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MEMORANIIJM FOR THE FILES CONCERNING "A STUDY OF ATMOSPHERIC CONDITIONS 
IN RELATION TO LIGHTNING STORMS by PHILIP N. LANE 

I have studied the data and the corresponding remarks for each 

day. There does not appear to be sufficient evidence from these data to 

formulate a rule of thumb by which lookouts can determine whether clouds 

will develop thunderstorms. For the days when storms occurred in the 

vicinity of Mt. Stella I computed from a vapor pressure table the 

relative humidity that would result if no additional moisture were 

brought in but if the atmosphere sampled before the storni were simply 

cooled the emount shown by the data. The results show that the rela- 

tive humidity did not increase more than the amount that can be attri- 

buted to cooling of the original atmosphere surrounding the station. 

In other words air with additional moisture did not flow into the 

Mt. Stella area immediately preceding the storms. Since the increase 

in relative humidity appears to be entirely dependent on the temperature 

change, there is little to be gained by plotting both relative humidity 

end teciperature to discover a point of convergence. The temperature 

curve alone will give the same information. If temperature trend is 

used as an index of storm probability, allowance must be made for the 

normal cooling in the late afternoon and for cooling that occurs when 

direct radiation of sun is shut off by increasing cloudiness. 

LIAM G. MORRIS 
Assistant Silviculturist 
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INTRODUCT ION 

The uwoose of this thesis is to gather data on 

atmospheric conditions that cause lightning storms, such 

as; relative hunidity, temperature, wind velocity and. 

direction, cloud formation and elevation. Then to study 

and assemble this data in order to arrive at definite 

figures which will indicate with a fair degree of accuracy 

when a storm will occur. Then if ossib1e from these 

figures, charts will be made to he used by lookouts for 

the purpose of :redicting serious fire-starting storms. 

To show, by example, how costly and. hazardous light- 

ning fires can be, I will site one fire that occurred 

on the Union Creek District of the Rogue River National 

Forest. On August 23, 1939 ouite a large lightning storm 

passed over the district starting about ?.5 fires. The 

storm did not strike until around four o'clock in the 

afternoon and lasted about an hour. By the time the 

lookouts had turned in al]. their reports, nearly every 

available nian on the district was out on fires. Most 

of the fires were in heainr timbered a reas and did not 

burn fast so they were fairly easily controlled. -Towever 
' 

there was one strike that hit in the middle of a snag- 

patch right near the summit of the Rogue-Umpaua divide 

and started a fire in the top of a dead snag. 

This snag atch was about 2 miles from the nearest 
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guard station to the nearest oint that it could be reached 

from the road, (7 of the 24 miles viere up hill and a four 
nile hike in from the road over sorie of the roughest topo- 

graphy in the district. 
It was not very long until te fire began spreading 

to the other snags and as soon as the rrotective Assistant 
v'as notified f its increase in size, he dispatched a 

crew of nen to the fire. With the lightning storm, there 
was enough rain in the high country to make the roads soft 
and chains were necessary to oake it up the long grade. 
The first crew dispatched, reached the end of the road 

about 10:30 P.M. and started hiking in to the fire. Due 

to the very rough topography, the crew had a difficult 
time finding their way into the fire hut finally spotted 
the burning snags abolit three ARM. They found the fire 
to be in a patch of snags locoted at th.e point of a rocky 

ridge and by this time there were several of the snags on 

fire. Immediately the men began felling the snags. A 

strong draft at the point of the ridge was spreading the 
fire into the adjacent snags much faster than the men 

could fail the burning ones. The men kept at their job 

and at eight A.M. a cre of 25 CØC.C. men arrived, the 
fires by this time covered nearly a half acre of snags. 

As the day wore on, a wind came up, making conditions 
worse and another crev.r of fifty men was sent in and a 



3. 

fire camp was set up nearby. At ten AIM, when the fire 

should have been under control it ras still burning and 

spreading desiite the efforts of nearly 90 men. 

It finally took about two day's work to get the fire 

under control. 

on the fire and 

fire located in 

less snags. 

The fire w 

All together about 150 men 

nearly 8,000.00 was spent 

that remote spot and in a 

s hazardous in that it was 

were sent out 

to suppress a 

Datch of worth- 

end anger ing 

nearby valuable stands of timber, and yet the amount of 

damage to the forest was nil. It was costly because the 

Ranger had to use every effort to control the fire, and 

a considerable amount of money was spent to suppress a 

fire in an area that would have been better burned off. 

Lihtning fires are unpreventable, and from this 

example it con he seen are costly, hazardous and the 

most grief to the urotoctive force. 

Statistics show that on a five year average from 

1935 to l39 on Federal, State and private land in Oregon 

there was a total of 2,543 fires, of vhich 903 (:9.o%) 

were caused by lightning. A total of l7,963 acres were 

burned over, lightning fires having burned over 46,255 

acres. These fires cost the Federal, State and private 

forests a total of l,56l,4l9.00, out of v'hich :,624 564.00 

rere sent on lightníncg fires. (i) This shorE the large 

number of fires caused by lightning and the tremendous 

amounts of money sDent in combatting them annually. 
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Unlike man-caused fires, thich are otentia11y pre- 

ventable , 1i)1tnin storrs can never be prevented . The 

only alternative that the protectiinist has in fighting 

lightning fires is ever-ready detection and prompt suPpression. 

Although an immense area is subject to lightning, fires 

are usually started in remote spots, usually on high ridges 

and in rough topography. A single lightning storm mar 

start so many fires an one area, that the protective force 

is strained to the utmost to control these fires before 

they reach a large size. For example on the Union Creek 

District in the sunier of l93, one lightning storm started 

45 fires, ltcki1y, there ias a goodly uantity of rain with 

the torrn or perhaps one of these 45 fires would have taken 

its toll. 

Since on most national forests of the region, many of 

the lightning fires occur at considerable distances from 

the areas of every-day man-caused risk, special steps must 

be taken to have the protective force organized to take 

care of these remote zones whenever lightning storms are 

expected. In many instances the entire orotective f ree 

must be rearranged, extra guards engaged, emergency lon1- 

out stations manned and the other crews on the district 

held ready for instant travel to reach and suopress thes.e 

fires. As was stated previously, it is the lihtning fires 

that occur in renote areas that are most dangerous and the 

ones that must be given the aost attention. In 90% of the 

cases where fires start in these remote areas, the tonography 

also contributes to the fact that fire in these areas spreads 
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ranidly and burns f18grant1r. Fire danger in any 8rea 

is redoubled especial].y vthen dry storms occur. (2) 

The value of Dredictin lihtnIn storms two or three 

hours in ad.vence would be a great asset to the protectionist. 

If only an hourts notice of a sure storm could he had, the 

Ranger could station his men and have emergency lookouts 

manned so that immediate action could be ta1en on the fires. 

In many instances, especially in areas of hih hazard, 

the entire district eersonnel is held in upon an indication 

of a storm, which may or may not develoo. If the storm 

does strike, the Ranger is ready, bu!t if it does not he 

stands a loss. Time and money both are lost, as the men 

have been paid for a day's work that has not been produced. 

When one stops to think of the acreage burned over, 

the enormous amount of timber destroyed, the damage and 

sometimes total destruction to watersheds at the heed- 

waters of import-nt streams and the incalculable damage 

to valuable recreational resources, it is easy to realize 

the imnortance of this problem. 

THEORY OF LIQITNfl-TG STORb- 

In order to make a study of lightning storms one must 

understand the causes of these storms. Lightning storm s 

occur from the results of certain atmospheric conditions. 

The ordinary layman would say that lightning is ca used by 

thunderheads. That is nartially true, but there are many 

other atmospheric conditions that must be analyzed and taken 

into consideration besides the cloud formation. 
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The thunderheads, or cumulus clouds are enera11y the 

most common clouds in the summer and are easily recognized 

by their flat horizontal hases an donied and turreted t'rs. 

These coulds are usually berv thick, the oortions of the 

clouds are usually very thick, the nortions of tbe cloud 

that are in shadows are gray, vthile the portions exposed 

to the ljht are white. The averae altitude from the 

base of the cumulus clouds is less than e mile, and from 

a mile and a half to two miles to the tops. In general, 

the horizontal dimensions of the cumulus cloud are about 

the same as the vertical dimension, so that a cumulus cloud 

of representative size and shape would not quite fili a 

space of a cubic mile. (3) 

Cumulus clouds are' due to condensation in vertically 

rising columns of air, which are in turn due to local 

heating by the sun. A portion of the air near the earth's 

surface becomes heated more than the surroundin air. 'hen 

the heating hs nroceeded fer enoìih so that the la se rate 

exceeds the adiabatic, the air becomes unstable and vertical 

currents are formed. In the risin currents . adiahtic 

coolin) goes on, until, at the saturation level, cndensation 

begins. As the oir in the rising column was initiallr of 

about the same temuerature and relative h'nidit, the 

saturation level is the same ail over the column, arid the 

base of the cloud is flat. The lower the adiabatic cooling 

the greater the degree of instability of the risin air. (3) 
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Therefore a. second condition is that the relative humidity 

be fairly high. 

The formation of a cumulus cloud is shown in Figure 

I and a picture of the same in Figure 2. The base of the 

cloud is the saturation level, and the top of the cloud 

is at the height where the rising air comes to eouilibrium 

with the air around it; that is, to the same temperature. 

ftajjjn Level 

Fig. 1 -Formation of cumulus cloud. (After Piston) 

Fig. 2 -Photograph of cumulus cloud. 
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In ana1yzin the atmospheric conbination that cues 

1ihtning storms it is found that the most successful 

theory of iightnin is the theory developed b:r Simpson. 

This is -:nown as the breakin, dror theory. It is based 

on the experimental fact, which can be demonstrated in 

the laboratory, that :hen a drop of ater is bro'cen up into 

smaller drops by a blast of air, the water drops and the 

air becomes electrically charged. The droiiets of water 

take a positive chare and the air a neative chare. In 

the front part f the thunderstorm the air ascends rapidly 

and plentifully. The rapid cmdensation produces drops of 

large size that are imiediatley shattered into small droplets 

with the resultin. separation of the positive and negative 

charges. The positive charged rain then stays suspended 

in the front part of the cloud or falls through to the 

rear of the squali cloud, while the negatively charged air 

passes on through the cloud to the unner and rear portions, 

.here it shares its negative charge with the rain that 

condenses there. The rain falling in the front part of 

the thunderstorm shows a positive charge and. the steady, 

finer rain of the rear portion, a nentive charge. Between 

the two there is a region vhere the rain night bear a 

charge of either sign. The rechanism of how the thunder- 

storm builds un is shown in Figure 3. 

According to Sinipson, the lichtning discharge always 

nccurs as a result of a urogressive bre&cing down or 



Direction of Totion 

Fig. 3 -Air currents in thundercloud. 
(After Simpson) 

Negatively Jositi;oiy 
charged rain charged rain 

Fig. 4 -Electrical effects in thundercloud 
(After Simpson) 
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irnization of the air, and this ionization begins in the 

region of positive charge. (3) When the positive charges 

accumuiate , 1itning discharges into two branches--toard 

the round and into the negatively char ed part of the cloud. 

(See Fig. 4) The discharges toward the ground .. mar or may 

not reach the rourd , depending on the strength of th 

c.hare. If there is enough neative char)e between the 

discharge and the ground, it will. neutralie itself. As 

the earth is negativelr charged the greatest amount of 

1ightnin: occurs in the lower region of the cloud. 

it is hard to make a direct uieaurement of the 

electrical quantities involved, but some authorities es- 

timate the charge carried, is from 100 to 1000 coulombs, 

this means a current of hetv;een 10,000 and 100,000 amreres. 

The length of the spark must be in some cases over a mile, 

the otentia1 difference is measured in millions of volts. (3) 

It is generally conceded that in a thunder storm 

some places are more dangerous than others. Naturaliy, 

when the discharge takes place over a path between the 

cImred cloud and the ground , the most probable path is 

the shortest. Elence a tall building, a lone tree or a. 

high ridge has a much better chance of being hit than 

other portions of the Y)laifl. 
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METHODS OF COLLECTING DATA 

In making this study, I spent three summers gathering 

atmospheric deta on the Mt. Stella Lookout Station located 

on the Union Creek District 

Forest. The lookout sttio 

of section 26, T3OS RSE and 

above sea level. 

of the Rogue River National 

ri is located in the U.W. corner 

is at an elevation of 4925 feet 

The following instruments and material were used in 

the collection of data. 

1. Instruments 

a. sling psychrometer 

b. wind gauge 

c. firefinder 

d. thermometer 

2. U. S. Weather Bureau Data 

a. cloud forms pamphlet 

b. humidity tables 

c. general weather reports 

d. U.S. W.B. lightning storm reports 

At first sight of cumulus clouds that have indications 

of growing, readings were taken according to the attached 

forms. In going through the steps in recording the data 

the orocedure was as follows: 

In column one under date, record month and day when 

cumulus clouds are sighted, and in column to under storm 
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number, record the nurber of the storm that i being observed. 

In COlUrTlfl three, under direction, record the direction 
froo the ooint of observation that the cuiu1is clouds are 

located. Under direction of travel in column four, record 

the cii .'ection in v;hich the clouds are rriovin. Under the 

column, tiria, the observer records the tiie each set of 

readin is ta1:erL. In coli.imn six, record tie temerature 
at the ti.ie of each reading. Tr .. column s .. ven the relative 
humidity is recorded with the use of the si ing psychrometer. 

In column eiht, under cloud elevation, the firefinder is 
used in crioutin .. cloud heiht by getting the angie and 

horizontal distance. In column nine, the anount of cl oudS 

was taken on the percent of the sky covered, and 1.0 being 

1OO9 of the &cy covered with clouds. ten, shows 

the direction from hich the .:ind is bloin', coluon 11 

the v:ind velocit,r and column 12, reriarks that relate to the 

iata bein gathered. 



Date 

6/21/ 3 3 

6/2 2/33 

6/26/38 

6/28/33 

7/12/38 

7/13/38 

7/14/3 8 

7/15/38 

UIT. STELLA LQOO1JT STATION 

MEDFORD, OREGON 

Storni No. Dir. 

i 
i 

2 

3 

4 
4 
4 

5 

5 
5 
5 

5 

6 

6 

7 

3 

3 
f3 

8 
8 
8 
8 
8 

g 
ç) 

lo 
io 
lo 
lo 

li 
11 
11 
li 

S W. 

E. 

'-n 

-p. 

E. 

C. -ri 

L_J 

ci W 
c- 

L) 

c T 
L.) e t 

8.-p. 

S.E. 

N E. 
N.E. 
1.-t '' 
j_ s il . 

C, 1? o . i' 
C, -r 

k) . . j 

c -' 
)_) Lj . 

S.E. 
n E. 
N.E. 

E. 

J4,. 

LJ 

E. 
N 

1\T 1' 
ri s _ 

E. 

Dir. of 
travel 

N.E. 

C' 
k) 

S. V'. 

, 

w 
V, 

flV 

N. 

N. 

N. 

N. 

N. 

T'- 11 

C, 
L) 

S'YT. 
Q 1-' L). . 

T'' 

i. . h . 

N V 

II.i:. 

N.Vi. 

N.V'. 

!-T 'T r .-. 

Q T' 
L) 

S W . , . 

S W. 
W. 

W. 

-tAT 
v 

W. 

Elevation 4,ç)25 

Time Temp. Hum. 

2:00 P 77 38 
3:30 P 83 20 

11:20 A 72 45 

2:l5P 73 25 

11:30 A 76 31 
l:OOP 79 31 
2:00 P 79 25 

10:00 A 78 21 
12:00 N RO 21 
2:00 P 32 20 
3:30 P 81 26 - 

5:OOP 75 34 

12:00 N 6q 3 
2:00 P '75 34 

3:OOP f34 26 

12:00 N 86 23 : 

l:T)OP 88 15 
2:OOP 89 17 
3:00 P F39 17- 
4:00 P 36 i3 
5:)C) T' c4 21- 
3:OO P 73 2'? 

12:00 ITI 82 25 

1:30 P 36 23 
2:30 80 31 

12:00 iJ 34 :32 

l:30P .94 26 
2:30 P 82 30 
3:50? 73 32 

11:00 A 78 39 
12:00 N 32 36 
1:00 P 12 30 
3:OOP 84 32 

Elev. 

9,000 

- 

3,750 

-9,500 

: 

9,500 

10,000 
10,000 
9 , 500 

3,000 

7,900 
7,500 
7,200 

I 
10,000 

L 
10,000 

9,000 

8, 500 
3,250 
8,000 
T7 500 
7,500 
7,500 
7,000 
8,000 

8, 800 
8,000 

3,000 
9,000 
7 , 500 
8,000 

9,000 
9,000 
9,000 
9,000 

Ain't. of 
C 1 oud s 

.5 

.5 

.4 

.1 

.4 

.4 

.4 

.5 

.6 

.7 

.7 

.9 

.4 

.4 

.3 

.1 

.3 

.7 

.3 

.7 

.6 

.10 

.4 

.4 

.9 

.1 

.6 

.8 
8 

2 
.4 
.4 
.4 

Wind 

W 
W. 

W 

.'-'- -Tr 
-'d . 

I\;.W. 

IT . W. 
T' T' 
--- . s 

N. 
C, 

I 

W 

S.W. 

13 

Ve 1. 

20 
25 

8 

18 

5 
7 

10 

3 
O 

3 

4 
6 

5 

12 

W. 2 

'T 2 

: 



Date Storm No. Dir. Dir. of Tirie Temp. 
travel 

?/o/33 12 E. W. 12:00 N 38 15 
12 E. V:. 2:00 P 92 15 
12 N.E. S.W. 3:00 P cO 13 
12 N.E. S.VT. 4:00 P 94 

?/2i/3 13 N.E. S.',. 12:00 N 90 17 
13 N.E. 2:00 P ¶4 16 
13 N.E. S.'i. 3:00 P Ç)2 17 
1 N.E. b.. 4.00 P )O 14 

7/27/33 14 E. W. 12:00 N BO 47 
14 E. W. 1:00 P 32 36 
14 E. S.W. 2:00 P 82 36 
14 E. -- .3:00 P 32 36 

Elev. Arrl?t. of Wind Vel. 
clouds 

1O,°)O .2 E. 2 
9,500 .4 E. 2 

c,.5OO .4 N.E. 2 
10,000 .5 W. 3 

15,000 .1 s.W. 5 
10,000 .1_ :ì. 2 

. 

9,500 i w. 8 
9,500 .1 w. 3 

. 
10,000 .1 s.w. 2 
10,000 .2 S.E. 4 
10,000 .3 s.v. 6 

10,000 .4 N.w. 2 

14 
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REMARKS 

6/21/38 

2:00 P.M. Cumulus clouds behind t. Bailey moving from N.E. 
Clouds behind Umpcua Div. to the S.W. moving from S.W. 
Also clouds blo\'ing in from over Crater Lake, Union 
Peak. No storm 

6/22/38 

11:20 A.M. Clouds coming over Crater Lake and circlin to S. 
over Ruck. Rdge. Clouds coming up from Mt. Pitt. 
No Storm. 

6/26/38 

2:15 P.M. Clouds forming E. of Crater Lake and over Diamond 
Pk. moving in S.W. direction toward Mt. Pitt. No storm. 

6/28/38 

11:30 A.]. Cumulus clouds being biovn ovar from Crater Lake 
Clouds behind Diamond Pk. and Crater. 

2:00 P.I.. Clouds foming over I.t. Pitt moving up from S.E. 
small clouds, scattered over Mt. Bailey. 

7/7/38 

10:00 A.Ft. Clouds fomin over Crater Laken and in the West. 
Clouds over Muck. Pige. (few) 

12:00 Noon Clouds thick and dark on underside. 
2:00 P.M. Thunder first heard above from clouds that drifted. 

from Crater. Rain fell in that area. 
5:00 P.TI. Clouds coming up on the divide from Round Top to 

Elershberger and to the . into Umpaua. One strike 3 mi. W. 

7/11/38 

12:00 Noon Clouds over lit. Pitt, Bailey. Both moving 
toward Ìtt. Stella 

7/12/38 

3:00 P.M. Clouds over Mt. Bailey and Crater Lake, scattered 
and very white in color. 

7/13/38 

12:00 Noon Clouds over Mt. Bailey moving in also over 
Crater Lake, few clouds coming up from Mt. Pitt. 
Clouds fairly scattered 

2:00 P.L. Clouds getting thicker. 
4:00 P.M. Clouds overhead bunching up, getting darker 
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7/14/38 

8:00 P.M. Lightning to the S. and N.E. 
1:30 P.M. Thunder heard 
2:30 P.M. Lightning strikes 

7/15/38 

1:30 P.M. Beginning to thunder over Crater Lake. 
3:30 P.M. Stofli overhead. 

7/16/38 

11:00 A..I. Beginning to thunder 
3:00 P.M. Few bolts of lightning 

'7/20 /30 

12:00 Noon Scattered clouds 
2:00 P.M. Clouds scattered 
3:00 P.Si. Clouas scattered 
4:00 P.M. Clouds scattered but beginning to bunch up. 

'7/21/38 

12:00 Noon Few scattered clouds over Mt. Bailey 
2:00 P.M. Few scattered clouds over Mt. Bailey 
3:00 P.M. Clouds now moving this way 
4:00 P.M. Clouds behind Crater Lake 

7/27/38 

12:00 Noon Large clouds over Crater Lake and Mt. Bailey 
1:00 P.M. Thunder over Bailey. 
3:00 pM Thunder over ed Blanket. 
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Date Storm No. Dir. Dir. of Time Temp. Hum1 Elev. of m't. of Wind Vel. 
travel % clouds clouds 

7/28/39 6 E S 12:00 N 82 48 c,5oo .4 W. 10 
. 6 E S 2:00 P 83 46 ' ,5oo .4 W. 10 

6 E S 4:00 P 82 40 
(jcj .4 V. 17 6 E S 5:00 P 85 35 q'çç .7 W. 11 6 E g 6:00 P 80 37 5000 .7 - -- 

7/29/39 r, E N 2:00 P 81 28 ,4 'J. 10 7 E N 4:00 P 82 29 ,000 .4 W. 8 
7 E N 6:00 P 76 29 ,000 .9 W. 1E 

8/2/39 8 E N 12:00 N 85 20 q .1 \. 3 E N 2:1)0 P 83 13 9'OOO .5 s.w. 8 8 E N 4:00 P 88 14 9000 .8 S.W. S 

8/3/39 9 N.E. N 12:00 N 82 2 8 500 .2 V. B 9 N.E. N 2:00 P 85 21 s'oo .4 S.W. B 
N.E. N 4:00 P 84 30 

: 
8500 .3 N.V. 14 

8/8/39 10 N.V. -- 12:00 N 83 20 8,500 .1 W. b 10 N.W. -- 2:00 P 87 23 8,500 .3 w. 8 

8/22/39 11 N.E. N 12:00 N 84 27 10 000 .2 W. B 11 N.E. N 3:00 P B6 18 . 

. S.W. S 

8/23/39 12 N.E. -- 7:00 A 66 77 io,000 .10 N.E. b 

9/4/39 13 E. -- 10:00 A 68 45 
] 000 .1 v. 5 13 E. -- 12:00 N 72 42 11:D00 .4 w. 5 

8/19/39 14 1. N.W. 12:00 N 0 27 n,000 .s - -- 14 E. N.W. 2:30 P 82 6 
j 000 .s S.E. 5 14 E. N.W. 4:30 P F35 

. S.E. 8 

9/20/39 15 E. N.W. 12:00 N 76 38 ii,000 .5 S.il. h 
]_5 E. N.W. 1:00 P 75 40 1.0 S.W. S 15 E. N.W. 2:30 P 67 56 w. 12 
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iJ KS 

7/14/40 

8:00 A.M. Lightning to the S and NE. 
1:30 P.M. Thunder heard 
2:30 P.M. Lightning strikes 

7/1 5/40 

12:00 Noon Beginning to thunder over Crater Lake 
3:30 P.M. Storm overhead 

7/16/40 

11:00 A.M. Beginning to thunder 
3:00 P.M. Pew bolts of 1ihtning 

7/20/40 

12:00 Noon Sctteed clouds 
2:00 P.M. Clouds scattered 
4:00 P.M. Cicuds scattered but beginning to bunch up. 

- 7/21/40 

12:00 Noon Few scattered clouds over Lit. Bailey 
2:00 P.M. It ti 

3:00 P.M. Clouds rioving this way from Mt. Bailey 
4:00 F.M. Clouds behind Crater Lake. 

7/2 7/40 

12:00 Noon Large clouds over Mt. Bailey 
1:00 P.LI. Thunder over Mt. Bailey 
3:00 Thunder over Red Blanket 
4:00 P.M. Thunder over D-amond Lake and Butler Butte 
5:00 P.M. Clouds over distance of 20 miles 

7/28/40 

10:00 AJI. Clouds are heevy but broken up, large 
11:00 A.M. Large fleecy clouds moving fast to NE. 
5:00 P.M. Clouds appear to be breaking up. 

8/30/40 

2:00 P.M. Scattered cumulus clouds over Nielson 
and behind Crater Lake 

4:00 P.L{. Clouds building up behind Crater. 
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9/10/40 

1:00 P.M. Clouds building up over lit. Pitt 
3:00 P.M. Clouds moving toward Crater Lake 
4:00 P.M. Clouds beginning to split and move 

overhead 
5:00 P.M. Storm started 



'T . SThLLA LOOKOUT STATION 

ROGUE RIVER NATIONAL FOEST 

'IDFORD, OREGON 
Elevation 4,9i 

Date Storm No. Dir. Dir. of Time Temp. Hum. 
travel % 

6/2/33 i N.E. E. 1lO A 76 31 
i N.E. E. 1:30 P '79 25 

7/1/39 1 E. N. 11:00 A 66 52 
i E. N. 1:00)? 71 41 
i E. N.W. 3:30 P '70.5 46 

7/10/39 2 E. N.E. 8:00 A 5c 79 
2 E. N.7. 10:20 A 67 64 
2 E. N.E. 12:00 N 71 51 
2 E. N.E. 2:00 P 77 36 
2 E. N.E. 4:00 P 73 3] 
2 E. N.E. 6:00 P storm 

7/12/39 3 E. --- 12:00 N 81 20 
3 E. --- 2:OOP (33 17 
3 E. --- 4:OOP 1 23 

7/26/39 4 E N.V.. 12:00 N 39 iR 
4 E. N.W. 2:00 P 91 20 
4 E. N.11. 4:00 P 90 17 

7/27/39 5 N.E. W. 11:00 A .R4 30 
5 N.E. W. 12:00 N RS 
5 N.E. W. 4:30 P 0 32 

P1ev. of Ain't of 
C].oU(S clouìs 

7,000 .4 
7,C)0 .4 

9,000 .2 

,600 .2 

A,600 .4 

. 

8,500 1.0 
F3,bOO 1.0 
k_3,500 .9 
9,000 .4 

9,000 .4 
failed to naterialize 

'),000 .1 
9,000 .3 

9,000 .5 

10,000 .1 

10,000 1 
10,000 1 
3,000 .1 
8,000 .4 
:3QQQ .5 

n 

Wind Vel. 

Ex. 5 

N.W. ]C) 

N.W. S 
N.w. io 
N.V/. 10 

v1 L) 
s.w. 8 
8. 18 
s. 

s.l1t. 10 

s. io 
N.V.'. 8 
N.vr. 10 

5 
N.\U. R 
N.11. 10 

s.v?. S 

w. 8 
v. 
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REMARKS 

6/23/3B 

Large cumulus cloud forming over Crater La'ce and 
traveling E. (No storm) 

7/1/39 

Clouds building up on divide (Mt.. Pitt to Lido Eock) 
N. to Mt, Thielsen at 1:00 P.. 
Rain over Crater Lake at 3:30 P.M. 
Strikes rerorted oer Crater Lake about 4:30 
Storm did pass over district 

7/10/39 

Started raining at 11:20 P.M.--7/9/39. 
Heavily overcast at 10:20 A.M. 
Clearing in 1ost and Southwest. 
Heaviest concentration in East, over Cascades. 
Fairly evenly distributed. 

7/12/39 

Long string of light cumulus from Mt. Shasta North 
Clouds building up, but not 
Clouds still scattery--white in color 

7/26/39 

Cumulus clouds from Crater Lake north to Bear Butte. 

7/27/39 

Cumulus clouds in East and one large cloud over Bear Butte. 
Clouds building ra'idly. 
Lightning struck near Bald Crater at 2:00 P.M. 
Cloud -to-clouc] flashes intermittently. 
Storm ended 3:30 P.M. Did not strike on district. 
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REMARKS 

7/28/30 

Large deep banks of cumulus over Crater Lake Park. 
Storm moved 2 mii. E. Cloud-to-cloud flashes heard 
around 3:00 T'.M. 

Storm moving S. struck Blue Canyon at 7:00 P.M. 
Storm ended sround P.M. 

7/29/39 

Clouds forming over Park and . of Pitt. 
Thunder heard in E. (Cloud-to-cloud) 
Thunderstorm going avay. Pain threatening. 

8/2/39 

Few scattered cumulus clouds. 
Clouds building up. 
Heavy clouds (cumulus) 
No storm. 

:3/3/3 9 

Few scatterd CUTIU1US clouds. 
Clouds building rapidly but traveling fast to J orth. 
CloudE blown over. No storm. 

a/ 8/39 

Few small cumulus clouds. 
t? t? t! 

a/z 2/39 

Generally scattered cumulus clouds. 
Thic:, heavy cunîulus type, also thundeT'heads. 

8/23/39 

Dark cumulus thunderhead type. 
(lightning storm here) 

9/4/39 

Large cloud over Crater Lake and one over Thielson. 
Bunched cumulus in S.E. 

A/i 9/39 

Scattered cumulus clouds forming. 
Thunder heard in N.m. eround Acker Rock. 
Raining over Crster and Piani. Lukes (no lightning since 2:30) 



24 

9/20/39 

Solid layer of cumulus clouds coming from .W. 
Clouds forming in East and rising. 
Paining, several strikes S.E. of Red Blrket. 
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Date Storni No. Dfr. Dir. of Time Temp. Hinu Elev. in't of 'tind Vel. travel % c1oids 
7/14/40 8 1OE. NW. 8:00 P 78 27 7,000 .1 c-1r 12 8 NE. NW. 12:00 N 82 25 8,000 .4 -- 
7/14/40 9 NE. NV!. 1:3O P 86 23 

.4 -- -- g NE. NW. 2:30 P 80 31 8,000 .9 -- -- 
7/15/40 10 E. SW. 12:00 N 84 32 8,01)0 .1 W. 2 lo s. NW. 1:30 P 84 26 8,000 .6 -- -- lo E. SW. 2:30 P 80 30 7,500 .8 W. 2 10 - W. 3:30 P 73 39 8,000 .3 S. 5 
7/16/40 11 E. W. 11:00 A 7ß 39 9,000 .2 -- -- 11 NE. W. 12:00 N 82 36 

.4 -- -- ]l NE. W. 1:00 P 32 30 
,000 

g,000 . -- -- 11 E. W 3:00 P 84 32 
. -- -- 

7/O/4O 12 E. W. 12:00 N 8 15 io,000 ° . (_ E. 2 12 E. W. 2:00 P 92 15 
.'- E. 2 12 NE. SW. 3:00 P 90 l3 .io,000 .s w. 12 NE. SW. 4:00 P 94 12 15,000 .5 r 3 

7/21/40 13 N. SW. 12:00 N 90 17 i,000 .i sw. s 13 NTE. SW. 2:00 P 94 l 
. . 2 13 NE. SW. 3:00 P 92 17 
.i 3 13 NE. SW. 4:00 P 90 14 
.1 W. s 

7/27/40 14 E. VJ 1":OO N 80 4? io,000 .i sw. 2 14 E. W. 1:00 P 82 3 
10,01)0 .2 SE. 4 14 E. SW. 2:00 P 82 36 io,000 .3 SW. 6 14 5W. -- 3:00 P 82 36 io.000 . NW. 2 14 8W. N. 4:00 P 7? 42 io,000 i.o w. 2 14 W. N. 5:00 P 72 65 io,000 .s sw. 

7/E3/40 15 N. N. 10:00 A '75 58 
.5 8W. 4 15 SW. NE. 11:00 A 74 54 9,000 .9 W. 2. 15 Sw. I\ÌE. 12:00 N 73 56 ,000 .e w. 2 15 cw. NE. 1:00 P '77 52 
. . 4 15 SW. N:F. 2:00 P 7? 52 
. w. 8 15 SW. NE. 3:00 P '78 46 
. w. s 15 w. NE. 4:00 P '78 43 9,000 .8 W. 4 15 NW. NE. 5:00 P 78 43 ,000 .e w. 4 

8/30/40 16 NE. S. 2:00 P 84 21, 
.i w. 6 16 NE. S. 4:00 P '79 28 
.i w. 

9/10/40 1? SW. N. 1:00 P F37 20 7,000 .2 W. 5 ir, sw. N. 3:00 P 90 20 
¡ 

6,500 .3 W. 5 17 5W. N. 4:00 P 85 2? 6,500 .3 W. 5 iT? SW. N 5:00 P 80 3 
.4 - - 
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REMARKS 

7/1 5/40 

Clouds formin over Cascades and Siskiyous. 
Heaviest concentration from Diamond Lake North. 
1:00 P.M Clouds from Pitt north building up. 
1:45 pJr, Heavy concentration and thunder over 

Devils Peak. 
2:00 P.iL. Raining north of Diamond Lake, 
3:00 p,;, Heavy clouds east of Union Peak end 

north of Beiley. 
5:00 P.M. Clouds flattenin out and cirro 

cumulus driftinß in from south. 
5:45 P.M. Considerable thunder east of Crater lake. 
7:00 .I. Breakin UP. 

7/16/40 

8:00 A.I1T. Clouds all alon top of divide. 
9:15 A.M. Thunder north of Thielsen. 
0:30 A.M. Clouds huildin up ratidiy all along 

divide. 
10:30 A.M. Iargn clouds all along divide. 
11:30 A.M. Storm pretty well broken up. 

7/10/40 

Cumulus clouds built up rapidly and storm 
started at 4:30 P.M. 

5:00 P.M. Started raining and continued until 
5.00 P.L4. 

Rain fell before and after lightning. Several 
strikes. 

7/20/40 

Thunder over Devils Peak at i0:0 A.M. 
Rain and lightnin until 2:20 P.M. 
Strike near Cow Camn started fire in 45 min. 

8/22/40 

Clouds piling up along divide. 
1:00 PM Light snrinkle over Crater Lake, 
1:15 P.T. Thunder in S.E. 
2:00 P.M. Cloud-to-cloud thunder. 
3:20 P. . Strike near Crater Snrings. 
4:00 P.M. Storm breaking up and high clouds 

drifting in from S.W. 
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/23/4o 

Cluds bui1din up ail aion Carcades. 
12:30 Distant thunder. 
1:00 P.M. Wind h1oriní tope off clouds. 
2:flO P.M. Clouds still buildin up but irjnd 

blows tops off. 
3:00 P.t. Same as above. 

9/2/40 

Nimbus clouds hui1din un south of Prospect. 
Thunder at 1:30 P.M. 
Storm passes east of Etation with 6 strikes 

but rain wets them down. 

9/7/40 

Strato-cumulus clouds build in up near lustier 
Peak and drifting north. 

Cloud-to-cloud flashes but none came to ground. 

9/12/40 

Clouds building un along ilustler and Divide. 
10:45 A.M. Thunder over lake. 
Building up over Ilnnie Springs and moving L.V.. 
Several strikes near Hamaker. 
One fire on bead of Sherwood Creek. 
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RESULTS 

After assemb1ìn all the data, the first tp v;as to 

plot the relative humidity over the number of hours preceding 

the start of the torrn. This gave the general curve of 

how the relative huriiditv acted preceding the Etorrrì. As 

before stated, the more water vanar in the air, the rnore 

was the updrafts carryin the Moisture which in turn ,'as 

blo\rn into smaller droiets at the sati . ration level and 

the resulting senaration of positive and neative chares. 

The relative humidity showed a raise of four Dercent in one 

hour precedin the storm. This only proves that one condition 

to produce electrical activity in the air is an increase in 

humidity. (4) 

The second step was to plot the temperature over the 

number of hours nreceding the storm. This curve showed a 

dron ln the temperature ber;innin about two to three hours 

before the storm besan, nd a drop of four decrees vithin 

one hour nrecedin' the storn. This drop was caused orobably 

by the increase in relative humidity nnd the upd*ìfts vhich 

were caused by the rising currents of warm moist air being 

replaced by cooler nir from t,he hise of the uodrafts. There- 

fore a second condition, probably not a renuisite to produce 

electrical acl;ivity, but a result from the active air currents, 

is the drop in temperature before the storm begins. 

In studying cloud elevation, at a distance, the cumulus 
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clouds appear to be iich over 7)OO feet in elevation. 

However, as the storm gets overhead, the ciouds settle cov.n 

to betveen 5000 and. 3OOO feet and sometimes below that. 

After the cloud has ecorie saturated with rnoiture, its 

natural tendency will be to descend in elevation. At times, 

the clouds seem to be only a hundred feet above the 

hiher ridges an pea1ts. This may 'artial1y explain the 

numerous sties that occur along ridges and esoecially 

stizes that hit lone tres. The electrical discharge nil 

naturally take the shortest path to the ground and therefore 

ridges and lone objects that protrude above the plain are 

stuc k. 

The wind direcion an velocity were hardly consistent 

enough to have a direct relationshio to the cause of storms. 

The wind sometiues blew in the direction from which the 

cluds v'ere located, and sometiues t,he air ras completely 

calm. The only notice made of the wind, was immediately 

preced Ing the ac tuai storm when strong drafts would blow 

from perhaps several different directions. I think this can 

he explained in that the air rushes in fri any direction 

to renace the warm moist air that constantly rises. 



30 

GRAPH SHOWING TRENDS OF 

HUMID ITY AND TEMPERATURE PRECEED ING 

L IGHTN ING STORMS 
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CONCLUS ION 

From these graphs of hurnidit,r temoerature over the 

number of hours preceding the storm, another graph was 

constructed that shows the trend on temperature and hidity 

up to the beginning of the storm. The curves are so placed 

on the graph so that the point where the storm beßins is 

where the two curves meet. The trends of these curves may 

not always be consistent, but they sho the trends in tep- 

erature and humidity of twelve actual storms. Some data of 

storms that occurred nt temperatures of below sixty derees 

were thrown out, because they were very rare and did not 

conform with the usual. 

Throu1i the use of this raoh and by observation on 

the wind and cloud elevation a lookout may be able to predict 

v:itii fair accuraclr vithin two hours of when a storm ;.nil1 start. 

As can be seen on the raph, the temeratiire and humidity 

curves begin to converF,e at ;w10 and a half to three hours 

rrior to the beginning of the sto7m. If the te!perature and 

humidity follow these curves, the observer can be fairly 

sure of a storm within an hour and a half to one hour before 

the storm begins. 

The value of bein able to red let a storm vithin an 

hour or tv.o before it occurs would be of gren.t value to 

every protective frco within the area of lightning storms, 

Although this graph is far from being accurate or adeou.ate, 
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if sinilar nes could be nade up for lookouts on a district, 

it v:ould mean the entire district would be under watch for 

storms,, 

Another suestion that would be vell to tie in with 

these other cnditions would be atmospheric pressure. This 

of course would recuire the use nf a bsrometer hut may prove 

many tines its orth. 

s this study is only yet exreriniental it can be seen 

that an extended research in this field v'nuld iell be iorth 

the time, 
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APPENDIX 



AREAS BURNED BY FOREST FIRES IN THE UNITED STATES BY CAUSES 

PROTECTED AREAS ONLY, BY STATES. C.Y. 1939 and 5-YEAR AVERAGE 

STATE PERIOD 
PROTECTED AREA BURNED BY CAUSES - ACRES 

Light- Rail- Debris meen- Lumber-!M1sce1- 
_____________________ ning roads Campers Smokers burning diary Ing laneous Unknown Total 

Washington 1939 Federal 13,010 210 8,670 7,330 440 3,370 4,180 h,290 530 42,030 
State and Private 2,590 910 230 11,760 19,540 28,510 24,360 5,200 -- 93,100 

Total 15,600 1,120 8,900 19,090 19,90 31,880 28,540 9,490 530 135,130 
5-yr. average, 1935-39 

Federal 3,792 592 1,982 2,952 4O 7,280 1,312 1,19e 116 19,704 
State and Private 1,523 1,795 2,361 14,15 10,691 30,295 19,091 6,682 -- 87,253 

Total 5,315 2,387 4,343 17,767 11,171 37,57520,403 7,880 116 106,957 

Oregon 1939 Federal 34,060 lO 850 5,720 750 38,080122,840 6,100 -- 108,410 
State and Private 2,480 70 730 21,770 6,340 30,7lO02,78O 7,020 -- 271,900 

Total 36,540 80 1,580 27,490 7,090 68,790 225,620 13,120 -- 380,310 
5-yr. average, 1935-39 

Federal 39,044 144 482 2,784 2,682 10,912 6,286 2,582 4 64,920 
State and Private 7,211 628 '763 12,785 9,016 40,229 56,908 5,483 20 133,043 

Total 46,255 772 1,245 15,569 11,698 51,141 63,194 8,065 24 197,963 



STATE 

NUMBER OF FOREST FIRES IN THE UNITED STATES BY CAUSE 

PROTECTED AREAS ONLY, BY STATES. C.Y. 1939 and 5-YEAR AVERAGE 

PERIOD 

ashington 1939 Federal 
State and Private 

Total 
Percent 

5-yr. average, 1935-39 
Federal 
State and Private 

Total 
Percent 

Oregon 1939 Federal 
State and Private 

Total 
Percent 

5-yr. average, 1935-39 
Federal 
State and Private 

Total 
Percent 

NUMBER OF FIRES BY CAUSE 
Light- Rail- Debris Incen_f Lumber- Miscel- 
ning roads Caxners Smokers burning diary I in laneous 

473 

t- 

6 

- -4---. 

70 
150 54 96 
623 60 166 
28.3 2.7 7.5 

329 3 57 
237 84 143 
566 87 200 

24.9 3.8 8.8 

686 14 91 
314 16 96 

1,000 30 187 
40.2 1.2 7.5 

641 9 98 
352 21 142f 

993 30 242 
39.0 1.2 9.5 

129 31 40 11 39 6 805 
377 220 263 70 171 -- 1,401 
506 251 303 81 210 6 2,206 

22.9 11.4 13.7 3.7 9.5 .3 100.0 

80 16 26 5 20 3 539 
498 203 277 74 214 -- 1,730 
578 219 303 79 234 3 2,269 

25.5 9.7 13.4 3.5 10.3 .1 100.0 

172 25 101 28 45 - 1,162 
276 148 265 79 135 -- 1,329 
448 173 366 107 180 -- 2,491 

18.0 6.9 14.7 4.3 7.2 -- 100.0 

163 20 78 21 27 2 1,059 
366 155 242 92 116 i 1,489 
529 175 320 113 143 3 2,548 

20.8 6.9 12.5 4.4 5.6 .1 100.0 




