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Climatological Data for December, 1910. 
DISTaICT No. 6, MISSOUElI VALLEY. 

MONTROSE W. HAYES, Dhtrlct Editor. 
fact must be given due weight in estimating the water supply 

In the lower part of the drainage area, or below Omaha. 
the weather was d In the remainder of the dis- 

and the precipitation was irregukrly distributed, but was 
much above or below the normal in any areas that 

were not ve7 o any great estent. Upon the whole the conditions 
were quite favorable for outdoor wor!r. Cattle were able to 
graze through most of the month, effecting-a saving in forage 
and grain. On most of the government Irrigation 
work progressed to a greater extent thnn 1s usual in ecem- 
ber. 

and cold. 
trict it was general 7 y warmer than in the average December, 

groiects 

that differed widely, as the warni weat x er areas were quite 

to zero or lower, but there were no especiallv f ow readings 

remainder o P the district there was an excess that was most 

3d, 4th, and 5th. In  8 olorado and western Nebraska the 

TEMPERATURE. 

There was a marked absence of well-defiled warni or cold 
periods. Each of the subdivisions of the drainage area. had 
moderately high temperatures, but the occurred at  times 

limited in extent. The highest temperature was 74O at 
Farnsworth, Kans., on the 9th. The lowest temperatures at  
the various stations were not unusual. At some point in 
each of the States in the drainage area the ten1 erature fell 

recorded. The lowest of record was 32’ below zero at 
Marstonmoor, N. Dak., on the 6th. In  the eastern portion of 
Nebraska and Kansas, in western Iowa, and in Missouri the 
average dad deficiency ranged from 0.1’ to 3.9’. In  the 

marked in the foothills of the Rocky Mountains, where, in 
several localities, it amounted to more than 5 O  per day. 

PRECIPITATION. 

The period of most eneral precipitation comprised the 

loth, llth, and 12th were rainy or snowy, but in the other 
portions of the district there was coniparatively little pre- 
cipitation between the 6th and the 19th. After the 19th the 
weather was rather unsettled and light rains or snows occurred 
frequent1 . There was a general deficiency in the Dakotas, 
eastern dbraska,  northern Kansas, and in those portions of 
Iowa and Missouri drained by the Missouri River, the defi- 
ciency being most marked in the two last-named districts. 
In the remainder of the drainage area the precipitation was 
unevenly distributed, and none of the subdraina e areas had 

count however, is an exce tion, as there the December 
either general excesses or deficiencies. The higi 9 mountain 

snowf3, and there waa very F ittle rain, waa deficient. 

and October, an a nearly all that occurred was absorbed by 

heavy snows fe ii in the mountains and f y the close of the 

favorably with the average. However, the so iT was unusually 

MOUNTAIN BNOWFALL. 

Mmtana-The autumn conditions were favorable for the 
natural storage of moisture. Over most of the mountain 
districts the preci itation waa above the normal in September 

the soil, which was exceedingly dry on account of the long 
continued drou ht. During the latter art of November 

month from 2 to 5 feet had accumulated at  high elevations. 
The temperatures were almost continuously below freezing 
during December, and the snow at the close of the month was 
quite solid and compact. The December snowfall was defi- 
cient in most sections, but as little of the earlier fall had melted 
the accumulated amount at  the close of the ear compared 

dry, notwithstanding the rains referred to above, and thu 

for the coming season. 
South Dakota.-Considerably less than the usual amount 

of snow fell in the Black Hills durin December; as very little 

the year closed with less than the nprmnl amount on the 
ground. 

Wyoming.-Both in Xovember and December there was 
less snow than normally falls during those months. How- 
ever, the amount remaining on the ground at  the end of 
December was quite coni act. 

Colorado.-The season s snowfall up to December 31 was 
much less than for the corresponding period last year and as 
a whole considerab,ly less than the normal. In a few locali- 
ties approximately the average amount occurred, but the 
areas so favored are too small to make u for the general and 
marked deficiency in the water storecf for late irrigation. 
The snow is generally unpacked, and there has been little 
drifting. 

of the November fall remained at  t % e beginning of the month 

P 

RIVERS. 

Low stages continued throughout the month. At Her- 
mann, Mo., on the Missouri River, 103 miles from its mouth, 
the lowest was 1.7 feet; this stage prevailed from the 18th to 
the 23d, inclusive. On December 21 and 22, 1878, the river 
a t  Hermann fell to a reading of 0.0, the lowest of record. At 
St. Louis the Mississippi River fell to - 1.4 on the 17th, and 
established a new December record for low water; previously 
the low water record for the last month of the ear was - 1.3, 

Mississippi and Missouri, the lowest stage since 1864 was - 1.9 
on December 4, 1893; on December 14, 1910, a stage of - 1.8 
was reached. 

in 1901. The Mississip i above the mouth of t K e Missouri was 
low also. At Hanniba f ,113 miles above the confluence of the 

ARE THE SPRINGS COLDER NOW P 
A paper on ‘‘ Late sprlng fmta in relation to the fruit orop of Mlsaoud.” 

(Read by GEORC~E REEDEB Section Direetor Weather Bureau before the Fift third AMual 
Meeting of the Missourl State HorticulturaiSociety, Unlversfty of Missouri, 8kmbla. Mo., 
January 1W3, 1911.) 

The frequent and heavy losses suffered by Missouri fruit 
growers from late spring frosts during the last 10 years have 
created some alarm among orchardists and have caused a few 
to question the policy of attemptin the raising of fruit in this 

many that the climate of Missouri has chan ed; that our 
State on an extensive commercia k scale. It is asserted by 

winters are milder and our springs are colder t a an formerly. 

worse, is not confined to Missouri alone r y any means. 

OPINION WIDESPREAD. 

The assertion that our climate has chan d, and for-the 

the opinion that the 
IS general, espe- 

The man who is the closest 
quick to note weather changes, and 
and signs am not worthy perhaps 

father to son, still there are a few 
not to be altogether despised or thrown aside. 

It is of course not an easy matter to compare the losses in 
fruit culture of 20 or 30 years o with those occurring to the 
industry as carried on to-day. %uring the first decade of the 
30 years ending with the s ring of 1910, there were few, if 

every farmer possessed an orchard for home use, they wem 
as a rule composed of many varieties of trees that blossomed 
at different times. It was no doubt a rare occumce  indeed, 

any, so-called commercia f orchards in Missouri. While 
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- were the most destructive from the view oint of the agri- 
culturist and horticulturist, and the weat fl er generally was 
the most disagreeable from the physiological side that has is9i-iw)o ........................................................... 

1901-1910 ........................................................... 
1691-1900.. ......................................................... 
1901-1910 (May 1907 out).. ........................................ 

occurred durin ossibly, the past 30 years. Fayette: 

the daily minimum temperature, which is as a rule nothing Harrlsonvllle (in w’ested part of state): 

peratures explain the interesting cause why the crops do not 

The factor t at  is the most important, in my opinion, is 

The night teill- 

F p  
than the low.est night temperature. 1891-1900.- ............... L ......................................... 

1901-1910 ........................................................... 

owing largely to this difference in the blossoming time, when 
there was not sufficient fruit from some variety for home con- 
sumption. On the other hand, in the present day of the large 
commercial orchards, the varieties maintained in any one 
orchard may be counted on the fingers of one hand, and con- 
sequently the almost total destruction of fruit from late 
spring frosts has become more frequent. 

THE SPBINQS APPEAR TO BE COLDER NOW. 

Notwithstanding the sup osition that orchards may be 

time because in many cases almost the entire orcharcl blos- 
soms at the same time, or to the im roved strain of fruit now 

ties claiming that improved fruit is not more sensitive to cold 
than the varieties rown 30 years ago), the fact remains 

5 years averaged c.older than those of the receding 10 or 15 
years, and this statement is well su portelby climatological 

substantiation of the popular idea that “our climate has 
changed. ” I would, however, earnestly caution the reader 
not to be too hasty in the conclusion from data here pre- 
sented that the climate of Missouri is undergoing a permanent 
chan e. Meteorologists of the world generall agree, and the 
worlfJs climatolo ical records show, that &mate is prac- 

changes are noticeable, probably, only in geolo-gical units of 
time. On the other hand, the records also indicate that 
while weather may change from day to day or from hour to 
hour, there are certain changes that move in cycles or oscil- 
lations, havin uncertain units of time. The cause of these 
cycles or osc‘ 15 ations is not definitely known, but it has been 
pointed out by one or two authorities that the wet and cool 
periods and the dry and warm periods on the earth appear 
to correspond somewhat with the periods of maximuin .ancl 
minimum sun spots, which in turn are thought to be due to 
changes in the sun’s photosphere. A few students of the 
subject claim that these weather changes go in cycles of 3 
years, then a longer one of abaut 9 or 11 years, and still a 
greater cycle of 30 to 35 years, the last being more clearly 
pronounced; but no general agreement has yet been reached 
regarding them. 

more liable to injury from P ate spring frost at the present 

grown (the latter statement is muc P 1 in doubt, many authori- 

that the springs of t a e last 10 years, and particularly the last 

data, presented here, possibly for t P le first time, in apparent 

tically unchangea 5 le; that is to say, permanent climatic 

DAILY MINIMUM TEMPERATURE IMPORTANT FACTOR. 

Studies of the mean daily, mean monthlj-, and mean annud 
ten1 eratures, while important, in themselves, give us a nearly 

stiiking in its features. For instance. the variations in 
the mean annual teniperature of Missouri, covering a 

eriod of ’15 years or more, rarely exceed 3’ and are often 
ress than 1’. It matteis not what the estremes niay have 
been during the 4 seasons, or 12 months, at  the close of each 
365 days the final value is practical1 the sanie gear after 

gives but little satisfaction as to the variations in the weather 
that have taken place during a certain period is that for 
 AD^. 1910. which. for the State of Missouri. differed from its 

unc I: angeable factor, and one not particularly interesting or 

year. Another example in which t l e mean temperature 

._ 

-- 
4.0 me 
40.2 51.7 
46.6 64.8 
41.5 1M4 

43.6 a 6  
40.6 62.4 

The present paper presents graphically in figure 1 the 
average daily minimum temperature, by decades, recorded 
during April and May, at  Columbia, Boone Cbunty, Mo., 
during the 20 years 1891 to 1910, and in figure 2 the last date 
on which a temperature of 3’3O F. occurred during the 30 
years 1SS1 to 1910, at  Mexico, Audrain County, and the 20 
years 1591 to 1910, at Columbia. Tables numbered I and I1 
are also presented, showing daily minimum temperatures of 
Columbia for the two mentioned spring months, and also 
Tablw I11 and IV, which give the dates of the last killing 
frost (32’ F.) at  both places for the entire period under 
discussion. 

The data for Columbia have been used for the reason that 
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A closer inspection of Table I1 will show the interesting 
fact that during the first 10 years the tem eratures during 

reaching 3’3O once, and during the last 15 days the were in 

years the number had increased to 1S, reaching 32’ or lower 
5 times; during the last 15 days of the last 10 years, how- 
ever, the temperatures were in the thirties but once. 

We shall find that there is a close agreement between the 
tables and curves. For instance, an esaniination of figure 1 
will disclose the fact that durin the period from 1891 to 1900 

but during the last decade the probability of damaging frosts 
had been extended into May. 

From 
this chart we find that during the period represented by the 
years 1881-1590 at Mexico there was but one killing frost 
after the ’30th of April; during the following 10 yeam there 
were three, one occurring in May; and during the last 10 
years, bringing us down to the s ring of 1910, there were 9, 
5 of which occurred in May. V& niay disregard the record 
of the period from 1881 to lS90 as the data are based u on 
eye observations and dry therniometer records, but the s atn 
for’the ‘30 years beginnin- with 1891 at Mexico agree with 
similar data recorded at eolumbia during the same 
Beginning with 1896 the record shows a eculiar osci lstion 

esting from the view that each advance was greater than the 
retreat until the line of April 30 was crossad ; the two follow- 
ing years the forces. were ver * nearly equal, but in 1906 

he maintained his forces, though ap arently strictly on the 

by previous records in this State covering 3 decacles. It will 
be noticed that after 1906 the retreats are greater than the 
advances, the last retreat, as shown in the s ring of 1910, it 

view-niay turn into a conip1et.e rout. 

the first 15 days of May registered in the t % irties 10 times, 

the thirties 9 times. During the first 15 days of t l? e last 10 

danger from frost was practica f ly over by the 15th of April, 

Now, along with figure 1 let us inspect figure 8. 

! eriod. 
of the frost isoclironals; the advances an cp retreats are inter- 

King Frost was agam success r ul, crossing into May, where 

defensive, for 4 successive years, a p P ienonienon unparalleled 

is to be hoped-especially from the horticu f turist’s point of 

during prehistoric ages, the wor f d’s leading nieteorolo ical 

climate is changing is evidei?tly.an o P d one, and is caused by 

CHANGES IN THE EARTH’S CLIMATE. 

While there is abundant evidence in the records of geoloa 
to prove that great changes took lace in the earth’s climate 

authorities generally cpncur in the opiniqn that there lave 
been no appreciable clfniatic changes during the period cov- 
ered by authentic hlstory. The opular idea that the 

the temperature and precipitation conditions remaming for 
comparatively short periods below or above the normal con- 
ditions; such changes should be referred to as oscillatiolis in 
the weather rather than as changes in the climate. 

B 

CONCLUSION. 

It ap ears from climatological data of the Columbia sta- 
tion an 1 a few others given here that the springs of the past 
10 years experienced quite marked temperature departures 
from the norma!. The most interesting as well as the most 
important uestion to be answered is how lon will the cold 

cover a sufficient length of time to enable us to work out the 
While the records show 

rings for the 30 years, the 
mild springs to unusu- 

interest to the clima- 

period last? Unfortunately our cliniatologica 9 data do not 

ever come again. 
As we are unable to answer this question positively, and 

as it is rather more pleasant to be optmistic than pessimistic, 

we will look to the future springs from the brighter side. It 
is quite evident that freezin temperatures in May are 
abnormal for Missouri, es ec idy  most of that part south of 
latitude 39” 40’ N. The P rost isochronals of the last 4 years 
while unusuall late, rather indicate a return to more norm& 
conditions. J h i l e  it is possible of course the next 10 years 
may furnish several Mays in which freezin temperatures will 
occur, the probabilities are that the ten C f  ency wi l l  be more 
and more toward the conditions that revailed from 1894 to 
1902, inclusive, which from the recor $ appear to have been 
highly favorable to the fruit man. Possibly by the close of 
the decade ending with 1930 the average date of the last 
killing frost in s rin will have receded to where it was, as 
claimed by the o l f  timers,” in the eighties-along about 
April 12. 

Doubtless at  that period the youth of to-day, then a man 
of middle age, will be declaiming to all who wi l l  listen that 
“our climate has changed; the springs were colder when I 
was a boy.” “Why,” he will continue, “the springs were 
so cold we had to use mechanical heaters in the orchards during 
those d8ys to get any fruit at  all.” And to prove what he 
says lie will point to the old heaters rustin away in the barn. 

again later on swing back to where we are to-day, continuing 
to swing back and forth for stated periods for centuries to 
come. Such are the so-called cycles or osciilations of the 
weaklier. 

may return 

to c.onibat, whenever necessary, the late spring frost with 
scientific methods. Every fruit grower on a large scale 
should equip himself with the necessary heaters and a few 
good thermometers. It has been demonstrated in Colorado 
ancl Kansas that 70 to SO heatin pots to the acre (and I 
would not recommend less) are su ’cient to save a fruit cro 
when the temperature outside the protected area falls to 25 
and even as low as 2 2 O .  Perhaps some of you have followed 
such methods in Missouri. 

The pots should hold about 3 quarts of fuel oil, and, in the 
niajority of cases, it will not be necessary to light them until 
about ‘3 a. ni. or later. The oil is not costly, and it seems to 
me that the little extra cost and labor are small items when 
compared with the damage one frosty night will do to an 
orchard when no effort is made to save it, and what the loss 
or saving of that crop means to the owner. 

Where there are telegraph facilities, and if the funds on 
hand permit, timely warnings will be sent by the Weather 
Bureau. There are many places that can not be reached by 
telegraph, but near1 all towns and in fact niany homes have 

souri and Kansas telephone systems coo erate with the 

casts and warnings, and in many cases the fruit ower can 
obtain the information free of cost by simply c a l g g  up the 
nearest escliange. 

Personally I should be glad to render any assistance needed 
in the way of advising how to place and read the thermoni- 
eters and when to start the heaters. Those having orchards 
in the valleys or so-called ockets should be particularly 
watchful, especially if the nig rl t is clear with little or no wind, 
as. owing to air drainage, the valleys become colder than the 
hillsides when there are no clouds; on the other hand, when 
the sky is h e a d y  overcast or when there is moisture in the 
form of either rain or snow, there is little difference between 
the temperature of the valleys and the hills, or if there is 
any difference, the valle s are warmer. There appears to 
be less damage to fruit gy frost on or along the southern 
Ozark border, which has an elevation between 500 and 1,000 
feet, than in either the valleys or on top of the highest IIlllS; 
this is probably due to the fact that the air of comparatively 

And thus the pendulum may swing t P le other way, and 

during the nest 10 years, nevertheless we shou T d be prepared 

il ! 

While the hoped-for period of mild sprin 

the telephone insta s led. The Bell, I<hiloch, and the Mis- 

Weather Bureau in the dissemination of t K e weather fore- 
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still, cold nights, when usually the greatest damage is done, is 
kept moving and probably mixing at  the-elevations lying 
between the two extremes, by reason of dramage currents. 

Daily minimum temperature, Columbia, Mo., 1891-1910 (April). 
FIRST DECADE. 

Daily mininiton lenipwnlicre, Columbia, Mo., 1891-1910 (May). 
FIRST DECADE. 
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45 59 
5ti , 33 

1 G  
_- 
44 
Y? 
1" 
2Y 
29 
34 
82 
3; 
54 
33 

Ili. 1; 

- .- 

10 

4s 
3s 
5s 
31 
45 
39 
29 
51 
37 
32 

8 
- 

38 
20 
3s 
31 
42 
50 
31; 
42 
31 
54 

I '  . .  - ... .- . 

1901 ................. 30 
190? ................. 30 
190.3 ................. 54 5ti I 53 41 

44 31, I 3  
43 I 34 35 
43 I 57 45 
31; 3? 27 
40 ti I 47 
47 3G 30 
57 47 4.5 

............... I 1904.. 
1905 .................. 54 
lsoli ................. 31 
1907 ................. 32 
J!XB ................. 32 
1909.. ............... I 30 
1910.. ............... ~ 41 

ArernEe.. ..... 4G.214i.Y 4Y. 3.49. i 51. R/48.5l46.9:49 '147.051. I I I .-I i - 

17 25 

- 

47 
5(, 
02 
lii 

?s 

49 
4G 
55 
54 
m 

19 

.- 

59 
1% 
59 
46 
49 
55 
54 
M 
59 
54 

?n ' 21 s. i 23 
I 
I -  . .- . 

29 

48 
51 
01 

_ _  
.o. 438. ! 

. i  
11.5141. u3y.; 19.3 41., b5.041.439.7,41.339.: 

-- -- . .-. 

Average.. ..... !hi. 8 313.6 39. ' I I ~- .~ .~ 
lsol .............. 61 
lW2 ............. I 67 
lWl3.. ......... . . I  G3 

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

........ 

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

........ 

........ 

........ -- 
53. u 

rdl ' .l% 17 I A l  

1m4 ............. I 48 
im ............. 49 
i ~ a ;  ............. rG 
1907.. ........... 55 
l9ux ............. 
I WJ.. ........... 53 
1!11(1.. ........... 51 

.\rt*mgr.. . ! S i .  : 
I !  

.- I 1. 
53 S '  ......... 

53 53 ........ 
55 34 ........ 
U i 4 7  ........ 

leol.. ................ 34 
19m.... .............. M 
1903 ................. I 35 
1904.. ............... I P i  

31 
49 
49 
40 

19 05 ................. 

19m ................. 46 
1!m9 

1m ................. i fr: 
1907.. ............. ..I 2s 

................. 
1910 ................. I 30 53 

36 I 57 42 I 36 1 43 50 
4s 55 49 I 4s 45 50 
37 I 33 '9 i .LO I 41 50 
48 55 59 I 59 ' 1 2  57 
.I2 4u 45 , JU ' 35 -10 
33 29 48 , 4u I 2s 27 

55 53 48 55 

39 35 41 5'' 
54 I 41 31; 3 5  
50 I4 44 48  
32 , 37 4G 5 i  

58 ' 511 til 55 
P ........ 
54 ........ 
35 ........ 
2s ......... 
3ti I ........ 
5ti I ........ 

... ... 
.Hi 
33 

...... 



1838 

1891 .................. May 6 ....... 1897 .................. 
1892 .................. Apr. 15 ...... 1898 .................. 
1893 .................. Apr. 23 ...... 1899 .................. 
1894 .................. Apr. 12 ...... 190 .................. 
1885 .................. Apr. 3 ....... 
1896 .................. Apr. 4 ....... Average ........ 

I 

MONTHLY WEATHER REVIEW. 

Apr. 17 ...... 107 
Apr. 7 . i  .... 97 
Apr. 16 ...... 106 
Apr. 12 ...... lm 
Apr. 15-16 ... 108.8 
- 

DECEMBER, 1910 

1901 .................. Apr. 1Q ...... I 0 9  1907 .................. I Yay4., ..... 
1902 .................. ...... 107 I '  1- .................. ! A r.30 ...... 
1- .................. ...... 121 1909. .............. &pa ....... 
1904.. ................ ...... 112 I 1910.:::. ............. I Am. 25 ...... 

Date of the last killing frost, or a temperature of $2" F. or lower, i n  spriiig, at 
Mexico, Mo., 1881-1910. 

- F I R S T  DECADE. 

Monthand Dayof Monthand Dayof 1 date. I year. j /  year' I date. I Year. 

124 
120 
123 
115 

1881 .................. Apr. 14 ...... 104 !I 1887 .................. I Apr. 5 ....... 95 .................. ...... I Apr. 20 111 .................. .... ..I Apr. 6 ....... 90 
1884 .................. Apr.!!!2 ...... 113 I1 1890 ................... Apr. 1 ....... 91 

1W Apr. 12 102 lSS8 
1883 91 !I 1869:::::::::::: 

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

1892. hpr. 15 ...... 106 I 1898 .................. 
1883. Apr. 23 ...... 113 I 1899 .................. 
1894 ....................... do ...... 113 I 1900 .................. 
1895 .................. Apr. 19 ...... 
1898 ............... _ _ _ /  Apr. 4 ...... 1 'E 1 '  i Average ........ 

.................. ...... I- ............... ....... .... ...... 1885 Apr. 13 103 . I  
1888.. .I Apr. 6 1 96 ;I Aver age... .: Apr. 10 100.2 

SECOND DECADE. 
... - ... - ......... . 

. - .. ~ . 
I, I I 

Apr. 7 ........ 97 
Apr. 16 ....... 106 

Apr. 16-17..-i 106.8 

Apr. 12 ...... 1 102 -- 

leal.. ................ yay  6,. .....I .................. A .................. > 

1901.. ................ 
1BM .................. 
1903 .................. 
1904 .................. 
1wk) .................. .................. 
. . . .  . 

126 1 1  1897 .................. 1 Am. 11 ...... ' 101 

...... .............. _ I  May 5 .......I 125 ...... .................. 'Yay2  ....... I 123 

I- 
....... i 127 Average... ...... Apr. 27-28 ...! 117.5 

..................,..... do ....... 1 2  ...... ................... Apr. 25 ......I 115 ...... 
- i .... . .. 

I . -- _ .  - - - - 
T H I R D  DECADE. 

Date of the lost t i l l ing frost, or a ieniperalw-e of 82" F. OT lou:er, in spring, at 
Coluni b k ,  Mo . , 1891 -1 91 0. 

FIRST DECADE. 

Month and Day of Month and Day of 
year- I data. I year. I/ I date. 1 Year- 

I--II.----------I - . .- - I- 

.................. ...... im .................. I d y 9  ....... 19(15 A-r.  18 ........ Apr.26-27 ... 117.6 I -  I- - ... __ - . - .. - . - . . . . . . .  -. 

Average date of the  last 10 peers, 11 days later than preceding 10 years. 


