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the vegetable covering the smaller and dower will be the 
temperature changes of the ground surface and the less 
robability will there be of the appearance of the mir e. 

$his is the basis of the argument that the turning of 5 t e 
prairies into farms has affected the frequenoy of the 
appearance of the mirage, for during the summer sewn,  
the time when miragea are most frequent, the crop cover- 
i rg  is much more dense than that of the pr&e grass 
covering. rt is claimed that for a year or two following 
the great firea which occasionally swe t the prairies in 
the early days, the mirage waa unuau 89 y common. The 
fires burned the dry, dead vegetation which accumulated 
on the ground with the years and for several months 
thereafter there WBB more bare ground exposed to the 

Bun's rays, etc., thus making the conditions more favor- 
able for the formation of the mirage. 

While such evidence as we have does not prove nor even 
indicate that the mirage hw entirely disappeared from 
any extensive region, it does lend strong support to the 
statement of Mr. Wright that much of the beauty and 
glory of the mirage has vanished. That the phenomenon 
is occasionally seen around Dodge City and in other parts 
of southwest Kansas we have the positive statemente of 
eye witnesses, many of them, that it is not seen nearly so 
often M a y  as formerly is the positive assertion of many 
e e witnesses, with none, 00 far &e the writer knows, 
c I aiming the contrary. 

SIMPLIFIED RAIN-INTENSITY FORMULAS 
By C. E. GRUNSKY 

167 Post Street, 8an Franclseo, CaUf., October, 18301 

The account given by George V. Fish, United States 
Weather Bureau Office, Fla., in the MONTHLY WEATHER 
REVIEW, June, 1930, of a record rainfall at  Miami from 
May 29 to June 2, inclusive, prompts the submission of 
formulas for the determination of probable maximum rain 
intensity during time periods of any length (less than a 
year) when the maximum rain rates during one or more 
storms of the extreme type are known. 

It has been customary, heretofore, in such formulas to 
express time in minutes and the rain intensity in inches 
per hour. The formulas wi l l  take on a more convenient 
form if the duration of the rain be expressed in hours 
instead of in minutes. 

No one has yet suggested a simple, single formula for 
rain intensity, satisfactorily applicable to such periods as 
a small fraction of an hour, an hour, a day, a week, B 
month, and an entire season. It is believed that the 
desired near ap roach to actual fact and a wide range of 

below noted. It is well known that for short periods of 
time the summation or mass curve of rainfall of maximum 
intensity has a shape closely approximating a arabola. 
The elements of a parabola, however, which WJ; fit con- 
ditions of rain intensit for eriods up to 24 or even 48 
hours, indicate too mudra in  for matenally longer periods. 
It is this fact which has led to the suggestion of two very 
simple formulas, one for rainstorms of relatively short 
and the other for storms of lone duration. It is hoDed 

the time perio 2 can be obtained with the two formulas 

that these formulas may provl  helpful in determhhg 
from measured heavy rain rates the probable maximum 
rainfall in other than the observed time period. 

Let represent the maximum average rate of rainfall, 
expressed in inches per hour, during any definite time 
period t .  

Let t represent the time, expressed in hours, during 
which rain falls with the average intensity I. 

Let C represent a coefficient which is to be ascer- 
tained for any locality from records of rainfall of extreme 

Let R represent the maximum rainfall in one hour, 
expressed in inchee. 

Let R, represent the total'rainfall from the beginning 
of a rain storm of maximum intensity, during the t hours 
of its duration. 

The probable maximum intensity of rainfall during 

intensity. 

C 
It = when t is less than 64 hours. (1) 

It=$=$ when t is greater than 64 horn.  (2) 

These formulas in this simple form and their combina- 
tion, which results in a continuous curved line, with a 
single negligible angle, will be found particularly helpful 
in approximating maximum rainfall for periods which do 
not differ too mdely from the period of observed hea 
rainfall which determines the value of the coefficient 3 

It follows from (1) and (2) t h a G  
C R I =  - t - Cfi when t is less than 64 hours. (3) 

R t = $ t = 2 C i / t  when t is greater than 64 hours. (4) 

Moreover the coefficient G will be equal to the maxi- 
mum rain in one hour, because for t = 1 it will be found 
from equations (1) and (3) that 

J i -  

I i = C = R I  
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Conee uently when the maximum rainfall in one hour 
for any p P a08 has been ascertained, this can be taken as a 
fh t  appIQXim8tioIl of the vdue of c. 

Thus for example, based on the 1 hour maximum record 
during the Miami storm, and no other approximation, 
the value C=1.87 would be indicated. (See MONTHLY 
WIUTHEE REVIEW, June, 1930, Vol. 58, p. 152.) 

But, in thia storm, aa stated by Mr. Fish, on May 31 
and June 1 the rainfall waa 16.49 inches in 43 hours 56 
minutes (43.93 hours). This was at  an average rate or 
intensity of 0.375 inches per hour. Consequently for 
Miami- 

or 
Rrr = C J m -  16.49 

h m  Sither of these equations it follows that C- 2.48. 
As a check on this value it is to be noted that on May 

,31  in the  me storm, the rainfall was 4.39 inches in 
4 horn,  or at  the rate of 1 .SO inches per hour. Therefore 

R, = C&= 4.39 

and 0-2.20 8 second or check determination. 

be takeaab about 2.5. 
at Miami nahy now be written: 

It appr&, then, that for Miami the value of C should 
The formulas for maximum rain 

I#-- 2‘5 and R,=2.5.Jt when t<64 hours 

I#=--- and R , = 5 N  when t>64 hours 

J t  

2/P 
5 

In the above table the measured rain during this May- 
June staFm at Miami is compared with the computed 
probable maxima. 

3 
d 
3 
2 c 

Arrvuu &- h i m  m U.WH Is,, a-. 

As shown in this table, the Miami storm may be 
accepted,& having esbsblished a near record for the short- 
time etro s of 1 hour, 2 hours, 4 hours, and a full day, 

of interest to note that for Pacific coast (low- 
the approximate range of the value of C 

as we f i t  Irr or the longer period of 44 hours. 

For Middle West and Atlantic Slope conditions the 
approximate range of the value of C is 2.0 to 4.0. 

Probably the heaviest short-time rainfall ever meas- 
ured was that on April 5, 1926, at Orpid’s Camp, about 
20 miles northeasterly from Los Angeles, Calif., on the 
slope of a high mountain range at an altitude of 4,480 
feet where, early in the morning, observations were made 
with two recording rain gages about 4 feet apart. Thc 
one gage showed that in the one minute from 4:43 to 
4:44 a. m. the rainfall was 1.03 inches. The other gage 
recorded 0.92 inch in one minute. In  the 10 minutes 
from 4:40 to 4:50 a. m. the rainfall was 1.17 inches nnd 
from 2:40 to 3:40 a. m. the rainfall was 2.20 inches. 

Taking the maximum rainfall of this storm a t  1 inch 
in one minute, or 0.0167 of an hour, the value of C is 
found to be (because I for the one minute equals 60 
inches). 

C=6OJ.0167 c= 7.8 

- 

At Campo near the south boundary of Califorcia, in 
the mountains easterly from San Diego, Calif., on August 
12, 1891, there was a rainfall of 11.5 inches in 80 minutes. 
Here 

Ig=8.65 and t = 1.33 
C=8.65,/1.3j 

= 10.0 (in round number) 

By computing the probable maximum rate of rainfall 

RO.Ole, = 1.3 inches, the probable maximum rainIdl 

It therefore appears probable that even for the short- 
time period of one minute the rainfall at  Campo in lSBl 
exceeded the measured rain in one minute at  Orpid’s 
Camp. 

On the island of Oahu, Hawaii, at  Dam No. 4 in the 
upper end of Nuuanu Valley in January, 1921, there was 
a rainfall of 20 inches in 24 hours. The caretaker at  the 
dam, Mr. L. A. Moore, states that this rain fell in the 
3 hours 7 to 10 a. m. The average rainfall was, therefore, 
about 6.67 inches per hour for a value of t=3 .  Conse- 
quen tly 

for one minute with this value of C it  is found that 
Io.ola,=77 inches per hour for one minute. 

in the one minute of greatest intensity. 

C 
I3=6.67= ~ & 

And C= 11.5 
Consequently 

R 0.0187 11.5 J.0167 
= 1.49 inches, the probable rain in the onc 

This, too, was probably a storm which produced more 
rain in a single m u t e  than the storm at Orpid’s Camp. 

It remains to be noted that such excessive rainfall is 
generally conlined to small areas. Thus, for example, 
a t  a point 1% miles from Campo during the great down- 
pour above noted only 3 inches of rain fell. This was 
the record for the full duration of the storm. 

Two diagrams have been prepared.(figs. 1 and 2) to 
illustrate the shape of the curves which according to the 
suggested formulas would represent. the limiting curves 
of maximum amounts of rain in vanous periods of time. 
In the one diagram natural scales have been used and 
in the other logarithmic scales. 

minute of greatest rain intensity. 
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The experienced metaorologist will know that values and vice vema. The formulas are particulady helpful 
of the coefficient C determined by actual measurement of in approximating probable maximum amounts of rain 
very heavy rainfall during short periods of time, such as over aconsiderable range of time in both directions from 
a few minutes or an hour or two, may not be applicrtble the tfime periods covered by actual observation. 
to long periods of time such as a week, month, or longer, 

06.4fl/7MW/C sC#&FS. 

ANALYSIS OF THE PRECIPITATIONS OF RAIN AND SNOW, DURING 1929-30, AT MOUNT 
VERNON, IOWA 
By WILLARD C. STEWART 

Under the direction of Dr. Nicholas Knight, of Cornell 
College, advanced students of chemistry have made 
analyses of the rains and snows that have been precipi- 
tated here for the past 20 years. The results of most 01 
the work have been published in scient& journals. 

The precipitations are collected in clean granite pans, 
18 inches in diameter, away from trees and buildings and 
stored in glass-stoppered bottles. The village has no 
factories, and, exclusive of the college, has a population of - ~~ 

about 1,700. . 
In estimating the chlorides, it  has been found neces- 

nary to deducc3.55 parts per million from the reading, 
to &ow for the formation of the color. For the most 

part, the precipitations come from the Ewt or h u t h  
which signifies that the salt is carried by the wds from 
the Atlantic Ocean or the Gulf of Memo. pre- 
vious results in chlorides have received soma o&kmm 
as seeming rather high, we have taken speajpl p&s to 
secure the accuracy of the results given iq E&y ‘paper, 
and we believe they are correct. 

the American Health Association. 
samples analyzed were colorless. 
in the followmg tables. 
of the various substances in a million parts gf virslter. 

As o 

‘ I  

The rocesses of these analyses are taken 
Metho B s of Water Analysis, sixth 

The numbers express the parts 


