...................... .............................. ............................. ............................. 
Wflkesboro: 

No. 1 base), elevation 1,210. ................... 
No.2 N:] ............................... 
N0.3 N .............................. 
N0.4  I W.) .............................. 

380 
570 

1,100 

150 
350 
430 

Differ- 
9llCe. 

....... 
+8.3 

f13.2 
f11.3 
+9.3 
+7.7 

+7.5 
f l l . 8  
+17.0 
+l6.5 

....... 

-- 
Aver- 
age. 

-- 

31.2 
39.8 
42.5 
40.8 
39.5 
39.5 

30.0 
34.0 
39.0 
46.5 
45.0 

Efect of variation of soil coyer upon degree of !nversion.- 
In  connection with the various seasons .density of vege- 
tation also 1s effective m lowering the night temperature 
and increasing the degree of inversion. Radiation from 
vegetation is most free, almost as great as from an ideal 
black body, and where the vegetation is dense on the val- 
ley floor and the summit practically free from growth 
the effect is considerable. This is es ecially noticeable 
during the period of growth. Whie the maximum 
degree of vegetation is not reached in the Carolina 
mountain region during May, except at  the lower levels, 
nevertheless vegetation has apparently some effect at  
that time upon the degree of inversion. By November 
the vegetation has changed considerably, but the in- 
fluence then of the longer nights predomnates. In  the 
winter season there is usually no difference in the vwetal 
cover along an entire slope from summit to base, but here  
is likely to be more snow in the higher levels, and because 
of great loss of heat through radiation from R snow- 
covered surface inversions may not be as large then on 
that account, aside from other considerations already 
stated. 

Inversions on individual slopes as a$ected by to og- 

features of inversions as affected by weather conditions 
and soil coverin , it seems necessary to resent addi- 

rap7~y.-Having now brought out the distinguis l? ing 

tional data for se K ected individual slopes. Reference will 

No. 2; southeast' 980 feet above base.. ........... 
No. 3 southeast' 1 230 feet above base.. ......... 
No. 4' southeast: 1:480 feet above base ............ 
No. 5: summit. 1,730 feet above base.. ........... 

imaginar base station and, for conveqience, be termed 
station &. la. It is fairly representative of valley-floor 
conditions and can properly be considered the base of the 
Altapass slope. In  elevation No. l a  is about 1,730 feet 
below No. 5, located on the rid e, the vertical distance 
between the two points being o 3 y 30 feet less than that 
between the base and summit stations at  Elll~ay, the 
longest slo e emplo ed in the research, 1,760 feet. 
elevation a i ove sea s eve1 of No.la in North Cove is 1,500 
feet, about equal to that of the base station at  Gorge, only 
15 *miles distant, the average minimum temperatures of 
whch during inversion periods are doubtless approxi- 
mately the same as those at  North Cove. 

The table following embraces data for Altapass q d  
Ellijay for the May and November selected periods of m- 
inversion shown in Table 2a, but, in addition, No. l a  
appears as the base station for Altapass, with readings 
estimated from the records of the Gorge base station and 
estimated readings for the May period for station No. 5 a t  
Ellijay, the latter not having been in operation in 1913, 

The 1 

I Nay 1-6, 1913. I Nov. 2-5,1916. 

55.2 
53.3 
51.3 
49.7 

Stations and description. 

age. 

. .  
1 base station 2 240 feet above sea level.. .... 
2' north 310 feet' above base.. ............... 
3: north: 620 feet above base.. ............... 

Alta ass: 
80.18 base station 1,500 feet above 8ea level.. .. 
No. 1. southeast. 730 feet above base.. ........... 42.0 

50.3 

41.5 
49.0 
53.3 

No. 4' north' 1 240 feet above base.. ............. 58.5 
No. 5: sum& 1,760 feat above base. ............ I 58.0 

Differ- 
ence. 
- 
....... 
+8. e 

+11.3 
+9. e 
+8.3 
+8.3 

+4.0 
+9.0 

+16.5 
C15.0 

....... 

Readings a t  No. l a  Altapass, Nay and November periods, and a t  No. 5, Ellijay, May 
period, estimated. 

With the use of these figures it is apparent that station 
No. 1 a t  Altapass, up to the present considered as the 
base station, averages considerably higher than No. l a  
during periods of inversion. In  May the excess at  No. 1 
is 8.3 and in November 8.6'. The center of the thermal 
belt is shown here to be near station No. 2, with excesses 
in both periods of 11' to 13'. From No. 2 upward to the 
summit the temperature gradually decreases during 
inversion weather, although in the fiovember period the 
summit station, 1,730 feet above the base, has as high an 
average minimum as station No. 4, 250 feet below. 
While station No. 5 a t  the summit averages higher than 
No. la ,  it is rarely the warmest on the entireFlop? and 
only on especially favorable nights and a t  indmdual 
hours, rather than through the entire ni ht. 

The middle of the thermal belt at  fltapass usually 
lies between Nos. 2 and 3, whether we consider NO. 1 or 
No. l a  as a base, the latter being used merely to show that 
lar e inversions do occur on ths slope. 

flt Ellijay, as shown by the table, there is an increpse 
in temperature more or less regular from base to. statim 
No. 4, 1,240 feet above the valley floor, and ths p o ~ n t  
marks the usual position of the center of the thermal 
belt on that slope, althou h sometimes, under favorable 

Above Altapass No. 3 the Flnlmupl temperature is 
usually lower during nights of inversion, both because 
of the increase in elevation and because .of the increasing 
area of radiating su+ce, the Cool air overlying the 
plateau above being. in Close proximity. The summit 
area don the main rid 8, where station No. 5 is located, 

conditions, the center reac 5 es toathe veV summit. 

is unusuaty great, no O t  B Or S u m m l t  station having similar 
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environment, and with the possible exception ‘of Tryon 
there is no other slope so affected during nights of inver- 
sion. However, comparative figures can not be given for 
Tryon, as the highest station emplo ed there during the 

kgures 26 and 21-contour maps of Altapass and Tryon, 
respectively-brin out this situation as regards summit 

ridge is rapid in the clear weather usually favorab e for 
inversions and almost always sufficient to revent the 

and generally its influence is suficient to keep the center 
of the belt down to the level of Nos. 2 and 3 at  Altapass, 
just as a t  Tryon, even though the temperature at  the 
summit is often higher than at  the base. The situation 
a t  the Ellijay summit is much like that on the isolated 
peaks at  Cane River and Gorge, where the center of the 
thermal belt is usually close to the summit. It is only 
when the winds are southerly that the center of the 
thermal belt a t  Altapass is at  the level of the summit, 
as then the warm free air flows on to the slopes. 

eriod of the research was considerab 9 y below the summit. 

area. The loss o fg  heat from this great area alon the 

center of the thermal belt from reachng t R e summit, 

i: 

ference in inclination of slope a t  the two former. stati?ns 
than at  those higher up, as explamed under the discussion 
of “Average minimum temperatures:” Figure 55 shows 
the differences in temperature prevalling between Nos. 2 

No. 2 is located on a and 2a on a clear 
slight rade where t e cold air sometimes accumulates, 
while 8-0. 2a 1s situated on a steep slope and has better 
opportunity for  exchange with the warm free air: More- 
over, the. southerly slope being heated more during da 9 s 
of sunslime than, the northerly slope naturally shou d 
have somewhat hlgher ensuing minima. This graph also 
contains examples *of sudden rises in night tem erature 
due to the mechanical heating of cold air broug t down 
from the slope. above, as described in detail on previous 
pages. Ashevllle No. 2 is ideally situated to show such 
irre ularities in temperature on clear cpuiet nights. 

B%-mtyTe.-In Figure 56 are shown t ermograph traces 
at the four Blantyre stations durin a typical invers!on 
period, November 12-14, 1913. T e peculiar locatlon 
of No. 2, so far as radiation is concerned, 1s well illustrated 
by the frequently large fluctuations in temperature on 

Tie night * 

R 

fl 

FIG. 54,-Thermograph traces, Januarg 3-5,1916, stations Nos. 1 and 5, Altapsss, show- 
ing importation of ~ v a m  air a t  summit. 

o. FIG. ,5(i.-Thennogrnph tract%, November 12-14, 1913, stations Nos. 1, 2, 3, and 4, 
Blnntyre. Large inversions. 

each of the two nights when the air in the sag at  No. 2, 
having become colder than that lower down, moved out 
and down the slope, at .the.same time being replaced by 

FIG. 55.-Thermogmph traces, May 2-3,1913, north and south facing slopes, Ashevillc the warm free air adJoming. Similar fluctuations in 
temperature are noted on slopes at  Gorge No. 3 and Ashe- 

Figure 54 shows a norm condition a t  Alta ass during ville NO. 2. Blantyrc No. 1, of course, being situated 
most of the night of January 3-4, 1916, fol P owed by a close to  a true valley floor, with no marked irregularities 
quick recover , while on the following night, the 5th, in topogra h in its vicinity, experiences on such nights 

inversion of the Cyclonic Type occurred, the thermograph uninterrupted radiation, as illustrated m Flgure 56. Al- 
at No. 5 beginning to rise as early as 1 a, m., while that at  though I the grass around Blantyre NO. l has been kept 
No. 1 fell slightly. At 7 a. m. on the 5th the tem eraturc rather short, the bottom lands generally are covered with 
at No. 5, the summit, was the hlghest on the s P ope, ex- a dense growth of vegetation, which favors rapid loss of 
ceeding the readin.g at  that hour at No. .l by 13”. Under heat on clear quiet nights, and as the slope of the valley 
the discussion of inversions a t  Cane Rlver other s+ilar is very slight at that point the area may be llkened to n 
marked examples of rises in temperature wdl be explamed. vast frost pocket during nights of inversion with especi- 

ASHEVILLE.-It has been shownethat the highest min- ally low minima. 
ima during inversion weather, wlthout exception, arc The curves of temperature at  the two stations on the 
found at  the most elevated stations on each of these two slope, Nos. 3 and 4, shown in Fi ure 56, resemble each 

the south slope nearly always average h~ her than those stations. This graph a 9 so shows the largest inversion 

difference in minima between If os. 2 and 2a than between between Nos. 1 and 4 a t  8 a. m. on ovember 14. On 
Nos. 3 and 3a, because of a correspondingly greater dif- the 13th a difference of 2 6 O  was recorded between the 

under the in Ry uence of a rapidly approaching LOW, an a steady BF cc me in temperature under contlnuous and 

facmg slopes, No. 3 and No. 3a, and that the stations on other much more close1 than t % ose at the two lower 

on the opposite northerly slo e, there E eing a greater a at any hour noted at  Blantyre d u m  the research, 27”, 
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summit and base stations. During the same period 
unusually large inversions were observed generally over 
the mountain region, that at  Gorge, 31’ a t  6 a. m. on 
the 13th, being the reatest at  any location during the 
four ears of recort T h s  graph also shows the ex- 

floor stations un er favors le conditions, in this par- 
ticular instance the temperature at  No. 1 rising from a 
minimum of 21’ to a maximum of 73” on the 13th. 

The middle of the thermal belt a t  Blantyre would 
almost alwa s lie considerabl above the level of the 
summit of l i t t l e  Fodderstad were the slope higher, 
judging from a comparison of temperatures with No. 
3a at  Asheville, the latter, wlth an elevation 150 feet 
hi her, alwa s havin higher minimum readings. 

%lowing Jock  an% Highlands.-The effect of wind 
direction and velocit is well shown in Figure 57, which 

8 E tremey 9 large ran e in tem erature commqn to valley 

contains copies of t i e thermograph sheets a t  stations 

winds, but as soon as the wind velocity decreases, as 
shown by the hours of 10 p. m. and mdnight, No. 3 fell 
below the readings at  station No. 5, because loss of heat 
through radiation was then allowed to continue without 
being offset byj fnrbulcnce. With a slight Increase in 
velocity after midnight, note the rise in temper@ure at 
No. 3, and with a further decrease to calm during the 
hours from 4 to 8 in the morning of the 2d, note the t 

fall at  No. 3. The night of the 2d-3d shows the effect 
of a light mountain breeze in that the temperatye 
at  No. 3 is prevented from fallin to a low point, 

because the air in descening the slopes of 
the 7lat Top orchard is slight1 warmed by compres- 

3 is higher than at  No. 5 and continues so until sunrise. 
Thus a condition resembling a “to freeze” is formed. 

southerly, increasing a t  first, but later gradua y di- 

sion. By 2 a. m. on the 3d t i e temperature at  NO. 

Shortly after sunset on the 4th t K e wind chan ed to fi 

FIG. 57.-Thermograph traces, November 1-6, 1916, stations Nos. 1,2,3, 

Nos. 1, 3, and 5 a t  Blowing Rock for the period from 
November 1 t o  5, .1916, together with hourly wind 
directions and velocities taken from the records of tho 
Weather Bureau ofico a t  Ashevdle for the samo period. 
The light broken line is a trace constructedfor comparative 

ur oses from daily extremes recorded at Banners Elk, E. E., a t  practically the same elevation, but a few milos 
distant from the edge of the plateau. The weather 
during this eriod was clear and dry. I n  the upper 

&os. 3 and 5, located in the Flat Top orchard, and it 
will be seen how quickly the temperature changes, 
especially durin the ni ht, in response to a change in 

in the latter be small. The lower part of the ra h 
compares No. 1, located in the China orchard, witf J o .  
5, in tho Flat To orchard. 

in the h a t  Top orchard (up er portion of gra In) is 

ortion of t I: e graph a cornpanson 1s shown between 

direction and ve 5 ocity of wind, even though the change 

Durin the ea ry  P evening of the 1st the temperature 

kept fairly unlform by the ligft to moderate nort %. west 

I 

and 6 ,  Blowing Rock; also wind direction and velocity at Asheville. 

minishing until it  reached a calm about 9 a. m. This 
light southerly wind brought large amounts of. warm 
free air to the slope at  the elevation of No. 5,  WMO NO. 
3 a t  tho foot of the slope is not affected, loss of heat 
continuing there unimpeded during the nlglft, except 
from 11 p. m. to 2 a. m., when t.he wmd changed to east- 
erly and a slight rise in temperature occurred. Wlth a 
change in direction again to south, the temperature fell. 
This night of the 3d-4th is an excellent example of large 
inversions in both orchards, as shortlg after 10 p. m. 
the temperature a t  No. 4 was about 16 higher than No. 
3 for a difference in elevation of 175 feet, and NO. 2 in 
the China orchard at  the same. hour was about loo 
hi her than No. 1 for a difference 19 elepation of 450 feet. 

$he same res onse to change in Wnd dlrection and 
velocity can be illowed in the thermograph traces in the 
iower ortion of tho graph, only tho effects are not so 
markex in the China c d ~ a r d  because of difference in 
topography. Thus We see how !mportant in determining 
the extent of inversion at Blowing Rock is this factor of 
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wind, and the effect does not necessarily appear in average 
conditions or even in the daily minimum temperatures, 
because during portions of the same night entlrely different 
conditions may prevail. On the night of the lst-2d, the 
minimum at No. 3 was about 33' at 7:30 a. m., the lowest 
reached at  any station during the night, yet shortly 
after midnight the temperature at  No. 3 was over 6' 
higher than a t  No. 5, which at  that time was the lowest 
in the orchard. 

This influence of the mountain breeze a t  Blowing 
Rock No. 3 is the main reason why the temperature 
there on some ni hts is so much higher than a t  High- 

in the Flat Top orchard, at  the base of which No. 3 is 
located, is so much smaller than the number in the 
Waldheim orchard at  Highlands (see Tables 14 and 16). 
Both No. 3 stations a t  Highlands and Blowin Rock 

temperatures for the eriod of observations differing by 
only 0.3' (see Table 4f The surface area in the vicinity 
of the higher levels of the Blowing Rock orchard station 
No. 5 is considerable, being almost flush with the plateau 
on which the air is rapidly chilled through radiation on 
clear nights, and in flowin down the slopes of the orchard 
it fhds an outlet below Bo. 3, so that this descending 
current, being warmed mechanically, of ten prevents the 
temperature a t  No. 3 from falling to as low a oint as it 

air doubtless passes over No. 1 at  a considerable elevation 
and ordinaril does not affect the temperature at that 

unlike No. 3 in the Flat Top orchard. Highlands No. 3 
has no such mountain. breeze, as it is located in a small 
saucer-shaped de ression m t h  no outlet below a slope 
culminating in a gnob. A slope on one side and timber 
on the other sides completely surround this small pocket. 
Cane River.-The slope at  Cane River is rather steep 

and culminates in two isolated peaks or knobs, with gen- 
erally sharp profile and small mass in proportion to eleva- 
tion, rising considerably above the surrounding countr 
within a radius of several miles. All these factors, wit 
their resultin reduction of radiating surface near the 

air which faces the higher stations, cause the tern erature 
at No. 4, located on one of the knobs, to approac t that of 
the free air on ni hts with lights winds. 

marked than at any other individual station in the re- 
search. In  fact, during January, 1915, it was so marked 
as to show in the hourly values when the average tempera- 
ture at  No. 4 gradually and continuously rose aEter mid- 
night, the minimum occurring the previous evening. 
These rises in temperature. at  summit stations constitute 
one of the most interesting features of the research, 
and time will be taken now to go into the reasons for 
them and also to show some traces illustrating the condi- 
tions at Cane River. The influence of the free air tem- 
perature in determining the minimum at No. 4 is felt 
under two different types of inversion, the Intermediate 
and the Cyclonic. In both cases there occurs a gradual 
rise in temperature at  the top station, while the tempera- 
ture lower down continues to fall from continued radia- 
tion. where the freedom of air movement is restricted. 
Again, as stated before, clear weather with 11 ht  wind 
is usually associated with the Intermediate 4jype and 
increasing cloudiness and wind with the C clonic ype. 

ditions there occurred at  Cane River on January 27-29, 
1914, the most remarkable example of rising temperature 

lands No. 3 and a 7 so why the number of large inversions 

have about the same elevation, with annua B mean 

otherwise would. In the China orchard this a escending 

station, whic IT is located on a rather steep slope, much 

i 
summit and t E e better exposure to the great mass of free 

This effect of t a e free air temperature a t  No. 4 is more 

Under the influence of a combination o P these two con- 

erly winds, 
calms in the coves 
the thermograph 

at  No. 4 rose 

sion of 24' a t  8 a. m. 
Another example of this rise in temperature at the 

summit station at  Cane River, which is entirely due to 
the bringing in of warmer. currents of air and may be 
oonsidered a purely Cyclonic Type of inversion, occurred 
during the period December 19-23, 1916, shown in 

FIG. BB.-Thermograph traces, January 27-29, 1914, stations Nos. 1 and 4, Cane River. 
Large inversions. 

Figure 59. Beginning with 10 p. m. on the night of the 
lgth, the tem erature rose continuously at  No. 4 from 

the 21st, or during an interval of 37 hours, without regard 
to the usual diurnal changes which took place at  No. 1, 
1,100 feet below. During the period from 8 a. m. of 
the 19th to  8 a. m. of the 20th a deep LOW moved rapidly 
southeastward from the middle Rocky Mountain to the 
lower Mississi pi Valley, and by the morning of the 21st 

caused moderate and fresh southeast winds for a 48- 
hour period at  Cane River. By the morning of the 22d 
the disturbance had increased greatly in intensity and 
was located over the middle Atlantic coast, with strong 
northwest winds over the mountain region, resulting in 
a norm condition, as shown by the trace. The rise in 
tem erature at NO. 4 during the night of the 22d-23d 

is a good example of the Intermediate Type of inversion. 
Still another example of the Intermediate Ty e of 

ary 3-4, 1916, illustrated in Figure 44, a difference of 
21' between Nos. 1 and 4 being observed at 8 a. m. op 
the pth, the temperature risin steadily at  the summit 
station and fallin at  the base from about 7 p: m. of the 
preceding day. b n  the following night, 0-g to the 
rapid approach of a LOW, an inversion OS the Cyclonic 

a minimum o P 18' to-a maxmum of 51' at 11 a. m. on 

n trou h-like dp epression covered the Atlantic coast States 
with t E e LOW centered south of Alabama. This condition 

at  K e same time when thcre was a gradual fall at  Np. 1 

inversion at  Cane River is found on the night of P anu- 
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Type occurred, and this condition is shown at  Altapass sistently lower than those at  Globe during all inversion 
on the same ni ht  in Figure 54. periods, notwithstanding the fact that .Gorge No. 1 is 

any of the other slopes, the grade being slight and the difference in local exposure. A ain, the readings at  No. 

in inversions are invariably found at  the summit, as reat difference in the surroundings, the former station 
after No. 2 on each slope is reached, the amount of free leing located in a cove and surrounded by a lar e number 

Because the 

ature of the free air opposite it is still high enough to inversion nights. 
retard the fall in temperature there, so that the summit The differences between the summit stations are small, 
station shows a higher reading than a t  lower elevations. although in this comparison the summit station at  Gor e 

ing surface in the sha e of surrounding hills, which rise the summit of a descending spur of Grandfather Moun- 
to an elevation as hig 1 as and even hgher than No. 2, tain, which reaches northwestward beyond and above 
and because of the comparatively flat cove-like location, for several miles, with increasing mass or surface area. 
we find almost as low readings here as at No. 1, as stated HendersonviZZe.-The most prominent feature concern- 
previously. Consequently marked inversions at  Gorge ing the inversions in this rou is the effect of wind di- 

rection and velocity as mo fi. lfie CY by local topography, and are not apparent until after No. 2 is 
opposing slopes cutting off any supply o warm free air.dCthis is shown strongly by the average minimum tempera- 

Gorge and G f ob.-The slope a t  Gorge is quite unlike over 200 feet lower in altitude, and this is because of the 

slope long. Like Cane River, the highest temperatures 2 Gorge are always lower than G 7 obe No. 2 because of the 

of radiating surfaces in the sha e of hdls, w Ei le G!obe 1 

No. 2 faces a sufficiently large vo P ume of warm free. aw to 
elevation of No. 5 at Gorge !s relative k 9 low, the temper- prevent the temperature from reaching a low point on 

avera es the higher because of the freer exposure on t fi e 
actua K summit with small mass, while Globe No. 3 is on 

air in proportion to the surface area continually becomes 
greater and the minima higher and hi her. 

As station No. 2 partakes more of the nature of a 
valley floor station because of the large amount of radiat- 

passed, the low 

FIG. 59.-Thermograph traces, December 19-23,1916, stations Nos. 1 and 4, Cane River. 

However, the inversions in the higher levels a t  Gorge 
are the largest found on any long slope, and this is 
because No. 1 is relatively cold for its elevation and the 
summit station No. 5 is on a knob, where the mass is 
small and where it faces an almost unlimited volume of 
free air the tem erature of whch is comparatively hi h on 

A most remarkable instance of. large inversions, the 
reatest in the entire four-year eriod, to which reference 

13, 1913, at  Gorge, when a difference of 31" was noted 
between Nos. 1 and 5, the tem erature nsing at  No. 5 
and simultaneously fallin at  2 0. 1 (see fig. 75). This 
condition was brought $out by a combination of the 
Cyclonic and Intermediate Types of inversions. 

As Globe and Gorge are only about 15 miles apart, 
with base stations within 200 feet of the same elevation 
above sea level, it is interesting to note the. variation in 
minimum temperature during nights of inversion on 
these two slopes as affected by local topography. The 
average minima at the base station at Gorge are con- 

account of the P ow elevation of the slope above sea f evel. 

[as been made before, occurre. a at 6 a. m. on November 

tures for the selected May period of inversion (Table ?a), 
when with calm ni hts or with light southerly wmds 
there is an average &Terence of 9.5O between Nos. 2 and 
3, the latter station being the hi her. Occasionally the 
highest tern erature is found at 80. 2 and this is solely 

the thermal belt is usually foun at  No. 4 and, sometimes 
may even be above that station, at  the level of the sum- 
mit of Jump Off Mountain, located to the southwest and 
nearly 200 feet higher. 

Ths influence of wind direction and velocity durin 
the November period is brought out in the dlscusslon o 
Table 2a, but it does not show strong1 in the avera es, 

ically this influence, figure 60 has been Prepared showm 
the superim osed thermograph t n ~ ~ s  for two selecte 
periods in Npovember, 2d to 5th and 19th to 21st, inclu- 
sive, for Nos. 1,2, and 4, to WhlCh has been ap ended the 
hourly wind dlrection and vel?cltY, as recorged at  the 
Asheville Weather Bureau station. 

B because of t K e effect of norther1 winds. The middle of 

Ei 
because on some of the ni hts the e rfp ect was only 5 elt 
during a portion of the nig % t. In order 60 show graph- 

% 
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Figure 60 illustrates the variation in temperature be- 

tween a base and summit station during a cold ni ht  
through a subsequent warm and rainy period to anot !ii er 
cold night and shows typical inversions as well as the 
rapid recovery in temperature aloft. Note the continu- 
ous rise in temperature a t  the summit station, No. 4, 
fromlOp.m.,November 19, to 11 a.m.,November 21,coin- 
cident with falling temperature at the base station, No. 1, 
during the nights on these two dates. 

It will be recalled that Hendersonville No. 2 is in a cove, 

of the air these 

air movement is very light, regardless of the direction of 
wind. Thus on the night of the Is&-2d, with a light 
northwest wind, we find the temperature a t  No. 2 as h g h  
or higher than No. 4 at the summit and from 10' to  15' 
higher than at  No. 1. On the following night, during 
intervals of light northwest wind and calm or variable 

night of the 20th-21st, when an inversion of 28' is noted 
between Nos. 1 and 4, the greatest observed at Hender- 
sonville durin the period of the research. 

Figure 60 ik~strates the effect of wind direction and 
velocity on temperature, especially noticeable at  station 
No. 2. Shaded portions of graph indicate the tem era- 
ture excess, in both time and amount, a t  station $0. 4 
over that a t  No. 2. 

Xount Airy-The inversions at  Mount Airy are not 
large, taking the year as a whole, and the largest amounts 
by far are found in the unusually favorable period durin 
May. On one.night during the selected May perio 
(Table 2a) of inversion there was a difference of l G o  
between Nos. 1 and 2, equivalent to an increase of 1' in 
temperature for each 10 feet in altitude. It is quite 
probable that these large inversions in May represent 
the maximum differences that are possible on that slope. 
Because of the small elevation of this group of stations 
and the slight difference in elevation between the sum- 
mit and the base stations, the belt of highest temperature 
on the west slope is sometimes a t  No. 2 and sometimes 
reaches the summit, No. 4; and on the east slope, a 
similar situation prevails. When the wind is from a 
westerly direction the highest temperature is found at No. 
2 instead of at  the summit, because large quantities of 

% 

FIG. 60.-Thermograph traces, November 2-4,1916, and November 19-21, 1913, stations Nos. I ,  2, and 4, Hendcrsonvillo. 

wind, the temperature a t  No. 2 fell and recovered fre- 
quently, but with an increased wind velocity from the 
northwest shortly before sunrise the temperature rose 
slightly and equaled that at No. 4. 

not prevent a strong inversion between Nos. 1 and 4. 
However, a t  No. 2 we find a remarkable lowering of the 
temperature, for a time. keepin pace with No. 1, 450 

as compared to No. 1 was greatest about 8 p. m. with a 
10-mile-an-hour wind from the southeast. Toward 
morning, with Jessening wind ve!ocit , some exchange 
with the warm free air was permitteJ and a slight ex- 
cess in temperature is noted over st?tioii No. 1, though 
not enou h to prevent a heavy or kllling frost at  No. 2. 
Meanwhie B the temperature a t  NO. 4 remained close to 
50°, with an average inversion of pver 20' between Nos. 
4 and 1. Again, on the following night, 4th-5th, a 
light northwest wind followed by a calm near midni h t  

recovery was again noted with increase of wind before 
daylight. 

The influence of wind direction and velocity u on the 

shown by the thermograph traces during the period 
November 19-21, 1913, inclusive, especially during the 

During the evenin 
of the 3d a moderate southeast wind prevailed, but di 8 

feet lower. The depression of t a e temperature a t  No. 2 

resulted in lowering the temperature a t  No. 2, nlthoug fl a 

temperatures at  Hendersonville Nos. 2 and 4 is a Y so well 

warm free air at  a low elevation are then brought to 
this westerly slope. With all othcr conditions, the 
hi hest temperatves .are normally found at  the summit. 

%he effect of. inclination and direction of slo e is 
shown by the minima at Nos. 2 and 3, the former Being 
located on a stee westerly slope and the latter on a 

elevation above No. 1.  
Figure 61 shows the differences in temperature which 

prevail on clear uiet nights when, as a result of the 
different topograp sn ical features, the minimum at No. 2 
may be nearly 10' higher than at No. 3. 

Tryon.-Because of the peculiar to ogra hical features 

some remar a able variations in the extent and amount 
of inversions during the course of a year. Normally, as 
shown by Table 2a, the middle of the thermal belt lies 
between Nos. 2 and 3, at an elevation of only 400 feet 
above the valley floor. The highest minima are usually 
found at  No. 2. On no other slope is the center of the 
thermal belt found so close to the valley f loo~.  

The controlIing factor at  Tryon in affecting inversions, 
both in amount and extent, is the mountain breeze, 
which is greatly aided in its develo ment by air move- 

this breeze is a most vital factor in governing the minima 

more gentle easter P 9 slope, both stations having the same 

a t  Tryon (fi . 21), which affect the B P  ow o air, there are 

ment from the west down the Paco 9 et valley. In fact, 
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at No. 1, and time will be taken to discuss the subject 
in detail. Before the beginning of the mountain breeze at  

/ /A  M T A I R V  OCT /Q/6 /Zth 

FIG. 61.-Thermo aph traces, October 11-12,1910, stations Nos. 2 and 3, Mount Airy. 
Variatgn in mnimum temperature due to inclination of slope. 

night there is an inversion alon the sides of the gorge pf 
the Pacolet River and the inc 7 osing Blue Ridge, while 

Blantyre, and Bryson, while during the selected May 
eriod (Table 2a), when the influence of the mountain 

greeze at  Tryon was unimportant in affectlng the minima, 
the differences between the Tryon base statior! and those 
at  Gorge, Blantyre, and Bryson are much less. 

Again, we note that at Tryon the summlt station, 
NO. 4, averages considerably higher as compared with 
the base, No. 1, in periods of inversion unfavorable for  a 
breeze down the slope, such as the May period, than in 
periods when the breeze prevails at  night.. 

On nights unfavorable for the mountain breeze during 
inversion weather, the difference in temperature between 
Nos. 1 and 2 or between Nos. 1 and 3 may equal.or 
exceed any inversion in the region. For instance, during 
the May period (Table 2a) the largest individual inver- 
sion a t  Tryon is 20° between Nos. 1 and 2, differing in 
elevation by 380 feet, while the largest inversion on any 
one night during this period between Nos. 1 and 5 a t  
Gorge, these stations differing in elevation by 1,040 feet, 
is but 4' more. On February 18, 1916, the inversion 
at  Tryon was 23O, which was 3' in excess of any other 
inversion in the region the same night. 

Figure 62 contains the thermograph traces at  Tryon 
for stations Nos. 1, 2, and 4 from noon, October 27, to 
noon, October 31, 1914. This period is one of the most 
remarkable found crt Tryon, as the effects of air move- 

Fro. GP.-Thermogcaph traces, October 2&31,1914, stations Nos. 1,2, and 4, Tryon. 

on the Saluda plateau above radiation lowers the tem- 
perature so ra idly that there is a cold blanket of air 

unstable condition can not last long, the co d air nearest 
the slopes finally breaks through the warm air on the 
slopes and forces the cold air out of the valley bottom, 
at  the same time warming itself by compression. This 
often prevents low temper$ures at  No. 1. Now when the 
air movement over the baluda platoau has a westerly 
com onent, as during anticyclonlc weather, the contin- 
ual {isplacement of the chilled surface a? on the plateau 
to a position over the warm air on the sides of the gorge 
gives a constant impetus to the mopement of the moun- 
tain breeze, and under such conditions th! temperature 
remains high at No. 1 during the entre  night, while in 
other valleys at  the saine elevation and under the same 
weather conditions, but uninfluenced by a breeze, the 
temperature may be from loo  to 20' lower. This ac- 
counts for the fact that inversions may Occur on other 
slo es when conditions ap roaching a norm are noted 
a t  %yon. Thus we find t t e average minlma a t  Tryon 
NO. 1 during the November period (Tablo 2 4  when the 
breeze was quite marked, much higher than observed at 
all other typical valley-floor stations, such as Gorge, 

P 111 contact wit R the warmer air on the slo es. As this 

ment combined with the eculiar topographical features 
are excellently illustrated y the thermograph sheets for  
tho nights of the eriod mentioned above; in fact, during 
the three nights eeginning with that of the 28th-29th, 
the effect upon the temperatures at  Nos. 1, 2, and 4 of 
light easterly winds, moderate westerly winds, and ligllt 
westerly winds are successively shown, and the vertical 
temperature gradients on tho Tryon slope a t  midnigllt 
of these three nights are illustrated by curves m Figure 64, 
the adiabatic gradient being represented by the s t~a ig l~ t  
line at  the left. These two graphs are discussed in the 

5 

following paragraphs. 
The weather was clear each ni h t  0.f this selected 

October period at  Tryon (fig. 62), a n i  during the rester 
portion of the night of the 27th-28th, under the inklence 
of diminishing northwest winds, the temperature a t  No. 4 
was the lowest on the slope. so  10% 8s there was any 
force at  all to the wind, the temperature at  No. 1 was 
prevented from falling to a low Point, but as soon 8s the 
wind diminished the temperature on the valley floor 
became almost as low QS thnt at  No. 4. This condition, 
however, did not occur until about 7 a. m. on the 28th. 
0 1 1  t,he night of the 28-29th, the wmd changed to  light 
southeast and east, causing a moderate inversion, which 
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resulted in reducing the minimum at No. 1 to a point 12’ 
lower than No. 2 and 10’ lower than No. 4. The vertical 
tem erature gradient a t  midnight is shown in Fi ure 63 
by t K e curve marked “Light easterly winds.” A t e  the 
rapid fall in temperature a t  No. 1 in the 
during this night as compared with the 
the same station on the precedin night, 
curves of tern erature a t  both 8 os. 1 and 4 are nearly 
parallel until a % out 6 a. m. 

The thermal belt at  Tryon is built up to an unusual 
height on inversion nights during the prevalence of light 
southeast or southerly winds, as the cold air is then 
pocketed in the gorge above No. 1 and is only sli htly 
disturbed by the moderate flow of air above it. 80. 1 
then continues to lose heat by radiation until a con- 
siderable inversion is formed, as, of course, the tempera- 
ture a t  Nos. 2, 3, and 4 is, under these conditions, quite 
high, the slope being warmed by the free air brought to i t  
by the southeasterly winds. At these times, the highest 
temperature is often found a t  No. 4 or even on the very 
summit of Warrior Mountain, 400 feet above No. 4 and 
over 1,000 feet above No. 2, where the center of the 

that under the most favorable conditions the therma ! thermal belt on this mountain is usually found, showin 

belt at Tryon reaches to a considerable height. 

PIQ. 63.-Vertical temperature gradients under varying conditiolls, October 29-31,1914. 

Returning now to the discussion of Figures 62 and 63, 
i t  is noted that in the former a sudden fall in tempera- 
ture occurred at No. 1 on the 29th, short1 after 4 p. m. 
This drop was caused by a change in the Jrection of the 
wind to the northwest. During the night of the 29th- 
30th the northwest winds increased in velocity, thus aid- 
ing in the development of the mountain breeze, which 
caused a sharp rise in temperature at No. 1 a t  10 p. m. 
Moreover, the eneral westerly movement of the air was 

current from the Saluda plateau was felt at the other 
stations, especially a t  No. 4, where the hourly readings 
were unusually low during most of. the ni ht. On clear 

at No. 1, it is often noticed that Np. 4 is much too col 
considering the difference in elevation, and this .is prob- 
ably accounted for b the fact that the general air move- 
ment from a wester6 direction, whch seems necessary 
for the full development of the mountain breeze, de- 
scends through the Warmer air on the eastern slope of 
Warrior Mountain and reduces the temperature on the 
slope, although bein warmed itself by the sime process. 

of such strengt fl during the night that a cold descending 

% nights, such as the onein question, m t h  the B reeze blowin 

The we1 h t  of the cfescendin cold air mixin with the 
previous !f p warm air on the opes, forces it % ownward, 

NT NO. 19. 

which in turn, from the ressure behind it, displaces the 
cold air at the bottom o P the valley, and it is only under 
these coqditions-that is, when the air movement from 
the west is strong enough to push the cold surface air of 
the plateau Over the summit of Warrior Mountain-that 
a descending air current is felt at  all three stations, Nos. 
2, 3 and 4. This combination of a strong mountain 
breeze a t  No. .l and strong descendin currents down the 

is seldom shown b the minima a t  the slope stations, 
Nos. 2 and 3. &le the influence of the mountain 
breeze passing down the gorge of the Pacolet prevents 
the temperature from falling at  No. 1, and even causes 
i t  to rise, the cold air descending from the plateau down 
the slo e of Warrior Mountain is not sufficiently warmed 

compression to prevent the temperature there 
from alling. This combination is only temporary and 
generally lasts but a few hours. An excellent exam le 

discussion, October 29-30, when from 11 . m. to 4 a. m., 

was continuallylower than No. 1 at the hour of 3 a. m., 
the difference being nearly 5 O .  After this hour the wind 
diminished, and the temperature at  No. 1 therefore fell 
to a point below No. 2. The vertical temperature gra- 
dient oh this same night at midnight is shown in Figure 
63 b the black line marked “Moderate westerly winds,” 
whic K closely follows the adiabatic gradient represented 
a t  the left by the straight line. These descending cur- 
rents on Mount Warrior have little or no effect upon the 
temperature at No. 1, which is entirely under the influ- 
ence of the brisk wind which sweeps out from the gorge 
of the Pacolet valley, the temperature of the valley floor 
being regulated by conditions which differ widely from 
those on the stee easterly slope of Warrior. For these 

valley floor with the three upper stations on the slope. 
If the upper stations were situated in the gorge of the 
Pacolet in a line with No. 1, we would often find a gradual 
decrease in temperature with .e!evation, but instead they 
are located in a sheltered position on the eastern wall of 
the inclosing Blue Ridge and normally little affected by 
the breeze. 

After the mountain breeze is fully developed, the 
considerable mixing of the air will give a vertical tem- 
perature gra len t  on the slope corresponding nearly to 
the adiabatic rate, as brought out in the precedin 

aragraph, but as the temperature falls lower an 
Power on the S-duda plateau as the night proceeds, this 
flow of cold air descending the slope gradually lowers 
the temperature a t  No. 4 a t  a corres onding rate. But 
since the volume of cold air forcecfover the edge of 
the plateau is small when light westerly winds prevail, 
i t  does not descend the slope of Warrior Mountain in 
sufficient quantity to force its way to the bottom; 
hence the temperature a t  only Nos. 4 and 3 is lowered, 
the readin s a t  the latter station being but slightly 
affected! w%le the relation of the minima at Nos. 2 
and 1 is similar to that under inversion conditions, 
except that the reading a t  the latter station is rela- 
tively high. Thus at sunrise, for instance, the tem- 
pepture gradient may be strongly superadiabatlc, and 
thls relation, especially between Nos. 2 and 4, is not 
uncommon a t  an hour of the night. It is well shown 
in. fi ure 63 by t i e  black line marked “Light westerly 

October 30-31. !b r ing  this night a true mountain 
breeze prevailed, with light westerly winds, and the 
temperature at  No. 1 fluctuated considerably, although 

slope of Warrior Mountain occurs on K y infrequently and , 

of this condition is shown in Figure 62 on the night un t; er 

the temperature a t  No. 2, the center of t K e thermal belt, 

reasons it is rat fl er diEcult to compare No. 1 on the 

5 

tmn f 9,’’ which re resents the gradient a t  midnight of 
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with a falling tendency, but i t  was undoubtedly pre- 
vented from falling to as low a point as i t  otherwise 
would had no breeze occurred. In  figure 62, note the 
relatively high tem erature a t  No. 2 as compared with 
the readings at  bot { Nos. 1 and 4 on that night, result- 
ing in the marked superadiabatic gradient shown in 
figure 63. 

showing progressive. distribution 
a May period of anversion at 

64) shows the progressive 
average temperature on the slope a t  Ellijay during a 
t ical six-day period in May, 1914. During the day- 

due to elevation continuing until about 5 p. m., when 
the sun’s rays are shut off at  station No, 1 by intervening 
mountains, although they are still effective on the re- 
mainder of the slope. A rapid loss in heat occurs a t  
this time tit No. 1 and a loss also, although in a much 
less degree, at Nos. 4 and 5, while the more effective 
insolation a t  Nos. 2 and 3 delays the rapid fall in tem- 
perature a t  those stations-in fact, .nearly an hour in 
the case of No. 2. The point of lughest temperature 
appears successively at the stations in order of their 

lig YR t hours we find a normal decrease in temperature 

versions. If the weather conditions are. stable and purely 
antlcyclonic and the absolute humidity low, the suc- 
cessive appearances of this relatively warm, belt at  in- 
creasin elevations are so rapid that they are difficult to 
follow, %ut during more humid weather the change call 
be traced Quite easilv, and often the rising sun of the 
followin mkning finas the belt below the nirmal height 

~ 

(see ~ a f i ~  17). .. . - - - . 
Mean min&nwn temperatures durinq inversion weather 

at 14 base stations corrected for  latitude and to the 2,000- 
-foot ZeveL-We have seen in the preceding pampa hs the 
marked influences of topography during nights o P inver- 
sion, resulting in great differences in minima at points 
having approximately the same elevation. Some base 
statloris are relatively colder than others, just as there 
are variations between the minima at slope stations and 
between those at summit stations. The tem erature at 
the summit depends lar ely upon the surroungng surface 
area, and that on the s k ope upon its direction and steep- 
ness, as well as the proximit to opposing slopes. How- 
ever, there is naturally a d’ lffy erence of opinion as to the 
kind of base station that insures the lowest minima 
during nights of inversion. The term “frost pocket ” is 

FIG. 04.-Isoplutlis, solaclod in 

increase in elevation, but during this period i t  never 
reaches No. 5. I-Iowever, more complete observations 
on the slope, if available, would undoubtedly show 
that the average highest minima during the w ~ e k  in 
question occurred Ltt a polnt about midway between Nos. 
4 and 5. This successive rise in th? position of highost 
minima with increasing elevation is partially due to 
the shuttin off of the sun’s rays, but mainly to the 
reshaping of the vertical tem erature gradient with the 

About 4 :30 a. m. the largest inversion occurs, averaging 
15.8’ between Nos. 1 and 4. Note the rapid rise in 
temperature during the early morning hours at  the 
lower stations, especially at  No. 1, the temperature a t  
the base reaching about the same degree as at  No. 5 
shortly before 8 a. m., at  which hour the temperature 
averages about Go lower at No. 2 than at NO. 1: No. 2 is 
the last station at  which t;he.temperature be ms to rise 

011 the slo e later than at  any other point. By 9 a. m. 
the norm$ decrease in temperature with elevation pre- 
vails, this continuing until the late afternoon, when the 
same processes are repeated on nights favorable for in- 

more rapid loss in heat a t  the P ower 8tntions. 

m the morning, because the sun’s rays reach t 8; s location 

30442-23-6 

vorsion period, May, 1811, Ellijey. 

often used without any special reference to the character 
of the surrounding topogra hy, and the fact that low 
minima occur at such a p P ace, with resulting serious 

frosty nights, is usually considered suffi- 
the appellation. I-Iowever, ther? are 
frost pockets, and an attempt ~111 be 

made here to point out the features that have the most 
im ortant bearing upon the situation. 

fn  Table 18, used in this comparison, a correction has 
been tip lied to the base station readings for both eleva- 

mon base of 2,000 feet above sea level, and to a latltude 
of 35’ north. Tho elevation of 2,000 feet IS selected, as 
that represents a proximately tho average of all the 
base stations emp P oyed in the research, and the parallel 
35’ passes along the southern border of the region. 

In  order to make the reductions for elevation, a cor- 
rection of 1’ for each 300 fe?t has been applied to the 
observed minima. The vertlcftl temperature gradient 
is groater in summer than ill mnter, S O  that the correc- 
tion of 1’ for 300 feet is probably insufficient during the 
warmer months of the Year, too l a r ~  for the wmter 
months, and near the true correction ?or the spring and 

tion an K latitude, the stations being reduced to  ti corn- 
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autumn months and for the year as a whole. The cor- 
rection for latitude applied varies with the season of the 
year, at the more northerly points approximately 1.2’ 
in summer, 2’ in sprin and autumn, 3’ in winter, and 

annual values. In  contrast with these the more south- 
erly stations have practically no corrections for latitude, 
while those midway have intermediate values. Reduc- 
tions of this kind can not be made with any refinement, 
but it is thought that the comparison would not be 
satisfactory without some correction, so as to reduce 
ap roximately the readings to a common basis. 

$or the urposes of this comparison periods of inver- 

extra periods for May and November, double weight 
being given to these months on account of the greater 
frequency of inversions. Table 19, which contains these 
values, furnishes most interesting results. In  the s ring, 

Bryson, and Blantyre are seen to be the coldest, the 
Highlands station being especially the coldest in the 
summer. This station is located in the saucer-shaped 
depression so often referred to, with a slo e to the north- 
west on which the orchard stands, and a ense surround- 
ing timber in all other directions. The situation is such 
at  this point that there is practically no opportunity for 
interchange with the warm free air, nor is there ever a 
mountain breeze possible from the slo e above during 
nights of inversion. Moreover, during t fl e seasons of the 
year when the foliage is dense, especially in summer, the 
air is trapped by the dense timber, and the cold air 
accumulates in large quantities. While Hi hlands No. 3 

during spring, .summer, and autumn inversions, several 
base stations in winter have lower corrected minima. 
The trees in the vicinity of the Highland station are 
deciduous, and the frost pocket is therefore not so pro- 
nounced in the winter, as the timber then does not serve 
as a barrier to the movement of air out of the pocket, as 
i t  does in summer. The situation a t  Bryson and Blan- 
tyre, the two other base stations having abnormally low 
minima, is much different from that a t  Highlands. 
Br son and Blantyre are both situated close to wide 

roundin mountains, but not close enough to interfere 
with rasiation, and with considerable marsh land and 

2’ for the means of a 1  7 four seasons, which represent 

sion are se I” ected for each month of the year, as well as 

summer, and autumn the base stations at  Hig hi) ands, 

appears in Table 19 as the coldest of the % ase stations 

va IT ley floors, where the air movement is reduced by sur- 

Eock, for instance. Blowing Rock No. 3, while often 
referred to as a frost pocket having consistently low 
temperatures throughout the year because of its eleva- 
tion, nevertheless is so fre uently favored by a breeze 

average much hgher than other stations where conditions 
would seem more favorable. Along the summit of the 
orchard in which No. 3 is located there is a considerable 
area, and below the station there is an outlet, thus er- 
mitting the breeze to pass down the valley of the I?ew 
River and thus raising the temperature mechanically at  
the valley floor station. 

During inversion nights unfavorable for the breeze at  
Blowing Rock,. when the trend of the air is from the 
southeast, rninma-are observed a t  station No. 3 as low 
as at  any base station in the entire re ion and sometimes 

certain nights that the avera e minima there are so high 

The % ase stations not located on true valley floors, 
such as those at  Transon, Asheville, and Mount Airy, 
have the highest corrected minima, if Blowing Rock and 
Tryon be excepted. The Tr on station, of course, has a 

k g h  minima are due to the night breeze, as previously 
described, and also to the relatively greater vapor pres- 
sure in its lower position. 

Table 19 certainly shows reat variation in these cor- 

season has the lowest minima and‘ Mount Airy the 
highest, with average differences between them, re- 
spectively, of 9.8’ and 9.7’. Highlands has the lowest 
in the s ring, summer, and autumn, as stated previously, 

the highest in summer, Hig%ands averaging 12.3’ lower 
in sprm and autumn and 12.6’ in summer. These 
large. &erenoes in temperature fairly represent the 
varymg effect of topography and. vegetation and in- 
dicate that there are reat vanations in base station 

at  night during periods o P inversion that its minima 

wen lower and It is only because o B the breeze during 

as com ared with those at ot % er base stations. 

osition on a true valley H oor, but its comparatively 

rected minima. Bryson for t. 0th the ear and the winter 

Mount fi ‘ry the highest in s ring and autumn, and Tryon 

readings of the same e k evation and latitude. 

TABLE lg.-Average minimum temperatures during inversion weather 
at 14 baae stations, corrected for latitude and to the 2,000-foot level. 

[The tem eratures are corrected for latitude 35’ north. In reducing for elevation lo is 
elevation. The elevation of 2,ooO feet represents anowe8rOr each 300 feet of inorease 

approximately the avomge elevation Of the 14 base stations used in the table.] 
-- 
Order 

1 
2 
3 
4 
5 
0 
7 
8 
9 

10 
11 
12 
13 
14 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

No.3, 
NO. 1, 
No. 1 
No.1: 
No. 1, 
No. 1, 
No. 1 
No. 1’ 
No. 1: 
No .1  
No. 1’ 

No. 1: 
No. ; 
No. 3’ 

Highlands.. . . . . 
Bryson City. . . . 
Blsntyre.. . . . . . . 
Hendersonville . 
Qorge ..._. . _. . . . 
Cane River ...... 
Ellijay. . . . . . . . . . 
Wilkesboro . . . . . 
Globe.. . . . . . . . . . 
Asheville . . . . . . . 
Tryon. ~. . . .. .. . 
Blowing Rock.. 
Mount Airy.. . . . 

Transon. . . . . . . . 

BUMMER. 1 
No. 3 Highlands.. . __. 
No. I’ Bryson City. . .. 
No. 1’ Blantyre ... . . . . . 
NO: 1: Cane ki~r+::::: 
No. I Hendersonville.. 
No. 1’ Gorge ......._... 
NO 1’ Transon.. . 
No’ 1’ WiUresboro:..::: 
No’ 1’ Asheville.. . . . . . 
No’ 1’ Qlobe ..__._...._ 
No: a’ Blowing Rock.. 
No Mount Airy.. . . . 

NO 1’Ellija 

NO: 1; T ~ O U . .  . . .._.. . 

36.4 
37.5 
37.6 
39.3 
39.5 
39.5 
39.9 
43.0 
43.6 
44.0 
44.9 
45.5 
45.7 
48.7 

46.8 
49.4 
49.8 
49.9 
60.4 
51.0 
51.3 
62.9 
53.9 
53.9 

58.1 
59.4 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

1 
2 
3 
4 
5 
0 
7 
8 
9 

10 
11 
12 
13 
14 

_ _ _ ~  
Station. 

WINTER 

No. 1 Bryson City __... . 
NO. 1: Blantyre.. . . .. . . . 
No 1 Gorge __...__..... 
No: 1’ ElliJay.. . .. . . .:. . 
No. 1’ Hendersonville . . . 
No. 3: Highlands.. . . . . . . 
No. 1, Cane River.. ._. . . 
No. 1, Wilkesboro ._._.._ 
No. 1, Globo _ _ _ _ _ .  ..__._ 
No. 1, Tryon _.__.__._.._ 
NO. 1 Transon _.._.__.._ 
No. 3) Blowin Rock .. 
NO. 1; *shovilTe.. . . . :I.. 
No. 1, Mount Airy ....._ 

ANNUAL. 

No. 1 Bryson City .... . . 
NO. 3’ Highlands.. . . . .. . 
No 1’ Blsntyre.. .... . . . ~ o ’  1’ Gorge. ...._...... 
NO: 1’ Ellijay.. . ._. . . . . . 
No. 1’ Cane kiver _....._ 
No. 1: Hendersonrillc. .. 
No. 1 Wilkesboro ....... 
No. 1’ Globe.. . .. ... . .. . 
NO 1’~ranson ........_. 
No: 1’ Ashevillo.. __. ._ _ _  
NO 1’ Tryon ....._._.... 
NO: 3’ Blowin Rock 
No. 1:MOunt iiry..:::: 

24.1 
24.4 
26.1 
26.7 
27.2 
27.5 
27.2 
28.6 
29.7 
29.8 
32.3 
33.0 
33.0 
33.8 

30.1 
36.2 
30.4 
38.0 
38.0 
38.3 
38.3 
40.4 
41.7 
42.1 
43.2 
43.8 
43.9 
45.9 
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stations. 
- 

............................................. Mount Airy No. 4 . .  
QorgeNo:5:: .................................................... 
010 o No 3 .................................................... 
Hondersonville No. 4 . .  .......................................... 
Transon No. 4 . .  ................................................. 
Ellijay ........................................................... 
Ellija No. 5 ............................................................... 
Highlands No. 5. .  ............................................... Cane giver No. 4. .  .............................................. 

May November 
period. period. ~- 

i; A 
B 
C C' 
D D' 
E E' 
F F' 

F" 
Q 0' 
H H' 

ascent) and the adiabatic radient (1.G' for each 300 feet) 

in connection with the temperature gradients on the 
selected slopes. 

The individual vertical temperature radients for 

orchard a t  Highlands, for both periods, May and Novem- 
ber, are shown in the graph at the left of the free-air 
curves and are illustrated by lighter curved lines. These 
gradients are most interesting, and, although there 1s a 
marked similarity in the May and November curves, the 
differences are due to differences in the direction of the 
air movement prevailing during the periods selected. 

In calm anticyclonic weather the mountain breeze is 
the rule at  Tryon, although some periods are more 
favorable for its development than others. The May 
period selected is sli htly unfavorable in that light 
southeast to south winfs prevailed on the nights selected, 

are shown by the dotted 5 ines for comparaf;ive purposes 

seven selected slopes, including that in t E e Waldheim 

.. 
Fro. a.--Approdmate f m ~ a i r  temperature gradients ovor western North Carolina during periods of inversion in spring and fall. 

These stations are selected as representing, within 5' or thus having. a tendencv to hold back the accumulated 
so, the temperature of the free air on invegion nights a t  
their respective elevations. The free-aw curves for each 
period are drawn from the base station a t  Tryon, but as 
the average for this elevation does not represent a typical 
reading on account of the frequency of the mountain 
breeze the average minimum tom erature for Gorge No. 1, 
reduced to that elevation, is use a as the surface tempera- 
ture for that altitude. 

These curves have been drawn somewhat to the right 
5 t h  reference to  the selected stations, since even the most 
ideal slope station during a night of inversion Would have 
a lower temperature than the adjacent free ai:. 

At the left in the graph the normal decretlse in temper- 
ature with elevation in free air (1' for each 300 feet of 

cold air on7he plateau: The November period hap ens 
to be extremely favorable, with a predominance of air 
movement from the northwest. The curve for the May 
period, therefore, more nearly resembles the heavy-curve, 
while the November gradient is strongly superadiabatic 
after passing No. 2, with the waterlike descent of cold 
air on No. 4 from the lateau above. 

perature of No. 1 during the November period being 
unusually hi h for its elevation. The position of this 
station is we1 !i located topographically to experience a 
mountain breeze, yet the actual occurrence of the 
breeze is both infre uent and of short duration. It is 

The two curves for 8 lobe differ considerably, the tem- 

also not a typical va 3 ley-floor station in that the profile 
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of Gragg Fork, where the station is located, shows a 
considerable inclination as compared with that of the 
valley floor at  Gorge, for instance, Globe No. 1 having a 
better air exchan e than most valley .floor stations. 

ab 91 y cut down by the near approach of the opposing steep 
slo es. 

$he curves a t  Gorge are irregular and of unusual con- 
tour, and this is because of the unusually low tempera- 
tures a t  the lower stations due to the confining walls, 
while the minima at  the up er stations are high. 

much alike, but quite dissimilar to the free-air curve. 
The five stations here are on a stee slope near a gorge 
which has been cut back into the glue Ridge plateau, 
so that on a calm clear night we find a p a t  accumula- 
tion of cold air over the plateau and dlrectly over the 
slope on which the orchard stations are located. The 
descent and mixing of this cold air with the warm free 

A a h ,  the availab f e sky room for radiation is consider- 

The curves for Altapass P or May and November are . 
s o 0  3600 

3000 3000 

e500 8600 

20- 2000 

I600 f500 

1000 1000 
~~ 

ESa. Btl.-Average position of thermal belt on slx long slopes during typical inversion 
weather. 

air in the valley reduces the temperature of the whole 
slope, and although the usual thermal conditions are dis- 
played on the slope, yet there is a considerable reduction 
of the temperature on the entire slope, referred to on a 
previous page. If these curves were continued below 
station No. 1 to substation No. la ,  they would be ap- 
proximately parallel to those at Gor e. 

similar, exce t that in the November period, the tem- 
erature at $0. 4 ap ears relatively lower than in May 

Because of the revaiying northedy winds in November, 

lower down. 
At Ellijay the summit station was not in o eration in 

period in that month is not show?, but in the autumn 
period the curve is ideal after No. 3 1s reached, as then the 
tcm erature of the slope artakes more and more of that 

available in large uantities with decreasing surface area. 
The curves a t  I? ighlands naturally show the markedly 

low tern eratures prevailing at the base station, No. 3, 

For both periods a t  Cane River t E e curves are quite 

which serve to ! ring warm free air to the slope stations 

May, 1913, so that the complete curve for t R e selected 

of t R e free air which at t E e elevations of. Nos. 4 and 5 is 

in the If aldheim orchard and the large differences be- 

tween it and No. 4, and are quite similar for both selected 
periods, as wind direction and velocity have no effect 
upon the tem erature conditions on this slope. 

The Tertica P temperature gradient is more nearly adi- 
abatic in summer than in winter, and the constructed 
free-air curves shown in Figure 65 for the May and 
November periods conform to this seasonal difl’erence. 

HEIGHT O F  THERMAL BELT. 

Average position of the center of thermal belt on nights 
of inversion.--Figure 66 shows the average position of the 
belt of highest temperature on typical nights of inversion 
on the six slopes having a rangc in vertical height from 
1,000 to 1,760 feet, Altapass, Cane River, Ellijay, Globe, 
Gorge, and Tryon. In this figure the shaded columns 
represent the vertical hei h t  of the various slopes and 

dicates the avera e position of the thermal belt during 
t pica1 periods o f inversion weather. The density of 
s l ading shows the relative warmth on various portions 
of the slopes. The Altapass slope in the figure includes 
not only the five experimental stations, but also the re- 
mainder of the slope below station No. 1 down to the 
valley floor at  No. la,  conforming. to the an discussed 

tions was made between Altapass and Elli’ay. 

area at  the summit. The direction of air movement is 
often quite important, as, generally speaking, exchange 
between the slope and the warm free air facing it is hin- 
dered on the lee side and aided on the windward sides, 

. cold air accumulating on the slo e on the lee side, with a 
lowering of the temperature ancf a corresponding raisin 
of the center of the thermal belt, while on the windwar8 
side the temperature is raised by the constant inflow of 
warm air on the slope, with a consequent lowering of the 
center of the thermal belt, althou h the width or extent 

southeast slope of Tryon, for instance, under the influ- 
ence of southeast winds, while the point of hi hest mini- 
mum lies relatively near the base station, t e thermal 
belt or inversion may extend upward to No. 4 station, 
and even considerabl beyond. Of course, in such event 

mum upward is pery slight as compared with tEe gradient 
between this point and the base station, and the actual 
center of the theTmal belt does not necessarily coincide 
with the 

antic clonic weather with a night or so of abso ute calm 

usual relief of the unstable conditions existing between 
slope and free air. The inflow of warmer air with the 
a proach of a low-pressure area is first felt at  the more 

may be rising at  the summit station and falling rapidly 
at the levels below, because of the reduction of wind 
velocity in the valley by surface friction. The belt is 
thus forced to unusual heights and is higher with increas- 
ing length of night. We would expect this belt to be 
lowest over a plain where the radiation is confined to a 
level surface over which a stratum of cold air 1s built 
upward by loss of heat from the ground, gradually affect- 
ing successive layers of air above, and Fghest in a deep 
and narrow valley where the volume of a x  is reduced and 
the radiation from the o posing slopes in cooling the air 
ul contact with them & ains the small amount of air 
between the slopes OF its warmth. 

their relative elevation. 4 he circle marked “T. B.” in- 

on a former page, when a comparison of t fi‘ ermal condi- 

The main factors determinin the heigit ! of this belt 
are the inclination or grade of t a e slope and the surface 

of the inversion is not necessari f y decreased. On the 

the temperature gra 8 lent from the point of hi hest mini- 

Then t I? ere is a tendency during protracted eriods of 

for t z e belt to be pushed upward by the failure of the 

e P evated stations, and in extreme cases the temperature 

oint of hghest minimum. 

I; 
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At Tryon we may find the belt between Nos. 2 and 4, 
but most frequently near and. above No. 2, at  an eleva- 
tion of about 400 feet above No. 1. The vortical tempera- 
ture gradient at  Tryon (see fig. 65) very closely resembles 
that over a plain as there is no opposinv slope. 
the occurrence of the mountain breeze &e belt is?:::$ 
downward by the waterlike flow of cold air from the 
plateau where it has accumulated. The three slo e 
stations at  Tryon are not directly in the path of t E e 
mountain breeze, and the small uantity of cold air 
which is forced over the summit o 9 Warrior is quickly 
warmed by mixture with the air on the slope and by 
compression in its descent, and usually it merely chills 
No. 4 and possibly the slope a few hundred feet below, 
with a consequent slight lowering of the belt. It is 
under thesc conditions that the vertical temperature 
gradient becomes strongly superadiabatic between Nos. 
2 and 4 (see fig. 63). Under favorable conditions, 

reviously described, the upper portion of the thermal 
felt may be so extended as to include the summit of 
Warrior above No. 4, although the highest minimum will 
still be recorded at  No. 2. 

The temperature of the free air at Altapass is much 
reduced by the large area of the radiating surface of the 
surrounding country. The Blue Ridge plateau, nearly 
flush with the surrounding rim of mountains, is a source 
of much of the unusual coolness of the slope stations as 
corn ared with othors of the same elevation both above 
sea P eve1 and their respective valley floors. However, 
since the entire slope seems to be affected by this unusual 
environment, us well as the adjacent free air, tbe belt oi 
highest ternpcrature, at least within the limits of obsef-va- 
tion, is found to  have practically the same elevation, as at 
Globe and Gorge, and this condition is well shown in 
the following table, the center of the belt in each case 
being approximately 1,000 feet above the floor: 

. - -  i peel. I Feet. 
....................................................... 2,440 

Globe.. ....................................................... 1 2,625 
1 $%pi '2,480 

(:orgo 
Alt8pW.. .................................................... 
_____I--- ___________ 

1 hpproximatoly. 

At Ellijay 'wo liavo tho extromo condition of a narrow 
and deep valley and reduced available free air, and it is 
not until an elevation of 1,250 feet above the valley 
floor and nearly 3,500 fept above sea level is reached that 
warm free air in considerable. quantities is available, 
a proximately the level of station No. 4, and because of 
t t is  fact and the stoadily decreasing surface area, the 
averave hei h t  of the belt is placed somewhat aboveNo. 4. 

At Eane Eiver warm free air IS avtdable in considerable 
quantities above the 3,000-foot. level 350 feet above the 
valley floor, and the bolt of highest temperature shifts 
between Nos. 3 and 4, depending upon the wind direction. 
No. 3, which is in a cove-like depress?oi? on the side of 
Rocky Knob, is colder than oink of simdar.elevation on 
the open slope. The 700-Foot difference 111 elevation 
between Nos. 3 and 4 does not permit an accurate location 
of the belt, and although uito frequently the hivhest 
temperature recorded on t Il e slope is found at Both 
Nos. 3 and 4, especially with air moveinont from the 
north, the more rapid recovery at the highor statlon 
after a cold spell forcos the belt to the summit rogardless 

of the wind direction. Thus the average position is 
placed sli htly below No. 4. 

to determine whether or not there is a seasonal fluctua- 
'tion in the height of the thermal belt on account of 
difference in length of nights, a comparison has been 
made on the Ellijay and Tryon slopes, having vertical 
heights of 1,760 and 1,100 feet, respectively, for which , 
fi ures are given in Table 20 for the spring and autumn. 
T i e  center of the thermal belt at  Ellijay ordinarily 
fluctuates between stations Nos. 4 and 5 and at Tryon 
between Nos. 2 and 3, as has been shown already, sa that 
in this comparison we need only to use the data for the 
two higher stations a t  Ellijay, while at  Tryon only 
stations Nos. 2 and 3 are necessary. 

The table gives the number of nights during inversions 
when each one of these stations was the warmest in its 
group, for the months of April, May, and June, re re- 
senting the spring, and October, November, and !be- 
cember, representing the autumn. June is used instead 
of March in the spring group and December instead of 
September in the autumn group in order to accentuate 
the differences in the length of nights. 

The data are for the four years at  Tryon, 1913-1916, 
but for only three years at  Ellijay, as station No. 5 there 
was not in operation greater number of 
inversions are found es in the spring than 
in the autumn. In  the highost minima are 
observed at station No. 78 per cent of the 
total number of nights of inversion, 8s compared with 
22 per cent at  No. 5 ,  while in the autumn the percentages 
are 75 and 25, respectively, indicating a very slight 
raising of the belt in the autumn. At Tryon in the 
s ring the highest minima observed were 52 per cent of 

at  No. 3, while in the autumn the percentages wore 79 
and 21, respectively, the variation between the two 
seasons being the same as at  Ellijay. 

The above comparison has been supplemented by the 
employment of another method, shown in Table 20, 
May and November only being used. In  this method 
the excesses in temperature at  stations Nos. 4 and 5 at 
Ellijay and at  Nos. 2 and 3 at Tryon over No. 1 in their 
respective groups during all nights of invcrsion in these 
two months for the four-year period are included in 
Table 20, and this comparison shows for Elli'ay per- 

48, respectively, for November, while at  Tryon the er- 
centages for May at  Nos. 2 and 3 are 57 and 43 an f fo r  
November, 54 and 
obtained in the 
slight excess at No. 4 
month of May over 
The same may be said for station No. 2 a t  Tryon as com- 
pared with No. 3. 

We. may conclude from these two comparisons that 
there is a tendency, althou h slight, for the thermal b d t  

seen already that the belt on the%UijaY SI0 e ordinarily 

near the summit and the preseil.ce of OP OSll% slopes 

ture is relatively low because of the !Teat y e a  in the 
viciiiity of the summit and the lack of opposlng slopes 
at  the lower levels. At ElIijay, the center of the belt is 
usually about 1,240 foe! above the base station, while at 
Tryon the highest minima found at  a point 400 to 
500 feet above the valley floor, as shown also in a previous 
discussion. 

Seasona 7 Jluctuation of the thermal belt.-In an attempt 

t K e time at  station No. 2, as compared with 18 per cent 

centages of 53 and 47, respectively, for May an d 52 and 

to rise with the increase in t fl e len th of niglzts. We have 

assumes a high level because of the relative P Y small area 

lower down, while at  Tryon the point of hlg E est tempera- 
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1914 ........... 
1915 ........... 
1916 ........... 

These two belts are fairly representative of conditions 
in mountain districts and they indicate the great differ- 
ences that may exist in the positions of the thermal belts 
on slopes as modsed by surrounding topography. 

TABLE PO.-Seasonal jluctuatwn of the them1 belt on the two longest 
slopes, Ellijay and %on. 

ELLIJAY (1914-1916). 

[Number of days with highest temperature at stations Nos. 4 and 5.1 

I April. I May. 1 June. 1 Total. 1 / N g m - / D r - I  Total. 

GI& 4 & p; uj 4 & a ' &  4 $ 4  d 4 4  g g g g g g g g g g g g g g g g  
______-__------- 
16 1 12 10 15 10 43 21 11 7 7 10 8 4 26 21 
19 3 21 2 16 2 56 7 10 3 18 3 18 3 46 9 
15 4 15 7 16 3 46 14 12 8 112 19 1 43 9 

Octo- 
ber. 

e i i e i &  g g g g  
18 4 
17 11 
12 2 
24 

71 21 

............... 

TRYON (1913-1916). 

[Number of days with highest temperature at station No. 2 or No. 3.1 

Novem, 
ber. 

-- 

_--- 
18 5 
21 9 
18 2 a n  3 

79 19 
---- 
_--- 

1913 ........... 12 7 18 6 
1914 ........... 1 1 6 121 1 5 
1915.. ......... 5 22 2 
1916 ........... 2 23 4 

- 
e i d  

2 g  -_ 
14 

16 
13 

50 
-- 
_ _  Total .... 69 20 86 17 

Par cent ...................... I-1-1-1- 
4 

7 2  
2 
4 

12 

June. Total. 

-- 

2 58 13 

i 

e i d  
d d  a n  
50 
45 
46 
59 

ZOO 

__  
13 
22 
6 

11 

52 
-- 

May. 1 Noveinber. 

No. 4. No. 5. No. 4. No. 5. I 

____ 

Total. 

M y  1 NoveLber. 

No. 2. No. 3. No. 2. No. 3. 

______-.- ____ 

MONTHLY TOTALS IN DEGREES O F  INVERSION EXCESS, O F  STATIONS 
NOS. 4 AND 5 OVdR NO. 1 AT ELLIJAY AND O F  STATIONS NOS. 2 AND 
3 OVER NO. 1 AT TRYON. 

I Ellijay. I Tryon. 

1913.. ..................................................... 186 158 248 1 228 ............................... 160 213 188 I 1 % 1 % I 1 I 1 243 I 194 
1914 
1915.. ............................. 
1916 ............................... 229 208 1108 185 205 177 , 134 --~----- 

Total ........................ I 669 1 601 1 584 I 646 1 713 1 528 I 881 I 744 

Per cent ........................... 1 6 3 1  471 521  481 571 431 541 46 

1 Twelve days missing. 

TOP F R E E Z E S  AND 'NORMS. 

The sub'ect of inversion has now been discussed at  

tion furnishes most interesting .data and certainly the 
greatest complications. Inversion conditions are, of 
course, most important when frost occurs in the lower 
levels, and this situation has much influence upon the 
raising of fruit. When the temperature in the lower 
levels does not fall sufficiently low for the formation of 
frost, the degree of inversion is of much less consequence. 

There is another phase of the study of much i n t e r e s t  
the decrease in temperature with elevation- and we will 
refer to this subject under the headuq ('Top freezes 

considerab 1 e length, and that portion of the investiga- 

and norms." The expression "Top freeze'' is employed 
in the mountain region to designate a freezing condition 
in the upper levels that ma or may not extend down 
the slope to the valley floor, {ut in any case the tempera- 
ture is lowest a t  the summit. Top freezes are included 
in norms, but there are many cases that we shall have to 
consider where the tem eratures are not below the freez- 
ing point, although stil ;P with approximatel the same 
decrease with elevation. The term "norm' has been 
used m previous chapters of this publication and it seems 
to be acceptable, as the word mdicates the return to 
what may be considered approximately normal or natural 
conditions. 

The subject was touched u on on previous pages in 

perature, and it was shown that during the selected 
norm eriods (fiy 49) the minimum temperature de- 
creased) more or ess regularly from the lowest to the 
highest levels and that the rate of decrease between 
the lowest and hi hest stations employed in the research, 
Tryon No. 1 a n t  Highlands No. 5, was 1.2" for each 
300 feet of ascent, as compared with a normal decrease 
of 1" for each 300 feet in free air. 

A n  examination of the observations on the long slopes 
durin the research shows marked instances of norms, 

they are relatively less frequent durin the other seasons 

little consequence. The forms containing the observa- 
tions a t  Ellij ay during certain selected months, January, 
1916, February, 1915, and March, 1916, Tables 11, 12, 
and 21, respectively, embrace fairly representative con- 
ditions for these particular months. Ellijay is the 
longest slope used in the study, 1,760 feet, and the 
observations on that slope bring out the features of 
norms strongly, just as they do o! inversions. Of course, 
there is not the same range 1z1 norms .that there is 
in inversions, the decrease seldom reachng lo", while 
inversions may often exceed .20°, as shown in Table 7. 
Norms ordinarily occur durmg cloudy weather, with 
rather strong winds between southwest and north, such 
as ordinarily usher in cold weather. If tho weather is 
clear, there is a tendency to inversion, although, if 
the wind is sufficiently brisk, this tendency is neutral- 
ized. I n  Table 21, March, 1916, at Ellijay there are 
18 instances of norms, as shown by a comparison of 
the summit mth the ba\e statlon, but in no case is there 
a greater ran e than 11 . In  January of the same year 

reatest range reachmg loo, and in February, 1915 
?Table 121, only 11 instances, the reatest range bein 

of conditions in the colder months of the year. & the 
above fi ures dates having norms as small as 1' even are 
includecf although this rate, considering the differences 
in elevation, is well-nigh inappreciable. 

It may be said that a norm is characteristic of a 
change to colder weather when the wind velocity is 
sufficiently strong to prevent inversion, the amount of 
difference in temperature between the summit and 
base stations dependin almost wholly on the differ- 

+ p d y  weather, as cloudiness is sometimes character- 
Istic of the Intermediate or Cyclonic Type.of pversion 
when there is an overrunnin of warmer air either im- 
mediate1 after the passage o B the anticyclone or dvectly 

connection with the study o F average minimum tem- 

as we 7l as of inversions, during the winter months, but 

of the year. Naturally norms on s % ort slopes are of 

(Table 11) t E ere are. 19 instances of norms, with the 

9 as small as 7". These three mont a s are fairly t pica 

ences in topography. % orms do not occur always in 

before t z g arrival of the low-pressure are&. 
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TABLE 2L-Mtnthly record of minimum temperatures, daily recipita- 
tion, wind darection and force, and state Of weather, also $ferencea 
between readings at base station and those on dope, March, 1916, Ellijay, 
selected month showing norms. 

[The diflorenca*, between readings at the base and the respective slope stations 
seen by inspection.] 

may be 

0.001 w. I...do...l w. I...do... 
0.00is;v. Brisk. sw. Brisk 
0.42 w. ... do ... nw. ... do.. 
0.00 nw. ... do ... nw. ... do ... 
T. I w. i...dO../ 1 Mod ... 
0.00 w. ... do ... Brisk 
0.001 w. I...do...l w. I Mod. .. 

0.00]nw./Mod...(nw./...do... 
0.001 w. Brisk. w Brisk. 

0.00 s. Mod ... sw. ... do ... 
0.00 sw. ... do ... s. Brisk. 
1.17 w. Brisk. w. Mod ... 
0.02 n x .  ... do ... nw. Brisk. 
0.00 n. Mod ... n. Mod ... 
0.00 no. ... do ... ne. ... do ... 
0.00 w. ... do ... w. Brisk, 

_._.. . .. .__._ ...._ .....__. __... ..__..._ __.._ ....._.. 

State of weather. 

Cloudy.. Cloitdy. 
. .do.. ... Clear. 
..do.. ._ . Cloudy. . .do.. . . . Clear. 
Clear.. . . Do. 
Cloudy.. Cloudy. 
.. do ... . Pt.cldy. 
Pt.cidy. Cloudy. 
Cloudy.. Clear. 
Clear.. . . Cloudy. . .do.. . . . Clear. 
..do ..__. Do. .. do ..... Do. 
..do _._.. DO. 
Cloudy.. Cloudy. 
..do ._... Clear. 
Cimr .... Do. 
..do .._.. Do. 
..do ..___ Do. 
..do .._.. Do. 
Cloudy.. Pt. cldy. . .do .... . Cloudy. 
Clear.. . . Clear. 
..do ..__. Do. 
Pt.cldy. Do. 
Cloudy.. Cloudy. .. do ..... Do. 
..do ..._. Do. 
..do .... . Pt.cldy . 
Clear.. . . Clear. 
..do ...._ Do. 

......... .......... ......... j .......... 
1 Direction of slope and elevation oIstation above base station. 
Mod.-modcrate; Lt.-light; Pt.-partly. 

available on that slope during the period of the research 
and the temperature readings do not therefore indicate 
the ran e of inversion that is shown by the groups having 

employment of the Altapass slope in Table 22 in connec- 
tion with the frequency and range of norms would be 
free from the com lications apparent in the study of 

of norm depends less upon the topography than upon 
the differences in elevation between the various points 
under consideration. However, Ellijay, the longest 
slope, has by no means the largest number of inversions, 
but ranks in the entire period fourth of the six long 
slo es. R Table 22 Altapass is shown to have the largest 
number of norms of 5' or more, 284; Tryon, with 264; 
Cane River, 195; Elli'ay, 167; Gorge, 119; and Globe, 
69. Altapass, with t L e greatest number, and Globe, 
with the smallest number, each having the same vertical 
height between their base and summit stations, 1,000 
feet. The largest norm observed on either slo e is 8', 
while the average is 6" and 5 O ,  respectively. & t a r ,  
situated on the summit of the mam chain of the lue 
Ridge, has no rotection to the north and west in the 
vicinity, while globe has the protection to thenorthwest 
of Grandfather Mountain, the most massive mountain 
in the entire North Carolina region. The question of 
surface area in the immediate vicinity has doubtless an 
important bearing in the matter of norms. Altapass, on 
whoso slope the largest number of norms occurs, not 
only has no rotection to  the north and west, but also 

Tryon, ranking second on the list of the number of norms 
also has great surface area near the summit, while Cane 
River, Gorge, and Ellijay have comparatively little area 
at  the summit. Globe, however, which ranks lowest, 
althou h having considerable area in the direction of 

tion of that vast peak, and the winds from the northwest 
coming from it are always descending and being warmed 
mechanically on their arrival at  the base station. Doubt- 
less the presence of protecting ranges in the direction 
from which cold waves come is a factor. 

Furthermore, at Alta ass the range of temperature 

fact that the latter station ha pens to be on a slope 
may be an additional reason $r the large number of 
norms, and as Tryon No. 1 is located on an idealvalley 
floor the mountain breeze frequently occurs at night, 
often being intensified by the movement of the ai: from 
the lateau above, and on that account the readings of 

the summit. Some of the norms included in Table 22, 
especially for Altapass and Tryon, really occurred on 
nights of inversion-that is, when the temperature was 
higher on the intermediate slope-and th1F fact should 
part1 account for the large number credited to those 
two s s opes. That Altapass and Tryon have a laFge num- 
her of norms is important, and the fact that El!qay with 
its longer slope has a much smaller number 1s equal1 
important, especially when 1t. 1s con&bred that a 5  
norms of 5' are included in this comparison. 

valley B oor stations. However, it  would seem that the 

"Inversions," and t K is is found to  be true, as the degree 

has great su 2 ace area in the vicinity of the summit; and 

Grand P ather Mountain, at  the same time has the protec- 

considered is between t E e summit and No. 1, and the 

the E ase station are at  times much higher than those at 
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TABLE 22.--lblal inonthly and annual number of n o m s  of 5' or more o n  sik long slopes (1913-1916, inclusive). 
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Natural1 the largest number of norms occurs in the 
coldest an B most stormy season of the year (Fig. 67) or 
when the vapor pressure is least, February having 147, 
March 146, January 134, and December 133. July and 
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FIQ. 67.--Monthly frequency and avers e and oxtremo dogrees of norm on six long 
sfopes. 

August have the least number, 48 and 46, respectively, 
doubtloss because of the lack of storm movement and 
high humidity. The largest number, 312, occurred in 

1914, while the smallest number was 232, in 1915. 

eriods of inversion of large amounts often 

Tables 5 and 7, which give the daily mininium tempera- 
tures and variations for Ellijay for May and November, 
respectively, 1914, norm periods exceeding 5’ seldom 
last more than a few days at  a time, even in the winter 
season; but periods of small norms may continue for 
prolonged periods, as in January, 1916 (Table 11). Gen- 
erally spealcin , the frequenc of inversions is much 

1ng.the number of inversions of 5’ or more for the entire 
feriod in North Carolina on the six slopes hnving a 
en th of 1,000 feet or more, witli the number of norms 

total 3,316, as compared with the total norms, 1098. In 
other words, inversions occur almost throe times as fre- 
pen t1  as norms. This is in itself most important. 

Of d e  individual slopcs, Alta ass is the only one dur- 
ing the research period which T ias a larger number of 
norms than inversions, 284 as cornpared with 173, but 
this fact is only ap arent and not real, as the number of 
inversions on the 1 ltapass slope is not indicated in any 
degree in Table 13 because of the absence of a base station 
there. 

Of the other slopes, Tryon has barely twice as many 
inversions as norms, the percentage there being smaller 
than on the remaining slopes because of the great mass at 
the summit at Tryon and the mountain breeze at the 
base station a t  ni ht, to both of which conditions refer- 
ence has been ma (K e before. 

On the other hand, Gorge has during the period 705 
inversions, as compared witli 119 norms, and Globe 549 
inversions, as com ared with 89 norms, the reponderance 

all. 
Individual instances of norms may be noted by a 

study of the various thermograph traces (figs. 59, GO, GS, 
and 69). Moreover, Figure 68 illustrates the top freeze 
or norm condition during the selected period in De- 
cember, 1916, for Ellijay, as well as the inversion, and 
shows the vertical distribution of temperature during n 
period of active weather in December by motms of iso- 
pleths in the upper portion of the gra h and by tho 
superimposed traces of the summit and K ase stations in 
the lower part of the graph. 

Is0 Zeths showing progressive distyibutioli of temperntiire 
at E if ;jay during a Dewm6er period.-The isopleth in 

last a wee 5 and sometimes even two weeks, as shownby 

greater than t a at  of norms. zomparing Table 13, giv- 

of t a e same degree in Table 22 we find that the inversions 

of inversions at  t P le latter station being t 1; le greatest of 

I I 1 1 1 I 1 ! . ,  1 1 I I 1 1 I 

FIQ. 68.-Isoploths and thermograph tracos, solacted poriod, December, 1018, EllijW. 
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Figure 68 shows the distribution of temperature on the 
1,760-foot slope at  Ellijay durin a period of the more 
active weather conditions, whi& are typical of the 
colder season of the year, from noon, December 8, to 
noon, December 10, 1916. The upper ortion of the 
graph gives the temperature distribution %wing a warm, 
cloudy, and rainy period, showing a small decrease in 
temperature with elevation followed by a sharp cold 
wave beginning at about 3:30 a. m. of the 9th. The 
high northerly winds over this region bring cold air 
to the summits faster than they can drive the warm 
air out of the valleys below, so that the vertical tem- 
perature radient is much increased and not infrequently 

This is well shown 
during the morning of the 9th and to a lessenin 
during the remainder of the daylight hours, t e tem- 
perature at  8 a. m. of the 9th being 36" at  No. 1 and 
25" at  No. 5. The rate of decrease in temperature 
between base and summit at  this hour, 11" for 1,760 
feet, or practically 2" for each 300 feet, is twice the 
average rate in free air. 

superadia % atic during a cold wave. 

Tl degree 

FIG. GO.-Thermogmph tracos, March 2 4 ,  1916, stations Nos. 1 and 5, Ellijny. 

But with clear weather and diminishing wind velocity, 
a slow recovery in temperature begins at  the summit 
station at  about 9 p. m. of the 9th, with the center of 
hi h pressure moving northeastward. 

$he lower portion of the graph contains thermograph 
traces for Nos. 1 and 5 during the same period from 
noon December 8 to noon December 10, 1916, and illus- 
trates raphically the norm conditions on the 9th, 

succeeding night and reaching the greatest develop- 
ment by about 8 a. m. of the 10th. 

gradual 7 y changing to those of inversion during the 

HOUR--DEGREES OF FROST. 

In  fruit growing the degree to which the temperature 
falls on a critical night is important, b u t  the duration of 
the damaving temperature must be v!ven equal consider- 
ation. Tfie injury to fruit on two $Ifferent mghts when 
the temperature falls to  30°, fo: instance, will var 
greatly, rovided there is a great hfference in the lengt 

the temperature may rise almost immediately after the 
low point is reached, and freezing temperature may last 
only an hour or so, while in the other case the recovery 

$ 
of time t Yl e temperature remains below 32". In  one case 

In  other 

logical order. 
The greatest damage to fruit in the region is caused 

during a top freeze, and particularly is this true when a 
top freeze follows a penod of a week ?r more during 
which the temperature has been continuoulsy above 
normal and the fruit buds have begun to swell or even 
open. Well-marked examples of t h s  condition occurred 
March 28 and 29 in the spring of 1913. Immediately 
preceding this cold speIl the tem erature throughout the 

the week before averaging daily an excess of lo", with 
maxima ranging from 65" to 75" at  all points in the 
region, except the more elevated sections. 

This warm period ended on March 27 and was followed 
by a marked change to colder with norms on the first 
of the two dates in question at all stations except Bryson, 
the most westerly location, and general inversions on 
h e  last date. With the exception of Transon, Wilkes- 
boro, Mount Airy, and Tryon, the damage done by the 
cold high winds of the 27th-28th and by the freeze of the 
28th-29th was general, and the buds of peaches, pears, 
and plums, and some varieties of a ples were so damaged 

A t  Blowfng Rock, I-Iighlands, and Transon the injury 
was slight as compared with other points, and it is prob- 
able that owing to the h ~ g h  elevation of the orchards at  
these locations, the tem erature durin the preceding 
warm spell did. not reacE a degree sugciently high to  
advance the fruitbuds to a stage where they were suscep- 
tible to great injury by the following cold. However, 
at  these high altitudes damage is very likely to occur 
later in the season, when the fruit is farther advanced 
and when.ofchards at  lower elevations are more likely 
to escape injury. In  fact, as late as May 11 and 12 in 
the same sprin killin frosts caused reat damage at  

in the latter place fruit was killed even to an approximate 
height of 60 feet on the slopes, and at  station No. 3 
during this two-daj period in May the temperature fell 
to 23 with 24 HF on the l l th ,  and to 29" with 11 HF" 
on the 12th. 

Durin the two-day period mentioned above the num- 
ber of If Po at Mount Airy, Wilkesboro, and Tryon was 
small as compared with those a t  other stations, althou h 

first ni ht  with norm conditions the number of HB'' was 

the base, while on the second night, m t h  lqverslon 
conditions, the reverse was the case. This relation will 
be found to exist generally during all cold periods. I t  
will, therefore, be seen that, broadly speaking, the higher 

mountain region was considera g ly above the normal, 

that the yield as a who10 was the P owest in many years. 

Transon and Bowing Y E  lock. In the fi 4 at Top orchard 

the actual temperatures were below freezing. On t fl e 

general f y greatest at  the summit stations .and. least- at 
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levels on a slope experience dama e from top freeze 

from frosts, and the intermediate positions are ireer 
from damage by either freezes or frosts. This is espe- 
cially the case with long slopes. 

During the spring of 1914 there was comparatively 
little damage to fruit in any section of the mountain 
region, and the condition of all fruit was considerably 
above the average. However, at  Blowing Rock the 
apple bloom in the vicinity of NO. 3 was light as com ared 
with that in the u per ortion of the Flat Top orc !I ard, 

heavy freeze on the valley floor the previous year, May 
11-12, 1913, already referred to. 

With the exception of a few days in the last week of 
March, 1914, the weather was abnormally cold, and it is 
very likely that the freedom of the fruit buds from injury 
was then due to the fact that they had not been forced 
by early periods of growing weather such as occurred in 
the spring of 1913. The only period during the spring 
of 1914 in which dama e could have occurred was that 
of April 9-10, in w h i s  the estimated peach crop at  
Blantyre was reduced one-third. In  this period norm 
conditions were general on the first day, approaching 
inversions at  most stations on the loth, with inversions 
generally on the 11th at all stations. 

Combining the total HF" for each of the three dates, 
the lar est number on any slope generally occurred a t  
the hig B er stations, the more elevated slopes had the 

eatest number, and of the less elevated slopes,. Mount 
%ry, Wilkesboro, and Tryon, the base stations, ni com- 
parison with the respective summits had the greatest 
number of HF". This is mainly because the slopes a t  
Mount Airy and Wilkesboro are short and inversion 
conditions predominate, as the norm frequency depends 
almost entirely upon the length of slope and not neces- 
sarily upon elevation above sea level. At Tryon, how- 
ever, the slope is considerably lon er than at either 

number of HF" a t  the base station during this period 
was due to the lack of a breeze down the valley and the 
prevailing on-slope winds which brought quantities of 
warm air to the stations on the slope, while the accumu- 
lation of cold air and its cooling by radiation was allowed 
to continue on the valley floor without interruption, thus 

ermitting the temperature there to fall several degrees 
Eelow freezing. 

During this April period in 1914 the cold stations on 
the slopes at Gorge and Nendersonville, No. 2 in each 
case, had the greatest numb?r of HF" on their respective 
slopes, as did also Mount Airy No. 3, easterly slope, as 
compared with No. 2, westerly sl?pe, at the same eleva- 
tion above the base. There was little difference between 
the two slopes at  Ashedle, exce t that a t  the hi hest 

No. 3a on the southerly slope was 30 less than a t  the 
station on the opposite slope at  the same elevation. 

In  the autumn of 1914 there occurred on November 
20 and 22 a notable exam le of a norm foollowed by an 
inversion, while on the 24t E and 25th excellent examples 
of general inversions were recorded, m t h  the temperatures 
at most of the higher slope and summit statiqns consid- 
erably higher than their respective base stations. The 
minimum temperatures observed on November 20, 1914, 
Were the lowest noted during the research for so early in 
the season, and this is borne out by the large number of 
HE'" in all localities, includin even PyOn, Where the 
lowest minimum was 11" a t  r$ 0. 4 with a total number 
of 209 HF". When severe cold during norms covers the. 

or norm conditions, those at  the % ase receive in'ury 

and it is thought t % &  at t s condition was a result of the 

Wilkesboro or Mount Airy, and t E e relatively large 

stations, Nos. 3 and 3a, where t 1 e number of Edo at 

region, the degree of cold depends chiefly upon the ele- 
vation and latitude. 

Under date of November 22 there was a general de- 
crease in the number of HF" with increase in elevation- 
a condition typical of inversion nights. At the higher 
stations on several of the slopes the temperature did not 
reach the freezing point at  all, while at  their respective 
base stations the minima were much below 3 2 O ,  remain- ~ 

ing at  that de ee for severaI hours. At Gorge, Hender- 

base and summit stations was quite pronounced, the 
number of HF" being, respectively, 137 and 0, 174 and 
0, and 202 and 1. A marked effect of wind direction was 
noted at both Bryson and Mount Airy in that the HF" 
at Nos. 2a and 3, respectively, were reater than at  the 
other stations of the same elevation, a 0. 2 in each case. 
There is ordinarily little difference between the HF" a t  
Nos. 2 and 3 at Mount Airy, respectively on wester1 and 
easterly slopes, and the southerly slope a t  Bryson, d. 2a, 
is not often so much colder than No. 2 on the northerly 
slope as to cause a difference of 33 HF", as recorded on 
November 22. In fact, at  Bryson the minimum tem- 
perature at No. 2a was only 1" lower than at  No. 2, but 
the temperature at  the former station reached freezing 
an hour before the same de ree was recorded a t  No. 2, 
and, under the influence o uninterrupted coolin 
radiation, fell 5" lower, reaching 27" at  9 p. m. At 0. 2 
at  the same hour the temperature rose to 34" under the 
influence of li h t  northwest winds, bringing warm air to 

knob with reference to northwest winds, apparently did 
not receive any of this warm air. Toward morning, with 
diminishing wind, the temperature at both stations 
reached their respective minima. At Mount Airy a simi- 
lar condition provailed in that the westerly winds pre- 
vented the temperature from remainin at  a low point 

radiation contmued practically all night, resulting in 
low minima. 

The two nights of November 24 and 25 were typical of 
eneral inversions, and the resulting HF" re resent 

fairly well the tem erature conditions experiencedPon the 
various slo es. It nearly all locations the greatest 
number of RE"" occurred at the base station, decreasing 
rapidly with increase in elevation up the slopes to 
the summit stations, where practically none was 
recorded. 

The spring of 1915, like that of 1914, was generally 
favorable for fruit growing in the mountain region as 
far as the meteorological conditions were concerned, 
although some damage was done by cold winds during 
March. There was a full crop of peaches, while the 
yield of apples was very light, t~ damage from blight 
occurred in most sections, exce t at  Highlands, where 

there was a good crop of both peaches and apples. 
I n  both the China and the Flat To orchafds at Blaming 

owin to an unusually heavy hailstorm on *P$23, which 
knocged off the buds just as they were beglnnlng to swell. 

During the period from October 9 to 12, inclusive, 
1915, there occurred an example of an earls cold spell 
in the orchard region, mth mrms general on the 9th 
and inversions on the 11th and 12% part of the stations 
reporting the former and part the &tor conditions on the 
10th. Tryon did not register 8 mamimum of 32' durin 
this period, except ab !he top station, No. 4, on the 968 
and loth,. when freezing tempemhne was experienced 
on each mght for one hour. 

sonville, and IF lantyre, for instance, the contrast between 

a by 
9 

the slope, whi gl e No. 2a, located on the lee side of the 

on the west slope, while on the easterly s ? ope loss through 

nearly a full crop was reporte $ . At Wilkesboro also 

Rock the apple crop was a compete s failure 111 1915, 
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The spring of 1916 was quite similar to that of 1913, 
both seasons being unfavorable for fruit growing in the 
mountain region. There were several periods of warm 
growing weather in January in both years, followed by 
much colder weather in February. In  fact, the average 
temperature for January, 1913 and 1916, exceeded that 
for the respective Februaries by 6.2' and 6.7". It is 
this very condition-periods of growing weather in the 
middle of winter, forcing. the frmt buds to a susceptible 
stage, and followed later in the season or in early sprin 
by cold weather-which kills or damages the buds a n i  
seriously aft'ects the raising of fruit at  the higher eleva- 
tions. 

As stated before, January, 1916, was unusually warm, 
the averawe daily excess in temperature above the normal, 
as shown%y the records a t  the Ashevillo Weather Bureau 
station during the last decade being 17", with maxima 
averaging more than 60'. This warmth was followed 
during the first half of February by temperatures slightly 
above the normal, with the exception of a few days, so 
that a t  the beginning of the second decade the season was 
several weeks early, and the sudden change to abnormal 

Fro. 7O.-Avarago nrimbor of hour-dogrew of frost, 10 selected inversions. 

cold on the 14th practically wiped out the peach crop 
throughout the region, except a t  Tryon, by killing the 
buds which had been brought to a tender condition. 
The cold continued until the 17th, although all damage 
done to fruit occurred on the first two nights, when 

revailed ynerally. By the 16th inversions 
norms appeare $ , and by t e 17th only the colder base stations 
experienced frost intensity of any importance. 

Another cold spell occurred in 1916 from the 15th to 
the 18th of March and caused further damage to the peach 

by the heavy freeze the first two ni hts. On the 

No. l a  a t  Altapass as the true base for that slope, and use 
for i t  the HF value at Gor e No. 1. On ths date the 
HE'" a t  No. 5 Altapass and 8orge No. 1 were 50 and 60 
respectively, and taking the whole slope at Alta as; 

is seen to be a t  No. 2. 
In  the spring of 1916 still another eriod of cold 

inclusive, attended by strong northwest winds and con- 
siderable snow a t  the higher elevations. Ths may be 
considered a ty ical norm period for all stations, as the 
inversions whc% occurred on the loth, the last day, 

croR 18t inversions prevailed on all slopes, i 9 we consider 

from No. 5 to No. l a ,  the middle of the thermal % elt 

weather was noted in April, from the 7t % to  the loth, 

were weak in character and limited in extent. For the 
period as a whole the frost intensity was therefore 
greatest at  the summit stations, except at  oints having 
cold base stations, such as Blantyre and Jryson, where 
the frost intensity on the loth was much greater on the 
valley.floor than it was a t  the summit during the norm 
conditions. 

Reference may here be made to Figures 70, 71, and 72, 
showing, *respectively, the average number of HF" at  
each station for 10 typical inversions, 10 typical norms, 
and the averafe number for the 20 nights of both condi- 
tions, the .HF being grouped according to the elevation 
of the various stations in a manner similar to  the graphs 
discussed under 'LInversions and norms (figs. 47, 48, and 
49. As the relation of HF" to average minima during 
these conditions is generally marked, Tables 2 and 2a 
can be used to advantage in this connection. 

There is great variation in the locations on the various 
s lo~es  where thc duration of the minimum tomperature 

duration has re€erence to the actual minima observed 
at  the individual stations, which, of course, vary con- 

is i ongest or shortest, and this is only natural, as the 

siderably on any slope. For instance, the minima 
might be 24" u t  the base, 28" at the summit, and 31" 
on the slope midway between, and the length of time 
would t4hen have reference to  these particular figures. 
While it mjght bo expected that the temperature would. 
remain at  its lowest point on the portion of the slope, 
usually marking the center of the thermal belt, the shortest 
time,. yet when it is considered that this lowest tempera- 
ture 1s 31" as compared with 24" and 28" at the base and 
summit, respectively, it is not strange that the duration 
is not always shorter than those of 24" and 28". Never- 
theless, geographic variation in the HF" values, repre- 
sentkg both the duration and the degree of frost, conform 
rather closely to the variation in minimum temperature. 

Under inversion conditions (fig. 70) the largest number 
of HF" for the entire region is shown to be 173 a t  station 
No. 3 in the small frost pocket in the Waldheim orchard 
at I-Iighlands, where the lowest absolute minimum and 
the lowest average minimum were registered, and the 
smallest number was 4 at station No. 2 on the slope at 
Tryon, also the oint of highest minimum, both absolute 
und average. I!ighlmds is in the group of the hi hest 
altitude and Tryon in the rou of lowest altitude a B ove 

' sea level. In  every case % P  y ar the largest number of 
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HF" is found to be at  the base station rovided such 
station was located on a valley .floor. !.&e figures for 
Altapass are consistent, as its station No. 1 is just as much 
a slope station as Nos. 2, 3, and 4, and the increasing 
number of HF" at  the higher levels of the slope is of 
course due to the great surface area in the vicinity of 
the summit. 

Under norm conditions (fig. 71), the stations of hivhest 
altitude have the greatest number of HF"; or a t least  
this holds true for each group, but for the groups as a 
whole there is some variation. For instaiice, station 
No. 4, at  Cane River, has the largest number of HF", 262, 
with smaller amounts at  the summit stations of reater 
altitude, as Ellijay, Blowing Rock, and Highands. 
The smallest number of 13F for all the stations, as 
shown by Figure 71, is 39 at  the base station at  Tr on, the 
station of lowest altitude above sea level. In  t i e indi- 
vidual groups there is in most places a steady increase in 
HF" from the base to the summit during norms, and 
Ellijay is the only lace where the base station has a 

above on the slope. 
larger number of 1-p Po than the station immediately 

FIQ. 72.-Avorsge tots1 number hour-degroea of frost, 10 seloctod inversions and 10 
selected norms. 

In  Figure 72, portraying the total number of HF" 
during selected. norm and inversion periods combined, 
generally speakmg, the grou s havin the lowest altitude 

' the highest altitude the largest number. There is 
considerable variation in each group, some times the 
greatest number being at  the base and solnetinios at 
the summit, but the smallest number is never on the 
valle floor, but either on the slope or a: the summit. 
For t%e entire region the smallest number is 50 a t  station 
No. 2 on the Tryon slope and the Oreatest number, 377, 
at  the base station No. 3 at Higlzands. 

above sea level have the smal P est num f er and those having 

VERDANT ZONES. 

Some reference has been made to tlie subject of verdant 
zones in the Introduction. Ordinarily, the terms 
" thermal belt" and "verdant zone" would be considered 
s nonymous; but the latter is the result of special 

themselves. 
A thermal belt is tho portion of a slope above the valley 

floor that has relatively hi h night temperatures, usually 
reaching the summits of s % ort slopes and often those of 

t 1 ermal conditions, rather than the thermal conditions 

long ones as well. I t  has already been ex lained how 

different slopes and on difr'erent nights of inversion, 
depending upon topography and various metorological 
factors. 

The verdant zone may be designated as the portion of 
a slope in the spring and fall where the foliage remains 
fresh and green, having been untouched by frost or 
freezing temperature, while the foliage on other portions 
of the slope lower down and sometimes higher up has 
suffered damage. A verdant zone has been considered 
by many writers as a belt 400 or 500 feet in width a 
variable distance above the valley floor; but such a zone, 
while having a lower limit on a slope, may actually 
extend to the summit, the latter being its upper limit. 

A verdant zone may develop on a long slo e on a single 
night of inversion when the temperature fa R s to freezing 
or below in the upper as well as the lower levels, leaving 
a neutral zone untouched, and this is characteristic of a 
slo e having great area at  the summit, such as Tryon 

of inversion when frost occurs in t e lower levels with 

the height of the center of the thermal be Y t varies on 

K an x Altapass. I t  may form in the u per levels on a night 

FIG. 73.-Thermoflaph tram sod vertical tomporature gradients, April 8-10, 1918, 
stations Nos. 1, 2, and 4, Tryoo. 

the thermal belt above reaching to the summit, .OF it 
may form in the lower levels during a top-freeze condition, 
or it may be the result of m combination of inversion and 
top-freezo conditions over a eriod of two or more nights. 
It can be readily understoo! that on short slopes norFs 
can not be considered a factor, as the leinperature varies 
very little there from the summit downward, usually 
no more than a degree or two, and if treezing occurseat 
the summit it is quite likely to prevail over the entlre 
slo e down to the valley floor. 

f h e  Tryon slope seems to be more favorable than any 
other for the formation of a verdant zone, because the 
slope is fair1 long, it has no opposing slope and therefore 
the belt of L ghest temperature 1s lowJ and the area a t  
the summit is reat, resulting in relatively low tempera- 

The best example of verdant zone conditions on a 
single night a t  !l'ryon dutulg the four years' record was 
observed A ril 9-10, 1915, when the tempernture at 
NO. 2 was F rom 1" to 3 O  above freezb~g and the tern- 
perature at both NOS. 1 a d  4 rrtwed hctween 2(io uiid 
28O, as shown in Figure 73, the flaclc portioiis in the 
upper part of tho graph illustrntiiig tho length of time 

ture in the hig E er levels. 
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freezin temperature prevailed on the slope above and 

also shows the vertical temperature radient at  4 a. m. 

ortion of the curve on each night to the right of 32” 
Ene representing the verdant zone and that portion of 
the slo e where the minimum during these nights did 

8th-9th, the verdant zone was unusually wide, the 
lower limit reaching almost down to No. 1 and the upper 
limit a little over halfway between Nos. 3 and 4- 
probably a distance of 750 feet. At 2 a. m. the zone 
was reduced to its normal width b the lowering of the 
temperature at all stations except k o .  1, the reading at  
No. 2, however, still remaining above freezing. 

Figure 73 illustrates the temperature distribution on 
the slo e a t  Tryon during the formation of a verdant 
zone. %he portions of the thermograph traces falling 
below the freezing point have been shaded. The lower 
portion of the graph shows the vertical temperature 
gradients during the critical hours on each night, also 
the approximate width of the resulting verdant zones. 

There were several other instances at  T on in the 

below t % e verdant zone. Figure 73 (lower part of graph) 

on the 9th, as well as at  midnight o !? the gth-loth, the 

not fa1 P below 32”. At midnight on the night of the 

spring and fall during the four-year period of T t e research 

FIG. 74.-Possible variation in limits of verdant zone on mountain slopes. 

when the conditions were favorable for the formation 
of a verdant zone. 

On the night of October 21, 1913, during an inversion 
the temperature was freezing or below a t  all stations on 
the slope down to No. 2, and practically the same con- 
dition occurred on October 31 and November 1 following, 
and it was not until 20 days thereafter that there was a 
general freeze. 

In  the spring of 1914, on A ril 10, a freeze occurred at 
station No. 4 and frost a t  80. 1, with relatively high 
temperature on the slope at  stations Nos. 2 and 3, thus 
favoring the formation of a wider verdant zone than in 
the preceding autumn. 

In  the autumn of 1914 conditions were favorable for 
the formation of a verdant zone on the night of October 
28, much the same as in the autumn of 1913. 

In  the autumn of 1915 a top freeze occurred at Tryon 
on October 9 and 10, a t  No. 4, but it was not until 
November 4 that the temperature fell to the frost point 
on the valley floor at No. 1. Later, on November 16, 
the temperature fell to freezing on the slope from summit 
down to No. 3, and a general freeze did not occur until 
November 30. As a consequence a wide verdant zone 
apparently formed in the early portion of the autumn 
period, but I t  was considerably narrowed later. 

In  the spring of 1916, after a month of 
weather, freezing temperature 
10 from summit down to No. 3, 
at  No. 1 in the valley floor, thus 
of a verdant zone around station No. 2. 

Generally speaking, there is a tendency toward the 
formation of a verdant zone on the Tryon slope in the 
spring .and autumn, 300 or 400 feet in width, with the 
lower limit about 300 feet above the valley floor. How- 
ever, the l%its of this zone are seldom clearly defined, as 
they vary irregularly on the slope, just as the temperature 
varies. 

The line of demarcation on any slope between verdant 
and frosted foliage is not clearly cut, although such 
claims hbve often been made. It has been stated even 
that photogra hs of certain slopes would show this 
phenomenon clp istiiictly, but it must be conceded that 
during the period of the research it was not possible to 
find any slope so well marked, there usually being a 
gradual merging of the green and frosted folia e. 

the discussion of (‘Average minimum temperature and 
inversion” that the minima on any slope vary decidedly 
with topography and surrounding vewtation, depending 
on the relative steepness of the syope, proximity to 
neighboring slopes and timber, the relative area at the 
summit, the character of the valley floor, and the extent 
and density of the soil cover, so that a t  different points 
of the same elevation on any slope there is often great 
differences in minimum temperature, and consequently 
the line between safety and injury is sure to be more or 
less ragged. 

Figure 74 may represent the limits of a verdant zone 
possible on mountain slopes having great variation in 
topofraphy and vegetation. Here the term ‘(verdant 
zone ’ is used in the larger sense and includes all cases 
where a portion of the slope, whether large or small, high 
or low, is untouched by frost. or freezing temperature. 
The relative length and position of the white columns 
indicate roughly the position and width of verdant zones 
under varying conditions of to  ogra hy and weather. 

top freeze when a temperature of 32” was not fe t below 
the height of 700 feet. The other lettered divisions in- 
dicate conditions resulting from inversions, or inversions 
and norms combined: a, an average condition with mod- 
erate slope. and ?oderate ve etation; b, a steep slope at  

and bare vegetation; at d, because of change to gentle 
slope with dense vegetation, the lower limit of the belt 
rises and it falls again at e with decreasing vegetation; 
.f, in a cove wlth moderate vegetation and less o portunity 

again rlses and the zone narrows still further at  9, which 
marks the location of a sink or frost pocket, with dense 
vegetation. It then falls to the limits marked by a, 
a moderate slo e with moderate vegetation and at IL is 

in the narrowing of the belt, while a t  the point i, where 
there is no o posing slope and small area at the summit, 
there is a wilening of the belt; and, finally, at k ,  with no 
opposing slope but reat area near the summit, the belt 

found at 4 ryon. 
It may be said that the conditions portrayed. are purely 

ideal and could not actually be found on any single s lop ,  
and this is true. But the variation is not beyond the 
realm of possibility in a series of slopes, and there might 
even be additional variations. 

It has been pointed out previously, especia B y under 

f z represents a zone on any f 7  ong s ope formin after a 

‘(c,” widening st+l further % ecause of increasing grade 

for interchange with the warm free air, the f ower limit 

apparent the e K ect of opposing slopes in close proximity 

narrows a am, the 9 atter conforming to the conditions 
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Rise in tern erature at summit stations earlier than on the 
valley$oor.- % he statement is sometimes made by mete- 
orologists, in their studies of mountain and valley condi-' 
tions, that the temperature at  the summit usually rises 
before that at the base. Perhaps the observations 7 of 
Prof. McLeod, of McGill University, were the first made 
in America along this line, embracing a study of the rises 
in temperature a t  the base and summit of Mount Royal, 
Montreal. Of course the diurnal rise naturally occurs 
earlier in the mornin than at  the base, 
as the sun strikes first, but it is not with 
this diurnal change do in this discussion. 
McLeod concluded that it was possible to make tenipera- 
ture forecasts 24 hours in advance at Montreal by noting 
the changes at  the summit of Mount Royal, and he 
claimed a verification of 78 per cent by this means. 
The summit of Mount Royal is G20 feet above its base 
and 800 feet above sea level. 

Claytons made some studies along the same line at  
Blue Hill observatory in Massachusetts several years ago 
and found variations much the same as those observed 
by McLeod. Blue Hill has an altitude of 640 feet above 
sea level, tlie summit being 590 feet above the valley 
floor. 

of tem- 
perature conditions on Mount Rose, Nevada, at a much 
greater elevation, did not find such a variation, and they 
concluded that Mount Rose was not favorably situated 
for the occurrence of this phenomenon. 

The studies in this research in the North Carolina moun- 
tain re ion, niorcover, did not show results similar to 

observations provided no data upon which such tempera- 
ture forecasts 24 hours in advance could be based. As a 
sule, the temperature rose one or two or three hours ear- 
lier at  the summit than at the base, sometimes even rising 
at  the hi her levels whoa it was falling on the valley floor; 

advance of the rise at  the base. 
In  the study of the North Carolina data it is found 

that the temperature rarely rises a t  the summit, even 
where the eaks are isolated, more than 10 hours earlier 

exceed four hours. Of course, Mount Royal and Blue 
Hill are more isolatcd than the mountain peaks of 
North Carolina, and this might be considered an addi- 
tional reason for the early rises, althouah the elevation 
of these northern peaks is relatively sligh. Possibly the 
more active wind movement generally in the northern 
sections is also a factor. 

The temperature changes in tho higher levels of the 
Carolina mountain region certainly furnish no basis for 
the making of temperature forecasts, as found by 
McLeod and Clayton, and the results are in agreement 
with those obtained by Church and Fer usson for 
Mount Rose. Apparently the conclusions of 8cLeod and 
Clayton have been accepted by meteorologists, but it is 
thought that tlieir data should now be more completely 
examined and verified in view of the more recent studies 
on the subject. 

Many instances have beon noted in this research of 
rises in temperature several hours earlier at  the summit 
than on tho valley floor and some instances even when 
the temperature was still falling on the floor. While 
such rises, although sometimes slight, have been noted 
on all slopes, those ol  large range are only observed on 

Church and Fergusson in their recent, studies 

those o 'i; tained by McLeod and Clayton. In  fact, the 

but rare lp y was the rise a t  the summt levels 24 hours in 

than on t H e valley floors, and the average does not 

---_- __ __ - . _- I____ -----_ 
' Transnctions of tho Royal Society of Canada soriea 19041909. * Cln ton ii' 11 UIUO liill Obsorvntory Bullhins No. 1 1899, and No. 1,1900. ' BuE 83,'Tc~hni)cal Univorsity of Nevada Agricul&ucal Etxperlment Station, 1916. 

isolated knobs so located as to be free from obstructions 
in the shape of high elevations to the south and east. 
Thus Cane River stands out as the most rominent of 

summit. Slopes like Altaqass and Tryon, which have 
great area near their summits, and Ellijay, to the south- 
east of which lies the Highlands Plateau, show these 
rises in a less degree. 

Such rises in temperature result in unusual inversions 
and these occur in connection with the Intermediate and 
the Cyclonic Types of inversion. In  the Cyclonic Ty e 

due to rather fresh southerly or southeasterly winds, 
which have developed in the advance of the approaching 
LOW before this air movement has started at  the base, 
surface friction retarding the free movement of the air 
at  the lower levels. In  the Intermediate or Recovery 
Type, as the high pressure begins to pass to the eastward 
from the region the stations a t  the higher levels feel the 
rise in temperature first under the influence of light 
south to east winds, the hills preventing the cold air in 
the lower levels from draining away. 

the points in this research showing the ear P y rises a t  its 

the early temperature rise a t  the summit is primariy s 

s 

sd 40. 

9 6 

FIG. 'IS.-Thormograph traces, November 12-13, 1913, stations Nos. 1 and 5, Gorge. 

Examples of both types are numerous, but limited 
s ace permits but three illustrations, those of Cane 
giver, Januar 27-28, 1914 (fig. 58) ,  and December 
19-23, 1916 (z 59), both of which have ahead been 

Figure 59 includes the state of weather and the dlrec- 
tion and velocity of the wind as shown by the records-at 
the regular Weather Bureau station at Asheville, whxh 
is located only about 25 miles distant from Cane River. 
It illustrates two sets of conditions attending the early 
warming up of the summit station; the Cyclonic v p e  on 
the 19th-20th, when warm southeast winds were brought 
to the summit b the development of a LOW to the 
southwest; and t e Intermediate T pe? on the 22d- 
23d, when the rise in temperature fo owing a cold wave 
began at the summit fist without the unmedlate m- 
fluence of an approaching LOW. Tho effect of wind 
direction and velocity, as well as that of state of weather, 
is a parent in the comparison of the Asheville wmd record 
wit E these temperature traces. On the morning of the 
18th, a LOW moved rapidly O?er the region.toward the 
northeast, this condition causing .rapid rises m tempera- 
ture durin the afternoon and nlglit. On the 19th the 
influence of a LOW apprqachmg from the northwest began 
to be felt a t  the summit station, whde on the 20th the 
temperature rose generally, the .LOW r e m a i ~ n g  over the 
region and the temperature being high throughout the 

referred to, an 5 Gorge, November 11-13, 1913 ( l g.. 75) 

9 t 
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21st; but on the morning of the 22d the LOW moved 
away closely followed by a HIGH which had already 
caused 24-hour tem erature falls of 20' to 30' in the 

ave rapid temperature fa s at Cane River, 
wave especia i y at  the lower stations, bwt by the late afternoon 
the recovery had begun at the top station, about 14 hours 
ahead of the rise a t  the base station. One of the out- 
standing features shown in Figure 59 is the almost steady 
rise in tern erature a t  the summit station from about 
10 p. m., 8ecember 19, to noon, December 21, from a 
minimum of 18' to a maximum of 51', while during that 

eriod there were two distinct and separate falls atthe 
Ease station to 2' at 5 a. m., December 20, and to 31' a t  
7 a. m., December 21, with an intervening rise to a maxi- 
inum of 44'. I t  seems remarkable that such a pro- 
nounced variation in tem erature could ersist for so 

vertical height of this slope being only 1,100 feet. The 
wind direction during practically the entire eriod was 

and gentle during some hours and moderate to fresh in 
others, indicative of unstable conditions. 

The large inversion of 31" at the summit of the Gorge 
slope, 1,000 feet above the base station, November 12-13, 
1913 (fig. 75), is the greatest of all observed in the entire 
research, but an inversion almost as great, 30°, occurred 
at  Cane River January 28, 1914 (ii 55). In  the latter 
instance the temperature did no! tegin to rise at the 
base station until 13 hours after it had begun to rise at  
the summit. Both are examples of the intermediate type 
of inversion. 

These graphs, illustrating the earl rise in temperature 

mented by Table 23, iVing for Cane River, Gorge, 
Globe, and Ellijay, Wit% their summits ranging from 
1,000 t o  1,760 feet above the floors, data in tabular form 
which may be considered as representative of extreme 
instances of the phenomenon where the temperature 
was rising a t  the summit at the time it was fallin at  the 
base. Examples could also be included where t e tem- 
perature was not falling at  the base were space available 
for the purpose. 

According to Table 23, these rises are much more fre- 
quent at  Cane River summit than on any of the others, 
and the rise there begins relatively much earlier, doubt- 
less because of the comparatively isolated position of its 
summit. Once the rise at  Cane River summit began 14 
hours in advance of that a t  the base, and at  another time 
13 hours in advance; but these are the greatest observed. 
Ellijay, the most elevated and showing one rise 12 hours 
in advance, comes next in order. The latter point does 
not have the same frequen?y or range as Cane River, 
probably because of its location in the midst of mountams 
of equal or greater height and because the Highlands 
lateau of equal elevation, with Mount Satulah and 

bhiteside Mountain towering above, lies to the south 
and southeast directly in the path of these warm winds. 
Gorge, next in order, has its s u m 4  station on an isolated 
peak, but other mountains in all dlrections, even higher, 
are not far distant. The table includes in its list in- 
stances of the largest inversions noted during the re- 
search, and it may be seen, by comparing colur,nns a and 
b that the temperature in every case was falling decid- 
edly on the floor while risin at  the spmi t ,  and the table 
further shows (column c) t % at even m these extreme in- 
stances the rise at the summit, on the average, began less 
than nine hours earlier than on the floor. 

1p adjoining States to t Yl e west. The a proach of this cold 

long a period of time wit i)l in such a smal  7 radius, the 

from the south and southeast, with varying P orce, light 

at  the summit as compared with t % e base,. are supple- 

e 
-- 

5 6  
12 
9 

9 8  
13 

8 8  
5 4  
3 7  

8 
7 9  

10 
7 8  
7 8  
8 8  
4 7  

14 

TABLE 23.-Most pronounced rises in temperature at selected summit  
stations at the time fall ing at the base. 

Station. 1 Date. 
1 

Cane River No. 4.. ....................... Nov 0-7 1913 ......... 
Ellijay, NO: 4 1 ............................ Nov: 11-i2, 1913.. ..... 
Qor e No 5 ............................ Nov. 12-13, 1913 ....... 
Cane hiver, No. 4 . .  ....................... Jan. 27-28, 1914. ....... 

D o  .................................... Feb. 2-3 1914 ......... 
Globe No. 3 ............................... Feb. 3-4: 1914.. ....... 
Gor ;No. 5  do.. .............. 
ElU ay, No. 5 .............................. Feb. 115-17, 1914 ....... 
Cane River, No. 4.. ....................... Dec.' 6-7: 1915. ........ 

D o  ................................ :... Jan 3-4 l9lG .......... 
D o  .................................... Dei  0-r' 1916 ......... 

(iloie) No: 3::: ................................. do ................ 

g o  .................................... Mar 2-3 1914 ......... 

Do. .  .................................. Jan'9-ld 1910 ......... 
DO .................................... ueL. 19-h 1916 ....... i 

a 
I_ 

19 
21 
31 
25 
30 
17 
13 
17 
12 
10 
19 
21 
22 
20 

1 No. 5 at Ellijny not in operation; No. 4 located 1,240 feet above base station. 
(a) Greatest difference at any hour (degrees) between base and summit stations. 
(b) Amount of rise (degrees) at summit station from sunset to sunrise. 
(c) Number of hours temperature rose at summit station before rise began at base 

Elevations of snmmit stations above respective base stations: Cane River No. 4, 1,100 
station. 

feet; Ellijay No, 5, 1,760 feet; Qorge No. 5, 1,040 feet; Globe No. 3, 1,wO feet. 

DEW POINT AND ENSUING MINIMUM TEMPERATURE. 

No study of minimum temperatures in a field research 
seems to be complete without a comparison of the even- 
ing dew point and the ensuing minimum. I t  has long 
been sup osed that a relation exists between the dew 
point anxthe minimum and that the temperature would 
not fall any night lower than the dew point, so that, if 
the oint of condensation were higher than 32O, frost 
sho up d not be expected, because the dew point having 
been reached, latent heat would be 'ven off in the process 

vented. Moreover, the loss of heat by radiation from the 
ground is more rapid through dry air than through moist 
air, and as a consequence when the humidity is high in 
the evenin the temperature the following ni h t  is not 

humidity is low the temperature will fall considerably. 
This much we know, of course,.and due allowance must 
be made for the vapor pressure in estimating the ensuing 
minimum tem erature. Attempts have been made to 
determine wit[ some exactness, through the use of 
formulas, the oint which the minimum will reach. 

Donne[ of the U. S. Weather Bureau, applicable to  a flat 
or rolling .country F thou t  great differences in elevation, 
have received considerable attantion."J 

However! formulas. have not proved of any material 
assistance 1p determi+ng the ensuing minima to the 
leader of t h s  pro ect in tho special regions in which he 

consin cranberry marshes he found that the reading of 
the dew 
metely t e point to which the minimum wouf$%~ 
The minimum temperature for the seasons of 1906 and 
1907 in one section of a bog a t  Mather, Wis., averaged, 
respectively, 8.2' and 7.6' lower than the dew point 
readings of the previous evening a t  6 o'clock. On several 
nights the temperature fell 20' below the dew-point, 
and on one night it was even 28' lower in spite of the fact 
that the relative humidity on the bog early the reyous 

cranberry bo region is naturally high, but it is robable 

of condensation and a further fa1 ff in temperature pre- 

likely to fa 7 1 to a low point before morning, w h e  if the 

Those re ared % y Prof. J. Warren Smith and Charles A. 

has conducted fie i d work. In  the research in the Wis- 

o h t  in itself did pot indicate even a 

evening was as high as 94 per cent. The humi 6! ity m a 

that a short %stance above it is much lower. 8 ften the 
l o S d t b  J Warren in Predicting Minimum Temperatures, NONTELY WEATXEB 

11 Bulletin T, Weather Burenu, 1810, by Henry J. Cox. 
REVIEW, S I J ~ L E Y E I ~ ~ I ~ .  
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blanket of fog overlying a bog does not reach higher than 
30 or 40 feet, the humidity above it, doubtless, being 
comparatively low, and thus rapid loss of heat is possible 
by radiation through the air, and the temperature in the 
levels below is reduced to a critical point. 

As explained in previous pames in the description of 
stations employed in the Nor& Carolina research, the 
home station in each group was su plied with a slin 

for purposes of convenience this station was nearest to 
the residence of the observer, regardless of whether its 
shelter was on the valley floor, the slope, or the summit. 
The,home stations are slope stations at  Altapass, Ellijay, 
Hi hlands, and Tryon; valley-floor stations a t  Ashe- 
vi lf e, Blantyre, Bryson, Cane River, Globe, Gorge, Mount 
Airy, and Transon; and summit stations a t  Blowing 
Rock, Hendersonville, and Wilkesboro. There is con- 
siderable similarity in the exposure of the slope stations, 
but there is a wide variation in the character of the con- 
ditions a t  the valley-floor stations, and those can hardly 
be considered corn arable one with another. For in- 
stance, Asheville, Rkch is located in a cut between two 
slopes, is itself on an incline along Bull Creek, while the 
base stations at  Gorge and Bryson, although on true 
valley floors, have environment much different. 

Wet-bulb readings were made regularly at  sunset, 
but there was naturally great variation in the results 
because of the different positions of the home stations 
a t  each place. There were individual instances where 
the minmum temperatures on the slope were 20' to 
30' higher than the prevlous evening dew point, while 
on the valley floors the minima were correspondingly 
low. For instance, at  Tryon a t  No. 2, the home station 
on the slope, the dew point at  sunset May 3, 1913, was 
33', and the minimum a t  the same station during the 
night was 67'; a ain, on the evening of April 4, the dew 

oint at  BrysonBo. 1, the home station on the valley 
goor, was 67', the minimum durin the night reaching 

the previous evening dew point by 34O, and in the other 
case the dew point exceeds the minimum by 32'. ~ 

Dew- oint values have been computed from the 
wet-bul g readings made at  sunset for the year 1914, 
and the average depression of the minimum temperature 
below the previous evening dew point a t  each place is 
shown by months in figure 76,illustrating (a) the average 
monthly variation for all 15 home stations combined; 
( 6 )  for the home stations on slopes, and (c) for the home 
stations on valley floors. The home stations at Blowing 
Rock, Hendersonville, Highlands, and Wilkesboro, with 
environments so different from the other stations on 
slopes and valley floors, have not been included in the 
comparison shown in t h s  figure by the curves ( 6 )  and (c). 

The minimum temperature for all the home stations 
regardless of location averages below the previous even- 
ing dew point in all months except May, curve (a) ,  
this being the month when inversions are found with 
the greatest frequency, with the possible exception of 
November. The average difference between the eve- 
ning dew point and the ensuing rn in lmp  reaches its 
maximum in Ma , with secondary mamma rn November 

u1 February, August, and September. In  E'ebruary in- 
Vesions are infrequent, although of large range, while 
August and September have rather frequent mversions, 
but of small ran e. 

The curve (Z$, showing tho variation at  the home 
slope stations a t  Altapass, Ellijap, and 'hyon, has its 

3 sychrometer in addition to the regu P ar equipment, an 

the low point of 35'. In one case t P e minimum exceeds 

?nd January, an B minima of practically the same amount 

30442-23-7 

maximum in May, with secondary mexima in January 
and November, the latter month ranhn next to May. 

February, named in order of their res.p!pective values. 
This curve accentuates the effect of conditions attending 
large inversions in May and November, on the one 
hand, and those with small inversions in August, on 
the other. While on the slope the excess in minunum 
temperature over the previous evening dew point aver- 
ages more than So in May, the depression below the 
dew poiat in August is more than 2 O ,  the average varia- 
tion 111 this series being 10.6'. 

As shown by \he curve ( b ) ,  the minima on the slope 
seem to be much higher than the previous evenin dew 
point, especially in the s ring, as com ared wit[ the 

floor stations. &rve (c) conforms roughly with that 
showing' the variation for all the stations combined, (a) ,  
with maxima of about the same value in January, April, 
and December, and with a minimum in September and 
a secondary minimum in February. However, all these 

There are also three minima, August, 5 ecember, and 

' 

curve (c) , based u on the dberences for t E e home valley- 

FIQ. 76.-Average monthly Werence between evening dew point and ensuing mini- 
mum temperature. 

averages at the base stations show the minimum below 
the dew point with differences ranging from 2.6' in A ril 

ensuing minimum averages above the previous evening 
dew pomt. 

Notwithstanding the difference in ex osure between 

similarity in the relations existing between the ~lllnmm.n 
and the dew point at  the slope stations, on the one hand, 
and at  the valley floor stations. on the other hand, as 
shown b curves (b)  and (c). 

The a g ove results are in harmony with the thermal 
conditions as understood in qountam. regions. At sun- 
set, the time when the dew-po-mt readings me taken, the 
temperature along the slope 1s fairly uniform frpm the 
summit to the base, and naturally the ensuing minima are 
relatively low on the valley floors and h g h  on the slopes 
in the midst of the thermal belts. These variations, of 
course, are exceedingly large individual nights, es e- 
cially durin inversions .and it should be apparent tfat 
there woulf be great dficdty in determining through 
the use of formulas with ?nY refinement the ensuing 
minimum temperature in this mountain region. 

to 7.5' in September, there not being a single month w E en 

individual home stations, there seems to  B e considerable 
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LENQTH OF GROWINQ SEASON. 

The length of the growing season is usually determined 
on the basis of the length of time between the last freeziug 
temperature in the spring and the first freezing tem- 
perature in autumn, but sometimes also from the dura- 
tion of the mean temperature of 42.8" or above. So far 
as the first plan is concerned, it is enerally considered 
that conditions are favorable for p 7 ant growth durin 
an period when the minimum temperature does not fa1 

first, and under it the tem erature conditions would be 
much the same, rovided t % e dailyrange in temperature 
a t  the lace un dp er consideration averages about 2 1 O  or 

the maximum 53.6', the mean wou d be 42.8". However, 
there is great variation in the range in temperature, in 
some parts of the country the range in clear weather 
exceeding 30°, 40°, and even 50°, while in other arts 
the average range is hardly more than 10". In the 8orth 

7 
be T ow 32", and the second plan is, in fact, based upon the 

22". 1% us, if the minimum tem erature were 32" and .p 

temperature in the spring, the earliest date of freezing 
temperature in autumn, and the four-year average of 
these dates; also the earliest date of the occurrence of 
the last 32" in the spring and the latest occurrence of the 
first 32" in autumn, together with the length in days of 
the longest and shortest growing seasons, as well as the 
average !ength of the growing season for the period of 
observations. It can readily be seen that there is a great 
variation in the periods, de ending largely upon altitude, 
the more elevated grou s Yl avin much shorter seasons 
than those nearer sea Tevel. T%e valley-floor stations 
have the shortest seasons of their respective groups where 
valley-floor stations exist, and the longest periods usually 
occur on the slopes, but in some instances a t  the summit. 

It will be noted by examining Table 34 that often the 
earliest or latest occurrences are given at  many oints on 
the same date, and this can be understood w !i en it is 
considered that the specified dates do not indicate any 
temperature more definite khan the reading of 32", while, 

I 1 
I I 1 1  

I I 

I I 
Fro. 77.-Length of growing season. 

Carolina mountain re..ion the daily range varies consid- 
erably, but the meanqor all the research stations for the 
four years is 21.3', so that a minimum of 32" would, on 
the average, closely represent a mean temperature of 
42.8". 

The last and first occurrences of freezing temperature 
are taken as the limits of the owin season in ths  review 

Data based upon the occurrences of actual frost are not 
used, because, while hoar frost IS frequently observed on 
the valley floors, it is seldom seep on the slopes except 
on benches and in coves. Thfre IS, moreover, no instru- 
mental record of frost possible. Therefore, a season 
based upon the occurrences of actual freezing temperature 
is preferred, simply because minimum temperature data 
are available at every station employed in tihe research. 

The average of the growing season for the four years 
of the research does not, of course, represent the norma!, 
as the period is entirely too short, nevertheless it is 
important that it be stated. The summary of these con- 
ditions appear in Table 24, the latest date of freozing 

of the situation in the Nort f f  Car0 ina mountain region. 
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base station, and this is due to the coolin effect of the 

mountain breeze on the floor, which often raises the 
temperature at No. 1 during nights of inversion. At 
Altapass, also, the shortest season is at the summit, 
because of the surrounding great area, but here we have 
no valley-floor station for comparison, as No. 1 is located 
on the slope. In the Satulah orchard at  Highlands, 
where stations Nos. 1 and 2 are, No. 1 has a longer season 
than No. 2 by eight days. However, both are located 
on a slope directly under Mount Satulah, and the more 
elevated station naturally has the shorter growing season. 
These are the only lowest level stations in the various 
groups that do not have the shorter seasons. 

The stations on the short slopes having the longest 
seasons are almost invariably found at  the summit, as 
a t  Wilkesboro, Bryson, Blantyre, Hendersonville, and 

great mass near the summit and the in fi uence of the 

than a t  No. 2 on the 
than at  No. 3 a t  the 

while at Ashe- 

in the two orchards a difference in the growing season of 
70 days, and this is principally because of the low mini- 
mum temperatures at  No. 3, so often referred to as a 
frost pocket. 

Gor e is the only long slo e having a vertical heieht of 

a t  the summit, or at least close to it, both stations Nos. 
4 and 5 having the same number of rowing days, 201. 

vertical height, has its longest season, 190 days, a t  station 
No. 3, the figures there shading off in both directions 
toward the base and the summit, with 167 and 185 days, 
respective1 . The period a t  the summit, 185 days, seems 

this is doubtless because of the small surface area at  the 
u per elevation, the temperature there partaking largely 
o P the free air. This period is in contrast with the shorter 

eriod, 164 days, a t  the No. 5 station at  Blowing Rock, 
Ecated a t  about the same elevation above sea-level, but 
where the surrounding surface area is great. 

These fi ures show the decided effects of inversions in 
that the s $. ortest season IS most always found on the 
valley floor, actual freezm temperature being more 

time effect of norm conditions 1s apparent in the fact 
that the longest season is a t  the summit of no long slope, 
except at  Gorge, and even there the season at  the summit 
is no longer than at  station No. 4, the one next below on 
the slope. 

Now, viewing the length of the seasqn for the various 
stations by elevation only, as show. in Figure .78, we 
find again that of the stations having approximately 
the same elevation the valley-floor stations in every 
Instance have the shortest season, w h h  the longest 
seasons are found either OR the d o  e or at  the summit. 

+nimum temperature averages especially low during 
nights of inversion have short g r o m g  senspns as com- 
Pared with slope stations having approxunately the 

1,000 B eet or more on whic % the longest season. is Pound 

Ellijay, having by far the longest s B ope, 1,760 feet in 

unusually r ong considering its elevation, 4,000 feet, and 

prevalent there than at  the B igher levels. At the same 

The base stations located on Val  P ey floors where the 

same elevation. Thus, Highlands No. 3 has a much 
shorter season than the stations on the slopes and even 
at  the summits in other groups. As stated before, the 
length of the season at  this station, havin an elevation 

is in strong contrast with the summit station at  Ellijay, 
about 15 miles distant and having an elevation of 4,000 
feet, which has a growing season of 185 days. The base 
station, Blantyre No. 1, 2,090 feet above sea level, a 
cold station, has a season 161 days in len th, shorter 
than all slope and summit stations having t a e same or 
even greater elevation and 24 days shorter than the 
summit station at  Ellijay, almost 2,000 feet higher. 

It would be important if the exact relation between the 
length of the growing season and the elevation could be 
determined, but there are complications that prevent a 
solution. A comparison generally throughout the region is 
difficult because of the great variation in the topography. 

Moreover, the figures in Table 24 indicate at  a glance 
the necessit for longer records to determine the average 
len th of t { e growing season. For instance, at  High- 

above sea level of 3,670 feet, is only 117 % ays, and this 

lan i s No. 3, which has the shortest season, 117 days, 

FIO. 78.-Length of growing season; stations grouped according t o  elevation above sea 
level. 

within the four-year period, one of the seasons, 1915, 
has a length of 135 days, while another, 1913, only 100 
days. The four-year average a t  he base station et 
Tryon is 200 days, and the range during that period 1s 
31 days, one season, 1915, having 213 days, and another, 
1913, only 182 days. Again, at the base station at Cane 
River there is a range during the four years of 39 days, 
and this is exceeded at  Blowing Rock Nos. 4 and 5 and at  
Transon No. 1, where the range amounts to 55 days, 
the greatest of all. Hence i t  must be apparent that the 
average for the four ear period only can not be con- 
sidered without qualzcation, and a period of 15 or 20 
years is necessary in order to establish true average values. 

In making any comparison of stations I? different 
oups due allowance has to be made for dlfference in 

Ktitude, and in this connection reference should be made 
to Mr. P. C. Day's paper la which indicates that there is 
a normal difference of about 15 days in the rowing season 

western North Carohna. l l h ~ S  normally, Highlands, 
near the southern border, would have a growing season 
15 days longer than places near the northern border 
having the same elevation, and yet the coldest station at 

between the northern. and the southern B oundaries of 

- 
11 Frost Data of the United Stat=, Bulletin V, U. S. Weather ~ m ~ ~ ~ .  
SCC also Atlas of Amorican Agric., frost folio, otc. 
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. .  
......... 

Altapsss: 
NO . 1 (base) Elevation 2,230 ..................................................... 
No.2,SE ............................................................. 
No.3,SE ............................................................. 
NO . 4 SE ............................................................. 
NO.5,'Bummit ......................................................... 
No . 1 (base) elevation 2, 445 ...................................................... 
Wo.2,N .............................................................. 
No . 2a, €3 .............................................................. 
No 3 N .............................................................. 
No.&, S .............................................................. 
No . 1 (base) elevation 2, 090 ...................................................... 
No 2 NW ............................................................ 
No' 3' NW ............................................................ 
No: 4' NW ............................................................ 
No . 1 (base) elevation 3, 130 ...................................................... 
No . 3) SE (base) ...................................................... 
No 4' SE ............................................................. 

Asheville: 

Blantyro: 

Blowing kook: 

No . 2 8 ............................................................... 
No: 5: SE ............................................................. 

R w w n :  

SUPPLEMENT NO . 19 . 

base 
(feet) . 

250 
600 
750 

1, OOO 

155 
155 
380 
380 

300 
450 
600 

450 
450 
626 
800 

Blowing Rock No . 3. has an avera e growing season 24 
days longer than station No . 3 a t  &&lands in the frost 
pocket. althou h there is only about 100 feet difference 
inelevation . 6 owever. this statement does not mean that 
Hi hlands. as a whole. is a cold place. but has reference 

heim orcharcf The slope above No . 3 has a much 
higher average temperature. with a growing season 50 
da s longer . 

go far as latitude is concerned. the length in days of 
the growing season gradually decreases northward. but 

o nf: y to the s ecial conditions a t  the base of the Wald- 

Apr . 10 
Apr . 21 
..do __.__ 
..do ..... 
Apr . 27 

Apr . 21 
Apr . 28 
..do ........ . .do ....... . .do ....... 

Apr . 21 
..do ..... 
..do ........ 
May 11 
..do ..... 
May 11 
..do ........ 

May 20 

May 20 

this decrease is offset by the longer day and the larger 
amount of sunshine during the summer a t  the more 
northerly oints . At the time of the summer solstice 

the northern border of this countr is 
about two hours longer than on the coast of the G f of 
Mexico. while at  intermediate points the differences are. 
of course. much less. aside from the gradual shortening 
of day on both sides of the solstice . For instance. the 
average length of day during the growing season in 
North Carolina is approximately 30 minutes shorter than 
in the North Atlantic States . 

J the day aong P 

... 

Oct . 2 
Oct . 9 
Oct . 10 
Oct . 9 ... do .... 
Oct . 2 
Oct . 9 

do .... 
.do .... 
.do .... 

... $0: ... 
Oct . 9 

do .... 
Oct . 1 
Oct . 9 

Be t 22 
$0: ... 

SO t 22 

8Opt . 20 

T-~FILE 24.-Length of growing season . 

Apr . 4 
..do ..... 
..do ..... 
..do ..... 
..do ..... 

Oct . 28 
Nov . 15 
Oct . 27 
Nov . 15 
Oct . 27 

Apr . 10 
Apr . 4 
..do ........ 
. .do ....... . .do ....... 
Apr . 19 
Apr . 10 
Apr . 4 . .do ....... 
Apr . 10 
..do ........ 
Apr . 18 
Apr . 16 . .do ....... 
A r . 19 
&r . 29 
..do ........ 
Mar . 28 

Apr . 19 
Apr . 11 . .do ....... 
Apr . 13 

Apr . 18 
Apr . 6 
Apr . 4 .. .do ....... 
..do.. 

... do ..... ... do ..... 
do ..... 

.do ..... 

.do ..... 
Oct . 28 
Oct . 27 ... do ..... 
.do ..... 

... do ..... 
do ..... 

Sept . 27 
Oct . 27 
.do ..... 

Oct . 28 ... do ..... 
do ..... ... do ..... 

Oct . 27 ... do ..... 
.do ..... ... do ..... 

Oct . 28 
.. .do ..... 
Oct . 27 

.do .... ...... .do .... 

May 12 
Apr . 21 
Apr . 28 
Apr . 21 

I 

a I b  

Sopt . 22 
Oct . 2 ... do .... 
Oct . 9 

NO . 1 (base) elevation I, 800 ...................................................... 
No.2 N ............................................................... 
No . 3 . summit ......................................................... No . 2;, S .............................................................. 385 

385 
670 

cane Rivkr: 
NO . 1 (base) elevation 2. 650 ..................................................... 
N O . 2 N  .............................................................. 
No.3'NE ............................................................. 190 

400 

May 20 

..do ..... 
May 11 
Apr . 29 

Sept . 23 
Oct . 2 ... do .... 
Sopt 30 . 

Ellljsy: ' 
No . 1 (base) elevation 2. 240 ..................................................... 

NO: 4' N .............................................................. 
$2" .............................................................. 
No . 6: summit ......................................................... 

No . 3: summit ......................................................... 

............................................................. 
GIobo: 

No . 1 (base) elevatlon 1, 625 ...................................................... 
370.2 E ............................................................... 

Gor B' . 1 (base), elevation 1,400 .................................................... 
No 2 N E  ............................................................ 
No 4 N(old) ......................................................... 
No . 5' summit ........................................................ 
NO . 1 (base), ~10VatiOn 2,200 .................................................... 
No.2,E .............................................................. 
N0.3 E .............................................................. 

No. 1 (base), elevation 3,350 .................................................... 
No.2 SE ............................................................. 

No 5 SE ............................................................. 
No . 1 ( ase), elovation 1 ,  3 40 ..................................................... 

NO: 3: S ............................................................... 
NO: 4' NE . (new) ..................................................... 

Hendersdnville: 

No . 4: summit ........................................................ 
Highlands: 

No 3' SE ............................................................ 
NO: 4: 5E ............................................................. 

Mount 'dy 
No 2 W .............................................................. 
NO: 3' E .............................................................. 
No . 1 (base), elevation 2,970 ..................................................... 
No 2 W .............................................................. 
No'3 'W .............................................................. 
No: 4: summit ........................................................ 

No . 4: summit ........................................................ 
R8IlSOU: 

Tryon: 
NO . 1 (base), OlOV8tiOU 950 ...................................................... 

C 

310 

1: 760 

620 
1 240 

300 
1, 

280 
615 
840 
MO 

1, 040 

450 
600 
750 

200 
325 
625 
725 

160 
160 
360 

150 
300 
450 

Apr . 8 
Apr . 12 . .do .... 
Apt . 10 . .do .... 
Apr . 14 
Apr . 10 
..do.. .. .. .do .... 
.. .do .... 
Apr . 30 
Apr . I6 
Apr . 12 
..do.. .. 
Apr . 22 
..do .... 
May 5 
Apr . 20 
..do .... 
Apr . 28 
Apr . 11 
Apr . 16 
Apr . 8 

Apr . 22 
Apr . 19 
Apr . 22 

Apr . 24 
Apr . 10 
Apr . 12 
Apr . 10 
Apr . 17 

Apr . 17 
Apr . 0 
Apr . 8 

Apr . 27 
Apr . 22 
Apr . 19 
Apr . 8 .. .do ... ... do ... 
Apr . 23 
Apr . 22 
Apr . 10 .. .d 0.  .. 
... do ... ... do ... 
May 29 
Apr . 20 
Apr . 22 

Apr . 11 
Apr . 4 
Apr . 11 
Apr . 8 

May 17 
Apr . 22 . .do ... 
Apr . 19 

May 6 

2:: ;: 
..do ... 
Apr . 6 

Apr . 16 
Apr . 6 
..do ... 
..do.. . 

Apr 28 
Apr: 21 
..do ..... 
Apr . 28 
Apr . 27 

Apr . 22 
Apr . 11 
Apr . 21 

May 12 

. .do ...... 
Apr . 21 . .d 0 .  ..... . .do ...... 

May 11 

d 

So t 22 ... lo:.- .  
Oct . 9 ... do .... ... do .... 
Oct . 10 ... do .... ... do .... 
Oct . 2 ... do ... 

.do. .. 
Oct . 10 
.do ... 
.do ... 

Oct . 15 
Oct . 20 
Oct . 20 
Oct . 25 
Oct . 19 
Oct . 15 
Oct . 20 . .do .... 
..do .... 
..so.. .. 
Oct . 8 
Oct . 7 
Oct . 17 
Oct . 20 

Oct . 14 
Oct . 17 
S%pt . 23 
Oct . 7 . .do .... 
Oct . 8 
Oct . 13 
..do .... 
Oct . 20 

Oct . 6 
Oct . 14 
..do .... 
..do .... 
Oct . 8 . .do ..... 
Oct . 19 . .do ..... . .do .... 
Oct . 20 
Oct . 26 
Oct . 20 
Oct . 16 
Oct . 15 
..do.. . 
Oct . 26 . .do ... 
. .do. .  . 
Oct . 8 
..do.. . 
Oct . 12 
Oct . 20 

..do .... 
Oct . 12 
sopt . 23 
Oct . 3 
Oct . 7 

Oct . 18 
Oct . 20 
..do. .. 
..do.. . 
Sept . 23 
Oct . 14 . .do .... 
Oct . 17 

Nov . 2 
Nov . 8 
Nov . 6 
Oct . 20 

Oct . I8 
Oct . 24 
Oct . 26 
Nov . 5 

Apr . 10 
Apr . 10 

ar . 29 
Mar . 28 . .d 0. ..... 
fp 4 

Oct . 28 .. .do .... ... do .... 
Nov . 16 
Nov . 16 

.do .... 
Apr . 30 
Apr . 28 . .do. ..... 
..do.. .. 

A r . 10 Oct . 28 dr . 28 I Nov . 
15 1 ..do ..... Oct . 27 

Se t . 22 .. .go ... 
.d 0.  . 

Oct . 6 
..do .... 
..do.. .. 
June 14 
Apr . 29 . .do ....... 

... do .... 
..do.. do .... 

Oct . 10 
Sept . 22 
Sept . 21 
Sept . 22 

do ... 

. .do. .d 0 .  ... 

..do.. do .... 
Apr . 13 .. .do. ... 

Apr . 21 
Apr . 10 
Apr . 21 
Apr . 10 

June 11 
May 11 
..d 0 .  ... 
..do. ... 

Oct . 10 .. .d 0 .  .. ... do ... .. .do ... 
Bept . 20 
oct  . 2 
Oct . 1 
Oct . 9 

201 
219 
195 
219 
194 

200 
195 
195 
193 
195 

173 
189 
190 
194 

1x9 
I89 
158 
189 
189 

190 
199 
199 
206 

173 
189 
189 
189 

190 
190 
193 
194 
189 

195 
21 9 
207 

190 
190 
190 
219 
220 
220 

190 
188 
194 
194 

194 
193 
135 
189 
189 

201 
219 
219 
219 

168 
188 
189 
189 

213 
232 
226 
207 

200 
212 
219 
226 

A r . 4 
d r  . 28 
Apr . 4 
Apr . 5 

Apr . 18 
Apr . 11 
Apr . 10 
Apr . 4 

h 

175 
188 
189 
175 
174 

175 
170 
170 
170 
170 

153 
164 
185 
188 

162 
162 
130 
134 
134 

133 
175 
157 
188 

134 
182 
174 
156 

169 
188 
175 
177 

178 
189 
188 

157 
163 
163 
189 
189 
188 

153 
147 
147 
176 

175 
147 
100 
146 
146 

184 
180 
184 
189 

103 
162 
162 
I62 

182 
207 
207 
I88 

177 
189 
189 
201 

148 

Oct . 28 I 
Nov . 15 ... do .... ... do .... 
Sept . 27 
Oct . 27 ... do .... 
.. .do .... 

I 

. 

1 

190 
197 
191 
192 
188 

184 
187 
187 
187 
187 

101 
174 
188 
191 

176 
178 
141 
104 
164 

103 
185 
180 
195 

154 
175 
178 
175 

16 
181 
190 
186 
185 

186 
203 
195 

172 
176 
178 
201 
201 
201 

168 
169 
170 
187 

187 
179 
117 
158 
168 

129 
176 
176 
181 

date of (b) . (6 Length in da- 8 of 8hoht"gowiCg season nr in<arval hntwnen (8 )  and ibi ni d Average lengtg of growing season. or inter' 
< 
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FRUIT GROWING I N  THE CAROLINA MOUNTAIN REGION 
AND PERCENTAGE OF CROPS, 1913-1916. 

Apples and peaches are the princi a1 fruits grown in 
the mountain region, a ples large P y predominating. 

lower elevations ranging from 1,000 to 2,000 feet, as at  
Mount Airy, Wilkesboro, and Tryon; but at  higher 
elevations there is usually Considerable danger to the 
buds on account of winter-killing and sprm frosts, 
and at  an altitude of 3,000 feet most varieties o B peaches 
seldom reach maturity. Generally speaking, there were 
ood crops of peaches in 1914 and 1915, but even in the 

fower levels the each harvest was only poor to fair in 

to winter-killin 
A ples haveteen raised successfull at the lower and 

own a t  an elevation as high as 4,000 feet, and 

portion of the area. Above that level the season is too 
short and insufficient for the maturing of the fruit, 
even though there be no damage from winter-killing or 
spring frosts. On this account, apples grown in the 
hi her levels, with the exception of those especially 
a c f  apted to the climate, seldom reach full size. The 
winter ap le of the higher altitudes becomes the fall 
apple at  t E e lower levels, though its shape is sometimes 
so different that it cannot at first be recognized. At 
the middle levels apple growing, because of the later 
blooming in the sprino and the comparative hardiness 
of the fruit, meets wityi much greater success than that 
of peaches, as shown by the seasons of 1913 and 1916, 
when the each cro a t  those levels was practically a 

crop of apples. In fact, in 1916 Bryson raised a full 
of apples. Nevertheless, there is danger to the 

;$e buds, as well as to the peach buds, in the winter 
and spring because of freezes following long periods of 
warm growing weather. 

Other fruits are raised in the region, but they are of 
little come uence, with the exception of grapes, and 

ment i n  the lower levels, and especially in the Tryon 
area, where this crop during the four years of the 
research attained large proportions. 

the Waldheim orchard at High- 
a t  which observations were 

of the research, with an eleva- 
4,075 feet, the conditions so far 

as the HE"" and the length of the growing season are 
concerned (see Table 251, Seems to be exceptionally 
favorable when they are compared with the conditions 
at the base of the orchard, 500 feet lower down in the 
frost pocket at  station No. 3, because the higher posi- 
tion has access during nights. of inversion to a relatively 
large amount of free warm a= in proportion to the area 
of radiating surface as compared with the lower osition. 

However, taking the two orchards at  dghlands 
together, ran in from an elevation of 3,350 feet at the 
base of the 8atSah orchard to 4,075 feet at the to of 
the Waldheim orchard, the fruit cro s during the P our 
years of the research were very s m a z  The peach cro 
can be considered negligible. The apple crop average$ 
about 45 per cent, ranging from 25 per cent.1n 1913 to 
65 per cent in 1915, the loss', however, not being entire1 
due to low temperature, but in some cases l o  haif 
especially in 1913 and 1916. 

As compared with Highlands near the southern border 
of the State, the China and Flat Top orchards at Blowing 

The peaches are general jP y raised successfully at  the 

1913 and 1916, t K e damage in the latter year being due 

B mid !i le levels, but thus far no satis actory crops have 

been 3,500 F eet seems to be the limit, especially in the northern 

complete P ailure, alt 7l ough there was generally a good 

these find t 1 e conditions best adapted to their develop- 

Rock, another high-level place located .far to  the north, 
show even lower temperature conditions, the HF" 
bein greater and the len th of the growing season less 
(Tabqe 25) if we except t 1 e record at station No. 3 at 
Hi hlands, which is really not a part fo the Waldheim 

representing true orchard conJtions. The percentage 
of the a ple cro during the four years a t  Blowing Rock I 

average$ muchTower even than at  Highlands, and this 
in spite of the fact that the orchards at  Blowing Rock 
are given better attention through personal supervision 
of the manager. Yet the average cro for the four years 
was only 35 per cent, and in 1915 it  fe K to as low as 5 per 
cent, the damage being partly due to hail; but low tom er- 
ature was the principal cause. The China orchar B at 
Blowing Rock, in which stations Nos. 1 and 2 are located, 

in elevation from 3,130 feet to 3,580 feet, is 

orc a ard, but rather immediate1 below it, therefore not 

ranginf much etter situated than the Flat Top orchard, where 
feet to 3,930 feet, as 

Moreover, Transon, also located far to the north, has 
been referred to as a location havin low temperature 
because of its position on an elevate !!i plateau reaching 
from 2,970 feet above sea level to 3,420 feet. The figures 
in Table 25, showing the number of HFO and the length 
of the growing season, bear out this statement. Here in 
1913 and 1915 the apple crop was a complete failure, and 
only in 1914 was there a heavy yield. 

Ellijay, ranging from 2,240 feet to 4,000 feet in ele- 
vation, another of the high-level places and one which 
ranks next to Highlands in elevation so far as the position 
of its summit station is concerned, is favored with the 
best conditions meteorologically of the four laces, as 

slope from stations Nos. 2 and 4, where the orchard trees 
are planted. Nevertheless, even there the apple crop 
during the four-year period did not average more than 
55 per cent, the best season bein in 1916, with an average 
of 95 per cent, whilo in 1913 an % 1915 the average was as 
low as 25 per cent. In  1913 the buds were killed in the 
freeze of March 27, while the exact dates of damage in 
1915 could not be determined. Some peaches are grown 
a t  Ellijay on the slope in the vicinity of station Np. 3 a t  
an elevation of 2,960 feet above sea level. A fax crop 
was raised there in 1914 and 1915, but in 1913 and 1916 
the crop was a complete failure, in 1913 on acoount of 
the freeze of March 27, and in 1916, the freezes of March 
16 and April 9. 

In  the orchard a t  Cane River, reaching from slightly 
above the base station No. 1, 2,650 feet, UP the slope to 
a proximately 3,100 feet above sea level, the best crop 

was 85 per cent. However, while the weather conditions 
in 1916 a t  that place were especially favorable, the crop 
amounted to only 65 per cent because of the failure 
of the owner to spray the trees proper1 . The seasons 

per cent and 20 per cent, res ectlvely, in the former 
year because of the freeze of h&ch 27-28, while in the 
latter year the dates of damage could not be determined. 

The altitude of the portion of the slope a t  Altapass 
upon which fruit trees are planted varies from 2,500 to 

shown by the figures in Table 25, and especia % y on its 

o P apples was harvested in the year 1914, When the yield 

of 1913 and 1915 were Well-nigh FOmp T ete failures, 10 
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1 Height 
of slope 
stations 
above 
base 
(feet). 

Principal and slope stations; elevation of base stations 
nhow incan sea love1 (feet). 

about 3,100 feet above sea level. A new apple orchard 
was planted there in 1911, but there are some seedlings 
and peach trees that have borne fruit intermittently. 
The new apple trees had not come into bearing a t  the 
time of the close of the research, and the seedlings and 

each trees had borne fruit rather indifferently. The 
gest year for apples was in 1914, when the cro amounted 

80 er cent also. Practically no ap les or peaches 

crops was low. This slope is rather cold, because of the 
large surface area near the summit. It is also rather 
steep and suffers considerably from washing of the soil 
during heavy rains. 

In  the Hendersonville orchard, which ranges in eleva- 
tion from 2,600 to about 3,000 feet above sea level, the 
principal crop is apples, there having been no attempt 
made to raise peaches. There was no pield of apples, 
even, in 1913, because of the freeze o March 27-28, 
and in the ensuing three years the yields varied from 20 
per cent to 50 er cent. The damage in 1914 was due 

of February 14. 
In  the orchard at  Asheville, which is on a norther1 

slope ranging from 2,450 to 2,835 feet above sea levee 
apples are own chiefly, but these crops thus far have 

in 1914, 25 per cent; in 1915, 50 per cent; and in 1916, 
55 er cent. The damage in 1913 was caused by killin 

of high temperature. Various reasons are ascribed for 
the results in 1914 and 1915, while in 1916 the freeze 
of April 9-10 and of March 16 were the principal factors. 
The u per portion of this orchard, located as it is upon 
a nort Tl erly slope with heavy timber above (see fi 
suffers from too much shade. The owner believef*ti%: 
for some reason, there was deficient pollination in that 
section, and he tried to correct it through the use of bee 
swarms, but this method did not meet with success. 
As a matter of fact, a certain amount of sunlight is 
absolutely necessary for the growing of fruit, aside from 
the fact that low day temperature is.involved. 
TABLE %.-Length of growing season and number of hour-degrees of 
frort at high-level stations-Blowing Rock, Ellijay, Highlands, and 
Transon. 

to 80 per cent, and for peaches in 1915, wit I: a yield of 

reac R ed maturity in 1916, and in 1913 t % e yield of both 

to freezes and B roughts and in 1916 to the severe freeze 

never been T arge. The yield in 1913 was only 5 per cent; 

of t ?l e bud in the freeze of March 27-28 following a perio % 

a 

1--- 

No. 5’ summit ...................................... 

No. 4: SE .......................................... 

Highlands: 
No. 1 (base), eloration 3,350. ................................. 
No 2 SE .......................................... 
No:3’SE.(base) ................................... 
No.6,SE .......................................... 
No. 1 (base), elevation 2,970 .................................. Transon: 

........................................... 
..................................... 

1: 760 

ux) 
326 
625 
725 

1.50 
300 
450 

175 
178 
141 
164 
164 

167 
181 
190 
188 
185 

187 
179 
117 
166 
168 

129 
176 
176 
I81 

b 

285 
292 
345 
316 
339 

241 
195 
189 
210 
251 

166 
195 

270 
261 

296 
303 
281 
283 

a137 

~ ~ 

(a) Ijength of growing season in days based u on the average interval between the 
date Of last Occurrence of 32: in spring and the &at occmonco in autumn during tho 
period from 1D13-191G inchmve. 

(b) Total number bf hour-degrees of frost d d p g  eelgcted periodg of both iqverpiops 
8pd norms. 

The orchard at Blantyre is a part of the State farm, 
and it therefore has received more attention in a scien- 
tific way than most other orchards in the North Carolina 
region. Peaches have been grown on that property in 
the vicinity of the base station at  an elevation of 2,100 
feet above sea level, but the yield has been rather indif- 
ferent, although an excellent crop was raised in 1915, 
with a percentage of 90. The yield amounted to only 
5 per cent in 1916, when the buds were winter-killed by 
the freeze of February 3 and 14. The apple orchard is 
situated higher up on the northerly slope of Little Fod- 
derstack at  an elevation ranging from 2,400 to 2,700 feet 
above sea level. There was no yield of apples whatever 
in 1913 because of the freeze of March 27-28. The crop 
averaged 50 per cent in 1914 and 1916, and only 15 per 
cent in 1915. Blight is given as the principal reason for 
the low yield in 1915. 

In  the orchard a t  Bryson, which is located far to the 
west in the middle levels of the mountain region, with 
its base station 1,800 feet above sea level, there were ex- 
ceptionally large crops of both apples and peaches in 
1914 and 1916, the yield of both being practically the 
maximum possible in those years. Bryson did not suf- 
fer from injury in 1916 like several other sections, appar- 
ently because the temperature during the winter was more 
uniform. 
on April 10 of that year. I n  1913 the app e crop 
amounted to only 20 er cent on account of the severe 
freeze of March 27, w El ‘ch killed nearly all of the buds, 
and in 1915 there was a fair crop, 50 per cent, the 
deficiency being attributed to the heav crop of the 

conditions. 
Mount Airy, whose base station is 1,340 feet above 

sea level, located in the eastern foothills of the mountain 
seems to have an especially favor- 

a climatic standpoint, and there 
are raised with e ual success on the 

four-year period was 70 per cent and 
75 per cent, res ectively. In  1913 there was some damage 
from hail in M& to both apples and peaches. In 1915 
the weather conditions were .excellent, but there was 
dama e to apples by twig blight. In  1916 the peach 

killing on February 14. 
On the ortion of the slope a t  Tryon rangin from 

station No. 3, the climatic conditions are especially 
favorable for the raising of fruit, the apple cro 

crop 70 per cent. Tryon has some of the finest vine- 
yards m the country a t  an elevation of 250 to 600 feet 
above the valley floor and approximately 1,150 to 1,500 
feet above sea level. The vineyard in which the research 
stations were located reported practically a full cro of 
grapes for the four years, aver ing 99 per cent. %he 
center of the thermal belt on the%yon slope, as already 
states, is especially low, and this fact, together with the 
southerly location, insures most highly favorable tem- 
perature conditions for fruit growth. 

The weather conditions a t  Wilkesboro are much the 
same as at Mount Airy, and no s ecial mention of the 
fruit yield there need be made. I? o fruit of consequence 
has ever been raised at  either Globe or Gorge on account 
of the rocky formations and oor soil conditions. The 

favorable for fruit gromng as any in the Carolina moun- 
tain region, but it has been most diflEicult to clew the 

peaches 

previous year rather than to damage 9 rom weather 

up to the knob 360 4 eet. The average 

crop P ell to its lowest pomt, 30 per cent, due to wmter- 

950 feet a E ove sea level at  the base to 1,520 f eet at 

the four-year period averaging 80 per cent and t E %  e peac 

There was, however, some damage to 

durin 

temperature on the upper haf  P of the Gorge slope is as 
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round on account of the large number of rocks and 
%owlders. 

While the discussion of the yields in the foregoing 
paragraphs in the various orchards where research sta- 
tions were maintained has mainly to do with weather 
conditions, it  should be obvious that failures may in 
many cases be charged to other causes. The varying 
temperature, of course, is the principal factor meteoro- 
logically in its effect upon the yield of fruit, but the 
question of Precipitation is .also often involved. It is 
seldom that droughts occur in the mountain region, but 
nevertheless dropping in some sections has been ascribed 
to drought, especially in 1913 and 1914 during May. 
On the other hand, excessive precipitation is frequently 
injurious in that it sometimes prevents necessary spray- 
ing, including that for fungus diseases. Moreover, ex- 
cessive precipitation invites fungus growth. Hail, too, 
often causes serious damage, especially in the higher 
elevations and in the southern portion of the region. 

Moreover, some of the orchards receive far better care 
from a scientific standpoint than others, the growers 
following the instructions from the State horticulturist 
and the Agricultural Experiment Station more or less 
conscientiously. The percentages of average yields, 
therefore, do not necessarily indicate whether the meteoro- 
logical conditions were favorable or unfavorable, except 
in a general way. For instance, it is hardly fair to 
compare from a meteorological viewpoint the yield of 
the orchard at  Mount Airy, which receives the best ossi- 
ble attention, with those in other sections, whicf: am 
more or less neglected. 

eriod, of 

and it is possible that over a long term of years greater 
avera e success would be attained in the growmg of 

Moreover, no artificial means for raisin the temperature 

topography of the region, except in a few instances. 

The conditions shown for any four-year 
course, are not necessarily the average for t E e region, 

fruit a t an the figures in this publication would indicate. 

on critical nights throu h the use of % eaters had been 
tried, nor is such a p a n  P practicable because of the 

FEUIT QROWINQ AT IUQH ELEVATIONS I N  W E  WEST. 

Apparently success has been attained in the raising 
of fruit at much higher levels in the West than in the 
North Carolina mountain region, but with the aid of 
orchard heaters. Grand Junction, Colo., for instance, 
with an elevation above sea level of 4,667 feet, is a fauly 
representative area 111 the subarid fruit-growing section. 
There the mean annual temperature is 51.2", as com- 
pared with 55.1' at Ashedle, N. C., at a much lower 
elevation, 2,255 feet. However, the mean temperatures 
at these two places do not indicate at  all the range of the 
extremes, the maxima bemg much higher at Grand 
Junction and the minima much lower than a t  Asheville. 
For instance, in the four- ear .period of this research 

imum of 100' to a minimum of -19 , while that at  
Asheville ranged from 94" to 4" above zero. However, the 
extremes, whether for the year or for the day, are main- 
tained at  Asheville, because of the hi her yapor ressure, 

words, the tern erature at Ashedle ma continue at 

two, wldo at  Grand Junction the extremes are only 
momentary, so that actual maximum and m i m u m  
temperature data, for instance, do not by any means 
ndicate the relative number of hour-degrees of frost 
mvolved. 

the temperature at Grand f unctlon ranged from a max- 

for a longer period than a t  Grand 5 unction. e n other 

its highest and r owest points on any day T or an hour or 

CONULUSION. 

It should be apparent from the data presented in the 
discussion that mmimum temperature and its duration 
are the chief factors involved in the growing of fruit in 
the North Carolina mountain region, just as they are in 
any other orchard re ion rovided, of course,sufficient 

However, maximum temperature is often a considera- 
tion. It has been shown that the maxima are much 
higher in the winter on a southerly than on a northerly 
slope and in all seasons of the ear higher on a 
westerly than on an easterly slope. But relatively high 
maximum temperatures are not always to be desired. 
Where the maximum is abnormally ]ugh in the winter 
and spring, so as to force the buds prematurely, there is 
danger of damage from ensuing frosts or freezes, some- 
times in contrast with slopes where the maximum does 
not rise so high. In  any case, shade must be avoided, 
such as noted in the upper portions of the orchards at 
both Asheville and Cane River, because it not only pre- 
vents necessary sunlight, but also serves to reduce the 
sensible temperature after precipitation to a lower point 
than that shown by the thermometer through the reten- 
tion of the moisture on the vegetation and fruit. 

So far as the minima are concerned, it is obvious that 
great care should be taken in the selection of a site for 
an orchard. Valley floors must in nearly all cases be 
avoided. There the temperature on critical nights of 
inversion often falls 15' or 20°, and sometimes even 25' 
or 30°, lower than higher up on the slo e. 

Wide floors, such as those a t  Blant e and Bryson, sur- 

the loss of heat through radiation is quite rapid, are some- 
what colder than other floors closely shut in, such as at  
Ellijay. The latter is not, indeed, warm, but its slightly 
higher minima as compared with Blantyre and Bryson 
are due to obstructed radiation, although the area of 
radiating surface in the immediate vicinity of the closed- 
in floor is unusually lar e, but not sufficient to offset the 

Valley floors similar to those at  Tryon and in the Flat 
Top orchard at  Blowing Rock have been shown to  be 
warm on certain ni hts of inversion considering their ele- 

EUijay, and this, too, in s ite of the fact that the floor 
at  Tryon, especially, is wile. However, the hi her aver- 
age minima at Tryon, as well as Blowing Roc e , are due 
to  the prevalence of the nocturnal mountain breeze down 
the slope and valley from the great surface area around 
the summer station. Durin ni hts of inversion, when 

tem erature falls at  these two places com aratively low. 

turnal breeze and the raising of the minima on the floor, 
it, at  the same time, causes low tem mat?? at  the higher 
levels, because of the large area orradlatlng surface in 
proportion to the air avadable for interchange, so that 
on such slopes as these two, as well as at  dtapass,  the 
upper levels are cold and the v d e y  floors often compara- 

moisture is supplied t &r oug ' 1  rainfall or irrigation. 

Some valley floors are, moreover, co 5 der than others. 

rounded by high mountains at some Y ittle distance, where 

obstruction referred to % y raising the sky line. 

vation above sea- K evel, both relatively warmer than 

conditions are not favorable B E  or t e mountain breeze, the 

&ile the great area above is responsib P e for the not- 

t h d y  warm. 
This research has shown that tke mountain breeze 

does not develop at  night and flow down a valley unless 
there is oreat surface area mound the summit station. 
On no valey floor where the slopes c h i n u t e  in knobs 
has the nocturnal breeze been noted. The tliermo aph 
traces on the floors a t  Brgson, Blantyre, EUijay, &rge, 
Cane River, and Mount Airy, all with small mass, never 
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show any sign of the mountain breeze. Before such a 
breeze develops, there must be available a relatively large 
amount of heavier and potentially colder air above. And 
this can only occur over a lateau-like surf ace. There is no 

highest points are mere peaks or knobs, they partake of 
the temperature of the free air surrounding and are 
alwajTs relatively warm on ni hts of inversion, and this, 
too, in spite of the fact that a s n o b  is best situated topo- 
p a  hically for loss of heat through radiation, as its angle 
of P ree radiation may exceed even 180'. 

The descending nocturnal breeze may properly be 
compared with a waterlike flow as i t  passes down the 
slope and mises with the cold air of the valley floor, and 
it is entirely unlike the slow exchange of free air over a 
valley with that resting on a slope. The cold air some- 
times collects on benches or coves on a slope, and when 
great difference in density exists between it and the 
neighboring free air the cold air slips off and passes down 
the slope, mmediately giving place in turn to warmer 
air. Such a henomenon has often been observed at 
Blantyre on t K e descending slope near the base of little 
Fodders tack. 

Coves and even shelves or benches on slopes should be 
avoided so far as practicable in the planting of fruit 
trees because of the low night minima, making possible 
the formation of frost there, while other portions of the 
slope entirely escape. 

Many topographical condj tions are involved in their 
effect upon the minima on a slope. Generally speaking, 
the steeper the slope the warmer it is during nights of 
inversion. At the same time, if there is a steep. slope 
directly opposite and close by, making the valley dee 
and nnrrow, the entire slo e will be relatively colx 

becomes ractically limitless, although, as already 
stated, its K ase may be n-i'rmer than a wide valley floor. 
If this steep slope has no opposing slope and it culminates 
in a knob above, it will be relatively warm its entire 
length. A gradual slope is naturally colder tlinn a 
steep one, and the nearer it approaches to the level of a 
plain the colder it is. 

On a short slope culminating in a knob no more than 
500 feet in elevation the height being insuffiicient to 
cause more than a degree or two difference in tempera- 
ture between valley floor and summit on ni hts of norm 
conditions, such as Blantyre, Bryson, and Qount Airy, 
the summit is the safest section for fruit growing, because 
during nights of inversion the highest minima are practi- 
cally always registered at  that level. This usually is the 
case on slopes even up to levels as high as 1,000 feet 
above the valley floor, as Gor e and Cane River. It has 

ni hts of inversion is even as hi h as the summit of 
floor, and on the 

average the thermal belt is centered more than 1,200 feet 
above that floor, due to the fact that the ortion of the 

opportunit;vfor such deve P opment overaknob. Where the 

rather than warm, up to t I! e level where the free air 

been shown that the center o P the thermal belt on some 

Efiijay, 1,760 feet above the valey f: 
slope lower down is comparatively cold. 2 owevcr, there 

is always greater danger from top freeze at  the higher 
elevations of long slopes, and these at Ellijay, for instance, 
have a greater number of H F" on the average than the 
level of 600 or 700 feet above the floor. Usually on a 
slope havin an elevation of 1,000 feet or more above its 

of H I?" from inversion and norm conditions combined, 
floor the sa f est level, from the standpoint of the number 

no effect upon the temperature conditions of the slopes 
involved, such as Mount Airy and Wilkesboro, or the 
lower levels of a slope such as Tryon, whlch is warm be- 
cause of the absence of opposing slope and because of the 
influence of the nocturnal breeze, although its upper 
levels are cold on account of the great area surrounding 
the summit. 

The subject of vegetation must be considered, dense 
ve etation being res onsible for great loss of' heat through 

than one planted in 
The data presentefzthis  study make plain the neces- 

sity for great care insthe selection of a roperty for the 
purpose of fruit growin The to ograp E 9 of a region is 

xoors of all kinds as far as practicable, unless means are 
available for orchard heating. The altitude above sea 
level i? m every case a consideration and, in a degree, the 
elevation above the valley floor. 

All these questions must be ven careful consideration 
and the effect of one upon anot er weighed in the balance. 
NO hard and fast rule can be made in the determination, 
as the factors involved are so many and so complicated 
that each site must be tonsidered by itself. 

rafiiation, and a cu P tivated orchard is therefore warmer 

aramount. Frost poc 8' ets shoulfbe avoided and valley 
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THERMAL BELTS FROM THE HORTICULTURAL VIEW- 
POINT. 

By W. N. RIJTT, Former State ITorticulturist. 

It would be impossible to be associated in any capacity 
with the growing of fruit in North Carolina and not hear 
OE “thermal belts” or “verdant zones.” These eupho- 
nious terms (whatever they: may mean) are more or less 
common and usual expressions found daily in the speech 
of the fruit producers of this State. The outsider, on 
coming in contact with North Carolina fruit growers, is 
soon led to inquire, “What are these belts or zones?” 
(‘Where are they to be found?” “What are their char- 
acteristics ? ”  “Are they found in North Carolina alone ? ”  
“DO not other States havc thcm?” This was my expe- 
rience when, in 1906, I came to  North Carolina to begin 
my work as State Horticulturist. Previous to that time 
I had been closely associated with the fruit growers of 
other States, but I am frank to admit that until my 
coming here I had never heard of a therinal belt or of a 
verdant zone. But the fact remained that such belts or 
zones were mentioned frequently by the North Carolina 
fruit rowers, and the practical value of these .zones 
seeme5 to  be in evidence, for a grower was considered 
ver fortunate if he owned one or came even partially 
un er its beni n influence. 

The practica men who make their living from inother 
earth in fruits, vegetables, grains, or other products are 
close observers of nature and her laws. They inuy not 
alwa s be able to  correctly interpret her ways and define 

and formulated any practico from it you may be pretty 
sure there is something in it, and you will be unwise if 
you disregard it without investi ation. As a horticul- 

clut to investigate these thermal belts and verdant zones. !& get what definite data I could-not just hearsay- 
on which to base my researches, I made a study of all 
available published literature on the subject, and notes 
tlierefrom appear in small print at the bottom of these 
pages. In  making my trips over the State and in coming 
in contact with fruit growers I kept up a constant quest 
for the elusive thermal belt, but, like an ignis fatuus, 
light and tenuous as air, i t  always seemed to elude my 
grasp. One thmg, however, that seemed to stand out 
clearly was that this will-o’-the-wisp was the tutelary 
deity of the mountains, less seldom seen in the hills and 
never showing Its form in the plains. 

Here seemed to be some explanation why North Caro- 
lina has a monopoly of thermal belts: One-third of its 
area is made up of rolling pledmpnt hills stretching up to 
another third, containing the hgliest elevations east of 
the Rocky Mountains. 

My work as State Horticulturist kept.me in contact 
with the growers and constantly traveling among the 
orchards at  all seasons of the year. I kept careful notes 
and found that there were peculiar, unaccountable differ- 
ences in the size of the fruit crops from parioy localities, 
and even in the same orchards, where climatic conditions 
should have been about the same. A wide variation in 
fruitage was often found in the same varieties. Some- 
times in a year when weather conditions were so mfavor- 
able all over the State that it would seem Impossible that 
any fruit would survive some section, or some orchards 
in a section, would bear a phenominal crop of fruit. A 
notable case of this kind was in the year 1907, the year of 
the Jamestown Exhibition. We wished to  make there a 

B c9 

her Iv aws, but if they have observed m y  phenomenon 

tu rd  investigator in North Car0 s ina I felt it was my 

display of North Carolina fruit throu hout the whole 

vorable in years, and it looked as if our exhibition project 
would have to be abandoned. However, it  was found 

season. The spring of 1907 was one o f the most unfa- 

that had been 
mountain 

In 1907, through the State Board of Agriculture, a 
branch experiment station was located at  Blantyre in 
Transylvania County, N. C., at  an altitude of 2,100 feet. 
The land on this place slo ed from river bottom directly 

w u!il ole sidc o ? thc mountain. Though some of this land 
was steep and in places rocky, we had it cleared and 

lanted in apples and peaches, so that observations could 
{e made on orchard conditions over a wide range of slope 
and altitude. 

I n  1911 I had self-recording instruments (hyd other- 
mographs) placed at  the different stations in the orc B ard- 
at  the base, midway of the slope, and at  the top of the 
orchard. The trace-sheet records of these instruments 
showed a wide variation in temperature during the 24 
hours between these different stations, sometimes as 
much ns IOo. This looked very encouraging, for rz differ- 
ence of 1’ or 2’ of frost at  blooming, time will make all 
the difference between success and failure of a fruit crop. 
How comfortin it would be to a fruit grower to know 
that his orchar % or part of it was in a thermal belt with 
So or 10” higher temperature. 

From. these early observations we learned the most 
constant characteristic of thermal belts-namely, their 
variability. Under one set of weather conditions we 
would find the warmest place in the orhhard to be at  the 
bottom of the slope; under another set of conditions at the 
top, and now again at the middle station. 

After two seasons of observations with those three 
instruments in this one orchard we found it impossible 
to arrive at any definite conclusions unless we could 
check and com are our results with instruments in other 

This would necessitate the installation of scores of very 
expensive instruments in a number of orchards at  differ- 
ent points. To get anything like accurate records, 
trained and aid observers would be necessary, and the 

ber of years. From this it was seen that the roblem 
was much too elaborate and comprehensive to be %andled 
with the facilities and finances then at  the disposal of our 
experiment station, especially when the more sim le 
and ractical problems of horticulture were daily :e- 

In  discussing these problems one day with Mr. L. A. 
Denson, Section Director for North Carolina! he sug- 
ested that we lay the matter before the. Chief of the 

bnited States Weather Bureau at Wyhmgton. Con- 
sequentl we both made a tri to Wmhlngton and dis- 
cussed t hy e whole matter w i t h L .  willis L. Moore, then 
Chief of the Weather Bureau. Mr. Moore was very 
much interested in the pt.oject. and later secured the 
funds for carrying on the investigation on an extensive 
scale with the necessary instruments and paid observers 
a t  each orchard station. Prof. H. J. Cox, of the Chicavo 
office of the Weather Bureau, was appointed to taEc 

to the to 3 of the Litt I; e Fodderstock, including one 

orchards at di 8 erent altitudes and on different slopes. 

recording of tl ata would need to be carried on for a num- 

man 8 mg attention. 
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First 
bloom. 

Apr.20 

Apr.16 

Apr. 21 

May 1 

Apr. 15 

Apr. 17 

Apr. 12 

Apr.25 

Apr.19 

Apr. 10 

Apr.UI 

Apr.27 
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Full 
bloom. 

______ 

Apr.29 

May 1 

Apr. 28 

May 8 

.................. 

Apr. 26 

Apr. 20 

Apr. 22 

May 1 

.................. 
May 1 

Apr. 15 

................... 

.................. 
May 5 

May10 -__- 

charge of the meteorological side of the work. In  July, 
1911, a reliminary survey of the orchard region of 
western 8 orth Carolina was made by Professor Cox, M i .  
Denson, and the writer and orchards selected for some of 
the stations. Later in the season, the selected orchards 
were surveyed and the adjoining territory mapped by 
F. R. Baker, engineer of the State De artment of Agri- 

tions for the instrument recording stations. After this 
was done Mr. Denson put up the shelters, installed the 
instruments, and trained the observers in looking after 
the instruments and in recording other data. 

In  August, 1912, an inspection trip of these orchard 
recording stations was made by Professor Cox, Mr. Denson, 

culture. Mr. Baker also made exact a P titude determina- 

and myself and additional stations selected that would 
seem to cover conditions not already met. These addi- 
tional stations were mapped and instruments installed 
in them, as described above. 

By January 1, 1913, practically all the 16 stations, 
as shown in the tables that follow, were located, mapped 
and the observers conversant with the proper handling 
of the instruments. With orchard altitudes ranging 
from 956 to 4,067 feet and with every possible slope and 
declivity, if there is any such thing as a thermal belt i t  
ought to be found and located in this range of varied 
territory . 

The table below gives the accumulated horticultural 
data for the yenr 1913. 

Location. 

Altapass. ....... 

Asheville.. ...... 

Blantyre. ....... 
Blowing Rock.. . 

Eryson City ..... 

Cane River.. .... 

Ellijay ......... 

Globe.. ........ 
Gorge.. ........ 
Hendersonville. 

Hlghlands.. .... 
Mount Airy .... 
Transon. ....... 
Tryon.. ........ 

Waynesville.. .. 
Wilkesboro ...... 

TABLE 1.-Summary of horticultural data for seasm of 1915. 

Apples. I Peaches. I I I I  I l l  

1 Almost complote failure. 

Bloom 
sll shed 

May 7 

May 10 

May 6 

May 15 

........ 

May 7 

May 4 

May 2 

May 7 

. . -. f . . 
May 16 

Apr. 20 

....... 

May 15 

..do ... 

Full Bloom/ Dura- Char- ,’ 

loom. shed. bloom. bloom. 

pays. ! Per ct. Per cent. Per ct. Feet. Feet. 

Cause of Date of Yield of Yield of Alti- Range 
apples. pwches. tude. :z:.i- drop. ;&:; Character of First injury. injury. au tion of acterof 

____.____ __________ . __ ....... ____-.-___ - 

17 Light. 20 ............................................. .... ........ 

24 Verylight .......................................... 5 ........ 

... 
13 Light .............................................. .... ... 60 Verysmall. ....... 
15 Heavy ... ...................................... Frost.. May 10-11 25 

Killed in 
...................................... ... Light 20 ........ 

..................................... ........ 
Killed in 

27 Light .............................................. 

20 Verylight.. ........................................ ....... 
....................................... .... 

........ ........ ...... ....... 
12 Light 

27 Heavy 70 

.. 
....... ..... ........ ........ 

10 Average.. None. llca 

...... .............. .. 

.............. 

Frost May 11-12 

Average Drywcathor 

is Light.. 

From this i t  will be seen that the time of first bloom 
covered a eriod of 24 da s from A ril 7 at Ellijay t o  

25 days from April 15 at Mount Airy to May 10 at  
Wilkesboro. The entire ran e of bloom over the whole 

a t  Blowing Rock. The shortest period of bloom a t  any 
station was 10 days at Mount Airy and the longest, 27 
da s, at Ellijay and Highlands. 

$he bloom period is, of course, the time of injury to 
the fruit crop. After the fruit sets and the leaves come 
out the trees become less susceptible to injury as each 
day asses. In addition to the injurious effects of wind, 
Whici will be noted later, it will be seen from the table 
that two frosts or freezes occurred over the whole terri- 
tory durin the bloom eriod or short1 thereafter. These 
were Aprif22-28 andGay  11-12. The minimum read- 
ings for the April 22-28 storm at the different stations 
were as follows: 

May 1 a t  B P owing Rock. ‘fhe time o P full bloom covered 

territory was 39 days, from 1 pril 7 at Ellijay to May 16 

TABLE S.-Temperatwes at diferent slope stutiom, freeze of 
April 66-28, f 9f 8. ___ ___- 1 N O . ~ ,  on 1 N O . ~ ,  on 

sloue. slone. I station. 
N O . ~  top 

Altapass.. ...... 
Ashevillc ....... 
Blsntyre.. ...... 
Blowing Rock.. 
Dryson City .... 
Cane River. .... 
Elli‘ay. ......... 
Globe ........... 
Gorge ........... 
Hendersonville. 
Highlands. ..... 
Mount Airy ..... 
Transon. ....... 
Tryon. ......... 
Wa esvllle. ... 
Wilgboro. .  ... 

SE., 250 
N 156 

N W” 300 

N., 355 

N:’ 310 

NE., 290 
E., 450 

SE 200 

1%’ 150 
SE:: 380 
N., 150 
N., 150 

sw:: 450 

N 210 

E.; 300 

w:: 160 

34 
32 
32 
32 
34 
33 
34 
34 
27 
30 
30 
35 
30 
4G 
30 
34 

Feel. 
SE., 500 
N 380 

NW” 450 
SE:’ 4.50 

NE., 400 
N., 620 

1, 
E 615 
E” 600 
SE:: 325 
E. 160 

W ’ 300 
SIC” 570 

N” 320 
N:: 350 

1 s.: 235 

Feet. 
SE., 750 

S 155 
NW” 6W 
SE:: 625 

570 
1, loo 

N., 1,240 

Feet. 

32 9 S.,’3RO 32 
36 ............. 
32 SE.,800 31 
34 ............. 
29 ............. 
35 1,760 .... 

w 840 34 1 040 39 
E”750 42 ..... I... .... 

SE::525 28 SE 725 29 
360 36 .... ? ........ 
450 32 ............. 

SE., 1,000 451 ............. 

32 1 no0 30 

............................ 

...........I .... ....... .... 
W., 430 43 

I ’  I I I 1  . I 1  --..-‘___1_____ L, 

1 Station No. 28. 2 Station No. 3a. 
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Feet. 
9W 450 

N”385 

N E  290 

w I50 
N.,150 

N::leO 

SE::200 

N::I~O 

The direction of the slope and the hei h t  of each station 

the temperature figures. In  columns 3, 4, and 5 if no 
direction of slope is given before the altitude fi ure it is a 
summit station. The interpretation of these 8 ata I will 
leave to the meteorologist. From the horticultural 
standpoint it will be noted that there were decidedly 
beneficial thermal conditions on the slopes of the orchard 
at Blantyre at  stations 3 and 4 ,  amounting to 3’ and 4’ 
of protection. Station No. 2 at Cane River seems to have 
1’ of protection in this storm. At Ellijay all the stations 
above the base were well within the safety range. At 
Globe, the two hill-side stations had 2’ and 5 O  of safety, 
respectively. At Gorge the two upper stations had a 
decided immunity, as also had the two upper stations 
at  Hendersonville. There was frost at  Mount Airy at  
the two basal stations on each side of the ridge, while 
the middle and to stations were well above freezing. 

Tryon, where there were two degrees of frost at  the basal 
station in the valley while the hillside stations Nos. 2, 3, 
and 4 had 14’, 15”, and 13”, respectively, above freezing. 
At Wilkesboro there was frost only at  the bottom station, 
with all the hill stations standing well above the danger 
line. A summin, of these data will show that at  20 

above or below in these same orchards there were freezing 
conditions that would either have killed or injured the 
blossoms at  this critical time. If no other injury had 
occurred, the fruit at  these 20 stations would have assed 

did not occur, as at  Mount Airy and Tryon, the con- 
clusions above were shown to be correct. Heavy crops 
of fruit were gathered at  both of these oints. 

would ap ear that at  the high altitudes of Altapass, 
Blowing 8oclr, Cane River, and Highlands the fruit at  
the upper stations was killed by “high top freezes.” 

Some of the observers reported a frost occurring on 
May 11-12, but a careful perusal of the instrument trace 
sheet shows no sign of it in the orchard. It must have 
been seen by the observers in low places and reported 
accordingly. However, frost did occur at  several of the 
higher stations, as will be seen from the following tublc: 

above the base stations are given in t E e columns before 

The most remarka E le thermal conditions are shown at  

hillside stations no u! rost occurred, while at  other points 

safely to a good harvest later. Where the secon 1 frost 

Looking further over the data of t K e above tables, it 

TABLE 3.-Temperatures at diferent stations in cold spell of 
May 11-1&,191~, 

NO. 1, b88o NO. 2, OR 1 No. 3, on I No. 4, OR I station. I slope. slone. slone. I station. TOP 

23 
36 
33 
31 
29 
31 
35 
41 

Blowing Rock.. 
BrysonCity .... 
Cane Rt ver. . . . . 
Gar e ....__._.._ 
Hlghands.. . . . . 
Transon. . . . . . . . 
Waynesville.. . . 
Wilkesboro.. . . . 

... 

Feet. 
E.,625 

570 
1,100 

Fed. 
31 800 31 
42 __.... __. ___.  
33 .... - ........ 

31 
33 
32 
29 
48 
31 
33 
38 

w.,s4nI 36, 
SE.,625 39 

450 32 

Feet. 

1s 385 
NE::400 
E.,615 

SE 325 

N”300 
N:i350 

E.,450 

w.’300 
1 040 40 

SE.:725 40 
._..__... __._ 

1800 
2’O.M 
(40 

2’970 
2’900 

3’3m 

1;240 

31 
30 
30 
43 
25 
28 
34 

I I 1  I \  1 1  I I  I 
1 Station No. 28. 

From the table above it will be seen that there is 
a very cold spot, or “frost pocketl” about station No. 
3 at Blowing Rock, where the temperature was 9’ 
below the freezing point, while no other station in this 
orchard showed over 2’. The station at  thls point is 
located on the bank of an artificial lake, with a dam 
and timber on one side and high banks on all other 
sides. This forms 1~ bowl into which the cold air drains 
and collects. The results of tho hard frost about this 

station showed a striking contrast with conditions else- 
where in the orchard. Fruit was completely killed 
about station No. 3 and to an approximate height of 
60 feet above it. The observer stated that even the 
leaves were frozen, and he pointed out signs of this to 
Mr. Denson and myself when making our ins ection of 

year later. In  his 1914 report the observer stated 
“The trees near station No. 3 (for a height of atpproxi- 
mately GO feet) show effect of the dama e of Ma 10-11, 
1913. While the bloom was generally % 9  eavy esewhere 
i t  was notably light in this portion of the orchard.” 
Within the next 50 feet above there were scattered 
apples. About station No. 2 in the China orchard 
some of the trees were full, the yield increasing upward 
through the orchard. Near the base station, situated 
in the China orchard a t  an altitude of 3,650 feet, was 
a plantation of grapes that at  the time of our visit 
(September 19) were just ripening. They showed a 
heavy yield of fruit, while apple trees near by had 
little or no crop. This was doubtless due to the later 
blooming period of grapes. It is interesting to note 
that the same varieties of grapes .were ripe at  Tryon 
at  an altitude of 1,275 feet on Au ust 16, showing a 
difference in season of one month an % three days. 

It will be noted that in all of the other orchards showing 
frost the coldest place was at the bottom station, exce t 
a t  station No. 2 a t  Globe and station No. 3 at Highlang, 
nearly all the hill stations showing a high immunity 
from injury. Station No. 3 a t  Highlands lies at  the 
bottom of a narrow valley surrounded by timber. The 
cold air traps in this natural bowl and forms a constant 
frost ocket. This is abundantly shown by succeeding 
recor s. On the night of Ma 11 the observer at Wilkes- 
boro reports a heavy .frost be ow station No. 1 and above 
No. 4. This is significant, as frost will not occur unless 
there is dew, and it is a common observation of thermal 
belts that they are dewless and frostless. The yields of 
fruit for the season for the different orchards, ns shown 
in Tablo No. I, confirms the frost data as recorded by the 
instrunients and observers. From the records of the 
instruments and also from the reports of the stmation and 
observers it was seen early in the season that the sprin 
of 1913 was a recarious one for fruit. Storm foUowe 

weeks of abnormally warm weatier in March. This 
long wnrm spell, with tempernturos ranging in the 
sixties, started growth in the tissue and softened.the 
buds, even though it was not apparent a t  the tune. 
Then followed tho storm of March 27-28. No bloom 
had yet appeared. The earliest record of bloom at any 
station was at  Ellijay on April 7. The other stations 
followcd on &Iter this, with records of final bloom UP to 
May 1 at Blowing Rock. On March 27 following this 
extended warm spell the temperatures at most of the 
stations dropped from the sixties to freezln and to 

peratures recorded a hard cold wind swept oyer the 
orchards from 24 to 48 hours. This pecdiar combmat.ion 
of unfavorable conditions produced a result new to me in 
all my horticultural experience-namelv, that the apple 
bloom was killed in bud. Where tho IOW temperatures 
and winds mere most severe, the trees dropped off their 
fruit buds and never blmmed at  all. I n  other places 
the bloom was sparce and.feeble and the fruit dropped 
early. As a contrast to this, a t  tho Mount Airy station, 
though the temporature dropped as low as 20°, a heavy 
crop was produced. 

the station on Se tember 19, over four months P ater. 
The results o P this injury were in evidence even a , 

9 ;P 

f 
storm over the T3 lue Ridge after a eriod of nearly three 

5’ to 16” below 32’ F. In addition to these @i ow tem- 
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At most of the stations the blasting effects of the hard 
wind was more injurious than the low temperatures, 
for almost invariably it was the up er or exposed stations 

Bryson City, Capt. A. M. Frye, reports as follows: “That 
part of the basin facin south and having unusually 

with quite a number of trees in the lower t a r t  Tu , but 
the opposite slope in the basin facing north as no fruit.” 

The observer a t  Ellijay, Charles G. Mincy, reports: 
“All fruit on u er slope killed in bud by high, cold, 
north wind.” E. Julius Gragg a t  the Globe station 
reports: “There is practically no fruit on the upper 
slopes in this vicinity,but the lower slopes and bottoms 
in some places show good results, especlally where there 
is good air drainage and protection from wind.” The 
late M. C. Toms, formerly observer at  the Hendersonville 
station, reports upon the 1913 crop as follows: “Almost 
a complete failure, only a few trees of Mother and Virginia 
Beauty (late bloomem) with fruit. This orchard is 
situated above a plain and is exposed for the most part 
to the full force of the wind at  that elevation.” Mr. 
Densoii remarked that “It is an interestin comparison 

that suffered most. On this su B ject the observer a t  

lPleld good protection from liig B wind shows an averaw , 

to note the results from this orchard and t a at  a t  Mount 

yie P d is in low ground and where trees were protected 

heavily loaded that year.” A late sprin wit K out frosts 

Airy, a thousand feet lower, with the 
the main Blue Ridge, which orchard 
full crop. Mr. Joseph L. Welch, 
remarks that “The most damage was done on high and 
ex osed points wllere winds had a fair sweep. Most 

from full force of cold winds.” 
The season of 1912 was a bumper fruit year in North 

Carolina. One grower wittily expressed i t  by saying 
that “Trees that had been dead for five ears were 

just the corn ination necessary to assure a good crop. 
The apple tree is normally an alternate bearer, because 
the fruit is borne on 

weaker bud develop.ment and lighter crop the following 
season. From this it would ap ear that apple orchards 

cap, and the exceedingly light crop harvested in the high 
mountain sections is undoubtedly due. to the weakened 
bloom being subjected to extreme vicissitudes of weather. 

followng a p o d  “old-fashioned” stea 8 y winter gave 

that takes two years to develop. 
there has been a heavy drain 

will usually be followed by a 
So a year of full cro 
on the energies of 

went iuto the season of 1913 wit K more or less of a handi- 

LATE-BLOOMING VARIETIES.  

A oint of decided horticultural interest and value 

varieties of apples were found that bloomed from 10 days 
to two weeks later than the usual standard varieties. 
These varieties, given in oFder of their lateness of bloom, 
are In ram, Mother, Virgnia Beauty, Stark, and Gragg 
(a loca variety). In  this decidedl off year for fruit 
the orchard in which the Asheville o servation station is 
located had a full crop of ap les on tho In  ram variety, 

and on Virginia Beauty, bloomng 10 days later, one- 
fourth of a crop, while other varieties in the orchard 
only aver ed 5 per cent of a crop. There were no 
Ingram or%other apples at the Blantyre station, but 
Virginia Beaut there exceeded all varieties in yield 
owing to its hagit of late blooming. The varieties that 

ave best yield a t  Blowing Rock were Mother, Gragr, 
gtark, Ingram, Virginia Beauty, and Jonathan, nearly a 1 

broug K t out by these observations is the fact that 

% 9 
which bloomed two weeks I; ate: than ot % er varieties, 

of them late bloomers. Mr. T. G. Harbison, observer 
a t  the Highlands station, reports his variety yield as 
follows: liigram (late bloomer), full crop; Northern Spy, 
Black Ben, and Gano, above average; Ben Davis and 
Champion, below average; Wealthy, Delicious, and 
Grimes Colden, scattering.” 

In  1914 the observer a t  Blowing Rock reported the 
varieties Mother and Virginia Beauty as being in bloom 
there 13 days later than other varieties. 

F R U I T  REPORT FOR 1914. 

The year 1914 was known as “a  good fruit year” 
over practically the whole State. There were no freezes 
during or following the bloom period, and only 2 out oi 
the 16 observing stations reported any frost. These 
were at  Altapass on April 7 and at  Blantyre on April 8. 

The first bloom reported on peaches was at  Tryon on 

Rock on April 22, 25 days later. The period of ful 7 March 28, and the latest date of first bloom was at Blowin 

bloom over all the stations lasted from April 2 at  Tryon 
to April 26 at  Blowing Rock, a period of 24 days. The 
last peach bloom reported at  any station was at  Blowing 
Rock on May 5. It will be noted that Tryon and Blowing 
Rock represent the two extremes for early and late bloom 
and that there is a general difference in altitude between 
these stations of 2,000 feet. The extreme differences in 
time range in first apple bloom are found between the 
same stations, Tryon and Blowing Itock, the first being 
at Tryon on April 15 and the last at Blowin Rock on 

all the stations covered a period of 36 days from April 
15 at Tryon to May 21 s t  Blowing Rock. No frost is 
reported by any of the observers as occurring within 
ths period. The apple crop of 1914, thus unaffected 
by frost or cold, turned out to be a heav 
setbacks being from blight and droug t. The most 
extended period of bloom at any station was 23 da s for 
peaches at Blantyre and 22 days for apples at  Higdnds .  

On investigation of the injury to peach bloom reported 
a t  Altapass on April 9, the instrument record shows the 
following minimum temperatures at the different stations : 
Base, 27’; No. 2, 25’; NO. 3, 25’; NO. 4, 24’; summit, 22’. 

It will be noticed that the warmest place is at the base 
and the coldest place &t the summit station. No apples 
were in bloom at this time, but in a peach orchard located 
below No. 3 station on the slope the Elberta peaches 
.(earliest bloomers) were just coming into full bloom. 
A temperature of 7.’ below freezing would naturally be 
very injurious at  ths time. The observer at  this station 
reports the following peculiar phenomenon: On a 
20-acre plot just below station No. 3 in peaches young 
trees, mostly Elberta, one half was killed, while the other 
half was in good bearing; trees of the same age and under 
same method of cultivation; practically no difference 
in elevation; a very slight rise in the ground between the 
two sections.” In  this case there was a very evident 
thermal belt on the slope, and the upper ed e of it had 
been about halfway up through this peac fl block, as 
was shown b a failure of fruit above this line and a 
good crop be 9 ow it. During the same cold spell frost 
was reported at Blantyre, but almost exactly opposite 
conditions prevailed on the slo e stations from those 
reported above a t  Altapass. 20th the slope stations 
showed lower minima than either the base or summit 
stations, and peaches at  these points suffered a loss of 
one-third of the crop. 

May 3, 18 days later. The range of apple b 1 oom over 

z One, the Only 
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Dura- 
Bloom tion Character 

all shed. of of bloom. 
bloom. 
Days. 

Apr. 26 21 Average. 

Apr. 21 12 ... do ..... 

-- 

Apr. 24 23 .......... 
May 5 13 

.......................... 

............................... 
Apr. 19 ..................... 
hpr. 24 17 

..do ..... 17 .......... 
Apr. 20 17 .......... 
............................... 
Apr. 21 20 Heav y... 

Apr. 28 8 

Apr. 15 16 .......... 
Apr. 12 15 .......... 

Apr. 22 19 ............... 

TABLE 4.-Summary of horticulturai data for  swon of 1914. 

Poaches. I I 
cause of injury. 

______.--___ 

Frost .......... Apr.7 

Drought .............. 
( 1 )  Apr. 8 

.................................. 
None .................. 

do. ............... 
.do.. .............. 

.................................. 
None ................. 
Drought .............. 

do.. .............. 
..... do ................ 

.................................. 
Drought .............. 
None .................. 

do... ............. 

Apples. 

First 
bloom. 

Apr. 5 

Apr. 9 

Apr. 1 

Apr. 22 

......... 
Apr. 7 

..do ..... 
Apr. 3 

(2) 

Apr. 1 

Apr. 20 

Mar. 28 

Mar. 30 

Apr. 3 

Full 
bloom. 

-- 
Apr. 17 

Apr. 13 

Apr. 7 

Apr. 28 

.................. 

.................. 
Apr. 7 
Apr. 17 

Apr. 10 

Apr. 13 

......... 
Apr. 12 

Apr. 24 

Apr. 2 

Apr. 5 

Apr. 12 

- 
Full 

bloom. 

Apr. 20 

Apr. 18 

Apr. 15 

Apr. 24 

Apr. 16 

Apr. 20 

Apr. 10 

Apr. 12 

hpr. 19 

Apr. 14 

Apr. 13 

Apr. 25 

Apr. 5 

I_ 

Bloom 
all shed. 

~- 
Apr. 25 

.. .do.. . 
May 3 

Apr. 30 

Apr. 24 

May 1 

.................. 
Apr. 20 

Apr. 27 

Apr. 24 

Apr. 20 

,._.do .._. 
Apr. 30 

Apr. 9 

.................. 
- - 

Apr.26 

May 2 

Apr.24 

Apr.25 

Apr.26 

Apr.27 
..do ..... 
Apr.13 

Apr.14 

Mny 1 

Apr.20 

Apr.10 

May 2 13 Average. Apr. 6 

May 9 18 IIcavy.. Apr. 14 

May 4 14 Light ............ 
May 1 11 ... do .... Apr. 9 

May 8 19 ... do .... Apr. 5 

May 8 18 Avorage. Apr. 10 

.do.. . 17 ..do.. .. 
AfnY 8 12 1 ..do.. .. I P r .  9 

May22 12 ... do .... Apr. ti 

May 7 1~ Light ... hpr .  20 

Apr.28 14 Henvy.. ......... 
Apr.23 13 Average. Mar. 27 

__- - __ - __-- - 

Mount Airy.. .... 
Transon.. ........ 
Tryon ............ 
Wilkasboro.. ..... 

Apr. 10 

Apr. 24 

Apr. 10 

Apr. 14 

~ 

Full 
bloom. 
__ 

Nay 1 

Apr. 29 

Apr. 28 

Nay 8 

Apr. 21 

Apr. 30 

Apr. 25 

Apr. 26 

..do ... 
Apr. 27 

Apr. 29 

Apr. 28 

May 4 

Apr. 22 

Apr. 24 

Apr. 23 
I_ 

__ 

Bloom 
all shed 
- 
May 8 

May 3 

May 0 

May 21 

Apr. 2G 

May 8 

May 5 

May 3 

..do ... 
May 5 

May I5 

May 5 

Nay 14 

Apr. 29 

Apr. 30 

Nos  1 
- 

-- 
Dura- 
tion 

Of 
#loom 
Days. 

13 

14 

18 

18 

11 

15 

18 

10 

13 

13 

22 

15 

19 

14 

12 

15 

- 

__ 
st. 

First 
bloom. 

!hnractc 
)f bloou 
- 
hvoragc 

..do ... 
Light.. 

Hcovy. 

..do .... 

. .do.. . 

..do ... 

. .do.. .. 

..do ... 
bveragc 

. .do.. .. 
Konvy . 
. .do.. .. 
hverage 

Kesvy. 
krornge 

Location. 

_.I- _ _ _ _ _  
P.ct. P.ct. Fed. Fed. 

25 ........ 

50 ........ 
100 ........ 
85 ........ 

95 ........ 
95 ........ 
50 ........ 
50 ........ 

........ 
80 70 .$& 1,110 

95 

80 

Altapass.. ....... 
Asheville ........ 
Blantyre.. ....... 
Blowing Rock.. . 
Bryson City.. ... 
Cane River.. .... 
Ellijay.. ......... 
Globe.. .......... 
Gorge ............ 
Hendersonville.. 

Highlands ....... 
Mount Airy.. ... 
Transon.. ........ 
Tryon.. ......... 
Waynesville.. ... 
Wilkesboro ...... 
- 

Apr. 25 

Apr. 19 

Apr. 20 

May 3 

Apr. 1 G  

Apr. 23 

hpr. 17 

Apr. 21 

Apr. 20 

Apr. 22 

Apr. 23 

Apr. 20 

Apr. 25 

Apr. 15 

hpr.  18 

Apr. lfi 
-- 

APP 

Light. .. 
Heavy.. 

Light.. . 
Avernge. 

Light ... 
..do .... 
. .do.. ... 
Average. 

..do ..... 
Heavy.. 

. .do.. ... 
Average. 

Light.. . 
Average. 

Light.. . 
Average. 

2 Poaches nevcr bloomed; killed in bud Mar. 2, when tmperaturo dropped to  Be F. 3, none; pencncs, 

and especially to twig blight, which was very destructive 
this year to the apple and pear crop throughout the 
whole country. 

A striking and rather remarkable injury occurred in 
the orchard under observation a t  Blowing. Rock. The 
observer, Mr. E. G. Underdown, describes it as follows: 
‘‘Crop almost a com lete failure in home and China 

hail an April 23 just as they were be inning to swell. 

the trees to such an extent as to effect the prospects for 
next year. Hail was three to four inches in depth and 
remained on the ground in places for a week. 
bloom followed in about 10 days, but most of it s ed 
without forming fruit, and the fruit that formed dro ped 

Park orchard, which bore a fair crop, but there was 
considerable damage from blight.” 

orchards. Buds knoc K ed of€ by extraordinarily heavy 

The ground was covered with buds, an c f  the hail bruised 

A ltht 
shortly afterwards. Hail did not extend to the 8 reen 

F R U I T  CROP REPORT FOR 1915. 

The year 1915 in North Carolina was a favorable one 
for fruit production as far as exemption from cold and 
frost is concerned, for not a single unfavorable report 

jurious temperatures. The eac crop was much a % ove in- 
came from any of the observini stations regardin 

of this tender fruit ives a good index of frost conditions 

class of fruits from unfavorable temperatures. This, 
while very gratifyin to the fruit growers in a practical 

data on thermal belts, and little evidence was forth- 
coming from the year’s records. 

The apple crop in the State, even with the uniformly 
favorable thermal conditions, did not amount to over 40 
per cent of a full crop, but the injury was due to drought 

the average in all sections of t R e State, and as the behavior 

it seems safe to say t a at there was little or no injury to any 

way, was unfavorab K e from the standpoint of recording 

TABLE 5.-Swnmay of horticultural data for season of 191.5. 

I I I t  I I t  Apples. I-- Poaches. - 
Dura. 
tion 
Of 

doom 

bloom. Full I allshod. Bloom 1 ~$~-1Chnrncterl  of bloom. bloom. First 

bloom. 

First Location. 

- 
Apr. 25 

Apr. 22 
Apr. 21 

Apr. 28 

Apr. 19 

Apr. 23 

Apr.20 

... do.. 

Apr. 19 

Apr. 20 
Apr. 19 

Apr.20 

L__-_____-- 

P. et 
Avorago. BlIglit ................. Average. 33 

......... (1) ........ Heavy.. 50 

Heavy.. Blight, drought.. .......... do.. .. 
......... Heavy hail .... Apr.23 ... do .... 5 

......... Coldwind Light 20 
Avornge. ........................ Heavy.. 25 

15 

......... {Bifoguhpyd .......... do .... 50 } 
............. ... 

..do.. .. Blight ................. Light.*- 20 

Light ........ do ................ - .-do-.- .  

Average. Blight, wlud.. ........ H e a v . .  

25 

20 

..do .... Coldwind ............. Light ... 05 

..do.. .. Blight ................... do.. .. 50 

Light... Blight, wind.. .................. 5 

Average. ........................ Light ... 
Heavy. 
--- 

- 
Altapass.. ....... 
Asheville ........ 
Blantyrc. ....... 
Blowing Rock.. . 

Days. 
11 

15 

23 

12 

16 

17 

..... 
17 

22 

14 

11 

14 

10 

13 

...... 

Apr.28 I May 3 1 11 ]...do .... 

Bryson City ..... 
Cane River ...... 
Ellijay ........... 
Globe ........... 
Gorge.. ......... 
Hendersonvillo.. 
Highlands N o s  

llfghlands N os  
1-2. 

3-5. 

I I 
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- 
d, 

Kn. 
8 

12 
4 

10 
2 
6 

12 
8 
3 

14 
4 

13 
15 

TRE DANGER PERIOD OF 1916. 

d, 

h a @  g d g  

13.,’380 10 

--- 
Feet. Mn. 

8 S l o o O  6 

E.,W 2 
............. 
............. ............. 

1,760 4 ................ 
1,040 12 

SE.,725 3 ............. 
............. ............. 

............. 

............. 

- 

The spring season of 1916, as shown by the starting 
of plant growth at the different stations, was from one 
to two weeks earlier than in 1915. This, of course, gave 
that much more time for unfavorable temperatures than 
would occur in a normal or late season, and for that 
reason the early spring of 1916 was marked by sharp 
declines in temperature after growth started, with a 
resultant lessening of the fruit crop. In  Februar and 
March previous to the startin of vegetation suet low 

were killed in bud, and the bloom that did come out was 

The 

temperatures were recorded t E at most of the peaches 

The earliest bloom of peaches 
on March 13, and the latest bloom 

March 28, 15 days later. 

table : 
TABLE 6. 

-- 
Feel. 

SE 500 
N::3RO 

QW.,450 
SE. ,4W 1s 385 
NE? 400 

”620 

E 615 
E::600 

SE. 325 
E.;160 

W 300 
SE‘.; 500 
N., 350 

i:ooo 

No 1 base No.2  on 1 st’aiion. 1  slop^ 

Mn 
10 
11 
12 
5 

10 
8 
9 
9 
14 
5 
6 

15 
5 

.14 
17 

). Feet. Mn 
SE 250 11 

N::155 8 
NW 300 sw:: 450 1; 

N 385 11 
N”190 9 
N:: 310 12 
E 300 15 

NE?, 290 16 
E 450 10 

SE:’200 7 
W.: 180 14 
W 150 6 

SE:;380 18 
N., 150 15 

1 Station No. 2s. 

No. 4, on No. 5 sum- 
slope. dit. 

__-- 
Feet. 
SE., 750 
1 s., 1.55 

NW 000 
570 

1, loo 
N., 1,240 

w x40 
E” 750 

SE:: 525 
360 
450 

lE. 1,OOO 
I#,, 430 

SE:: 625 

......... 

2 Station No. 3a. 

After a lance a t  these, minimum temperatures re- 

fruit survived at all, especially since some of the bloom 
had burst or was swelling preparatory to doing so and 
was therefore in a tender condition. At some of the 

corded a t  t % e different pomts the wonder is that any 

stations even the maximum temperatures for the 24- 
hour period were below freezing. 

Fruit buds and bloom will often stand a drop in tem- 
perature to below freezing if the minimum is not lon 
endured, but when the low temperature is maintaine 
for several hours little or no fruit will survive. At the 
stations of high altitude where the very low tempera- 
tures were recorded the each crop was a total loss. 
This happens so often in tlese altitudes that no attem t 

the Blue Ridge plateau-not only the bloom buds but 
even the trees are sometimes killed outright by low 
temperatures. In  all this region peaches are only 

ardens and protected places for domestic use. 

times subjected in these regions can readily be seen by a 
comparison of the minimum temperatures recorded in 
the table above a t  the high stations-Altapass, Blowing 
Rock, Ellijay, Highlands, and Transon. It will be 
noted further that a t  the before-mentioned stations the 
lowest temperature recorded was in every case at  the 
summit station, This is an example of what is com- 
monly known in these sections as “high-top freezes.” 

Some of the fruit growers in these higher sections 
of the mountains gave experiences they had had with 
“high-top freezes.” While we were locating the observ- 
ing station in Captain Frye’s orchard at  Bryson City, he 

ointed to a flat-topped mountain a thousand or more 
feet hi her than his present location and said “I had an 
orchar % once on top of that mountain, but it was killed 

8 

is made to raise peaches commercial1 above an altitu P e 
of 2,000 feet. Above this general a s titude-that is, in 

An grown idea in o f the low temperatures to which fruit is some- 

out by high-to freezes.” 
Mr. J. D. Au f d, manager of the Farm Life School at 

Valle Crusis, N. C., reports on May 15, 1916, on their 
orchard which is located in a vallev the floor of which ._ 

has an altitude of a proximatel? 3,000 feet: “Our 
Black Ben trees, whici are about 12 years old, are 
cracking around the trunk and the bark is breaking off; 
will you please advise us how to care for these trees and 
save them?” These trees were evidently killed b the 
very low temperature of the cold wave of Marc[ 16, 
re orted in the table above. 

?n 1911, when Prof. COX, E. Denson, and the writer 
were seeking ,orchards for corn anson a t  high altitudes, 
we visited one at Elk Park, k. C.,. where the owner, 
M i .  McCowan, ointed out a section where he said 

freezes. In speaking of the cold injury to trees at  
these high altitudes, I would not care to leave the im- 
pression that there are a great many locations in the 
mountains ,where it is impossible to  raise fruit, but a t  
the same time it must be recognized that each class of 
fruits has its altitude limitations. From my extended 
experience with ap le growing in the humid regions 1 
would place the a Y titude limit for commercial apple 
growing a t  about 3,000 feet. 

apple trees had % een killed year after year by high-top 
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TABLE ?.-Summary of horticultural data for season of 1916. 
_ _ _ ~  

Altitude. 

105 

Range si- 
tude. 

Apples. I 
all Bloom shed. ky$Gf. 

Location. 1 First 1 Full 1 Bloom 
bloom. bloom. all shed. 

Per cent 
Cause of injury, Date. ”,:”$$’ bof g:y 

&op. 
Yield. I First 

bloom. 

Blowing Rock.. ................................ 
Bryson City ....... Apr. G Apr. 21 May 4 
CaneRiver .._.._ _. l l i  Apr. 15 Apr. 24 May 18 

Full 
bloom. 

Gorge. ............ ... do ..... 

Altapass .......... 
Asheville .......... 
Blantyre .......... 

Hendorsonville ....I Apr. 17 1 Apr. 23 I May 7 

~ _ _ l -  

Apr. 18 Apr. 23 May 5 

Apr. 12 ... do ..... Nay 7 

Apr. 15 ... do ..... May G 

........ 
MountAiry ....... 
Highlands. 

Mar. 25 

Mar. 27 

Mar. 23 

Mar. 18 

Mar. 28 
Mar. 14 

Mar. 24 

) 

Mar. 24 

Mar. 26 
Mar. 13 

Mar. 14 

Mar. 31 

Mar. 30 

Mar. 28 

Mar. 30 
.................. 
.................. 
.................. 

Apr. 2 
Apr. 1 

Mar. 30 

.................. 
Apr. 5 

Mar. 31 
Mar. 25 

Mar. 28 

Dura- 
ion of 
)loom 

Feet. 
2,230-3,230 

2,4452,825 

2,osO-2,GeO 
3 130-3 930 
1: 800-2; 370 
2,65&3,750 

DRYS. 
17 

25 

21 

28 
33 

18 
34 

20 

24 
22 
19 

28 
20 

24 

..... 

..... 

- 

Fed. , 
1,000 

350 

GOO 
800 
670 

1,100 

1 Peaches mostly killed in bud. 

FROST POCKETS. 

DayY. 
11 

9 

14 

32 
....... 

1Q 
25 

Peaches. I I I I I 

Per cent. 
Wintor killing. 14* Mar. ) Light.. . Average. Apples, 751 

(2;: it /Heavy.. Lightio.l I 55 50 
Winter cold.. . { gtk: 
.......................... Average. Light.. 100 
Winter killing. {g;: ii }..do ..... Heavy.. 85 

Freeze ........ Mar. 16 .................... 75 
Frost ............ do ..... Average. 80 

................ 
Average. 

................................................................. . 

................................................................. 
.......... 

2,200-2,950 

3,35&4,075 

11,340-1,700 

12,970-3,4!20 

} 95&2,060 
1,2404,670 

750 

725 

3B0 

450 

1,ooO 
430 

Transon ........... 
Tryon ............. 
Wilkesboro ........ 

l-i I- I---i-l---- 

Apr. 20 May 7 May 18 
Apr. 5 Apr. 13 Apr. 25 

Apr. 4 Apr. 17 Apr. 28 

Apr. 5 

. .do.. ... 
Apr. 0 

Apr. 18 
......... 

.......... 
Apr. 16 
Apr. 8 

Apr. 6 

......... 
Apr. 16 

Apr. 4 
Apr. 3 

Apr. 8 

... 
25 

9 Frast 

24 Freeze ........ Mar. 16 .................... 

A type of local injury to fruit in contrast to that called 
“high-top freezes’’ is found in certain locations, known as 
“frost pockets.” These frost pockets are basin-like de- 
ressions of greater of less extent formed by the natural 

{e of thelandorb surroundinghills or mountains. Often 

interferes with wind nnd natural movements of the air. 
eriod of these investigations several of 

but by the recording instruments. It was noted that at 
some certain points the instruments habitually recorded 
lower teinperatures than would seem to be warranted by 
comparison with the other instruments in the same or- 
chard. A careful check on the clocks and recording pens 
of theinstruments by comparison withmercurial thormom- 
eters showed no mechanical or instrument variations, so 
the persistently lqwer tern eratures must be due to  local 
topographic conditions. 1 description of these persist- 
ently low tempe5:ture points will bring out the charac- 
teristics of these frost ockets.” 

habitually low temperatures were recorded. S t  this 
point the instrument 1s located a few feet above the level 
of an artificial lake that is SurTounded by high, rather 
steep, sloping banks on tfiree sides and by a dam and 
high timber on the fourth side. In  standing a t  the instru- 
ment shelter the observer finds himself in a deep basin, of 
which the surface o€ the laka 1s the floor, and with steop 
sides slopin rapidly upward m every. direction. ’ When 

air as it cools settles naturally into this depression, and 
the coldest lace is found at  the bottom of this basin. 

none was in evidence in other parts of the. orchard. On 
June 11, 1913, the tem erature at  this station dropped to 

part of the orchard was the tem erature lower than 38’. 
Attention is here called to the P reeeing of the fruit and 
leaves on the ap le trees in this pocket on May 10-11, 

On December 15, 1914, a temperature of -5’ was re- 
corded by the instrument in this cold basin. 

the pocket or hol 9 ow is accentuated by tall timber, which 

these frost poc R ets were discovered, not by the observers 
During the 

At station No. 3, or t K e lake station at Blowin Rock, 

there is a fa 5 ing temperature and no disturbing wind, the 

Frost after P rose was seen in spring 1 ~ .  this pocket when 

33O, and frost occurre (P in this pocket though In no other 

1913, as recorde c f  for the data of that year on page -. 

Btations Nos. 3-5. Stations Nos. 1-2. 

2 240-4 000 1,760 
1’025-2’625 1 OOO 
1: 400-2: 440 1: 040 

I 

Another “frost pocket,” discovered by the recording 
instrument from low minimums, was at  station No. 3 at 
Highlands. The instrument here is located in a little 
open field at the base of the Waldheim orchard. The 

part near stationNo. 3”. This was in one of tho seasons 
most exempt from frost that we have had in years. On 
December 15, 1914, the temperature in this frost pocket 
dropped as low as -7’. On June 12 and 14, 1913, the 
instrumont wont as low as 32”, and the same low point 
wm reached on June 10, 1916. Another instrument- 
discovered frost ocket is thebase station at  Tryon. This 

row valley surrounded by low hills with high mountains 
beyond. Low temperatures and frosts were ire uent at 
t b  point. In the year 1914, when conditions lor  fruit 
were the most favorable that we have had in years, the 
fruit in this frost pocket at Tryon was killed, while on the 
slopes above i t  there was a bumper crop. The observer, 
Mr. W. T. Lindsey, of Tryon, reports: “There were no 
ap les in orchard below near station No. 1; ap arently 

pocket lived up to its former reputation, and Mr. Lindsey 
makes almost asimilar report to 1914, T@, “Fme cro of 
rapes, caches, apples, and figs on main slope. qery 

few appgs on orchard at  station No. 1; apparently killed 
by frost.” 

The early fruit growers believed that the valleys sur- 
rounded by timber to protect from winds were Ilie 
safest places in which to plant frmt trees, but later ex- 
perience with such places has confirmed the results of 
our observations that such places are usually frost 

ockets and should be avo!ded.. The abandoned orchards 
found in man such locations 1s mute testimony to their 
frostiness anzresulting unproductlveness. The interest 
in these thermal belt observations in the mountairis 
naturally made me 1 m d y  observant of frost data wvhon- 

station is locate B near the Pacolet River in a rather nar- 

l d e d  by frost.” The following year (1915) t %* 1s frost 
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ever found. I have thus for years in my work as State 
horticulturist kept careful note of frost data. A few 
incidents will serve to confirm the data recorded above. 
At our experimental substation in the Coastal Plain, we 
had a sharp frost on a quiet night when peaches were in 
full bloom. On examinin and counting several hundred 

were found in a zone 2 feet from the ground, 33 er cent 
in a zone from 2 to 4 feet from the ground, a n 8  60 per 
cent of living blooms in the zone from 4 feet to the top 
of the trees. Later at  harvest time practically all the 
crop was athered from the upper and very little from 

experimental substation we had a very late and hard 
A 

very conspicuous frost line could be seen on the trees 
about 10 feet from the ground. Below this line the 
catkins and half-grown leaves were destroyed as if by 
fire, but above this line the bloom and foliage were m- 
injured. Later the only nuts that were gathered were 
from the tops of the trees above 10 feet* The same 
phenomenon has been observed in the dewberry section, 
where a frost line showed two-thirds of the way up on the 
staked vines, Tvhich later fruited at the tops of the 
six-foo t stakes. 

Frost lines are often observed in spring on the natural 
vegetation in the woods. In  the Sandhill section of 
North Carolina, where the irregular contour of the land 
gives a great many di s and depressions, frost lines are 

in frost-blackened foliage on the “black jack” oaks. 
These phenomena have many times been pointed out to  
me by the peach growers ln this section: Such phe- 
nomena are often noted by frmt growers in the mom- 
tains. Once a t  Blantyre, before we began thermal belt 
observations, Mr. Collett, our superintendent, called m 
attention to a frost band along the side of Poddewtacg 
Mountain. A distinct line Of frost-bitten vegetation 
could be seen along the base of the mountain while 
hi her up the foliage was fresh and green. 

Of the year fog 

in winter. The temperature in the valley wdl be lowered 
sufficiently to condense the moisture in the air u to a Morley, Margaret W- TlleCarolinamountdns. 
certain height, which may be Seen from above. fog 
will follow this temperature line faithfully into every 
cove or depression of the hills and will appear on its 
upper Surface as lev01 as a floor. I n  1911, when Pro- 
fessor cox, a. Denson, and the writer were making 

stations we drove on July 4 from Waynesville to the top 
Mountain and stayed over night at the of 

restored it is back a t  home again on its native hillside 
giving favorable temperatures along the slope. We can 
not commonly see it except to note its presence in frost, 
fog, or snow lines, but it is there, for the average tempera- 
tures for a year or any long period invariably show that 
the warmest place is on the hillside somewhere above the 
base. On lon 
temperatures rom 1’ to 14’ higher than at  top or bottom. 

To the fruit grower a thermal belt is a very real thing 
on a quiet night, when the temperature is falling to the 
danger pt. If his orchard is located on a slope well 
above t e frosty bottoms, yet a t  an altitude not suffi- 

fruit may ass safely through the frosty periods, while 

The following letter from Mr. J. B. Horton, of Elkin, 
N. C., is significant and well worthy of publication here: 

Since coming over here early in July, 1 have been making inquir 
in regard to fruit crop in this county and find only apple orchar& 
elanted above frost line have full crop. Most of trees on low land are 

earing light crops. I find one orchard that has not failed to bear full 
crop since planted, perhaps 25 years ago, that has this year 300 bushels 
of Virginia Beauties and other market apples. The thermal belt, or 
frost line, is very accurately marked in the apple crop this year, and 
it occurs to me that now mould be a most excellent time for some 
valuable demonstration work to  be done by you and your assistants 
in your branch of the Agricultural Department. One farmer in this 
county has a cherry tree through which the frost line passes about 
half way to  the top, and on one occasion a full crop of cherries was 
produced above and none the line. 
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CONCLUSIONS- 

A is not fixed and defhlite ‘One whose U. S. Weather 13meau. Mount Weather Observatory Bulletins: 
boundaries can a t  all times be prec1sd.y located. Under 
some combinations of weather conditions It may be at  
the base of a slope and under &?other set of conditions 
at the top. A or strong wind may so up the 
air that it may be nonexistent or temporady lost, but 
when normal weather, as we understand it, is again 

0 
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