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This winter sea-level chart illustrates the synoptic type producing chinook winds along the east slope of the Rockies. A 
High is located in the Great Basin and a front is in the Plains. In the area between the front and the Rockies, strong 
winds blow downslope, producing high temperatures and acutely low humidities. Airflow aloft is perpendicular to the 
mountain range. In this case, during 3 November days chinook winds progressed southward from Montana and 
Wyoming to Colorado, New Mexico, and Texas. 

 
 
short-wave troughs move through this pattern and 
cause a temporary increase in wind speed. The 
pattern favorable for thunderstorms has the 
subtropical High aloft to the north of the region, 
and southeasterly flow bringing moist air from 
over the Gulf of Mexico to the Southwest region. 
When this pattern becomes established, the first 
moisture brought in is usually in a shallow layer 
aloft. The resulting thunderstorms tend to be of the 
dry, fire-starting type and appear when the fuels are 
dry and the fire potential is high. Then, as the 
pattern persists, moisture is brought from the Gulf 
of Mexico in a deep layer, and the thunderstorms 

produce rain which reaches the ground and reduces 
the fire danger. 
 
8. Great Plains 

 
Vegetation in the Great Plains consists of 

grasses, cultivated lands, and timber in isolated 
regions. Fuels are generally too light and sparse to 
create a serious fire hazard except in the timbered 
areas. Temperatures in the Great Plains vary 
drastically from winter to summer—due to the 
frequent presence of cP air masses 
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Southwesterly flow aloft often brings high fire danger to the Southwest, southern Great Basin, and southern Rocky 
Mountain regions. In this spring example, the ridge at 500 mb. is to the east and the trough to the west of the affected 
regions. Peaks in fire danger occur with the passage of short-wave troughs aloft and their associated dry surface cold 
fronts. 

 
in the winter, and the occasional presence of cT 
and mT air masses in summer, particularly in the 
southern portions. The Plains are open to 
intrusions of winter cP air from Northern Canada, 
since no mountain barrier exists, and these air 
masses sometimes penetrate to the Southern Plains 
and even to the Gulf of Mexico. In the summer, cP 
air masses often influence the Northern Plains. At 
the same time, cT or mT air may persist in the 
Southern Plains and thus account for a wide 
latitudinal range in summer temperature. Maritime 
air from the Pacific must cross the western 
mountains to reach the Plains, and arrives as a 
relatively dry air mass. 

Precipitation in the Great Plains is generally 
light to moderate, increasing both from north to 
south and from west to east. Amounts range from 
10 to 20 inches in the northwest to 20 to 40 inches 
in the southeast. The western portion of the Plains 
is in the Rocky Mountain rain shadow. This, in 
part, accounts for the low precipitation. Also, mT 
air is less frequent in the western than eastern 
portions, and fronts are more intense in the eastern 
portion. Winter precipitation is usually in the form 
of snow in the north and, frequently, also in the 
south. Maximum precipitation occurs in the early 
summertime, mainly in the form of convective 
showers and frequent thunderstorms. Thunder- 
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The Pacific High synoptic type is very common and can bring high fire danger to all regions east of the Rockies. An 
mP air mass enters the continent, usually in the Pacific Northwest or British Columbia, as a high-pressure area, 
loses much of its moisture as it moves across the mountains, and reaches the region east of the Rockies about as 
dry as cP air masses, The regions affected depend upon the track taken by the High. In this example, the flow aloft 
was meridional and the High plunged southward along the Rockies and then moved eastward. In other cases, the 
flow aloft may be zonal and the High will take a predominantly easterly course. Usually, the western or northwestern 
portion of the High is the most critical firs-danger area. 

 
 
storms are usually wet and cause fewer fires than in 
the West. 

The western portion of the Great Plains is 
subject to chinook winds which blow down the 
east slopes of the Rockies and extend some distance 
into the Plains. The combination of extremely low 
humidities and mild temperatures can create short 
periods of extreme fire danger in spring and fall, 
although chinook occurrence in the winter may be 
more frequent. 

The fire season usually lasts from April through 
October, although the summer season, because of 
higher humidities, is less severe than spring or fall 
(except in the Black Hills). 

Most critical fire-weather periods in this 
region are associated with the Pacific High synoptic 
type, the Bermuda High type, or the chinook type. 
Some periods occur with Highs from Hudson Bay 
or Northwest Canada, but these are more important 
to the regions farther 
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The Bermuda High type, shown on this sea-level chart, is most important in the Southern States but 
can produce high fire danger in any region east of the Rockies. It is most frequent in spring, 
summer, and early fall and may persist for long periods of time. A westward extension of the 
semipermanent Bermuda High, often well into Texas, cuts off Gulf moisture. This is the typical 
drought pattern for the eastern regions. Subsidence and clear skies produce low humidities and 
usually high temperatures. 

 
 
east. The chinook type has been described above. 
The Pacific high type occurs when an mP air mass 
breaks off of the Pacific high-pressure cell and 
moves eastward across the mountains into the 
Great Plains following a Pacific cold front. The mP 
air loses much of its moisture in crossing the 
mountains, and arrives in the Plains as a 
comparatively dry and mild air mass. Highest fire 
danger is found on either the fore or rear sides of 
the High. 

The Bermuda High type is most important in 
the southern portion of this region. In this type, the 
semipermanent Bermuda High extends far 
westward across the Gulf States and into Texas. A 

ridge aloft is located over the middle of the 
continent. Warm, dry air from Mexico flows 
northward into the Plains, often causing a heat 
wave. The Bermuda High is a persistent summer 
pattern and sometimes causes long periods of 
drought. Nonforest types account for most of the 
area burned. 
 
9. Central and Northwest Canada 

With the exception of the southern prairies, 
vegetation in this part of Canada consists pre-
dominantly of spruce, pine, poplar, and aspen 
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forest with various mixtures of other species. In 
spite of the short growing season in the far 
northwest, comparatively good tree growth results 
from the long daylight hours. Much of the 
vegetation in the region reflects an extensive past 
fire history. 

This region is glaciated with mostly low 
relief, except for the more broken topography of 
the mountain foothills along the western boundary. 
A common characteristic is very low winter 
temperatures. The region serves as both a source 
region and southward pathway for cold cP air 
masses. The large north-south and east-west 
geographical extent of the region results in 
significantly different summer temperature and 
moisture regimes from one part of the region to 
another. 

The far northwest portion of the region has 
long, predominantly clear, sunny days contributing 
to rapid and extensive drying of forest fuels. Even 
though the summer season is short, drying is only 
occasionally and temporarily alleviated by summer 
showers. Proceeding southward and eastward, the 
summer days are not as long, although the season 
is longer. On clear days, maximum temperatures 
may be considerably higher here than in the 
northwest portion of the region, but cloudy days 
with shower activity are frequent. 

Precipitation distribution is an important part 
of the regional climatology. The average annual 
amounts vary from 8 to 10 inches in the far 
northwest, to 20 inches in southern portions of the 
Prairie provinces, and up to 30 inches at the eastern 
extremity. Winter snows are generally light 
because the cold air holds little moisture, so it is 
usual for at least half of the total precipitation to 
come in the form of summer rains. These rains 
often are thunderstorms with accompanying 
lightning fires, and they occur with varying 
frequencies in virtually all parts of the region. The 
principal cyclone tracks during the summer run 
through the central part of the region. 

The geographic extent of this region is so 
great that it is not practical to designate any 
particular fire season for the area as a whole. For 
example, locally there may be both a spring and 
fall fire season, a summer fire season, or any 
combination of these. 
 

10. Sub-Arctic and Tundra 
This region, extending from the Mackenzie 

Delta to the Atlantic, supports scattered patches of 
scrub spruce forest in the south merging with open 
tundra in the north. It is all low glaciated terrain. 
Annual precipitation is about 10 to 15 inches in the 
northwest and up to 20 to 25 inches in the east. 
More precipitation falls in the summer than in 
winter. 

The fire season is principally during mid-
summer. Strong winds and low humidities are 
common. The average number of fires is small, 
with apparently half or more caused by lightning. 
There is considerable evidence of severe past fire 
history. 
 
11. Great Lakes 

The vegetation in the Great Lakes region 
consists mainly of aspen, fir, and spruce in the 
north and some additional hardwoods in the south. 
There are several upland areas, including the 
western slopes of the Appalachians, but most of 
the region has been heavily glaciated. Winter 
temperatures are quite cold, and summer 
temperatures are variable. In summer, the region is 
subjected to cool cP air masses from the north, 
warm and moist mT air masses from the south, and 
mild mP air masses from the west. 

The annual precipitation in the Great Lakes 
region is moderate, generally over 30 inches. It is 
fairly well distributed throughout the year, but 
most areas have somewhat larger amounts in 
summer. Winter precipitation is mostly in the form 
of snow, and the greatest amounts occur with 
intense cyclones involving mT air masses. Summer 
precipitation is largely in the form of showers and 
thunderstorms. Lightning fires are common on 
both sides of the St. Lawrence and in the northern 
Great Lakes area. 

Strong winds are common with intense 
storms in fall, winter, and spring, and with squall 
lines and strong cold fronts in the summer. 
Humidities are normally moderate to high except 
during brief periods when cP and mP air masses 
are warmed by heating and subsidence before 
much moisture can be added to them. 

The Great Lakes are sufficiently large to 
influence the climate of portions of the region. 
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Near the shores, when the gradient winds are weak, 
lake breezes can be expected on summer days. The 
lake breeze is cool and humid and moderates the 
summer climate along the lake shores. 

On a larger scale, the Great Lakes modify air 
masses that pass over them. Cold air masses 
passing over the warmer lakes in the fall and winter 
are warmed and pick up considerable moisture, 
resulting in heavier precipitation to the lee of the 
lakes. The amount of moisture picked up depends 
to a large extent upon the length of the overwater 
fetch. In spring and summer, warm air masses are 
cooled as they pass over the cooler waters of the 
lakes. If the air mass is moist, fog and low clouds 
form and drift over the leeward shores. 

The Great Lakes also affect the synoptic-scale 
pressure pattern. In spring and early summer when 
the lakes are relatively cool, they tend to intensify 
high-pressure areas that pass over them. In fall and 
winter when the lakes are relatively warm, they 
tend to deepen Lows that pass over them. On 
occasion, they will cause a trough of low pressure 
to hang back as the Low center moves on toward 
the east. This tends to prolong the cloudiness and 
precipitation. 

The fire season generally lasts from April 
through October with peaks in the spring and fall. 
In hardwood areas, the leafless trees in spring 
expose the surface litter to considerable drying, 
which increases fire danger. After the lesser 
vegetation becomes green and hardwoods leaf out, 
the fire danger decreases. In fall, the lesser 
vegetation is killed by frost, the hardwoods drop 
their leaves, and the fire danger again increases. 

The synoptic weather patterns producing high 
fire danger in the Great Lakes region are usually 
those involving Highs moving into the region from 
Hudson Bay, Northwest Canada, or the Pacific. 
Occasionally the region is affected by a Bermuda 
High type, but this is infrequent and usually occurs 
during the period when the vegetation is green. The 
Pacific High type, which was discussed with the 
Great Plains region, causes more high fire-danger 
days than any other type. 

The Hudson Bay High and Northwest 
Canadian High types involve cP air masses that 
move southward or southeastward from their 
source regions in Canada and on through the Great 
Lakes region under the influence of a meridional 

pattern aloft. These air masses are warmed by 
surface heating and subsidence as they move to 
lower latitudes. High fire danger is occasionally 
found in the forward portion of the air mass, if the 
front preceding it is dry. But the most critical area 
is usually the western or northwestern portion of 
the High. By the time this portion of the High 
reaches a locality, the air mass has been warmed by 
heating and subsidence, and the humidity becomes 
low and remains low until either Gulf moisture is 
brought into the system or the next cold front 
passes. 
 
 

12. Central States 
 
The vegetation in the Central States region is 

mostly hardwoods, and mixed pine and hardwoods, 
interspersed with agricultural lands. The 
topography is mostly flat to gently sloping. The 
principal exceptions are the Missouri and Arkansas 
Ozarks and the western portions of the 
Appalachians. Summer temperatures tend to be 
high in the southern portion of the region, but 
relative humidities are usually high also. The 
northern portion experiences brief periods of high 
temperatures and brief periods of moderate 
temperatures as mT air masses alternate with either 
mP or cP air masses. Winters can be extremely cold 
in the north. 

Annual precipitation is moderate, generally 20 
to 45 inches, with snow and rain in the winter, and 
showers and thunderstorms in the summer. Usually, 
there is sufficient rain with thunderstorm activity to 
minimize lightning fire occurrence. The maximum 
precipitation usually falls in early summer in the 
north, but there is a fair distribution throughout the 
year in the southern portion. There are occasional 
dry summers, but the green tree canopies and green 
lesser vegetation are usually sufficiently effective 
in the summer to keep fires from being aggressive. 

As in the Great Lakes region, the principal fire 
season is in spring and fall when the hardwoods are 
not in leaf and the lesser vegetation is dead. In the 
southern portion of the region the spring season is 
somewhat earlier and the fall season somewhat 
later than in the northern portion. 
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The synoptic weather patterns producing high 
fire danger in the Central States are similar to those 
affecting the Great Lakes region, except that the 
Bermuda High type influences the southern portion 
of the Central States region more frequently. 
Nevertheless, the Bermuda High is the least 
important of the types, both from the standpoint of 
frequency and from the fact that it occurs mainly 
during the summer months when vegetation is 
green. The Pacific High, Hudson Bay High, and 
Northwestern Canadian High types, in that order, 
cause nearly all of the high fire danger in spring 
and fall. These types have been described above for 

adjoining fire climate regions. 
 
13. North Atlantic 

 
The forests in the North Atlantic region vary 

from extensive spruce stands in the north to 
predominantly hardwoods in the southern portions. 
The region is bounded on the west by the crest of 
the Appalachians and on the east by the sea. The 
coastal plain is wider than that facing the Pacific 
and increases in width 

 

 

The Hudson Bay High type can bring high fire danger to any of the regions east of the Rockies. As shown 
on this sea-level chart, a cP air mass from the vicinity of Hudson Bay moves southward or southeastward, 
warming and subsiding as it moves to lower latitudes. The highest fire danger is usually found on the 
northwest side of the High, This type is most frequent in spring and fall, with spring being the most critical 
season. 
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The Northwest Canadian High synoptic type is least frequent in summer and most frequent in winter. In winter the air mass 
is so cold, however, that fire danger is low. The highest fire danger is produced in spring and fall. As shown on this sea-
level chart, a dry cP air mass from Northwest Canada moves southeastward under meridional flow aloft, and warms by 
subsidence and passage over warmer land as it moves to lower latitudes. It can affect all regions east of the Rockies. The 
north and northwest sides are most critical, but high fire danger can occur on any side of the High. 

 
from north to south. The immediate coast is 
influenced by the Atlantic Ocean and often is cool 
and foggy. But because the general movement of 
weather systems is from west to east, the maritime 
influence usually does not extend far inland. For 
this reason, temperatures can be quite low in whiter 
and quite high in summer. On occasion, mP air 
from the Atlantic moves sufficiently southwestward 
to influence this region. 

The annual precipitation is moderate to heavy, 
with totals of 40 to 50 inches, and is 

fairly well distributed throughout the year. There is 
a slight maximum during the summer and a slight 
minimum during the spring. Storms moving into 
the region from the west do not produce as much 
precipitation on the east side of the mountains as 
storms which move northeastward along the coast. 
In the first case, the descending flow on the east 
side of the mountains diminishes the precipitation. 
In the second case, the cyclonic circulation around 
a Low moving along the coast brings in moist air 
from over the ocean, and the mountains 

 

 



  

219 

provide additional lift to increase the precipitation. 
Wet thunderstorms are common, and lightning fires 
are few. 

Heavy snows in the northern coniferous 
forests persist well into spring. The leafless 
hardwoods in the areas of lesser snow cover expose 
the surface litter to drying influences of the sun and 
strong winds during the spring months. Both the 
conifers and hardwoods are susceptible to 
cumulative drying during the fall.  

The fire season usually lasts from April 
through October with peaks in the spring and fall. 
Drought years are infrequent but may be severe. 

The synoptic weather types associated with 
high fire danger in this region are the Pacific High, 
Hudson Bay High, Northwest Canadian High, and 
Bermuda High. All of these types have been 
described above. 
 
14. Southern States 
 

The vegetation in the Southern States consists 
mainly of pines along the coastal plains, 
hardwoods in bays and bottomlands along stream 
courses, and mixed conifers and hardwoods in the 
uplands. Flash fuels, flammable even very 
shortly after rain, predominate in this region.  
The topography along the Gulf and Atlantic is low 
and flat. Inland from the Atlantic Coast it merges 
with an intermediate Piedmont area. The southern 
Appalachians are included in this region, and the 
central portion includes the lower Mississippi 
Valley. 

Summers are warm and generally humid, 
because the region is almost continuously under the 
influence of an mT air mass. Winters have 
fluctuating temperatures. When mT air moves over 
the region, high temperatures prevail. Following 
the passage of a cold front, cP air may bring very 
cold temperatures—well below freezing—
throughout the Southern States. 

Annual precipitation varies from 40 to 60 
inches over most of the region, except for about 70 
inches in the southern Appalachians and over 60 
inches in the Mississippi Delta area, and falls 
mostly as rain. The influence of the moist mT air 
from the Gulf of Mexico causes abundant rainfall 
in all seasons, with slightly higher amounts in 
August and September due to the presence of 

hurricanes in some years. Spring and fall have less 
precipitation than summer or winter, with spring 
being wetter than fall. Winter precipitation is 
usually associated with frontal lifting or with Lows 
that develop over the Southern States or the Gulf 
of Mexico and move through the region. Sum-
mertime precipitation is mostly in the form of 
showers and thunderstorms. During the colder 
months, much fog and low stratus are formed by 
the cooling of mT air as it moves northward. 

The fire season in the Southern States is 
mainly spring and fall, although fires may occur 
during any month. 

The four synoptic types that bring high fire 
danger to the other regions east of the Rockies also 
bring high fire danger to the Southern States. The 
Hudson Bay High and Northwest Canadian High 
types affect this region less often than the regions 
to the north. The airflow pattern aloft must have 
considerable amplitude for Highs from Canada to 
reach the Southern States. 

The Pacific High type causes more days of 
high fire danger than any other type. Pacific Highs 
may reach this region with either meridional or 
zonal flow aloft. Very often, the most critical fire 
weather occurs with the passage of a dry cold 
front. The air mass to the rear may be mP or cP. 
The strong, gusty, shifting winds with the cold 
front and dry unstable air to the rear set the stage 
for erratic fire behavior. 

The Bermuda High type is second to the 
Pacific High in causing high fire danger in this 
region. This type is rather stagnant and persists 
over the region for long periods of time, mostly in 
spring, summer, and fall. The cutting off of Gulf 
moisture by the Bermuda High, when it extends 
westward across the Southern States to Texas, is 
the typical drought pattern for this region. Aloft, 
a long-wave ridge is located over the central part 
of the continent and the belt of westerlies is far to 
the north, near the Canadian border. 

Subsidence and clear skies produce low 
humidities and high temperatures. These factors, 
plus the extended drought, set the stage for high 
fire danger. Peaks in fire danger occur as winds 
increase with short-wave trough passages and their 
associated surface cold fronts on the north side of 
the Bermuda High. Lightning accounts for only a 
minor number of fires. 
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15. Mexican Central Plateau 
 

The vegetation in the plateau region of Mex-
ico is largely brush and grass with ponderosa pine 
at higher elevations. The region is a high plateau 
and mountainous area, generally above 6,000 feet, 
lying between the two principal north-south 
mountain ranges. It differs from the Southwest 
mainly in that it is affected more directly by moist 
air from both the Gulf of Mexico and the Pacific, 
although this influence is restricted, by mountain  
 

 
barriers. Temperatures are comparatively cool for 
the latitude because of the elevation. Character-
istically, the summers are warm with frequent 
convective showers and generally high humidities. 
The winters are cool and dry. 

The annual precipitation is low to moderate. 
The maximum occurs in the summer with frequent 
thunderstorms due to continental heating. In spite 
of greater precipitation, the fire season is mostly in 
the summer. 

 
 
 
 
 
 

SUMMARY 
 

From this brief look at the fire climate over 
the North American Continent, we have seen that 
variations in climate, along with variations in 
vegetative conditions, produce differences in the 
fire seasons from one region to the next. 

In general, the fire season in the western and 
northern regions of the continent occurs in the 
summertime. But the fire season becomes longer as 
one goes from north to south, becoming nearly a 

year-round season in the Southwest and southern 
California. 

In the East, the fire season peaks in the spring 
and fall. Some fires occur during the summer 
months, and in the Southern States they can occur 
in winter also. 

In Mexico, the low-lying coastal areas are 
tropical and have little fire danger, while the high-
level central plateau has a summer fire season. 

 
 



221   

INDEX
A 

 
Absolute humidity, 87 

variations in, 41—42 
Absorption of radiation, 9, 10, 23, 26 
Absorptivity, 23 
Adiabatic chart, 51, 169—171 
Adiabatic process, 17, 50, 51 
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evaporation of, 153 
sizes in clouds, 152—153 

Dry-adiabatic lapse rate, 17, 18, 50 
Dry cold fronts, 139, 219 
Dust devils, 65, 122—123, 163 
 
 

E 
Earth, heat balance of, 11—16 

orbit, 14 



   

 
 radiation, 11—16 

revolution, 14, 15 
rotation, 14, 70 
and sun, 14, 15 

Earth’s atmosphere, 3 
Easterly waves, 83 
East winds, 102 
Eddies, in mountain topography, 97—99, 100 

and turbulence, 88—91 
in winds at surface, 88—91, 105 

Electricity of thunderstorms, 175—177 
Emission of radiation, 9, 10, 23 

from snow surface, 23 
Emissivity, defined, 10 
Energy, defined, 4 

forms of, 4, 5 
internal, 7 
kinetic, 4, 5 
potential, 4, 5 
temperature and, 4 
transformation of, 4, 5 

Entrainment, 17, 171 
Equator, 15, 69, 71, 72 

tropopause near, 2 
Equilibrium moisture content, 187—188 
Equinox, 15 
Evaporation, 8, 35—36, 41 

air masses affected by, 136 
cooling by, 25, 35 
in downdraft, 173 
of drops, 153 
from land, 41 
from oceans, 41 
of rain, 146 
wind effect on, 41 

Expansion, in adiabatic process, 17, 50 
in saturated case, 53—54 
and temperature reduction, 6, 7 
in vertical motion, 17 

Eye of hurricane, 83 
 

F 
 
Factors necessary for thunderstorm formation, 167—
169 
Fahrenheit temperature scale, 20, 21 
Fall wind, 100 
Fiber saturation, 185—186 
First gusts in thunderstorms, 125, 173 
Fire behavior, and atmospheric moisture, 33 

and fuel moisture, 180, 191 
and stability, 49 
and temperature, 19 
and thunderstorms, 172 
and wind, 85, 107 

Fire climate, defined, 197 
regions, (Chap. 12) 196—220 

Central and Northwest Canada, 214—215 
Central States, 216—217 
Great Basin, 206—208 
Great Lakes, 215—216 

Great Plains, 211—214 
Interior Alaska and the Yukon, 202—204 
Mexican Central Plateau, 220 
North Atlantic, 217—219 
Northern Rocky Mountains, 208—210 
North Pacific Coast, 204 
Southern Rocky Mountains, 210 
Southern States, 219 
South Pacific Coast, 204—205 
Southwest, 210—211 
Sub-Arctic and Tundra, 215 

Fire danger, associated with weather types, 204-214 
215—219 

rating, 197 
Fires, lightning, 4, 166, 168, 208, 209 
Fire seasons, by regions, 202—220 
Fire weather, iv 

and air masses, 127 
and clouds, 144 
and fog, 159 
and fronts, 127, 137, 139, 140 
and general circulation, 68 
and precipitation, 144 
and thunderstorms, 166 

Firewhirls, 123—124 
Fuel moisture, (Chap. 11) 180—195 

and fog, 159 
and precipitation, 144, 166 
related to atmospheric moisture, 33 

Foehn wind, 62—63, 100—104 
Fog, advection-radiation, 161 

classification, 161 
defined, 159 
ground, 28 
high, 159 
stratus and, 159—161 
upslope, 151, 161 

Forces, balance of, 75—78 
Free water, 186 
Freezing rain and drizzle, 163 
Friction, effect on fronts, 138 

effect on wind, 75, 77—78, 88, 91—92 
effect on sea breeze, 112 
and gradient wind level, 88 
layer, 78, 88, 92 

Frontal thunderstorms, 138, 139, 140, 141, 142, 177 
Frontal waves and occlusions 141—143 
Frontal winds, 93—96, 138 
Frontal lifting, 56, 150 
Fronts, air masses and, (Chap. 8) 127—143 

clouds and, 138, 139—140, 150 
cold, 94, 95, 138—139 

defined, 94, 138 
dry, 139 
slope of, 138 

cyclones and, 142 
defined, 94, 129 
and fire weather, 127, 137, 139, 140 
occluded, 94, 141—143 
polar (See Polar front zone) 
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precipitation and, 138, 139, 140, 141, 142 
stationary, 141 
slope, 137 
upper cold, 142, 143 
veering of wind at, 94—96 
warm, 94, 95, 139—141 

defined, 94, 139 
slope, 139 

waves on, 141 
Frost, 165 
Funnel cloud, 179 
Fuel, aerial and ground, 189—191 

defined, 181 
drying processes, 186—191 
moisture, 3, (Chap. 11) 180—195 

indicator sticks, 192—193 
wetting processes, 185—186 

 
 

G 
 
 Gases, in the atmosphere, 3 
General circulation, 16, (Chap. 5) 68—84 

and fire weather, 68 
heat transfer by, 69—72 
jet stream in, 79—80 

General wind, (Chap. 7) 85—106 
defined, 86 

Geographical features of North America, 198—200 
Geostrophic balance, 75—76 
Geostrophic flow, 75—76 
Geostrophic wind (see Wind) 
Gradient flow (or wind), 76—78 
Gradient, pressure, 75 

temperature, 8 
Gravity, 3 

buoyancy related to, 52 
Great Basin, 206—208 

High, 83 
and foehn winds, 101 
weather type, 205—206 

Great Lakes, 215—216 
influence on climate, 199, 215—216 

Great Plains, 211—214 
Greenhouse effect, 12 
Ground fog, 28 
Gulf and Atlantic breezes, 111—112 
Gulf Stream, 199 
Gusts, in thunderstorms, 173 

in winds at surface, 27, 88, 89, 91, 113, 125 
 

H 
 
Hail, 163, 165 
Halo, 155, 156 
Haze, 22, 65, Heat, capacity, 6, 24 

of condensation, 8, 25 
released in ascent, 18, 53 

of fusion, 7 
internal energy related to, 7 

of sublimation, 8 
specific, 6 
of vaporization, 7, 8, 18 

Heat balance, 11—16 
Heat energy, 4 

and temperature, 4, 6, 7, Heat Low, 81 
Heat sources of lift, 56, 69, 146—148 
Heat transfer, 8—11 

by general circulation, 16, 69—72 
Heat transport by Highs and Lows, 79 
Heights of clouds, 147, 155, 157, 159, 161—162 
Heights on constant-pressure charts, 73—74 
High clouds, 154—157 
High-pressure systems, 3, 16, 17, 57, 75 
Highs, 75 

balance of forces in, 77 
defined, 75 
gradient wind in, 77 
semipermanent, 80—83 
tracks of, 81—83 

Horse latitudes, 72 
Hudson Bay High weather type, 216—217 
Humidity, 37—48 

absolute, 37 
variations in, 41—42 

measurement, 38—40 
relative, 37—38 

defined, 37 
effects of air masses, 48 
effects of topography, 45—46 
effects of wind, 46 
effects of vegetation, 46—48 
related to temperature, 37—38, 43—44 
tables, 38—40 
variations in, 48—45 

Hurricanes, 72, 83 
Hygrograph, 40 
Hygroscopic particles, 152 
Hygrothermograph, 40 
 

I 
 
Ice, melting point of, 7 

vapor pressure over, 153 
Ice crystals, formation, 152 

growth, 152—153 
Ice-crystal process, 153 
Icelandic Low, 80, 81, 82 
Instability, conditional (see Conditional instability) 

thermal, defined, 17, 18, 50 
and fire behavior, 49 
and lapse rate, 17, 18, 50 
local indicators of, 65—66 
and turbulence, 89 
and vertical motions, 17, 50, 51 

Instrument shelter, 20, 40 
Inversions of temperature, defined, 18 

and fire behavior, 29—30 
fog related to, 28 
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marine, 28 
night (or nocturnal), 28—30, 115—116, 121 
and stability, 18, 50 
subsidence type, 27, 43, 61—62 
surface, 28 
turbulence effects on, 28, 57 
types, 28 

Isobaric analysis, 73 
Isobars, 73 

geostrophic flow and, 75—76 
pressure gradient and, 75 
and winds, 75—77 

 
 

J 
 
Jet, low-level, 93, 94 
Jet stream, 79—80 

and general circulation, 79—80 
polar front associated with, 79 
subtropical, 80 
temperature gradient in, 79—80 

 
 
    K 
 
 
Kinetic energy, 4, 5 
 
    L 
 
Lag of seasons, 15, 16 
Lake breezes, 113 
Laminar flow, 91 
Land and sea breezes, 16, 109—113 

and fog, 112 
Lapse rate of temperature, 17, 18 

and adiabatic rate of cooling, 17, 18 
autoconvective, 122 
average, 27 
conditionally unstable, 54—55 
dry-adiabatic, 17, 18, 50 
environment versus parcel, 17, 18, 50—55 
of layers, 55—56 
mixing effects on, 28, 57 
moist-adiabatic, 18, 50, 51, 53—55 
stability defined by, 17, 18, 50—56 
superadiabatic, 27, 50, 53 
turbulence affected by, 27, 28, 89 

Latent heat, cyclonic energy released from, 74 
release, in ascent, 18, 53 
of vaporization, 18 

Lee waves, 100 
Level of free convection, 54 
Lifting, by convection, 56, 69, 146—148 

by convergence, 57 
frontal, 56 
lapse rates affected by, 55—56 
orographic, 56, 148, 150 
thermal, 146—148 
by turbulence, 57 

Light, character, 9 
speed, 9 

Lightning, 175—177 
fires produced by, 4, 166, 168, 208, 209 

Living fuel moisture, 182-485, 195 
seasonal changes, 182 
effect of vegetative type, 182—185 

Local winds, (Chaps. 6 and 7) 85—126 
Long wave, patterns, 78—79 

meridional, 78 
zonal, 78—79 

ridges, 78, 79 
troughs, 78, 79 

Long waves in the westerlies, 78—79 
Low clouds, 154, 159—161 
Low-level jet, 93, 94 
Low-pressure systems, 3, 16, 17, 57, 74 
Lows, 74 

balance of forces, 76—77 
cut-off (or cold), 178 
defined, 74 
fronts and, 141—142 
gradient wind in, 76—77 
semipermanent, 80-83 
tracks of, 81—83 
waves on fronts and, 141—142 
wind in, 57, 74, 76—77, 78 

Lulls, 88 
 
 

M 
 
Maritime air masses, 129 
Maritime polar air masses, 131—132, 133—134 
Maritime tropical air masses, 132, 134 
Measurements, weather (see Weather observations) 
Mechanical turbulence, 88—89 
Mercurial barometer, 3, 72 
Meridional pattern, 78 
Mesosphere, 2 
Middle clouds, 154, 157—158 
Millibar, 3 
Mixing, by convection, 9, 136 

lapse rate affected by, 57 
moisture distributed by, 45, 136 

Moist-adiabatic lapse rate, 18, 50, 51, 53—55 
Moist-adiabatic process, 18, 50, 51, 53—55 
Moisture, atmospheric (see Atmospheric moisture) 
Moisture content, of atmosphere, 3 

of fuels, (Chap. 11) 180—195 
dead, 185—194 
estimating, 192—194 
living, 182—185, 195 

Moisture equilibrium in fuels, 187—188 
Molecular activity, 4, 8 

and temperature, 4, 34 
Momentum transport, by turbulence (or eddies), 89—90 
Mono wind, 63, 102—103 
Monsoon, 112 
Mountain waves, 62, 64, 99—100, 102 
Mountain winds (See Valley winds) 
Mountains, effect of, on fronts, 142 
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on precipitation, 148, 150 
on temperature, 29, 32 
on wind, 62—64, 96—104, 112—114 

 
 

N 
 
Nimbostratus clouds, 158, 159 
Nocturnal thunderstorms, 177 
North Pacific Drift, 199 
North winds, 102—103 
Northeast trade winds, 71 
Northwest Canadian High weather type, 216—218 
Nucleation, artificial, 153 
 
 

0 
 
Observations, surface, 20, 21, 38—40, 86, 87, 165 

upper-air, 27, 65, 87 
Occluded fronts (occlusions), 94, 95, 96, 141—143 
Ocean currents, California, 199 

Gulf Stream, 199 
North Pacific Drift, 199 
temperatures affected by, 199 
upwelling, 133 

Oceans, air masses affected by, 41—42, 131—132, 
133—134 

effects on air temperatures, 31, 32, 199 
influence on climate, 199 
mixing of surface layers, 23 
temperatures, contrasted with continents, 80, 81 

Orographic lifting, 56, 148, 150 
Orographic thunderstorms, 177 
Ozone, absorption of radiation by, 12 
 

P 
 
Pacific coast sea breeze, 112—113 
Pacific coast monsoon, 112 
Pacific High, 80, 81, 82 

weather type, 213, 219 
Pacific ocean, 199 
Parcel of air, in adiabatic process, 50—55 

buoyancy, 50—55 
environment related to, 50—55 
stability related to, 50—55 

Parcel method, 50—55 
Partial pressure, of water vapor, 35 
Particles in atmosphere, 3, 22 
Phase changes, 7 
Pilot balloon observations (PIBALS), 87 
Polar air masses, 129 
Polar easterlies, 71 
Polar front zone, 71, 72 

air masses and, 71 
jet stream and, 79 

Polar outbreak, 72 
Post-frontal offshore flow weather type, 204—205 
Potential energy, 4, 5, Precipitation, measurement, 165 

patterns, 201—202 
processes, 152—154 
types, 163—165 

Pressure, atmospheric, 3, 72 
cells, 72 
defined, 3 
distribution, 72—75 
measurement, 72—73 
partial, of water vapor, 35—36 
patterns, 72—75 
reduction, 73 
sea-level, 3 
standard, 3 
station, 73 
systems, 74—75 
semipermanent centers, 80—83 
thunderstorm effects on, 173, 174 
units, 3 
vertical variatlon, 3 
and volume relationship, 6 
and work, 7 

Pressure gradient, defined, 75 
force exerted by, 75 

geostrophic flow and, 75—76 
gradient wind and, ‘76—78 

winds related to, 75—78 
Prevailing westerlies, 71, 72 
Psychrometer, 38 
Psychrometric table, 38—40 
 

R 
 
Radar, weather, 177 
Radiation, 8—11 

absorption, 9—14 
in atmosphere, 12 

air masses affected by, 129—130 
balance, 11—14 
black body, 10, 11 
carbon dioxide, 12 
cooling of atmosphere by, 26—27 
earth (see Earth radiation) 
emission (see Emission of radiation) 
energy transport and, 9, 10 
from snow surface, 23 
infrared, 9, 10, 12 
sky, 12 
solar (see Solar radiation) 
and temperature, 9, 10 
temperatures affected by, 11—16, 20—23, 26, 27, 28 
thermal, 9 
and transparency, 23 
ultraviolet, 9 
wavelength, 9, 10 

Radiation fog, 161 
Radiosonde, 87 
Rain, 163 
Rain gage, 165 
Raindrops, formation, 153—154 
Rainfall (see Precipitation) 
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Rainmaking, 153—154 
Rain shadow, 202 
Rawinsonde, 87 
Reduction of station pressure to sea level, 73 
Reflection, 11—14, 23, 24 
Relative humidity, 37—38 

variations in, 43—45 
effect of topography, wind, vegetation, and air 

masses, 45—48 
Ridges of high pressure, 75 
Rotation, coriolis force and, 70, 75 

latitude effect on vertical component, 75 
primary circulation modified by, 70—72 

 
 
 

S 
 
Santa Ana wind, 63, 83, 103—104 
Satellites, weather, (Cover) 
Saturation, adiabatic process at (see Adiabatic process) 

in clouds, 146 
defined, 36 
and dew-point temperature, 36—37 
layer stability affected by, 55—56 
processes, 146—151 

Sea breezes, 109 (see also Land and sea breezes) 
Sea-level chart, 73 
Sea-level pressure, 73 
Seasons, 14—16 

lag, 15, 16 
tropopause height related to, 2 

Seeding of clouds, 153—154 
Shear, wind, 92, 93, 94 
Short waves in the westerlies, 78—79 
Short-wave, ridges, 79 

troughs, 79 
Short-wave trough weather pattern, 208 
Silver iodide seeding, 153 
Sleet, 163 
Slope and valley winds, 113—119 

influence of general wind on, 119—122 
Slope winds, 114—116 
Smoke, temperatures affected by, 12, 22, 23 
Snow, 163 

formation, 153—154 
pellets, 163 
radiation from, 23 
reflection from, 23 

Solar radiation, 10—16 
reflection, 12 
and temperature, 11—16, 20—23, 26 

Soundings, temperature, plotted on diagrams, 51 
wind, 87 

Source regions of air masses, 129 
Southwesterly flow aloft weather pattern, 210—212 
Specific heat, 6, 24 
Spectrum, electromagnetic, 9 

and absorption, 10 
and emission, 10 

visible, 9, 10, 11 
Squall lines, 95—96, 139 

Stability, 17, 18, (Chap. 4) 49—67 
determinations, 50—5 5 
and fire behavior, 49 
and lapse rate, 17, 18, 50—55 
of layers, 55—56 
local indicators of, 65—66 
neutral, 17—18, 50, 52—53 
thermal, defined, 17, 50 
and vertical motions, 25, 50, 51 

Standard atmospheric pressure, 3 
Standing waves, 100 
Statics of atmosphere, (Chaps. 1—4) 1—67 
Station pressure, 73 
Stationary fronts, 141 
Stratocumulus clouds, 159—160 
Stratosphere, defined, 2 
Stratus clouds, 159—160 

and fog, 159—161 
Sublimation, 8, 151 

heat of, 8 
Sublimation nucleii, 151—152 
Subsidence, 60—65 

and absolute humidity, 42—61 
defined, 16, 57 
and divergence, 57, 61 
and fire behavior, 49, 64 
lapse-rate changes, 56 
and relative humidity, 43, 61 
stability affected by, 56 

Subtropical High aloft weather pattern, 205, 207 
Sun, 11, 14 

earth and, 14, 15 
energy from, 4, 5, 11—16, 20—23 

Supercooling of liquid water, 152 
in clouds, 152, 153 
drops, 152 

Supersaturation, 152 
over ice particles, 153 

Surface characteristics and temperatures, 23—25 
Surface weather charts, 73 
Surface weather observations, 20, 21, 38—40, 86, 87, 

165 
Synoptic charts, 73 
Synoptic observations, 73 
Synoptic weather types, by regions of the country, 

204— 214, 215—219 
 
 

T 
 
Temperature, (Chap. 2) 19—32 

adiabatic lapse rate, 17 
in adiabatic process, 17 
air, 25—30 
air-mass, 25—26 
conversion scales and formula, 20 
daily, lag of, 14 
defined, 4 
of dew point (see Dew-point temperature) 
discontinuity, 137 
distribution, vertical, 27—30 
effects of forests and vegetation, 30—31 
effects of surface properties, 23—25 
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expansion with, 6, 7 
and fire behavior, 19 
general circulation and, 16, 31 
gradient, 8 
internal energy and, 7 
inversions (see Inversions of temperature) 
in jet stream, 79—80 
lapse rate (see Lapse rate of temperature) 
measurement, 4, 20, 21 
molecular activity and, 4, 8, 34 
ocean effects on, 31, 32, 199 
pressure relationship, 6, 7, radiation effects on, 
11—16, 20—23, 26 
solar radiation and, 11—16, 20—23 
surface, 21—25 
and topography, 22, 29, 32 
and turbulence, 25, 26, 27 
variations, 27—32, 200—201 
volume relationship, 6 
wet-bulb, 38, 39 
wind effects on, 25, 26, 27, 28 

Theory of general circulation, 16 
Thermal belt, 29, 32 
Thermal conductivity, 8, 9 
Thermal instability (see Instability) 
Thermal lifting, 146—148, 149 
Thermal turbulence, 89—90 
Thermometers, 6, 20 

radiation effects on, 20 
shelters, 20, 21 
ventilation, 20, 21 

Thermosphere, 2 
Thunder, 177 
Thunderstorms, (Chap. 10) 166-1 79 

cells, 167 
clusters of, 171, 174—175 
development of new, 174—175 
stages, 171—174 

classification, 177 
defined, 167 
development, 167—171 

conditions necessary for, 167—169 
thermodynamics of, 169—171 

downdrafts in, 16, 124—125, 167, 173—175, 
177—178 
dry or high-level, 177—178, 208, 209 
electricity, 175—177 
energy diagrams, 169—171 
entrainment in, 171 
gusts in, 173—174 
hail in, 164—165 
life cycle, 171—175 

night or nocturnal, 177 
pressure changes with, 173 
tornadoes related to, 178—179 
turbulence, 173—174 
winds, 124—125, 172—174 

Timelag period, 188—189 
Timelag principle, 188—189 
Tornadoes, 83—84, 178—179 

winds in, 83, 179 
Trade winds, 72 
Transpiration, 40, 41 

Tropical air masses, 129 
Tropical storms, 72 
Tropopause, defined, 2 

height, 2 
seasonal changes, 2 

Troposphere, defined, 2 
air in, composition, 3 

Troughs of low pressure, 74 
and fronts, 94, 137 

Turbulence, 57, 88—91 
and fire behavior, 91 
and friction, 88—89 
mechanical, 88—89 
temperatures affected by, 25, 26, 27 
thermal, 89—90 
in thunderstorms, 173—174 

Types of air masses, 129—130 
Types of clouds, 100, 154—163 
Types of fronts, 94, 137 
Types of precipitation, 163—165 
Types of thunderstorms, 177—178 
 
 
 

U 
 
Ultraviolet radiation, 9 
Updrafts, 16, 124, 171—175 
Upper-air charts, 73—74 
Upper-air observations, 27, 65, 87 
Upper cold fronts, 142, 143 
Upslope fog, 151, 161 
Upwelling ocean currents, 133 
 
 

V 
 
Valley winds, 116—118 
Valley and slope winds, 113—119 

effect of general wind on, 119—122 
effect of orientation and vegetation on, 118—119 

Vapor pressure, defined, 35 
related to fuel moisture, 185—188 
saturation, 36 

over cloud droplets, 153 
over ice, 36, 153 
table, 36 
over water, 35 

Vegetation, effects on 
humidity, 46—48 
temperature, 30—31 
winds, 104—105, 118—119 

by regions, 202—220 
Vertical cross sections of fronts, 138, 139, 140, 143 
Vertical motion, 16, 17, 18 

adiabatic changes in, 17, 18, 50 
and condensation 18, 53—55, 146—151 
and divergence, 57 
expansion in, 17, 50 
and stability, 17, 50, 51, 55—56 
temperature changes in, 17, 18, 50—56 
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in thunderstorms, 167, 171—175 
Virga, 158 
Visibility, air mass, 135 

in troposphere, 3  
 
    W 
 

w 

Warm fronts, 94, 95, 139—141 
Warming by compression, 6, 7, 17 
Water phases in atmosphere, 7, 34 
Water vapor, 7, 8, 34—38 

absorption of radiation by, 12, 23, 26 
capacity in air, 36—37 
condensation, 8, 36, 151—152 
heat carried by, 8 
in atmosphere, 3 
radiation from, 26 
sources of, 40—41 
transport, 145 

Waterspouts, 83—84 
Wavelength, of radiation, 9—14 

of upper waves 78—79 
Waves, in the easterlies, 83 

frontal, 141 
mountain (see Mountain waves) 
in the westerlies, 78 

Weather charts, 73 
Weather and fuel moisture, (Chap. 11) 180—195 
Weather observations, 20, 21, 38—40, 72—73, 86, 87, 

165 
Weather satellites (Cover) 
Weather types, by regions of the country, 204—214, 

215— 219 
Weight of the atmosphere, 3 
Westerlies, circumpolar, 78—80 

jet stream and, 79—80 
waves in, 78—79 

Wet-bulb temperature, defined, 38 
Whirlwinds, 108—109, 122—124 
Wind, aloft, 91—93 

convective, (Chap. 7) 107—126 
diurnal variation, 90 

downslope afternoon, 121—122 
effects of mountains on, 62—64, 96—
104 
effects of vegetation on, 104—105 
fall, 100 
and fire behavior, 85, 91, 107, 120 
friction effects, 77—78 
foehn, 62—63, 100—104 
frontal, 93—96, 138, 139 
general, (Chap. 6) 85—106 

effect on land and sea breezes, 110—
111 
effect on slope and valley winds, 
119—122 

geostrophic, 75—76 
gradient, 76—78 
gusts, 27, 88, 89, 91, 113, 125, 173 
in High, 57, 75, 86 
in jet stream, 79—80 
local, (Chaps. 7 and 8) 85—126 
in Low, 57, 74, 76 
lulls, 88 
measurement, at surface, 86 

in upper air, 87 
pressure gradient related to, 75—78 
profiles, 92—93, 94, 104 
shear, 92, 93, 94 
slope and valley, 113—119 
squalls, 95—96, 125—139 
surface, 92 
thunderstorms, 124—125, 172—174 
turbulence, 25, 59, 88—91 
vane, 86 

Work, in gases, 7 
 
    Z 
 
 
Zonal pattern, 78—79 
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