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3. The number of f ies  set per storm ranges from a few 
up to near1 350. 

exist in the national forests. Both the relative area of 
the lightning zone compared to total national forest 
area, and intensit of fires within that zone are found to 

south. 

5.  In  general, the regions affected by the three very 
heavy storms of the ast decade correspond. 

6. Lightning fires ave certain characteristics dser-  
entiating them from man caused fires, chief of which are 

, slow spread a t  start, and inaccessibility. 
These a ect methods of forest-fire control. 

now under way, and further stu$ is neesed. 
7. An investigation of this im ortant henomenon is 

R 4. Well- B e h e d  zones of lightning fires are found to 

decrease, though i y no means regularly, from north to 
bun chinfi 
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DISCUSSION OF THUNDERSTORMS AND FOREST FIRES IN CALIFORNIA. 

By E. A. BEALI?, District Forecaster. 

[Weather Bureau Office, S m  Fmuriseo, Calif., April 13,1923.1 
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Unfortunately the Weather Bureau has no regular 
stations reporting by areas of 
California. There are 
in these regions, but 
very meager. No continuous records of pressure, 
temperature, humidity, evaporation, wind direction and 
force have been kept in the forests of California, except 

ossibly sporadically at  a few places by the United S t a h  
Ebrest Service. Also there are no records of cloud 
characteristics and their niovenients. It is quite neces- 
sary in order to predict weather phenomena tliat the 
forecasters should have available as much informat,ion 
as possible about the weather that is liable to occur in 
the region for which he makes preclictions. This is all 
the more necessary when t,he prediction is for a limited 
area, and for a rather slight change in one or two e1enient.a. 
The foresters want forecasts of drying north winds, of 
high temperature, and of local or heat thunderstornis. 
Information regarding these phenomena are want.ed as 
f a r  in advance as possible so they can strengthen their 

lace them in advanta.geous &e-fighting forces, 
positions to combat the res which they know at such 
times occur most frequently. 

Forests are mostly in niountainous regions, and the 
surface winds do not alwa s obey the barometric gra- 
dients in such localities. d i e  winds blow up and down 
the canyons, in whatever direction the ha en to lie, 

closely the barometric gradients. To cause the spread of 
a forest fire the winds need not be very strong; an incrcase 
from light (8 to 13 miles an hour) to moderate (1s t.0 23 
miles an hour) is ample to produce a great confla. ntion. 

barometer a t  outlying stations giving any indication that 
winds of such force are blowing in that neighborhood. 

As to information regarding hi h temperatures, these 

h e  temperature rises from 4' to 6' daily until the ther- 
mometer in the valleys reaches about loo', when it 
fluctuates to the extent of two or three degrees up or 
down, until an offshoot from an Arizona LOW moves 
northeastward. This causes a sudden drop in teniper- 
ature that lasts for two or three days, when the teniper- 
ature again begins to slowly rise as before. It is not 
difficult to predict these hot spells; but we are not always 
certain as to their duration. One may start without 
going very far before the break occurs, and that is the 
great difficulty in redicting them, for, to meet the re- 

several days. 
Regardin5 local thunderstorms, weather maps are 

resented ( g. 1) showing the conditions the evenings 
Eefore, and on the mornings of the dates when forest fires 

and R 

unless of extraordinary force, when t Tl ey PP o low more 

After the fire once gets a ood sta.rt, it  causes in Q lowing 
winds that sometimes reac 5 hurricane force wit.hout the 

henomena in California general H y are of slow growth. 

quirements, it re PK y means a long-range prediction of 

Red Bluff ..__.____... 
Paeramento ..._____... 
Fresno .....__._.___.._ 
Reno _._.___.._.___... 
Touopah _...__._.__.__ 

due to lightning were unusually numerous in Califurnis. 
It will be noticed that there is a great similarity in the 
weather maps for the different years. In  each a trough- 
shaped low-pressure area extends from Arizona north- 
westwtircl through California, and on Jul 16, 1917, and 

over Nevada. All the charts show a HIGH impinging 
on the North Pacific coast. 

is frequently in evidence 

thunderstornis is that so far as known they occur wit 
this typr in just about 50 per cent of cases. 

Table 1 shows the temperature for seven days preceding 
the day when hrest fires due to lightnin were most 

These temperatures of course were taken a t  stations a t  
the bottom of the valleys in California, and on the 
lnteau on the east side of the Sierra Nevada Mountains. 

hone is reprrsentative of the tem eratures that actually 
occurred in the forested areas. {hey show in a general 
way R gradual increase in temperature up to the day 
when lightning fires were most numerous, with a change 
to cooler either on the days when the fires were most 
numerous or a day or two later. 

on August 4, 1920, there is a small hig 91 -pressure area 

h during midsummer, and t 1 e difficulty in predictin 

troublesome, on that clay, and for the two fo fl owing days. 

This t!.Pe of weather ma 
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TABLE l.-Mminiwn teniperatzr.re8. 

[Dates of numerous flres due to lightning are inclosed between h v y  rubs.] 

Red Bluff ._._....__._ 94 
Sarramento _._.___.___ 92 
Fresno _.__._.__...__.. 98 
Reno ._.__._..___._.__ eS 
Touopah .___.____.___. 82 

July, 1917. 

9 I 10 I 11 I 12 1 13 1 14 Stations. 
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96 100 100 102 104 
90 90 9s 100 102 
94 92 100 106 102 
88 90 92 90 96 
82 81 Bp 88 90 
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Red Bluff ...._._____. 96 96 96 102 100 100 
Swamento ...__..._._ 88 92 94 100 98 94 94 
Fresno __.___.._.._.___ 100 98 98 102 104 102 
Reno __._________.._._ 90 88 92 92 96 92 
Tonopah ___..__._.__._ 90 90 90 92 90 88 

9 0 9 2  
88s 

1 Absolute highest. 
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FIG. 1.-Weather condltions on the evening before and the morning oI three dates when lightningcaused fires were numerous In California. 
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The conclusions to be drawn from the facts outlined 
are that, in order to issue fire-weather warnings ap- 
plicable for local areas, we should be su plied with more 

that can be done is to make a general forecast for a lar e 

am lification to fit local conditions. 
$he making of reliable fire-weather warnings is even 

more difficult than the mnkiiig of frost predictions; and 
in the latter case it has been proven that the most satis- 
factory method is to obtain all the inforination possible 
regarding the past weather and then have a man on the 
ground capable of amplifying a general forecast to meet 

s ecXc information regarding the actua P weather taking 
p P ace in these restricted areas. In  the meanwhile all 

area that probably in places would need considerab f e 

the conditions over a small area. The areas for fire- 
weather warnings could be much larger than for local- 
ized frost warnings. The questiqn of slope of mou@,ains 
and canyons, as affecting the direction and velocity of 
the wind needs very careful study before much im- 

rovement can he expected with fireweather warnings. 
horn a study of wind movements, we would be better 
able to predict the local thunderstorms, m they seldom 
move any great distance, and rarely produce. ?ny large 
amount of rain. There must be certain localities where 
they form most frequently with one direction of the wind 
and other localities where they form most frequently 
with other winds. 

FOREST FIRE WEATHER IN THE SOUTHERN APPALACHIANS. 

By E. F. MCCARTHY, Silviculturist. 
[Appalachian Forest Experiment Station, U. 8. Forest Service, May 0, 1928.1 

This paper is intended to roniote t.he use of informa- call for adtlecl cxpense for patrol and the employment. of 
t.ion, collected daily by t ie Unit,ed St,at.es Weather sup lementmy fire guards. The need for such variadion 
Bureau, in predicting the occurrence of foresbfire haznrd. in t e strength of t.he organization has brought a demand 
Forest fires, while st.irt.ed mainly through human agencies, for n more accurat.e definit.ion of the danger periods and 
can occur only when forest c.onditions are favorttble to prediction of the approach of condit,ions which increase 
them, and this is d i r edv  related to weather. The the fire hazard. 
autumn fall of hardwood leaves, followed b dry d:iys, This problem is one which yields most readily. to 

fire season is t,he direct result, %ternline the character of t.he weather and tpe inflam- forest region. 
of dr ness of t,he forest oor following minds and warm mability of t,he forest are too ma?y and varymg to per- 
dry (9 ays of spring. As the season advances t.he starting mit mental ninstery of their relations without resort to 
of foliage and ground cover reduces and eventually gralhs. 

+he resu1t.s resent.ed here are t.he outcome of graphic terminates t.he danger of fire for the summer scwon. 
Although this study has been made with reference to comparison o weather records wit.h the occurrence of 

t,he forest and weather condit,ions of mcst.eni North fires. While it does not follow that the creation of fire 
Carolina, the resu1t.s niay he applied to the entire Sout.herii hazard is bound t.0 produce fires, th,e pronou\ced occur- 
A palachian region with only minor modificnt.ions. rence of fires in any short period 1s. a reactipn-to the 
&le the interpretation of weateher data must take into natural hazard, and is evidence of lncrease In mflam- 
account the local conditions, the storm path through the mability, especially where the number of fires considered 
east.ern United States, by its compartxt,ive definit.eness, is is lnrge enough to offset the chance of variations caused 
favorable to such prediction. The eneral ens tdy  by oukide factors. 

their approach and intensity with considerable certainty esamined over a period of five years from 1916 to 1920, 
because t.hey are usually under observation for two days inclusive, and coniparison was made wit.h the vapor pes- 
or more before they reach the eastern mountain region. sure record for t.he Asheville station, covenn this penod. 

The records studied for western North Carolina indicate 
t,he necessity for a careful weighing of the influences of west.ern N0rt.h Carolina are pract,ically free from &e 
each storm as it approaches, to determine its effect, both durin the growing season, but that the fall of an con- 

the air. At eac.h of the established weather st.ntions, season, by furnishing the fuel. The subsequent fire 
ccnducted by a paid observer of the United States hazard is dependent upon t,he moisture condition of the 
Weather Bureau, the dat.a needed for redic.tion of fire forest floor and of the air from its be innin until a green 
hazard are available. While there is gut  a superficial crown cover is again established. h e  rsatively short 
knowledge of forest inflammability resulting from vnria- period required to dry out the forest floor and the 1' ht  
tions in the moisture content of the air, and the field is a 
suitable one for more exact studies, an empirical knowl- fire season, which is most severe immediately after the 
edge has been acquired t.hrough the frequent rec.urrence fall of the leaves, and again in the spring before the vege- 
of fires. t.ation becomes est,ablished. Observation of this chart 

prin- further showed a general relat,ion between depressions in 
the urgency is the vapor ressure curve and fire occurrence, but this rela- 

alachian forest, tion was ound to be sufficient1 inconsistent to require 
considerat.ion of other factors a ecting moisture content 

The vapor pressure curve has been 
conditions of slope, it. Thc used t.hroughout the study, because it is the best medium 

K P 

creates the fall fire senson of the Sout,hern 1 ppdncldan raphic met.hocIs of study, since the factors which 

The "prin!? 

P 

movement of storms makes possible t B e recording of The fire record of the Pisgah National Forest was h t  

An examination of this chart showed that t B e forests of 

sidera 5 le part of the leaf crop in October ushers in tL fire 

sno\\fall of western North Carolina create an exten 7 ed 

upon precipitat,ion and upon the moisture content of 

Promptness of 

i P 
to a flaniin 

of time, fi of t.he forest litter. 

for expressing absolute humidity from a single reading 
and because it is in& endent of diurnal chan es of tern- 
perature. Moreover, %I unnsl has found in 8 alifornia a 

fuel, which is largely leaves, responds quickly to atmos- 
pheric conditions both in drying out and in absorbing 
moisture. It is a region in which each member of the 
fire organization must be estreniely alert in t.inies of 
greatest fire hazard. Short periods in each fire season 4p.149-152. 

1 Munns, E. N.: Evaporation and forest tirss. Mo. WEbTEm REV. March, 1921, 


