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FOREST-FIRE DANGER AS RELATED TO AIRMASS 

IN THE OUACHITA MOUNTAINS' 

Myron W. Gwinner ' 

SOUTHERN FOREST EXPERIMENT STATION 

In warm, moist Gulf airmasses, temp­
erature and relative humidity on an ex­

posed ridgetop were similar to those in 
a nearby valley. In cooler Canadian and 
Pacific airmasses, afternoon measure­

ments at the two locations were about the 
same, but during the night the ridgetop 
averaged 8 ° F. warmer and 27 percentage 
points drier than the valley. 

The Ouachita Mountains of west-central 
Arkansas and southeastern Oklahoma are an 
area of long, east-west ridges separated by 
wide to narrow valleys. Local differences in 
elevation range from a few hundred to about 
2,000 feet. Main slopes are 30 to 50 percent. 
Until the 1930's this region had one of the 
worst forest fire histories in the United States. 
Though fire incidence and area burned now 
are usually low occasional outbreaks during 
dry fall or spring weather show what fire can 
do. For example, in record-dry October 1963, 
80 fires burned more than 20,700 acres of land 
under protection of the U.S. Forest Service. 

The Ouachita National Forest measures fire 
danger at a relatively few valley-bottom sta-

tions and gets forecasts from the U.S. Weather 
Bureau office at Fort Smith, Arkansas. Fire­
control personnel have long suspected that the 
measurements and predictions do not repre­
sent burning conditions accurately over the 
full range of topography. To learn how the 
fire weather observations and forecasts apply 
to upper slopes, ridgetops, and different as­
pects, the National Forest and the Forest Fire 
Research Project of the Southern Forest Ex­
periment Station established a study in Octo­
ber 1962. 

METHODS 

Four experimental weather stations recorded 
fire danger factors in an area near the east end 
of the Ouachita Mountains, about 50 miles 
west of Little Rock. Three stations were on 
Fourche Mountain-one on the ridgetop near 
Cove Mountain Fire Tower and one each on 
the north and south slopes at elevations about 
140 feet below that of the tower. The tower 
is at 1,200 feet on a straight narrow ridge. 
Secondary ridges, several hundred feet lower, 
lie about a mile north and south of the main 
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ridge. The fourth weather station was at Jes­
sieville Guard Station, in a major valley 16 
miles south-southeast of the tower, elevation 
730 feet. 

Temperature and relative humidity data 
from weekly hygrothermograph charts were 
tabulated for each station at bihourly intervals, 
on even hours. Wind speeds, measured by 
Weather Bureau-type anemometers, were aver­
aged for 1-hour periods preceding even hours. 
Prevailing wind direction 80 feet above the 
ridgetop was determined for the same 1-hour 
periods. 

Weights of fuel moisture indicator sticks 
were available one to three times daily at each 
station. Regular observation times were 10 
a. m. , 2 p. m., and 4 p. m. Other duties of the 
observers sometimes caused omissions, mostly 
during periods of low fire danger. 

Precipitation was recorded with a tipping­
bucket rain gage at the tower, and was meas­
ured daily at J essieville. 

For a preliminary analysis , data from the 
period February through May 1963 were 
grouped according to airmass types. Major 
types were continental polar ( cP ) air that 
originated over Canada and the Arctic, mari­
time polar ( mP ) air from over the North Pa­
cific Ocean, and maritime tropical (mT ) air 
from over the Gulf of Mexico. 

Days were eliminated from consideration if 
airmass type changed or was in transition, or 
if precipitation, excessive cloudiness, or fog 
occurred. Because only 9 continental polar 
days remained, the analysis was made with 
data for 9 days from each airmass type, the 
days being randomly chosen for the other two 
types. 

Bihourly mean temperatures and mean rela­
tive humidities were calculated for each sta­
tion for each airmass. For each station, differ­
ences between the means for airmasses were 
subjected to the "t" test. To determine station 
( or within-airmass ) significance, means of dif­
ferences between the ridgetop and each of the 
other stations were tested. 

RESULTS 

This report presents data from the ridgetop 
and valley stations only. Differences between 
slope stations and the ridgetop were generally 
too small to be conclusive. 
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Temperature .-All temperature differences 
between airmasses ( table 1 ) were highly sig­
nificant. Mean temperature of the cP air was 
32° F., of the mP air 58° , and of the mT 73 °. 

The valley was 2 to 3 ° warmer than the 
ridgetop during the afternoon and 4 to 12° 
cooler at night ( fig. 1 ). All afternoon differ­
ences and all night differences greater than 5° 
were significant ( i.e., at the 0.05 level ). Both 
day and night differences were slightly greater 
in the mP air than in the other two types. 

~o 

SIGNIFICANCE OF DIFFERENCE 
o 5¾ LEVEL 
• I¾ LEVEL 

/-
I 

Imp 

f 

I 
/ 

I 
I 

I 
I 

I 
, 

I 

, ... , ,_ 
I ' , 

,/mT 

-10'----'---'----'----'----'--'--'----'---'----'----'---' 
02 04 06 08 10 NOON 14 16 18 20 22 

HOUR OF DAY 

Figure !.-Difference of valley from ridgetop temp­
erature and relative humidity in three 
airmass types. 

Relative humidity.-Relative humidities in 
the two polar airmass types were similar. But 
during the daytime ( 10 a .m. to 4 p .m .) polar 
air humidity averaged 33 percent and tropical 
air 49 percent ( table 1) . All daytime humidity 
differences between polar and tropical air were 
highly significant ( i. e. , at the 0.01 level ) both 
on the ridgetop and in the valley. 



Table 1.-Mean values of day, n i ght, and 24-hour temperature and relative hu-
m i di ty 

Day, 10 a .m . to 4 p .m . 
Eleme nt and airmass 

Night, 8 p .m . to 6 a .m . 24 hours 

Ridge Valley Ridge Valley Ridge Valley 

TEMPERATURE 
•F . •F . •F . •F. •F . •F. 

Continental polar 39.8 41.7 28.4 22.9 32.8 30.4 
Maritime polar 68.0 70 .8 55.7 44.6 60.6 55 .9 
Maritime tropical 80.3 81.5 68.8 64.4 73 .3 71.9 

RELATIVE HUMIDITY 
Pct. Pct . 

Continental polar 33.5 31.7 
Maritime polar 34.7 30 .5 
Maritime tropical 51.0 46.6 

Nighttime ( 8 p .m. to 6 a.m.) relative humid­
ity was 10 to 40 percentage points higher in 
the valley than on the ridgetop in the polar 
airmass types, and 5 to 10 percentage points 
higher in the tropical air ( fig . 1 ) . Only the 
polar-air differences were significant. 

Daytime relative humidity in the valley was 
1 to 4 percentage points lower than on the 
ridgetop in the cP air, and 3 to 7 points lower 
in the mP and mT air . Most of the mP and mT 
differences were significant; none of the cP 
differences were. 

Wind.-Wind at the fire tower blew from 
all directions in the two polar airmass types, 
but it was nearly always from the south and 
southwest in tropical air ( fig . 2 ). Southerly 
winds usually were stronger than those from 
other directions. 

Winds on the ridgetop blew steadily day and 
night, averaging 8 to 10 m.p.h ., while valley 
winds calmed on most nights. Valley winds 
averaged 1 m.p .h . at night and 6 m .p .h . during 
the day. 

Relati on of n i ghttime differences to valley 
wind speed.-Further investigation of night­
time ridgetop-valley differences of temperature 
and relati~e humidity showed that magnitude 
of the difference was related to valley wind 
speed ( table 2 ) . When valley winds were 
calm, the usual cool, moist valley condition 
prevailed. As wind speed increased , differen­
ces decreased, and at about 3 m .p.h. tempera­
ture and humidity were the same at both loca­
tions. All nighttime observations when valley 
wind was 4 m.p.h . or greater showed the valley 
warmer and drier than the ridgetop . 
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Figure 2.-Frequency of wind and mean speed from 
different directions for three airmass 
types. Wind speed is from the ridge­
top station; frequencies are expressed 
as percentages of aH observations. 



Table 2.-Re!ation to v alley wind speed of ni ghttime ridgetop­
val!ey di ffer ences of temperature and relati v e 
humidi ty 

Te~~=~a!~~~~~3;ice 
were-

Airmass 

' F . ' F . 

Continental polar - 9.2 4.0 

Maritime polar - 16.3 3.3 

Maritime tropical - 9.8 1.9 

(valley (valley 

Relative humidity 
differe nce w hen 

v alley winds were-

Calm 

Pct. 

36.4 

45 .8 

14.6 

I 4m.p .b . 
or more 

Pct. 

- 11.0 

- 10.2 

- 7.8 

(valley (valley 
cooler) warmer) more drier) 

humid ) 

Fuel moisture content .-Afternoon ( 2 p .m . 
and 4 p .m .) fuel moisture averaged lowest, a­
bout 5½ percent, in the mP air at both sta­
tions ( fig. 3 ) . It was 6 to 6 ½ percent in the 
cP air, and about 7 percent in the mT air. Wide 
variation and scarcity of observations kept most 
differences from being significant, but mP fuel 
moisture was significantly lower than mT at 
both stations and significantly lower than cP 
in the valley. Afternoon differences between 
the ridgetop and valley were not significant. 

The morning ( 10 a .m .) fuel moisture meas­
urement provided another indication of the 
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Figure 3.-Comparison of fuel moisture content a­
mong three airmass types at ridgetop 
and valley stations. 
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drier nightt ime condit ions on the ridgetop in 
polar air. In polar air, morning fuel moisture 
averaged 2½ percentage points lower on the 
ridgetop than in the valley, while in tropical 
air the ridgetop fuel averaged less than 1 per­
centage point drier than valley fuel. The dif­
ferences were significant in both polar airmass 
types. 

CONCLUSIONS 

The conclusion most important for fire con­
trol is that, in polar air, 24-hour burning con­
ditions are definitely more severe on ridgetops 
than in valley bottoms even though afternoon 
fire danger ratings differ little between the 
two locations. In tropical air, differences in 
burning conditions due to topographic situa­
tion are small at all hours , except for differ­
ences in wind speed. 

Polar air predominates during the periods 
of greatest fire occurrence and highest danger 
in late fall and early spring. Therefore, fire 
danger measured at the usual valley-bottom 
locations may result in serious under-estimates 
of gener al burning conditions just when accu­
rate estimates are most needed. Cool, moist 
air at night over valley fire danger stations 
can completely hide high-danger conditions at 
higher elevations. 

Wind amplifies the topographic difference 
in severity. It blows throughout the night at 
higher elevations , but usually calms in the 
valleys. When valley winds do blow at night, 
valley and ridgetop have similar temperature 
and humidity conditions. 

The relatively higher temperatures of mari­
time polar air make it potentially more danger­
ous from a fuel moisture viewpoint than con­
tinental polar air . 

Fundamentally the most important conclu­
sion is that the inherent differences between 
airmass types make them a meaningful and 
significant basis for stratifying certain types 
of climatological data. Recognition of this fact 
can be helpful both to fire-weather forecasters 
and fire-control personnel. 


