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SECTION 11.-GENER 
SOLAR DISTURBANCES AND TEBRESTBIAL WEATHER. 
BY ELLBWORTH HUNTINGTON, Research Associate in Geography. 

[Datad: Yale University, Ncw Haven, Conn., Mar. 7, 191S.l 

((;bntinued from this REVIEW, April, 1918, p. 177.) 

111. FACULB AND THE SOLAR CONSTANT COMPARED 
WITH BAROMETRIC GRADIENTS. 

NOTE.--The third and final section of this paper will 

-EDITOR. 
appear in the next (June) number of the REVIEW. 

PBEDIGTING MINIMUM TEMPERATUBES IN GBAND VALLEY, 
COLO. 

By  ERE^ S. NICHOLS. Met~eorologist. 
[Weather Bureau offlce, Grant1 Junctlon, Colo., April IS, 1918.1 

The devising of methods of predicting mbnimum tem- 
perature, pa.rticularly in spring, has been the object of 
several unpublished studies undertaken by the writer 
since his assi nnient to the Grand Junction station in 
the spring 07 1911. These investigations, based on 
local rec.ords, have been of much importance locally, 
because of the use of temperature forecasts in connection 
with orchard heating in the Grand Valley, in the midst 
of which Grand Junction is located. 

P,revious studies by the writer.-The first of thme special 
studies, made in 1911, considered the minimum tempera- 
ture as a possible function of the dew oint that had beon 

between the two meteorologica.1 elemenia considered. 
This agrees with the results obtained by Cos’ in the cran- 
berr marshes of Wisconsin. * * * the dewpoint 

temperature.’ ’ 
The most important of the special studies was the 

investigation of the relation between the daily niasiniuin 
temperature and the ensuing niinimum temperature. 
The individual cases were classified accordin to evening 

It was found that, for the month of April, a t  Grand 
Junction 

recorded a t  the precedin evening o E servation; but tlic 
conclusion was rewhed t a at “there is no useful relation 

itsel P is no ifidicrttion whatever of the ensuing minimum 

dewpoint and state of weather and wind in t a e morning. 

5 y=--1G+2 s 
where y is the minimum tern erature, z is the maximum 

the “class” to which the case belongs. The effect of 
atmospheric moisture in retarding nocturnal cooling is 
shown -by the following equations, which were obtained 
for cases classified according to evening dewpoints. 

L%’ F. or lower. J‘)X--3.  
?#lo to 30”. y=#x-l. 

J“ #.r+ 14. 
Over 40’. J=.@+2. 

temperature, and z is a varia t le whose value depends on 

Eiwwi?bg df rupoint. Equnlioir. 

31’ to 40’. 

I Cox, H. J. Frost and tern ratm contlitiom in tlw cranberry marshes of Wisconsin. 
(Wonther Bureau, Bulletin r) Page 84. 

.AL METEOROLOGY. 

The effects of state of sky, recipitation, and wind 

t.ions were plotted on cross-section paper, and have been 
used with nii1c.h success in predicting minimum tempera- 
ture during frost seasons. 

Previous .method of forecasting .for Gmnd Junction ais- 
ti*ict.-Havin determined the probable minimum tem- 
perature a t  &and Junction, there remains the problem 
of predicting the temperatures in the orchard districts 
of the vicinity, where several fruit-district stations have 
been maintained since 1913. A brief description of the 
topography of the fruit district, accompanied by an 
outline map! is conta.ined in my article, “A tamperature 
inversion in the Grand River valley, Colo.” It was a t  
once found: . 

1. That t,lie relation between the temperature a t  any 
one station and that a t  Grand Junction is variable. 

2. That the relations between the temperatures a t  the 
different stations on R given date are variable also. 
These variations accompany diflerent t ;PR” Of. pressure 
distribution and variations in cloudiness umidity, wind 
direction and velocity, etc., which must be known or 
predicted before the temperature forecask can be made 
with accuracy. 

Hence t,he method that has been uFed in forecasting 
for the fruit district consists of three princ.ipa1 steps: 

(a) Study of the weather m a  s and local reports to 

were shown in a similar manner f y equations. All equa.- 

K determine the >robable state o P the gky, ressure dis- 
t.ribution, winc t , etc., over the district t e following 
morning. 

(b )  Coinputation of the probable minimum tempera- 
ture at  Grand Junction, using results obtained under (a) 
and the equat.ions described above. 

(c) Estimation of the probable minimum temperatures 
a t  the substations, using the results obtained under (a) 
and ( b ) ,  and considering tQpography and individual 
peculiarities of each substation, . 

Vmelo ment of  Smith hypometfie formula.--VChile this 
method as been very successful, especially in predicting 
for Grand Junction, it is complicated and requires that the 
forecaster shall have had lon esperience in the locality. 

accumulated, it was intended for the sake of ponven- 
ience and greater accuracy to compute substation for- 
mulse similar to those used for Grand Junction; but a 
test of the hy ometric formula developed by Smith 

In con4dering the uTe of the hy ornetric formula in 
predicting minimum tern eratures Rr t,he Grand Valley 

conditions observed at  Grand Junction must e repre- 
sentative of, or a t  least related to, those that exist in 
other ~ s r t s  of the valley. Therefore, it  appeared prob- 
able tkat the readings taken a t  Grand Junction at  the 
regular evening observation (5:40 p. m., local standard 
t h e )  might be used in computing constants for predict- 
ing miiiinium temperatures a t  the substations. This 

As substation records for a T our-year period have now 

shows that it is 9if 0th accurate and c~nvenient.~ 

stations, it occurred to t. R e writer t,hat the hy ometric r 

- 
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work has been successfully completed for t,he inont.lLs of 
March and April, using available records ina.de during 
the ea.m 1914 to 1917, inc,lusive. 

T ie  fmt step was the classification of the individual 
niglit,q according to niont,hs, state of sky and wind 
velocity at  Grand Junction in the morning, and pressure 
distribution. Then correlation coefficients and h g o -  

tion for March and April separat,ely, and for each of the 
following fire classes of nights, as fa.r as records were 
available : 

~~assificatio?~. ojniqhfs in the Grand Riilei- Valley. 
Clam I.  Sky clear: wind velocity less than 10 miles per hour; ancl 

with high-premure area centered over or immediately west or north- 
west of the district. 

c'lasa 11. Sky clear; wind less than 10 miles per hour; and with 
high-prewure area centered immediate1 emt or northeast of the dis- 
trict, i. e., e& of the Continental DiviL. ' 

Class 111. Sky clear; wind velocit 10 miles er hour or more. 
Class IV. Sky partly cloudy; win$ velocity l%s than 10 miles per 

hour. 
(.'la.sa V. Sky partly cloudy; wind velocity 10 miles per hour or more. 
Nights during which appreciable precipitation occurred 

at  Grand Junction were omitted. The number of cases 
falling under Class V during March was insufficient to 
warrant computations. Hence, nine sets of Coefficients 
and constants have been computed for each station (with 
exce tion of cases where records are broken badly). The 

I have computed similar actors for the station at%elta, 
Colo., which is situated entirely outside of the Grand 
Valley southeast of Grand Junction, at a distance of 
about 35 miles in a direct line. 

The accompanying tables for March and for April 
give the numerical results obtained. The headings of 
the columns correspond with those used by J. Warren 
Smith in his article referred to above; that is, n is the 
number of cases used, r is the coefficient of correlation, 
E is the probable error, and a and b are constants of the 
hygrometric formula, 

y = n + b R  
where R is the evening relative humidity and y is tho 
departure of the morning minim- temperature from 
the evening dew oint. For convenience the equations 
have been plotte B on cross-section paper, y as ordinates, 
R as abacisss (in actual work a very Lr e scale should 

metric constants were com mted, in accordance wit! P i the 
method described in detai 1 by Smith, for each subst,a- 

9 wsu Q ts for the Grand Valle stations are so promisii that 

be used for clearness and accuracy), so t a at, in making 

an evening forecast of niininiuin temperatures it is now 
necessary merely to determine, by coiisulting the daily 
weather map, the alrtss in which the coming night will 
fall, and then to take from the appropriate graphs the 
departures of mininium temperatures from the Grand 
Junction clewpoint. (See figs. 1 to 9.) 

It is regretted that observations for the upper Palisade 
district arc badly broken, so that computatlons for that 
part of the valley can not yet he made; the Palisade 
station is located about 1 1/2 mile west of the town of 
Pnlisnds, and not in the warmest part of the district. 

The high value obtained for the correlation coefficient 
in almost all cases indicates that increased accuracy in 
forecasting niay be expected as a result of the use of 
the new forniu'la. However, it should not be expected 
that successes will be as eat in actual work RS might 
appear probable froiii appEation of the forniula to past 
records, from which the class in which the night belongs 
can be determined accurately. The forecaster must 
determine in advance in which of the five classes the 
night will fall, if any; ancl it has been fouiid, in the 

inrrccuracy is likely to result from incoi~ect classi rater cation 
limited use so far made of the formula that 

than from inaccuracy of the forniula when correctly 
applied. 

CONCLUSION 8. 

4 
We may conclude, from the R ~ O W  study that- 
1. The hygronietric formula of 6. Wmen Smith is 

applicable, not oiily to the prediction of minimum teiii- 
perature at, the station where the hyGometric observa- 
tions are taken, but to the use of such observations in 
predicting temperatures a t  stations many miles away. 

2. The forniula niay be used, not only during clear 
weather, but also for cases when the sky is partly cloudy. 

3. The constants of the formula are, hi general, dif- 
ferent for the several stations, for the several months 
and for differences in certain of the meteorologicai 
elements. 

4. The forecasting of minimum temperatures will not 
become simply a mechanical rou t i p ,  because of the skill 
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TABLE L-Relution between the evening dewpoint and humidity at Grand Junction. Coolo., and the following morning’s .n, inimum temperatures in the 
Grand River region in March and April. m d e r  different elmsea of general uwther conditions . 

CLASS I.-MORNING CONDITIONS-CLEAR; WIND LE88 THAN 10 MIS./HR.; HIGH OVER THE DISTRIC!T . 
I 

stations . 

Grand Junction ............................. 
Ground Exp . (G . J.) ........................ 
Fruitvale .................................... 
Palisode ..................................... 
Orchard Mesa 
Pomoaur ..................................... 
Hunter ...................................... 
Frnita ....................................... 
Lorna 
Delta 

AFRIL . I MARCH . 

n r E a b -a/b I-.: 
17 -0.683 fO.OBR 21.7 -0.58 43.0 ! IO 
17 -0.690 0.086 16.4 -0.48 34.2 10 
17 ........................................................ 10 
17 -0.711 0.081 18.5 -0.40 46.5 1 10 ............................................................................................... 10 
17 -0.649 a085 13.2 -0.43 30.7 in 
17 -a570 0.110 12.2 -0.39 31.5 i o  
17 -a642 0.m 13.5 -0.42 31.8 10 ....................................................................................................... 10 

........................................................................................................ 10 

Ctand Junction ............................. 
GroundExp.(G.J.) ........................ 
FrultvaIe 
Pdisadn ..................................... 
Orchard Mesa 
Pornom ..................................... 
Huntsr ...................................... 
Fruits ....................................... 
Loma 

r 

11 -0.929 0.029 19.2 -0.32 591 12 
11 -0.825 0.029 12.4 -0.31 40.0 12 ..................................................................................................... 12 
11 - a w 5  0 . 0 ~ 2  22.6 -0.42 53.9 12 ............................................................................................... 12 
11 -0.W 0.012 12.8 -0.34 37.2 12 
11 -am 0.085 10.1 -0.25 40.7 12 
11 -0.942 0.029 10.6 -0.30 34.8 I2 ....................................................................................................... 12 

E I a I b I -a/) 

Grand Junction ............................. 24 -a 874 0.033 
Ground Exp . (G . J.). ....................... 24 -0.866 0.037 
Fruitvale .......... ’. .......................................................................................... 
Palisade ..................................... 21 -0.879 0.031 
OrchardMesa ............................................................................................... 
Pomona ..................................... 24 -0.544 n.m 
Hunter ...................................... 24 - 4 7 0 4  n.070 

I -- I. 

28.5 -0.56 47.1 12 -0.Wi O.M3 
21.0 -0.51 40.9 12 -0.714 0.100 

12 - 0 . W  n . 117 
22.1 -0.W 43.i 12 -0.KIO 0.MYI 

12 -O.i(i’ 0 . W  
19.2 -n . 52 3 i .2  12 -n . tw I) . 130 
17.4 -0.48 85.5 12 - 0 . 7 ~  I1 . Oi9 ....................................... -0.616 a m  16 . I  -0.48 33 . i Fruita 12 -0.559 n . 140 

12 -n .is5 0.w 

12 - 0 . m  n.mr 

-0.36 
-0.32 

..... .- 0.38 

61.0 
50.3 I 

i 17 
17 
17 
n 
17 
17 
17 
17 

-0.861 
-0.7%? 
-0.m 
-ass -am 
-0.900 

. -0.928 
-0.910 

Grand Junctlon 
Ground Exp . (0 . J.) 
Fniltvale 
Palisade.. 
Orchard Mssa 
Porn- 
Hunter 
Fruits 
Loma 
Delt a.... .................................................................... 

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

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

....................................................................................................... 
, ................................ 

31.1 

as.n 
24.1 

24.S 
25.8 
l a 0  
19.5 
19.s 
1 i . i  

-a 50 

-n.39 
-0.36 

-0.47 
-0.46 
-0.31 
-0.36 
-0.36 
-0.35 

-0.887 
.o . kql 
-0.870 

.O . Si6 

.o . sgl .o . ss3 
-0.817 
-0.836 

-0.896 

-a w 

-a FU 
-a SI 
-0.47 
-0.45 
-0.55 
-0.46 
-0.44 
-0.46 
-0.38 

51.2 
41.R 
41.9 
49.7 
40.7 
38.3 
39.9 
37.4 
36.9 0 .Mi l  14.11 

O.M9 ~ 13.9 I -0.38 I 36.8 

CLASS 11.-MORNING CONDITIONSECLEAR; WIND LESS THAN 10 MIS./HR.; HIGH EAST OR NORTREAST OF DIRTRICT (IN APRIL, EdRT OF CONTINENTAL 
DIVIDE) . 

I . 
-0.854 
-0.74s 
-0.622 
-0.866 

.O . is0 
-0.814 
-0.Wfi 
-0.713 

-a m 

.o . ar, 
-0.25 
-0.18 
-0.32 

-0.24 
.o . 29 
-0.20 
.0 . 21 

-a I 

65.8 
50.9 
46.7 
67.3 
51.2 
42.9 
44.1 
48.0 
45.7 

19.2 
12 . I 

8 4  
21.4 
1s . 3 
10.3 
12 . 8 
9.6 
a 7  

Delta ........................................ I ........ I ............ I ............ I .......... I ............ I .......... 11 121 -0.8451 0.0561 11.21 -0.241 46.7 

CLASS 111.-MORNING CONDITIONS=CLEAR; WIND 10 MIR./HR. OR HIGHER; MISCELLANEOUS PRERRURE CONDITIONS . 

32 . 1 

20 . I 

29.1 
25.1 
19 . 0 
32 . t i  
1% s 
19.6 

2F . ; .n . RR 
.0 . 3s 
-0.44 
-0.90 
-0.54 
-0.47 

-0.47 
-0.55 

.o . so 

.n . 61 

47.2 
52.9 
47.5 
41.9 
46.5 
40.4 
37.0 
39.6 
35.6 

32.9 
-- 

26.3 

CLASS IV.-MORNING CONDITIONS=PARTLY CLOUDS; WIND LESS THAN IO.MIR./HR. ; MISCELLINEOUR PRESSURE CONDITIONS . 

Grand Junction ........................ ‘. ... 
Fruitvale ................................... 
Palisade .................................... 
Orchard Mesa .............................. 
Pomona .................................... 
Hiinter ..................................... 
Fniita ...................................... 
Loma ...................................... 
Delta ....................................... 

Ground Exp . (0 . J.). ...................... -0.911 

14 -0.794 

:: I .o . BBa ................... 
0.031 
0.046 

0.087 
............ 

59.8 
55.5 
54.9 
58.2 
51.2 
49.R 
50.5 

4R0 

31.1 

.50 . n 

0.039 

0 . O i l  

0.058 
0.06n 

0.028 

0 . rwa 
a MZ 

o . a31 
n . 027 

n . n 
16.0 

21 . 4 
......... 

........... 
-a as 
.o . -30 
-0.25 

............ 
0 . MIS 
0.057 
0.093 

......... 
9.0 

13.5 
12.0 ................... 

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

17 I -0.871 I 0.040 14.6 I -0.47 
! 

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

CLASS V.-MORNINQ CONDITIONS=PARTLY CLOUDS; WIND 10 MIS./HR. OR HIGHER; MISCELLANEOUS PRESRURE CONDITIONS . 

62.2 
66.9 
61.5 
52.1 
56.1 
58.1 
54.1 
55.0 
50.6 

17.7 1 -0.37 47.5 

Nom.-The figures in the columns headed “-a/b” Indicate. fur the.spectlveequntiou .;. the point whcrc thepraldi interserts the S mi<. i . e., at what rclstive humldlty the 
temperature~lll probably be the mme a3 the dewpoint . 
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t I I 

- CLEAR. WIND LESS THAN IO Mis./H. 
HfCl 

I I I I I I I I  I I I I I I I I I  I l l l l l I l I  I I I I l 1 I I I  
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FIG. !&-Graphs of equatlons for March for oomputing the departure of mornlng mlnirnum temperatures from the evemlng dewpoht at Granrl Junct.lon. 
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PIC;. 3.-! h p h s  ul equations lor March for computing the departure of morning miuiiuum temperatures from the evening dewpoint at Grand Junction. 
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I I I I I l l l  1 1 1 1 1 1 1 1 1  I I I I I I I I I  I I I I I I l l i  

h Class IV.. 
PARTLY CLOUDY. 
WIND LESS THAN 10 Mis./H 
MISCELLANEOUS PRESSURE CONDI? 

FIQ. I.-Graphs of equations for March for computing the departure of morning minimum tempcrsturcs Irom the evening drwpoint at Grand Jimction. 
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FIG. 5a.-Graphs of equations for Aprll for mrnpiiting the deparlure of morning miiiimmn teiuperatiirrs Irom the evening dewpoint at Crmd Junction. 
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CLEAR. 

FIG. W.-Graphs of equations Ior Apnl for cornpuling the (lqhwlure 01 morning minimum temperatures from the evening dewpoint a1 Grand Junction. 



222 MONTHLY WEATHER REVIEW. MAY, 1918 

1 1 1 1 1 1 1 1 1  1 1 1 1 1 1 1 1 1  1 1 1 1 1 1 1 1 1  1 1 1 1 1 1 1 1 1  1 1 1 1 ' 1 1 1 1 1  1 1 1 1 1 1 1 1 1  - 
- 
- 
- 

Class 11. 7 

CLEAR. 1 I - 
' \  \ WIND LESS THAN !,O Mis./H. - 

HIGH EAST OR NORTHEAST - 

\ 
7 
A@.- \- 
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FIG. Bb.--Craphu of equations fnr April for computing the drpartilre of mnrning minlmllm tomprratnrrs from the eveninl: dewpoint at 4hnd  Jmstion. 
6978>18-2 
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- 200 

-30' 
Fm. ?a.-Grapbs of equations for April for cornpiiting the departure of morning minimum temperatures from the evening dcwpoinl at Grand Junction. 
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Class 111. 

WIND IO Mis./H. OR MORE 
CLEAR. 

MISCELLANEOUS PRESSURE CONDITIONS 

I I I I I I I ! I I I I I I I I I I I I 1.1 I I I I I I I I I I I I I I I I L 
FIG. 7b.--Oraph of equations for April for comput.ing the departure of mornlng minilnllln temperatures from thc evening dewpoint at Grand Junction. 
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PAR 
WIN, 

MlDlTY 
0-- 3 

I I I I I I I I I 1  7 1 ' 1 1  

Class IV. 
LY CLOUDY 

LESS TFAN 10 Mis./H.- 
3LLANEOUS PRESSURE CONDI: 

I 

___.____ ..--- 

, I I I I I ,  I], I I I I I 111, 
FIG. Sb.-Grq>l,hs of equations for April h r  r o m l ~ t i ~ ~ ~  111v Clcpartllrv 111 morning minlmnn! ternprratnres lmin the evening dewpoint at Clraiid Junction. 
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