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THE OCCURRENCE OF HAIL 

EDITOR'S NOTE.-In response to the demand for more specific. data on the occurrence of hail in the Tlnit~ecl States, 
the Weather Bureau began in the A ril number of this REVIEW the publication of reports on the occurrence of hail- 
storms aa observed by its regular an (P cooperative observers, numbering approxiniat,ely 5,200. Cooperiltive observers 
report directly to the Weather Bureau officials in char e of the several section centem and them officials in turn trans- 
mit the reports to the Central Office in Warhin ton, 8. C. The reports are incorporated in the table which hitherto 
has borne the title "Severe Local Storms." T%at table will be found on pages 252-284 of this REVIEW, and it will 
appear in approximat,ely the same position hereafter. 

ASCENSIONAL RATE OF PILOT BALLOONS' 

6 2 9. /-?z. 1 : sr/= 5g By WILLIAM C. HAINES, Meteorologist 
(Weather Bureau. Washington. May 6, 1924) 

Pilot balloons furnish us with an efficient and economi- 
cal aa well as a fairly accurate means of determining the 
direction and velocity of the wind in the free air. The 
two-theodolite method, when used in connection with a 
base line of 2,500 meters or more in length and well 
chosen with respect to the direction of the wind, will 
ive results as accurate as the readings of the theodolites. 

however, in exceptionally lon observations, an hour or 

not so satisfactory. In  either case the angles of the 
triangle become so small that a slight error in the readin 
of the angles makes a considerable error in the compute 
distance and altitude of the balloon, and therefore an 
error in the resulting wind velocit and direction. 

ada ted for the procurement of free-air data than is the 

is dependent upon the accuracy with whic the altitude 
of the balloon is known. The Meteorological Section, 
Signal Corps, carried on during the war an extended 
investigation in order to develo a formula that would 

these studiea, the followin5 empirical formula which is a 
modification of the Dines formula was developed and 
adopted as the one giving the best results: 

more in len th, or when the 7) alloon is moving in the 
vicinity of t % e direction of the base line, the results are 

d 
In  general, the singletheodo rv ite method is better 

dou t le-theodolite method, but the accurac of its results 

give the ascensional rate of ba PI oons.' As a result of 

5 

in which Vis  the rate of ascent in m./min., I is the free 
lift or ascensional force in grams and L is the free lift 
plus the weight of the balloon. $his formula was based 
on about 1,000 two-theodolite observations taken in all 
seasons of the year and at all times of the day. After 
the war a sli ht revision was made as the result of further 

consisted of a change in the constant from 71 to 72 and 
of the introduction of small additive corrections for the 
.first five minutes of ascent.s The Weather Bureau has 
used this revised formula since April, 1921. 

stud and t 7l e inclusion of additional data secured by 
the 6 eather Bureau and the Signal Corps. The revision 
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The two-theodolite work has been continued by the 
Weather Bureau at  the various aerological stations in 
order to verify the ascensional rate formula in use; also 
to determine to what estent the ascensional rate is 
affected by convect-ion, and to study the behavior of 
balloons at high altitudes. The first step taken toward 
this end was to standardize the ascensional rate of 
balloons. Since the latter part of 1921, the balloons 
have been inflated by an automatic weighi device to 
give an ascensional rate of 180 ni./min inToth single 
and double theodolite observations. The balloons used 
are 6 .inch rubber weighing from 25 to 35 grams, and 
,when inflated are ap rosimately GO centmeters in 

between 7 and.8 and the p. m. between 3 and 4, 75th 
diameter. The a. m. o !I servations are ordinarily taken -. meridian time. 

This paper is based on the stud of all two-theodolite 
observations taken bv the Weat K er Bureau since the 
standardized nsceneioial rate was adopted, or on more 
than 800 observations of 10 minutes or more in length. 
The followin method was en1 loyed to determine tho 

tudes: In  order to show to what height convection 
influences the ascensional rate, the average rate of ascent 
for each minute for the first 10 minutes was obtained. 
From altitudes of 2,000 to 11,000 meters, the aver e 

above each thousand-meter level, and above 11,000 
meters the average rates for five-minute periods were 
taken. The data were treated in this manner to get the 
ascensional rate through the various strata of air from 
the surface to the highest altitude, independent of con- 
vection which mi lit have affected the ascensional rate 

The a. ni. data, . m. data, and 
a. m. and p. in. data combined, were consi ered separately. 
The means were plotted as ordinates and the altitudes aa 
abscissae, and empirical curves were fitted to the poh@ 
by the method of least squares. It was found that the 
points were best fit.ted by two equations of the form of 

actual rate o I Bscent of the b s loons a t  successive alti- 

rates were obtained for four-minute periods immediate P y 

B in the lower leves. K 

R =& + bh + c 

in which R is the rate of ascent per minute, h is the 
altitude in meters and a, b and e are constants. 'Ib 
or' inal data to which the curves were fitted are given 
in%able 1. 
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805 _ _ _ _ _ _ _  
Boc, _ _ _ _ _ _ _  
805 _ _ _ _ _ _ _  
805 _ _ _ _ _ _ _  
805 _ _ _ _ _ _ _  
805 ____- - -  
805 ____.__ 
805 _ _ _ _ _ _ _  
805 _ _ _ _ _ - _  
805 _ _ _ _ _ _ _  
672 _ _ _ _ _ _ _  
607.. - - - - - 
375 _ _ _ _ _ - -  
278 _ _ _ _ _ _ _  
207 _ _ _ _ _ _ _  

TABLE 1.-Number of observations and average r d s  of aecen.6 at 
Ascensional rabaltitude curves based ova these vazious altitudes. 

data 

108 215.6 
324 197.1 
511 186.4 
704 190.4 
694 187.3 1 1,079 183.5 

1.261 182.2 
1,443 1923 
1 , w  1821 
1,808 181.3 

2.453 1826 
164.0 

6,467 185.4 

2E 184.8 
5:468 184.8 

[Sections 

Minute 

of this table sbow, respectively, one-minute, four-minute, and tloe-minute 
avemges, m explained in tha text] 

a.m.and 
8.10. p.m. P.m. 

El& ---- 

a. m. p. m. I 
Rate No. 
- --- 
203.7 513 _ _ _ _ _ _ _  111 
1W.6 513 _ _ _ _ _ _ _  325 
180.9 513 ....-.. 530 
181.1 513 _ _ _ _ _ _ _  7!26 
181.5 513 _ _ _ _ _ _ _  928 
181.2 613 _ _ _ _ _ _ _  1 110 
I R d  618 _ _ _ _ _ _ _  1'295 
183.0 613 _ _ _ _ _ _ _  1:478 
180.1 613 _ _ _ _ _ _ _  1 660 
181.4 613 _ _ _ _ _ _ _  (843 

181.1 434 _ _ _ _ _ _ _  
183.8 187 _ _ _ _ _ _ _  5,468 
181.4 135 _ _ _ _ _ _ _  
l R l 4  8& _____._ 

184.0 331...--.. 2% 
184.0 248 - _ _ _ _ - _  4:rSo 

- 
Rote 

222.3 
Xl5.8 
ZC&6 
186.8 
l9R 6 
184.7 
185 9 
181.8 
183.2 
183.9 

189.5 
184.0 
I92 8 
185.8 
187.6 
188.3 
l9R 6 
192 9 
192 8 

loa9 
204.7 
176.0 
221.3 - 

a.m. and p. m. combined 

Integratine this ex ression and evaluating the constant 
of integration, we o t tain t,he equation, 

Tbe h t  four minutes of the a. rn. data were fitted by 
the equation, 

R=.00013755ha -.14505L $217.353 (3) 
and the remainder of the data by the equation, 

(4) 
the first eight minutes of the p. m. data by the equation, 

R=.00O01714ha -.05578h +226.453 (5) 
and the remainder of the data by the equation, 

R-.0000001214ha-.0002299h + 182.973; (6) 
and the first ten minutes of the a. m. and p. m. data 
combined were fitted by the equation, 

(7) 
and the remainder of the data by the equation, 

03) 
Figure 1 represents these equations fitted to the data. 

Inspection show the resulting asoensional rate-altitude 
curves to be decidedly simdar, excepting in the lower 
levels where convection is an important factor. All 
three curves lie slightly above the 180 m./min. line 
between the oint where convection ceases and tlia 5 

slowly, and later more rapidly until the 200 m./min. line 
is reached b all three curves a t  an altitude of 14,000 

in the morning hours before convection sets in no addi- 
tive corrections are necessary, exce t to the first and 

larger corrections are needed than those that have been 
ado ted. Also the assumed altitudes in the higher 
lev& should be modified somewhat. Owing to insuf- 
ficient data, and the liability of error in com utation, 

held in abeyance until more data are collected at  high 
81 ti tudes. 

In order to com are the results of the ascensional rate- 

minutes, it becomes necessary to obtain the altitude as a 
function of the time. From the Calculus, we have, 

R = .0000002227h2 - .001358h + 182.884; 

R = .00001682ha - .O4914h +216.828 

R = .0000001737ha - .0008857h + 183.827. 

or 6 thousan a meter level, thereafter diverging at first 

meters, the I mit of the a. m. curve. It is evideht that 

second minutes, whereas in the af ternoon somewhat 

the results above 12,000 or 13,000 meters s B odd be 

altitude curves wit \ our assumed altitudes for the various 

which is the general equation of the time-altitude curves. 
Plotting this equation by substituting the values of a, b, 
and c in equations (3)-(8) of our sscensional rate-altitude 
curves we obtain for various values of h the three time- 
altitude curves as shown in Figure 2. It will be noted 
that these three curves lie close together with the same 
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The curves in Figure 2 show averages. I t  is desirable 
also to know how much, or how litt,le, t.he individual 
observations depart from these averages. 
determine the departures in a more or less general manner, 
the avera e altitude at the end of the tenth minute was 
considere$ and departures from this determined. This 
particular altitude was selected as representative, because 
it is great en0 h to show the maximum effects of con- 
vection, and s% include the majority of observations. 
The number of individual observations that departed 
5, 10, 15 per cent etc., above and below this average was 
determined. This was done for the a. m., p. m., and 
combined a. m. and p. ni. observations. These depar- 
tures are shown by means of frequency histograms in 
Figure 3. It w i l l  be noted that in the morning hours 
when convection is of little consequence, 77 per celit of 
the observations lie within 5 per cent of the avera e, and 

noon when convection is an important factor, 37 per cant 

In order t o .  

94 per cent within 10 per cent, whereas in the mi d -after- 

levels-below 1,500 or 2,000 meters. However, during 
the summer months and especially a t  southern stations, 
the effects are not.iceable occasionally to much hi her 

decreased by convection. Table 3 shows the a. m. and 
p. m. observations classified as to season, no convection, 
upward convection and downward convection. 
TABLE 3.--Nunrber o j  ohs~rimtione that showed no coavection, upiuard 

altitudes. Tbe rate of ascent may be either increase % or 

i’o?iwclinri, (rnd doiir?rward conzrection 
__ . - . __ .. - __ - - . ._ - _ _  . - - 

p. m. l 3. m. I 

A. M. 
R=LWBX5hL.14505h iZfZ353 

220 
200 
/80 

E 

A M  AND PM 
R - . m 7 3 7 H - .  

220 
200 
180 

AL TETUDE (meters) 
Fio. Z.-Timealtitude curvan fa tlm a. m. data (lower ddM m r w j m .  data (upper solid curve , and the a. m. and p. m. data combined (intermediate solid curve). The 

curve ahows the Hssumed altitudes. 

of the observations lie within 5 per cent, and 61 per cent 
within 10 per cent of the average. Of the combined 
a. m. and p. m. observations, approximately 75 per celit 
lie within 10 per cent of tho average.s As a usual thing, 
when convection is most active, the wind speed is low and 
the resulting error is of little consequence. Nevertheless 
it is obvious that the accuracy of singletheodolite work 
will be greatly increased if the observations are taken at 
the time when convection is least pronounced. 

A careful examination has been made of approximately 
700 time-altitude curves of two-theodolite observations 
to determine the effects and extent of convection on 
individual observations. In general we find convection 
appreciably afTects the ascensional rate only in the lower 

-. 
1 These ilgures ditler sll tl from those glven on pap 26 of the d l d o n  of Dr. 

dat  cas, however, the variations were from the osaumed LT& pdsen~easb they are from .the mrwc rata, The difference is made clear by 
referame to Flgure 8. 

par loo clt 4 

It will be observed from the table that less than 7 per 
cent of the morning observations show effects of con- 
vection, whereas approximately 60 per cent of the after- 
noon observations were &ected to a greater or less 
extent. In  many cases the effects were not so pro- 
nounced as to inipair the results materially. The a. m. 
observations that showed convection to any extent were 
without exception taken after 8 o’dock. In this con- 
nection we mention the fact that the percentage of an 
error that is caused by convection in the lower levels, 
becoines less and less with increasing altitude; thus an 
observation that is in error 25 per cent, or 500 meters 
in altitude, at the 2,000-meter level, is in error only 10 
per cent a t  the 5,000-meter level, and 5 er cent at the 
10,000-meter level, providing the rate o lp ascent above 
2,000 meters is near the assumed. 

The percentage of error in the wind velocities of 
singleptheodolit.e observations caused by c.onvec.tion in 
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the lower levels is not accumulative, but instead becomes 
less and less with increasing altitude. In  general the 
percentage of error in the computed velocities is prac- 
tically the same as that in the assumed altitudes. This 
is true, however, only when the ercentage of error in 
the assumed altitudes does not c ange material1 from 
minute to minute as is the case in the higher leve s. 

Special efforts have been made to determine to what 
altitude our balloons will mend.  As a rule the obser- 
vations that reached considerable altitudes ended be- 
cause of the burst' of balloons, or &a pearance on 

found where there was convinc' evidence that the 
balloon reached a state of equi Y ibrium and floated. 
This is not in accord with the results obtained by British 
investigators.e Our conclusions are based on more than 
800 two-theodolite observations, of which more than 50 
reached above 10,000 meters in altitude and 1 to an 
altitude of appmxmately 15,500 meters. 

T R 

account of distance3aziness or clouds. d o cases were 

CONCLZTSIONS 

1. Although the ascensional rate of balloons is not 
constant, as has been assumed, there is striking agree- 
ment between the assumed and actual heights up to 
moderate altitudes. In  the higher levels the eement 
is not so close, however. At an altitude "$ o 15,000 
meters the assumed height is approximately 5 per cent 
below the actual altitude. 

2. In  individual observations the actual heights at 
about the 2,000-meter level are within 10 per cent of 
the assumed in approximately three-fourths of the cases. 
Observations taken in the early morning hours before 
convection sets in are within 10 per cent of correct in 
practically d cases. 

3. At moderate heights from 2,000 to 10,OOO meters 
the aecurac is still greater, since convection is absent 

verg close, as a rule, to the assumed rate. 
4. Convection appreciably affects the ascensional rate 

only in the lower levels-below 1,500 or 2,000 meters. 
The effects are neghgible in the early morning hours. 

5. The balloons continue to ascend at the ordinary 
rate until they either burst, or disappear on account of 
distance, cloudiness, etc. No cases were found in which 
the balloon reached B state of equilibrium and floated. 
It is worthy of note SJSO that only two or three balloons 
showed'evidence of a slow leak caused by pinholes. 

6. As to what takes place above 16,000 meters, we 
have at present no information. It seems likely, though, 
that the best balloons continue to rise to perhaps 2 0 , O  
meters or more, and that the rate of ascent continues to 
increase. 

Acknowledgment is due to Mr. W. R. Gregg for 
valuable suggestions and to Mr. Edgar W. Woolard for 
aid in the mathematical portion of the paper. 

and the b 9 loons ascend at essentially a constant rate 

c..-/.574 7Y41 
THE PROBABILITY ~ F ~ C E R T A I N  M I N I M U M  TEMPERA- 

T U R E S  I N  T H E  SANTA CLARA VALLEY, CALIFORNIA 
IN S P R I N G  

By EEEK S. NICHOLS, Meteorologist 
[Weather Bursau mea, Sen Jose, Cdifornh, March 15,19241 

The average daily minimum temperature, based on 
17-yeers' records at the Weather Bureau office in San 
Jose, Calif., is 42.1' for the month of March, 43.7' for 

6 Johmn, N. K.. Quar. Jour. Roy. Met'l Sor., Val. XLVII, p. 49. 

April, and 45.9' for May. 
during the entire period is 30'; 
May, 35'. On the average, 
March has a minimum of 32' or 
considered; and that minimum 
any day in A ril or May durin the 17-year period. 

or very severe 
frost in spring is Februar 11; and t f e  latest IS March 

cient to dam e tender vegetation considerably, occur 
in A iil and gay. Some frost occurs in May in nearly 

The above paragraph contains such minimum temper* 
ture and frost data as are usually given in climatological 
articles. For many purposes, notably in connection 
with studies of damage to fruit by low temperatures 
and protection from such damage, more detailed knowl- 
edge of the occurrence of low temperatures of different 

ees is desired; not only for San Jose but also for 

thereof. This article is written for 
the purpose of su plying such additional information. 
Also, a method o P increasing the usefulness of a, short 
t,emperature record taken near a station having a long 
record is illustrated. 

The lowest recorded in March 

The average a ate of the last ki P lin 

31. However, frosts of 9 ess severity, sometimes SUE- 

one- % alf of the years. 

Santa Clara Valley, particularly in 

FREQUENCIES OF CERTAIN TEMPERATURES AT SAN JOSE 

The first ste, taken in this stud was to determine 

inclusive) throughout the 17 years of record at San Jose 
havin each minimum temperature from the lowest re- 

ginnin with the lowest, progressive sums were taken, so 

mometer fell to or below each temperature considered. 
Dividing these sums by 17, carrying the divisions to 
tenths, gives the numbers in the second column of Table 
1, the average numbers of clays during the first half of 
March with each minimum temperature or lower. Thus, 
there is an average of 0.1 day per year, or 1 day in 10 

ears, with a minimum of 30' or lower in the first half of 
%arch; with 32' or lower the number is 0.8, or 8 days 
in 10 ears. Similar data were obtained for the second 
half oTMarch (16th to 31st, inclusive), the two halves of 
April, and the first 15 da s of Mav, all of which figures 

Table 1. 

the number of d ays in the first half o P March (1st to Ifith, 

corde f up to 45', in whole degree intervals. Then be- 

as to s a ow the total number of days on which the ther- 

are entered in the thir B and subsequent columns of 

slow decrease 

March. 


