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THUNDERSTORMS with their lightning and 
thunder have excited the curiosity of man from his earliest begin
nings. In his religion, art, music, literature, and science, he has por
trayed this deep interest, this fear of the unknown as well as the ap
preciation of this beautiful, yet fearsome and frightening, drama of 
the skies. Today man continues to scan the sky for portents of the 
future, as well as for rain, for fear, and to witness the thrilling battles 
that occur in the heavens above him. From· the Hopi Indians of the 
Painted Desert to the dwellers of the deep canyons of the cities, thun
derstorms remain of utmost interest and importance; they continue 
to disrupt his best laid plans and when he is caught out on the broad 
plains, the open sea, the barren desert, or on top of a skyscraper or 
mountain he is still humbled and made aware of his place in nature's 
scheme of things. Though he appreciates the beauty of the white bil
lowing clouds that tumble and turn in the blue sky and the dazzling 
display of the fireworks in the dark heavens at night, he can be para
lyzed with fear when the lightning bolt crashes near and the thunder 
claps and rolls. He can still sympathize with the ancients and their 
beliefs in many gods on high who could be understood and inter
preted by a select few. The thunderstorm is a very vital part of the 
world around us but in many ways undreamed of by the ancients 
and the casual observer of the weather today. 

85 

Proceedings: 5th Tall Timbers Fire Ecology Conference 1966



E. V. KOMAREK, SR. 

LIGHTNING-CAUSED FIRES 

During the last several years that I have been investigating the lit
erature and data on lightning fires, I began to note that these fires 
seemed to be clustering in definite patterns over short periods two or 
three times a month and seemingly these patterns did not correlate 
with dry or wet forest conditions. This became even more apparent 
when assembling data on the daily occurrence of lightning fires in 
Florida for 1962 and 1963, furnished to me by the Florida Forest 
Service. I began to wonder if these patterns might be continental as 
well as on the local level. An extended study was started of such fire 
and weather patterns on a continental basis. Subsequently, I have 
gathered lightning fire data over the period of April 15 to October, 
1965 from all the United States National Forests and from Florida. 
These have been correlated to daily U.S. Weather Bureau maps, and 
others. 

In addition, and fortunately so, I am responsible as Farm Director 
for a noon-day television program; Midday Report, WCTV, Talla
hassee, Florida and Thomasville, Georgia. I have had almost daily 
familiarity with weather maps, and weather data for more than eight 
years as an amateur TV weatherman. Fortunately, also, we are lo
cated adjacent to the Gulf of Mexico, a body of water nearly en
closed by land and occupying some 700,000 square miles which has a 
profound effect on the weather of the North American continent. 
For this TV program we are furnished, through the cooperation of 
the Weather Bureau, surface and 500 millibar maps which show vari
ous components of the weather picture as well as the large amount of 
data that comes over the Tri-state Agricultural Weather Service. The 
daily weather report issued by the Washington office is also received. 
The many different (some twenty) facsimile maps that formerly 
were received at the Thomasville, Georgia Weather Bureau, now 
closed, as well as those at the Tallahassee, Florida Weather Bureau 
have always been at my disposal. 

In early 1965 I began watching the daily weather maps, noting in 
particular the lightning observations by the weather bureau personnel 
that are plotted on those maps. By one of those curious and rare 
coincidences that sometimes happen to a research worker, I was fol
lowing the progress of a front that had entered the United States on 
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April 30th. On May 1st, I had written the Forest Supervisor's Of
fice of the Nebraska National Forest (largely grasslands and a 
planted forest) for a record of their lightning fires for 1964. On May 
6th, I read in the local papers that the Bessey Division of this forest 
(some 90,000 acres) had been literally burned out by a lightning
caused fire on May 5th. As the frontal pattern approached the Talla
hassee region, lightning struck and burned a slash pine plantation 
within three miles of my home on May 11. This really heightened 
my interest! 

AIR-MASS AND FRONT CONCEPTS 

To generalize, much of the weather forecasting today relates to 
the action and intereaction of large masses of air. This air-mass con
cept in meteorology was proposed by Bergeron (192 8) shortly after 
World War I, and stated that the atmosphere and its weather is de
termined mostly by interactions of large masses of relatively uniform 
air. These huge areas of air with similar characteristics are formed 
over large, relatively uniform, land and water surfaces. 

On the North American continent, we have a very extensive air
mass, termed the continental Polar, and designated on weather maps 
as cPo As its name implies, it forms over the far North. In summer 
as well as in winter, it is the largest cold air-mass on the continent. It 
is also dry and very stable. 

The other very important air-mass that effects the weather of this 
continent is the one which develops over the south Atlantic, Carib
bean Sea and Gulf of Mexico. It is known as maritime Tropical At
lantic or Gulf and is designated mT. This air-mass is the exact oppo
site of the continental Polar in that it is warm, moist and very 
unstable and is responsible for most of the precipitation in North 
America, particularly east of the Continental Divide. 

There are four other air-masses which do not have the wide con
tinental influences as the two above which we shall term secondary. 

First is the one off the west coast called the maritime Polar Pacific 
(mP) that develops over the vast reaches of the north Pacific. In 
winter this air-mass is cool, moist and very unstable, making it re
sponsible for much of the west coast winter precipitation. Sometimes 
it finds its way over the Continental Divide but by then has lost most 
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of its moisture. In summer, however, this air-mass is fairly stable. 
To the south of this maritime Polar Pacific (mP) air-mass is an

other large one known as the maritime Tropical Pacific (mT), 
which is warm, moist and as contrasted to the maritime Tropical 
(mT) of the Atlantic-Gulf region, fairly stable. This at times pumps 
moist, unstable air into the southwestern region. 

To the north of the maritime Tropical of the Atlantic-Gulf region 
is another large air-mass called the maritime Polar Atlantic. It con
sists of cool, moist, and stable air affecting largely the northeast and 
eastern fringe of the continent. 

Over the dry southwestern states another small air-mass develops 
and becomes known as the continental Tropical (c T). It is hot, dry, 
and unstable. This, in conjunction with the maritime Tropical air
mass from. the Gulf of Mexico, at times triggers a series of thunder
storms in Arizona, New Mexico, and California during the summer. 

FRONTAL DISTURBANCES 

Where these air-masses meet, particularly where a cold, dry, and 
stable air-mass such as the continental Polar meets with the moist, 
warm, and unstable air of the Atlantic-Gulf maritime Tropical, great 
turbulence may develop. These are the fronts we see plotted on 
weather maps. They are at times real "battlegrounds" of opposing 
sources of air with battle zones that can vary from a few miles in 
depth to hundreds of miles or more. The allusion to the battle-fronts of 
the First World War is appropriate for they are truly fighting zones. 

The cool, dry air of the north, being heavier than the warm, moist 
air of the south, forms a wedge under the latter. This triggers off the 
mechanisms that start thunderstorms and these sometimes propagate 
over large areas. At other times, a large mass of Gulf of Mexico 
maritime Tropical air is so unstable that it appears to trigger many 
local thunderstorms, especially near bodies of water or in mountain
ous terrain. 

HIGH AND LOW PRESSURE 

The airmasses are characterized by higher baromeric pressure rel
ative to adjoining air with lower barometric pressure. Thus the air-
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masses are generally called "highs" and the circulation in these is 
clockwise and outward in the northern hemisphere. In the lower 
pressure areas, normally called "lows" the circulation is counter
clockwise and inward, regardless of whether these areas are small, 
as is usually the case along fronts, or those large storms called hurri
canes. The only major low pressure region that might be important 
from a standpoint of thunderstorm development is the "low" that re
mains somewhat stationary over northern Mexico. This at times, be
cause of its counterclockwise circulation, appears to assist in the 
movement of Gulf mT air into the Southwest. Generally "highs" 
tend to give us clear air, whereas "lows" may bring extended periods 
of rain. 

This is a brief and very generalized description of these complex 
air-mass movements. To those who wish more information I recom
mend Trewartha's excellent book, An Int1'oduction to Climate; 
Battan's The Thunde1'sto1'm; and Petterssens's Weather Analysis and 
F01'ecasting, Vol. 2 as well as other papers listed in the bibliography. 

WESTERLIES 

Normally, the air-masses in North America move from north or 
northwest to south or southeast with the frontal activity, generally, 
in summer, from the north to the southeastern section of the conti
nent. This divergent course is due in part to the clockwise spinning of 
the earth and in part to those currents of air known as the westerlies. 
These winds flow nearly continually over the continent from west to 
east. They come with varying speeds and with many twists and turns. 
Though wet as they leave the Pacific Ocean, they are repeatedly 
"milked" of their moisture as they pass the various mountain ranges 
which lie in a north-south direction. As they come over the Conti
nental Divide and start downhill, they have become dry and quite 
unstable. At times this allows a whole series of thunderstorms to de
velop along the western edge of the Great Plains and move eastward. 
Fire-tower personnel have told me of the great lightning displays 
that sometimes occur here. I have likewise witnessed this gigantic 
spectacle. These nearly constant winds move the air-mass eastward, 
or rather southeastward, taking into consideration the clockwise spin
ning of the earth as we shall see in the following maps. 
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JET.STREAMS 

An important name in meteorology came from the Second World 
War-jet-streams. Pilots who flew jet planes westward found, to the 
consternation of the meteorologists, "streams" of air from 20,000 to 
40,000 feet in elevation. These were moving at high rates of speed, 
as much as 200 miles per hour or more. Since that time they have 
been studied quite extensively, particularly in relation to air travel, 
and have also been found to have an impact on our weather, particu
larly on the movements of air-masses and the frontal zones between 
them. These high winds travel generally from west to east but the 
whole channel or stream moves to north or south with the seasons. 
In summer, they dip towards the southeastern section of the conti
nent, and then to the northeast, making a loop. 

TOPOGRAPHY 

As if air-masses, westerlies, and jet-streams were not enough to 
confuse the weather picture, we must also consider the topography 
of North America. The very shape and topography of the conti
nent has a decided effect on air-mass movements and consequently 
thunderstorm development. It is essentially wedge-shaped, broad at 
the north and tapering to the southern extremity. Thus there is a vast 
uniform area for the development of the northern air mass continen
tal Polar. 

Also accelerating the flow south of the dry, cool, heavy Polar air 
and the flow north of the moist, warm, light, maritime Tropical air is 
the gradual upward tilt of the mid-continent from the Gulf of Mex
ico to the Far North. One can travel on land from the Gulf to the 
Yukon without going over 1500 feet. 

Now, channelling and speeding up these north-south movements 
over the mid-continent are the mountain barriers on either side. The 
series of western ranges extending north and south from Alaska to 
the southern tip of Mexico are by far the most important. To the 
east, the Appalachians also have a tendency to "channel" the air-mass 
movements. From the Continental Divide westward, the northern air 
only occasionally finds its way southward into the mountain coun
try with its numerous valleys, small plains, and plateaus. However, in 
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much of this country the "open" ends of the valleys and plains are 
nearly always to the south with mountain barriers on either side or to 
the north. Thus at times the Atlantic Gulf maritime Tropical air 
finds its way into the southwestern states and funnels northward, 
triggering thunderstorms wherever it goes if conditions are right. 

I wish to pause here and to impress upon you that the discussion so 
far is a very generalized version of the elements that make up the 
weather. 

THUNDERSTORM DEVELOPMENT 

With their continued study in recent years by meteorologists, 
thunderstorms have been found to be not quite as simple as once 
imagined. In fact, they are very complex and a great many questions 
about them are still unanswered. However, there are some generali
zations that can be made. We know now that wherever thunder
storms develop these ingredients are necessary: warm, moist, unstable 
air in conflict with cold, dry, stable air. The infinite variations in ex
tent and degree are due to differences in temperature, moisture, and 
size of air-masses, etc. Battan (1964) points out: 

The essential atmospheric conditions for the formation of local 
thunderstorms can be simply stated. First of all, air must be moist 
through a fairly deep layer in the atmosphere, 10,000 feet or more. 
Secondly, the atmosphere should be unstable. Finally, there should 
be few clouds during the morning hours so that the sun's rays 
can heat the ground and the air near it. 

To begin with, what exactly does a meteorologist mean when 
he says that the atmosphere is "unstable?" In the simplest terms 
he means that regions of air are ready to rise to great altitudes if 
you give them a little push. In the same way, a large rock deli
cately balanced on top of a mountain is unstable. Give it a little 
nudge and down it goes, rolling at ever-increasing speed causing 
more rocks and stones to fall with it, perhaps even causing an 
avalanche. 

Any of you that have been watching the weather maps in news
papers or on T.V. have noticed that already this month there have 
been several times when violent thunderstorms have extended from 
southern Texas to east of the Great Lakes. These were caused by the 
huge, cold, dry, stable continental Polar air-mass which is reinforced 
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at times by Arctic air moving south and meeting on this line with the 
large maritime Tropical air-mass. The latter develops over the lower 
Atlantic and Gulf of Mexico and at times it is reinforced from the 
Sargossa Sea and Caribbean. The mid-section of the continent then 
becomes a gigantic "battleground" or front between these opposing 
unlike forces with the attendant (fire power and noise) thunder
storm. 

Smaller versions of these battles are fought wherever there are 
mountain ranges, as west of the Continental Divide. If you will vis
ualize each high mountain peak or range as a small segment of the 
north, which it is in climate, fauna and flora, you will see that we 
have literally thousands of small, cold, dry, stable air-masses of conti
nental Polar characteristics. These can be called micro-Polar air
masses. In the lower lands between the mountain ranges, we have 
valleys, plateaus, plains, etc. Most of these in the West are generally 
warmer and dryer and appear to generate rather stable dry micro
air-masses in the summer. However, if unstable air is introduced into 
these lower regions, such as that from maritime Tropical air, either 
from the Pacific or the Atlantic-Gulf regions, conditions are created 
that are similar to what occurs on the Great Plains, but on a minia
ture scale. 

From the topographic maps we note that many of these valleys 
have open ends on their southern extremities and warm, moist, air 
does frequently filter up from one or the other large maritime Tropi
cal air-masses. These might then be called micro-fronts. They are 
"battlegrounds" between opposing forces of dissimilar air just as 
much as those which occur east of the Continental Divide between 
continental Polar and maritime Tropical air-masses. These micro
fronts move up and down the slopes of the mountain ranges, depend
ing upon the relative strength or "push" of the opposing air-masses. 
The warm, moist air is assisted by much mountain or orographic 
lifting. 

The winds, not only the westerlies and jet-streams, but those cre
ated locally throughout mountain country by the differential heating 
of the ground by day and by night, have a tremendous effect on 
these micro-fronts. Yet the principal ingredient is an air-mass of 
moist, warm, and unstable air. This seems generally to come from the 
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Atlantic-Gulf and occasionally from the maritime Pacific. 
In Arizona Climate (1964), it is stated that: 

The moisture for the moderately heavy precipitation of July 
and August comes almost entirely from the Gulf of Mexico, 
sweeping into Arizona from the southeast around a high pressure 
cell protruding into the central part of the United States from the 
Atlantic Ocean. Figures 6 and 7 show respectively, the sea level 
pressure pattern and the 500 mb contour pattern most associated 
with widespread thunderstorm activity in Arizona. The upper air 
pattern is more significant for the present discussion since it in
dicates clearly that moisture flows into at least the eastern half of 
the state from the Gulf of Mexico . . . 

There are several pieces of observational evidence besides the 
mean flow pattern, which help verify the fact that most of the 
summer precipitation is of convective origin, resulting from the 
flow of moist tropical air from the Gulf of Mexico over strongly 
heated mountainous terrain. 

It is further reported: 

It was mentioned earlier that practically all of the moisture 
for Arizona's summer precipitation is drawn into the state from 
the Gulf of Mexico and the Atlantic Ocean. This is not alwavs 
the case. In fact most of the record summer rains in the p~st 
century have been associated with deep surges of tropical air 
into the states from the Gulf of California and the Pacific Ocean. 

These same surges sometimes produce violent thunderstorms with
out much precipitation. 

McAdie in Climatology of California (1903), remarks: 

There is another class of storms however, apparently connected 
with the general low-pressure movements from the southwest. A 
condition favorable for thunderstorms in the valley of Colorado 
in July and August is frequently followed within ten or twenty 
hours by thunderstorms along the Sierras. 

Thus we have seen that the massive Gulf-Atlantic air can reach 
virtually over most of the North American continent and trigger 
thunderstorms. Now how is this related to lightning-caused fires? 

The lightning fire data presented for 1965 and for two short peri
ods in 1964 is all very similar to the data studied the past several 
years, even though both of these years were abnormally wet seasons 
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for many areas. There are, of course, many factors that prevent or 
increase the possibility of lightning fires. Without becoming too in
volved in this subject, for I feel the evidence of lightning fires pre
sented is such it needs no qualifying, I would like to point out that 
extended dry weather, provided the ingredients for thunderstorms 
are present, would increase the possibilities of such fires. The 
amount, condition, and moisture content of the fuel plays a large part 
in whether or not lightning does ignite the material. However, I do 
want to point out that lightning does set fires in the midst of heavy 
rain storms. It can, and does, ignite fires in peat, dead snags, in debris 
packed under rocky terrain, the punky, red-heart centers of mature, 
and over-mature trees, which continue to smolder for long periods 
of time and then are fanned into forest or grassland fires when con
ditions for spread are good. Fires have been known to have started in 
the Far North that have burned for months underground and special 
kinds of fire-fighting water nozzles have been developed to fight 
such fires underground! It is also common standard forestry practice 
in many western forests to cut down old and dead snags to reduce 
lightning fires. 

METHODS-DAILY WEATHER MAP 

The U.S. Weather Bureau issues a daily surface weather map 
which shows a great deal of information in brief, coded form on a 
"station model" for 164 reporting stations on the North American 
continent. The model is built around a dot representing the station 
and an arrangement of coded surface weather information. Both the 
"station model" and code are based on international agreements. 
Among the information listed on these maps of most interest to us 
are the observations of lightning and the surface wind directions and 
speeds. The data for these maps is compiled at 1 A.M. E.S.T. and the 
lightning observations are for a period of 6 hours before 1 A.M. Be
cause of the time differential between the west coast and Eastern 
Standard Time, there is a certain lag of weather frontal movement 
on weather maps as we go westward when compared to lightning
caused fires which are on a twenty-four hour basis on the following 
maps. Because these observations are made at night, they apparently 
filter out many of the thunderstorms that occur by local convection. 
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The exception to this is when an air-mass creates conditions so that 
scattered night-time thunderstorms occur over a large area of the 
southeast as sometimes happens. Lightning is recorded as seen or 
thunder heard. Likewise most reporting stations, particularly in the 
western half of the nation, are located in the valleys. The national 
forests are found largely in the mountains. The clatter of electronic 
equipment and the poor visibility of many weather bureau stations 
also tend to make the number of observations on the low or conserv
ative side. 

The air-mass movements and the frontal developments are 
plotted on these daily maps and thus give an excellent, if imperfect, 
visual picture of the progress of the weather from day to day. Addi
tional small inset maps which show the frontal patterns as of 1 P.M. 

of the day before as well as the forecast of these fronts for 7 P.M. 

of the day the map is issued have been most helpful, as have those 
that show the movement of winds and pressure systems at the 500 
millibar level. 

The Weather Bureau deserves recognition for the completeness of 
these daily maps. Unfortunately they are not too well known among 
ecologists even though the things they study depend on climate and 
weather. 

METHODS-LIGHTNING FIRE RECORDS 

Forest agencies concerned with the protection of forest and grass
land use a standardized form for reporting fires and action taken to 

suppress them. On these, the district ranger is required to list all fires, 
their cause if known or guessed at, and the action taken to suppress 
the fire. One report is issued for each fire-fighting venture. No light
ning fires are recorded unless men and equipment are sent out to 
fight such a fire. If more than one lightning fire meets and joins 
others before action is taken, it is considered as only one fire. Natu
rally many lightning fires must be deduced by circumstantial evi
dence, but it is surprising in studying these repQrts how many times 
the forest personnel or others actually see a lightning fire start. Fre
quently mentioned first is the lightning bolt and then the puff of 
smoke immediately after tht; lightning flash. At other times, light
ning has been seen to start a fire while fire fighters were actually 
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fighting another lightning-caused fire. These fire records are of real 
value not only to foresters, but to ecologists as well. Much informa
tion as to what the lightning struck, the terrain or object where it hit, 
the kind of vegetation where the fire was started etc., is included in 
these reports. I feel sure that a continuing study of lightning fires and 
weather p;ltterns over a long period of time could bring about the 
possibility of forecasting potential lightning fire outbreaks. 

For the purposes of this study we have used the lightning fire rec
ords from all 161 U.S. National Forests. Only 8 forests reported no 
lightning fires in 1965. A great many did remark that their number of 
lightning fires was much below normal because of above normal pre
cipitation. This is well shown on the precipitation maps issued by the 
Weather Bureau. We have also used the fire records of the Florida 
Forest Service for land under their protection. This does not include 
most federal lands. 

The lightning fire records were superimposed upon the daily 
weather maps before mentioned. For presentation here, I have se
lected those maps that seemed to be the most typical of the several 
different kinds or patterns of lightning fire and weather which oc
curred in 1965 and one in 1964. The lightning fires are recorded on 
the maps as circular dots and the lightning observations by the 
Weather Bureau in open red circles. Because of the large number of 
fires involved, it has been found necessary to portray the lightning
caused fires by ranger districts instead of by individual fires. Forests 
are divided into three to seven districts. When one or more fires were 
reported in a district, a circular dot was placed on the map. Addi
tional footnotes give the number of actual fires per day on some 
maps. 

On April 30, 1965, a frontal system was caused by the meeting of 
a continental Polar air-mass with maritime Tropical air from the 
Gulf of Mexico. This frontal system passed off the coast of the 
southern tip of Florida on May 16th. It portrays a rather typical 
frontal movement which is repeated several times during the sum
mer. Although the movement or path is typical, the amount of rain 
that might occur varies widely from season to season and from year 
to year. 
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CONDITIONS MAY 1 THROUGH MAY 5 
May 1. The frontal system, as shown by the map, (Fig. 3) 

was responsible for conditions that triggered one fire in the Custer 
Ranger District and one at the Wall Grassland District of the Black 
Hills National Forest, South Dakota. At about the same time the 
lightning set fires in two locations on the Oglala Grasslands, N e
braska. These fires occurred from 12:45 to 3: 30 P.M. Somewhat later 
on the same day two fires were set on the Niobrara Division of the 
Nebraska National Forest which is primarily grassland. 

May 2. One lightning fire was reported on the Monongahela Na
tional Forest, West Virginia in the Appalachian Mountains at 2 A.M. 

May 3. There were no lightning fires reported, but note the intru
sion of the arctic high along the edge of the rockies and the Great 
Plains. 

May 4. One lightning fire was set at the Black Hills National For
est. 

May 5. Two fires were started by lightning in two different dis
tricts in the Black Hills National Forest; one at 2 A.M., the other at 
5 A.M. By 11 A.M. the frontal activity had moved near the Bessey 
Division of the Nebraska National Forest near Halsey, Nebraska. 
Two strikes were recorded at 11: 20 and 11: 35, the latter of which 
proved to be a historic fire. Before discussing that fire, let me point 
out that another fire was reported at 4: 30 P.M. at the Huron Na
tional Forest in Michigan and that the fires recorded on these maps 
were all the fires reported on all the National Forests. Note the re
lationship that all these fires have to this frontal activity. 

The lightning that set fire to the Bessey Division of the Nebraska 
National Forest, now known as the Plum Fire, struck shortly before 
noon on May 5. The actual lightning flash was seen by two nearby 
work crews a relatively short distance away. Because of the high
winds, the fire was already traveling eastward before much action 
could be taken. It traveled at such a rate of speed and under such 
treacherous conditions to fire fighters, that shortly all efforts were 
made largely to save the headquarters buildings and a 4-H camp. 
Most of these were in the lee of a bluff along the Middle Loup 
River and among hardwood forest. The speed and magnitude of this 
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fire, particularly after it had reached the planted ponderosa pine 
forest where it crowned, was such that the national forest supervisor 
publicly remarked that all that was humanly possible had been done. 
This is what fire fighters sometimes call a "blow-up". The fire sped 
for thirteen miles eastward until a "wind-shift" occurred. This is a 
normal event for frontal patterns and thunderstorms as they move 
along. This "wind-shift" turned the fire northward so that it traveled 
on a broad 13 mile front. The fire fighters were able to save the 
buildings since they were protected by the bluff and because of the 
difference in flammable material. The hardwood leaves, shrubs, and 
trees that were present did not burn as readily as dry grass, pine 
needles or even the pines themselves. The fire skipped over the 
bluff, jumped the valley and river of the Middle Loup, a railroad 
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FIG. 2. Random lightning fire pattern, Nebraska National Forest. Although the 
data on lightning fires from 1919 to 1957 is incomplete with 17 years missing, the 
usable data on 47 fires out of 91 recorded show a random pattern of fires well over 
the entire Bessey Division of 90,444 acres. 

right-of-way, and a U.S. Highway and its right-of-way. The fire 
was finally put under control in rather heavily pastured range. 

Lightning fires are nothing new to all four divisions of the Ne
braska National Forest. With the exception of the Pine Ridge 
Division they are essentially grasslands, and even there, grasslands 
dominate. The forest on the Bessey Division has all been planted. 
The forest supervisor, Mr. James O. Folkestead reported in the 
1963 Review Central Plains Forestry Office that: 

Lightning fire occurrence took a big jump this year and is our 
biggest fire problem. We have an average fire occurrence of 7, 
but this year 28 hit the forest, burning 2400 acres. 

As this forest has a combined total of 339,716 acres, this gives an 
average annual lightning fire of one per 48,531 acres. However, in 
1963, these grasslands and forest had one lightning fire for each 
12,136 acres. In 1964, there were 26 lightning fires. 

We examined the fire reports of the Bessey Division at the Halsey 
District Ranger's office as well as pertinent data shown us by Mr. 
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Wm. L. Plourde in the main office at Lincoln. Although these rec
ords are very incomplete and whole series of years are missing, 
they have been plotted on a map of the Bessey Division. There was 
enough data to plot 91 lightning-caused fires over the period of 
years from 1908 to 1964, but records were only available for 39 
years in this period. However, these do show a very random pat
tern of lightning strikes scattered over the entire Bessey Division. 
Certainly before man's interference with both the frequency and 
spread of lightning-caused fires, this area must have burned re
peatedly and regularly from year to year. 

Mr. Plourde has written me (Feb. 11, 1966) some very interest
ing comments on the lightning fires and lightning fire data as fol
lows: 

Of course a great number of lightning storms with which we 
are involved are of connective derivation. These are somewhat 
more difficult to forecast than some of the rather large frontal 
systems. As you know, here in Nebraska we have been working 
quite closely with the Weather Bureau and have been quite 
pleased with the validity of their forecasts. In some cases, the 
forecasts have been able to tell us an approximate relation that 
we can expect between cloud-to-cloud and cloud-to-ground light
ning. 

I do not think that the apparent and rather sizable increase in 
lightning-caused fires in our own cases as well as many others can 
be attributed to better and more complete reporting procedures. 
Many times in the past, lightning-caused fires were not reported, 
simply because they were so common and. also because they oc
curred in isolation and were not observed. 

Some of the early fires traveled extremely long distances. In 
1905 a fire started at Hyannis, Nebraska, presumably by lightning, 
although this is not certain. It traveled over 165 miles and finally 
burned out within the watersheds of the Middle Loup and Dismal 
Rivers, apparently stopped by both rivers. However, before burn
ing itself out, it burned about 98 % of the Bessey Division and de
stroyed nearly all the planted ponderosa pine. The extent and fre
quency of natural lightning fires in the Great Plains was such as to 
be hardly conceivable. But the record is clear-the Great Plains con
sisted of highly combustible fuel and the lightning potential is such 
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from frontal patterns, let alone local convection thunderstorms, that 
the igniting agency was, and still is, exceedingly common. 

I wish to call your attention to the lightning observation pattern 
along the Rockies. This occurs quite frequently throughout the sum
mer months and it would appear to me that the fire potential is 
great. We have, however, no reporting stations along this area and 
most of the country is being used in such a way that fires would 
be difficult to start. However, the lightning potential is there. How 
such lightning fires could literally march out across the Great Plains 
is shown in a series of fires that started on August 14, 1964, at the 
Laramie Peak Division of the Medicine Bow National Forest and 
traveled on through the three Nebraska National Forests. Unfor
tunately, there are no recording points, such as National Forests, 
etc., to report lightning fires through the broad sweep of the Cen
tral Prairies. Much of this today is in intensive agricultural use and 
the possibility of grass fires occurring is practically nil, at least from 
lightning. However, that lightning still occurs throughout the region 
is very evident in the lightning damage to buildings, animals, and 
people every year. It is a rare building that is not equipped with 
lightning arrestors which are quite evident when one travels through 
this region. 

CONDITIONS MAY 6 THROUGH MAY 10 

Now let us get back to our frontal system. On May 6, as the 
eastern end of the front was progressing southward down the Ap
palachian Mountains, lightning fires occurred as follows: (Fig. 4) 

May 6 1 3:50 P.M. George Washington National Forest, Vir-

May 7 

May 8 

g1ll1a 
1 2:10 P.M. Cherokee National Forest, Tennessee 
1 Black Hills National Forest, South Dakota 
1 11:30 P.M. Jefferson National Forest, Virginia 
3 6, 7, and 

7:30 P.M. Cherokee National Forest, Tennessee 
1 1:00 A.M. Cherokee National Forest 
1 4: 30 P.M. Jefferson National Forest, Virginia 
1 12:00 noon George Washington National Forest, Vir

g1ll1a 

101 



E. V. KOMAREK, SR. 

May 9 1 11: 00 A.M. Chattahoochee National Forest, Georgia 
1 7:00 P.M. Chattahoochee National Forest, Georgia, 

2nd District 
May 10 1 11:00 P.M. Pisgah National Forest, North Carolina 

This kind of frontal movement southward along the Applachians 
seems to be quite common, causing the lightning fires to move south 
with the front. It has been repeated several times in the last four 
years. Mr. John N. Bellartyn, acting forest supervisor for the Mon
ongahela National Forest in West Virginia writes me as follows: 

We normally have few fires from this cause, averaging about 
2 per year out of 30 fires. Usually rain is associated with our 
lightning fires. 

The National Forests are located all along the Appalachian 
chain of mountains. These are the regions of heaviest rainfall; over 
100 inches per year falls on Mt. Guyot in the Great Smoky Moun
tain National Park in Tennessee and North Carolina. However even 
here dry spells occur and in certain years the forests in these moun
tains would be subject to much more abundant lightning without 
precipitation. The hardwood forest likewise is less apt to be set afire 
because of less combustible fuel except in dry spells. 

CONDITIONS MAY 11 THROUGH MAY 16 

On May 11th the frontal system (Fig. 5) had reached Flor
ida. As this state has cooperative fire protection by the Florida 
Forest Service over most of the forest lands, we have more exten
sive and complete coverage of data. The number of lightning-caused 
fires began with 3 on May 11 and rose to 5 on May 12. On May 
13 the number of such fires jumped to 18, then dropped down to 7 
on May 14 and only 1 on May 16 as the frontal system passed 
on through Florida. During the six days that the front passed 
through Florida, lightning set 37 fires in that state. 

CONDITIONS MAY 16 THROUGH MAY 22 

As the aforementioned front was passing through Florida, an
other frontal system had entered the United States. On May 16, this 
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FIG. 3. Composite of frontal system and lightning caused fires May I-May 5, 1965 inclusive. Solid line shows the front on 
May 1. The dotted line shows it on May 5. During this entire five day period the front "stalled." Such stalled fronts appear 
to produce a great deal of lightning over a region. The dots represent ranger districts on National Forests where one or more 
lightning fires occurred during this period. Information was received from Carl Wolfe on 9 other lightning caused fires in 
5 Nebraska counties during this same period which are not included in the above map because they did not occur on National 
Forests. 
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FIG. 4. Composite of same frontal system and lightning caused fires; May 6-May 10 inclusive. Solid line shows the front 
on May 6. The dotted line shows to where it progressed on May 10. The dots represent ranger districts on National For
ests where one or more lightning fires occurred during this period. Throughout these five days the location of the lightning 
caused fires followed the frontal system southward. These occurred only along the Appalachian Mountains for the National 
Forests are located along this chain of mountains. Mr. Wolfe furnished information on one such fire in Logan county, Ne
braska during this period. 
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FIG. 5. Composite of same frontal system and lightning caused fires; May II-May 16 inclusive. Solid line shows the front 
on May 11. The dotted line shows to where it progressed on May 15. The dots in Florida represent one or more fires caused 
during this period as the front progressed through Florida and then off into the Caribbean. Mr. Wolfe reported 3 such fires 
in 3 different Nebraska counties on May 13 whir.h are not shown. These were caused by another frontal system following 
behind the May 1-16 one indicated by dashed line. 
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front set one fire on the Mark Twain National Forest in the Ozark 
Mountains of Missouri. The southern air-mass was quite unstable but 
there was considerable precipitation. However, fires were reported 
on the Chattahoochee National Forest in Georgia, Talladega Na
tional Forest, Alabama, Sumter National Forest, South Carolina, on 
May 18th; one in the Quachita National Forest, Missouri, on the 
19th, another in the Talladega on the 21 st and one in the Cherokee 
National Forest of Tennessee. Only three fires were reported in 
Florida from May 17 to May 22. 

CONDITIONS MAY 23 THROUGH MAY 30 

On May 23 two fires were reported in the Jefferson and the 
George Washington National Forests, Virginia, hut they really be
gan to start in Florida. 

May 23 2 fires in 2 counties 
May 24 5 fires in 5 counties 
May 25 18 fires in 8 counties 
May 26 6 fires in 2 counties 
May 27 1 fire in 1 county 
May 28 6 fires in 3 counties (1 also in the Quachita Na

tional Forest, Missouri ) 
May 29 7 fires in 5 counties (1 also in Appalachicola Na-

tional Forest, Florida) 
May 30 5 fires in 4 counties 
May 31 5 fires in 4 counties 
A total of 54 lightning-caused fires were reported in this nine day 

period from 29 of the Florida counties. Between May 31 and June 4 
there was no frontal activity and no lightning-caused fires were re
ported. However, throughout the summer months of 1965 frontal 
activity repeated the same pattern as in June and swept the country 
generally from the northwest to the southeast from 6 to 14 day 
intervals. Where heavy precipitation or wet forest conditions oc
curred the incidence of lightning-caused fires naturally lessened. 
From cursory examination of weather maps and U.S. Forest Service 
records on lightning-caused fires for previous years the pattern of 
frontal activity associated with lightning-caused fires for 1965 was 
not unusual. 
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At times the mT or martime Tropical Atlantic-Gulf air-mass ap
pears to be exceedingly unstable over a very large area, literally 
the entire Southeast. Such a condition occurred on August 7, 1965. 
As there had been considerable rain over this region, no fires were 
reported, but considerable lightning activity was reported on the 
daily weather map. 

WESTERN UNITED STATES 

Lightning fires are not frequently started west of the Great Plains 
until after July 1 and the summer months from that date to October 
are considered the "fire" season by forest protection agencies. The 
long chain of mountains stretching from the Yukon all the way to 
southern Mexico presents a barrier so that continental Polar air only 
very infrequently enters into the far western part of the United 
States. However, as mentioned previously, these mountain tops have 
climates very similar to that of the Far North and so each develops 
its own small or micro-Polar air-mass. Thus we have what is essen
tially continental Polar air but scattered and separated on each high 
mountain mass. As discussed earlier, air from the maritime Tropical 
air-mass from the south Atlantic and the Gulf of Mexico does at 
times sweep up northward through the open valleys, plains, and 
plateaus. Thus we have moist, warm, unstable air meeting that of the 
continental Polar type and so, similarly, we have frontal develop
ments for the same reason as in the eastern part of the nation, but 
on a much smaller scale. However, the amount of lightning pro
duced by these smaller frontal patterns does not seem to be re
duced proportionally. 

I have again selected a series of air-mass patterns that appear to 
me to represent some of the weather conditions conducive to light
ning fires. 

CONDITIONS J UL Y 7 THROUGH J UL Y 16 

On July 7, a very substantial flow of moisture-laden marltlme 
Tropical air from the Gulf of Mexico moved into southern Arizona 
and then apparently traveled up into Idaho. A continental Polar 
air-mass gradually extended southward and the lightning fire in-

107 



E. V. KOMAREK, SR. 

FIG. 6. This map shows the lightning caused fires (black dots) and the frontal 
system for July 10 (solid line) and for July 11 (dotted line). The influx of Gulf 
air into Arizona and New Mexico was responsible, apparently, for numerous lighming 
caused fires. Each dot represents one or more fires per ranger district on these two 
days. The incidence of fires was quite great and some of these districts had as high 
as 30 such fires per day. 

cidence dropped sharply so that by July 10 only a few were re
ported. The dots represent ranger districts that reported fires. On 
July 11 the maritime Tropical moist air apparently pushed the 
colder air back and by July 16 the western part of the frontal 
system had disappeared except in the southeastern section of the 
nation. In this type of pattern the northern continental Polar air 
apparently reinforced the mountain cold air-mass and after July 16, 
the incidence of lightning fires reported dropped quite significantly. 
During the period from July 7 through July 16, 536 lightning fires 
were reported from Arizona and New Mexico alone. 
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CALIFORNIA 

CONDITIONS JULY 24 THROUGH JULY 29 

A few days previous to July 24, the flow of Gulf maritime Tropi
cal air began to move into California through Arizona and New 
Mexico. According to the precipitation maps of July after the mid
dle of the month, rains or showers had fallen over much of the 
latter two states so only scattered lightning fires were being re
ported. On July 24, the flow of air up through California had as
sumed real proportions and lightning fires were beginning to be re
ported in quite some frequency up the Sierra. This certainly verified 
McAdie's statement made in 1903 about moist, Gulf air coming 
from the Valley of the Colorado and developing thunderstorms in 
the Sierras. By July 25 this air was reaching all the way up into 
British Columbia and developing thunderstorms all the way and 
which set a large number of fires from central California to northern 
Washington as far as our records go. Conditions for lightning fires 
became really extreme on July 26. By July 27 the number of re
ported fires diminished and the Gulf air was retreating at the same 
time. I would like to point out here that in the Far West there 
seems to be a lag in time between lightning fire reports and the 
airflow. This may be due entirely to the fact that the weather maps 
are made up as of 1 A.M. Eastern Standard Time whereas the light
ning fires have been reported on a Pacific Time basis. On July 28 
and 29, the Gulf air retreated farther southward and the lightning 
fires were much less reported and so thus this series came to an 
end (Figs. 7 and 8). 

CALIFORNIA MARITIME TROPICAL PACIFIC 

CONDITIONS AUGUST 7 THROUGH AUGUST 12 

In early August another development of moist warm air into 
California began and by August 9, lightning fires were being re
ported in increasing number in southern California and Arizona. 
However, this time the main source of warm, moist, air was from 
the Pacific. The small inset 500 millibar map indicated that a small 
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FIG. 7. Frontal conditions July 24. Map above and Fig. 8 show the influx of warm, 
moist air from the Gulf of Mexico (solid line) up through the valleys of Califorriia 
and into Oregon and Washington and its relation to lightning caused fires by ranger 
districts. As the northern cold air was largely east of the Rockies, the cold air of 
the mountain masses in these states in conjunction with the Gulf air, triggered a 
tremendous amount of lightning. Many of the ranger districts reported more than 
five such fires per day and some as high as 28. 

tropical disturbance had shown up off of Bahia, Mexico, and its 
counterclockwise winds were entering these two states far ahead 
of any rains. By August 10, this disturbance or low pressure had 
moved considerably closer and the flow of air went well up into 
Canada. However, much of Washington and Oregon apparently had 
heavy rains and not many fires were set: But, the reverse was true 
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FIG. 8. Same frontal pattern as Figure 7 but showing frontal conditions one day 
later, July 25. 

in California and Arizona. By August 11, the lightning fire inci
dence in these areas was nearly unbelievable. By August 12, the 
disturbance had disappeared or at least left our maps, rains had 
occurred, the flow of moist air ceased and the incidence of lightning 
fires had dropped considerably. Note that throughout this period 
there were no large frontal'developments caused by continental Polar 
air. The contrasting dry, cool air that was needed to counteract 
with the moist warm and unstable air had to come from mountain 
air-masses (Figs. 9 and 10). 

A very interesting study was furnished me on thunderstorms in 
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FIG. 9. These maps show the influx of warm moist air from a small hurricane off 
the coast of Bahia California (solid line) into the valleys of California and up 
through Oregon, Washington, and into British Columbia and its relation to lightning 
caused fires (black dots) by ranger districts. The lightning caused fires progressed 
northward from southern California (August 10) up into Oregon and Washington 
(August 11) along with the influx of the warm moist air. The Northern cold air 
mass was to the east of the Rocky Mountains so the cold dry air that met the warm 
moist air to trigger lightning and thunderstorms must have come from the mountain 
top micro-air-masses. Most of the ranger districts <reported many more than one 
lightning caused fire per day. 

the Klamath National Forest, Yreka, California by Mr. Wilbur V. 
Howard, Chief Fire Control Officer, who writes as follows: 
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FIG. 10. Same frontal pattern as Figure 9 showing frontal conditions one day later, 
Aug. 11. 

resulting from such thunderstorms. The total number of fires re
sulting was considerably below that which normally occurs from 
the amount of thunderstorm activity which occurred last summer. 
There are two reasons for the small number of lightning fires. 
First the accumulated dryness of forest fuels was much less than 
normal, and second the thunderstorms were accompanied by 
heavy amounts of precipitation in nearly all cases. 

GREAT BASIN, NEVADA 

CONDITIONS AUGUST 14 AND 15, 1964 

Another pattern that I did not find in 1965 but was most evident 
in 1964 concerns the fires started by lightning in northeastern 
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Nevada. On August 14, a regular cannonade of lightning fires 
erupted so that at one time, over thirty were reported burning in 
less than one day. Mr. Ivan O. Vickers, Acting District Manager, 
Elko District, Bureau of Land Management, Elko, Nevada, has writ
ten me: 

Briefly, the fire storm last summer was lightning-caused; over 
30 separate fires burned together into 5 large complexes. Total 
acreage burned was 167,407 acres. 2700 fire fighters, 21 air 
tankers, 18 helicopters, 64 bulldozers and 22 fire trucks were 
used in suppression. The estimated rehabilitation cost was 
$1,000,000.00. 

He also wrote the following pertinent information. 

During the past 15 years lightning has caused less than 50% 
of the fires within the Elko District; however, these fires have 
usually been serious because numerous starts within a short space 
of time make it nearly impossible to detect and extinguish all 
the fires rapidly. 

The known lightning fires are treated for reporting purposes 
the same as any type of wildfire on BLM managed lands. How
ever, because of the large size of the district, its very light and 
scattered population and the reliance on reconnaisance air craft 
and ranchers for all detection and reporting, I am sure that a 
great many lightning fires occur and burn out naturally in the 
more remote areas. 

The number of lightning fires reported in this district, from a 
personal check on the records at Elko, is somewhat amazing to me 
for much of this area is quite heavily grazed sage-brush land and 
much of it is burned over by ranchmen for grazing purposes. 

Mr. Dan W. Bromley, formerly Range Conservationist, Bureau 
of Land Management, Carson City, Nevada in the Elko Fire Re
habilitation Program has written: 
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The southwestern portion of Nevada's famous Elko County, 
renowned for livestock production, differs considerably from the 
rest of the county in that it is dryer (10 to 13 inches annual 
precipitation) than the eastern portion, and therefore has suffered 
more from overgrazing and past fires. Much of the burned areas 
was pure cheatgrass although big sagebrush, (Artemesia triden
tata) with an understory of Sandberg bluegrass (Poa secunda), 
and cheat grass, (Bromus tectorum), covered a substantial part 
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of the fire area and carried the blaze equally well during the hot 
afternoons. 

The lightning storm hit in the early afternoon of a hot, dry, 
August day and started more than 30 fires before sundown. These 
later consolidated into 6 or 7 large fires whose control was 
made more difficult by constantly switching winds. 

Correspondence with Mr. Bromley elicited the following informa
tion: 

To my knowledge the track of the lightning storm was from 
out of the southwest which is the path of major storms both in 
summer and winter in central Nevada. The vast majority of 
mountain ranges in the state are north-south oriented and storms 
moving eastward from the Pacific lose most of their "punch" in 
the Sierra Nevada Mountains on the California-Nevada border. 
This same lightning storm caused several forest fires high in the 
Toiyabe range earlier in the same day. This mountain range runs 
north and south from Austin, Nevada. Thus the general direction 
of the storm was most likely in a northeasterly direction. 

As regards the location of these fires the larger ones and the 
majority lie approximately 25-30 miles west of Elko. The farthest 
one south extends about 20-25 miles south of Highway 40 and 
the northern extreme is about 40 miles north of the highway. 
One fire, however, of about 20,000 acres in size is but 7 miles 
northeast of Elko. 

I cannot but wonder how much territory such fires burned over, 
before the efforts of man to suppress fires, in the absence of cattle 
and sheep grazing, as well as all the other man-made obstacle to 
fire spread. 

Now let's take a look at the weather pattern. 
A very large High pressure area of continental Polar air had 

dominated the eastern two thirds of the United States for three days 
prior to these fires. On August 12 and 13 there had been some 
frontal development over the Elko district that could have been 
caused by cold air from this northern air-mass spilling through and 
over the Rocky Mountains and associated ranges to the east of 
Nevada. Maritime Tropical Atlantic and Gulf air had been moving 
in rather rapidly as this eastern cold air-mass moved farther east, 
but the frontal system was still parallel to the Rocky Mountains 
but in the Great Plains. On August 15 this frontal system was being 
held right against the mountains so that the possibility of cold air 
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spilling into Nevada still remained, or perhaps it helped maintain 
the cold air on the mountain tops. With the Gulf air moving into 
Nevada from the south it was easily channeled northward into the 
Elko district, by the same pathways man uses in his movements 
north and south in Nevada. 

PRECIPITATION PATTERN 

The lightning fire records used in preparing this report were 
gathered from many areas where abnormal rainfall occurred. Some 
of the Forest Service personnel included some very pertinent infor
mation in this respect along with the lightning fire records which I 
quote forthwith: 

Minnesota 

Superior National Forest-Kermit W. Udd 
"Due primarily to above normal rainfall, fire occurrence on the 

Superior National Forest was quite low in 1965." 

Wisconsin 

Chequamegon National Forest-M. J. Johnson 
"The Chequamegon had no lightning fires in 1965. The season 

was such that our total fire occurrence was only 6 fires-all man
caused. Normally, lightning fire occurrence is 1 to 2 per year." 

P ennsy [vania 

Allegheny National Forest-Forest Supervisor, L. K. Kelley 
"Lightning fires are not common in this area since most of our 

storms are accompanied by considerable precipitation." 

Wyoming 

Teton National Forest 
"The 1965 fire season on the Teton National Forest was one 

of the easiest in our history. A very heavy snowpack the previous 
winter probably contributed to the low fire occurrence. We did 
not have a single lightning-caused lightning fire in 1965. Our 
long-time average is ten lightning fires per season." 
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Montana 

Lolo National Forest-J. W. Johnson 
"The number of fires for calendar year 1965 is below the five 

year average which is 127 lightning fires." 
Lewis and Clark National Forest-W. J. Fieldeling 

"The lightning intensity for the Forest was average, but moist 
weather conditions held down occurrence." 
Deerlodge National Forest-Forest Supervisor, Rolf B. Jorgensen 

"This is below our annual average of 15.5 dating back to 1906. 
The Forest recorded 40 lightning days for the period of May 
through September with approximately 85% occurring in July 
and August. Heavy rains accompanied most storms accounting 
for the low lightning fire occurrence." (The Forest had only two 
lightning fires in 1965) 
Flathead National Forest-Dispatcher, John Robinson 

"This is the lowest number of lightning fires we have on 
record." 

Idaho 

Clearwater National Forest-Clem J. Pedeison 
"The number of lightning fires was below average on the 

Clearwater in 1965 due to heavy rain accompanying most of the 
storms." 

California 

Klamath National Forest-Wilbur V. Howard 
" ... The total number of fires resulting was considerably 

below that which normally occurs from the amount of thunder
storm activity which occurred last summer. There are two reasons 
for the small number of lightning fires. First the accumualted 
dryness of forest fuels was much less than normal, and second 
the thunderstorms were accompanied by heavy amounts of pre
cipitation in nearly all cases." 

DISCUSSION 

Forest managers make use of a basic forest map over which they 
place several sheets of clear plastic upon which they have drawn 
various working plans. These are called "overlays" and give the for-
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ester an overall and general view of their projects and how they 
might effect the forest. Now if we take the relief map of the North 
American continent as our basic map, and place over it the following 
"overlays" we should obtain, possibly, an overall and general view 
of our central project: the meteorological basis for fire ecology. 

1. airmass movements 
2. frontal developments 
3. westerlies 
4. jet-streams 
5. other related weather information, (lightning observations, 

winds) 

Then finally, and last of all, place upon this an "overlay" of 
lightning-caused fires. All this we have now done. There are at 
least two possible general views we may obtain by this method. 

1. A basic pattern of lightning-caused fires in relation to some 
of the weather elements. 

2. A jumble of irregular, randomized data without pattern. 

The latter is quite possible because we are using data that has 
many statistical faults. As one example; the weather data has been 
gathered for other purposes than ours and is quite incomplete. An
other example is that our grid of reporting stations for both weather 
and lightning fires is not randomized over the continent. In fact the 
fire records are quite concentrated in certain areas where the na
tional forests are located and in many cases, our weather information 
comes from valleys or centers of cities where no lightning forest 
fires could be reported. Thus this could leave us with a quite im
perfect picture. 

However, the former has turned out just as surprising to me as it 
has been to you, for as has been quite evident, several distinct pat
terns have developed on our "overlay". I am sure forest managers 
would agree with me that our projects have fitted the basic map 
fairly well. 

This, however, by no means completes our study. We have been 
investigating large and rather fast movements on this "overlay". 
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Therefore, let us add another element which is needed for a full 
appreciation of this "overlay" and for explanatory purposes. We 
therefore add a scanning device similar to the sweep of a radar 
screen which regularly, albeit sometimes imperfectly, sweeps or 
scans our "overlays". This then enables us to see the following five 
patterns rather nicely, all that time and space will allow. 

1. We have seen the wide sweep of a front from Wyoming to 
the Appalachians which set fires under several different condi
tions nearly the entire distance in one day. As it moved south
ward over a period of nearly two weeks it triggered additional 
fires all the way to the southern tip of Florida. I have shown 
this pattern twice in one month. I can assure you that this type 
of pattern occurs generally throughout the summer months. 

2. A pattern of moist, warm unstable Gulf mT air flowing into 
Arizona and New Mexico, possibly all the way to Idaho, and 
again triggering lightning fires. 

3. A pattern of moist, warm, unstable Gulf mT air reinforced 
now by maritime Pacific air flowing into southern California 
and northward up the interior valleys of that state and then 
through the open valleys and plateaus of Oregon and Wash
ington into British Columbia. There again this air-mass started 
fires even in some regions where the average rainfall surpasses 
100 inches a year. 

4. A pattern of warm moist unstable Gulf m T air flowing its 
way into the Great Basin of Nevada creating conditions for 
numerous lightning fires in a region of 8-12 inches average 
annual rainfall. 

5. And this same type of Gulf air spreading over the southern 
two thirds of the United States from the Rockies to the At
lantic creating a large amount of lightning by its very in
stability. 

CONCLUSIONS 

These patterns of frontal movements and correlated lightning 
fires and the data upon which they are based lead me to four con
clusions. 
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1. The lightning potential over North America is extremely large 
although virtually unknown. 

C. E. Brooks in England after he had studied the climatological 
records up to 1925 estimated that there were about 1,800 thunder
storms in progress over the earth at one time. Several investigators 
since have suggested that this figure is much too low. On the basis 
of the present day data Brooks' figure is certainly very conservative. 

For example: In an area comprising the states of Nebraska, Iowa, 
Kansas, Missouri, Oklahoma, Illinois and Indiana of 443,529 square 
miles, 13 out of the 21 recording stations in that region recorded 
lightning observations at 1 A.M. on the night of August 7th. The 
distance between these stations is great so as to preclude any duplica
tion of information. Thus 64% of the stations, and I feel we can 
thus presume that 64% of the region, was under the influence of 
thunderstorms at one time. On the basis that anyone weather sta
tion even in this region could record the lightning only within a 100 
square mile area this would give us a figure of 2,738 lightning 
storms going over that region in a one hour period. As this rep
resents only one frontal activity for only one hour on one day, 
and these fronts sweep across the continent on an average of about 
7 to 12 days during the summer months for 24 hour periods this 
would indicate a nearly unbelievable amount of electrical activity in 
the atmosphere. 

Court (1960) in an excellent paper on lightning fires in California 
says that, 

"Incidence of lightning-caused fires around this 8,377 foot 
peak (Mt. Ingals, Plumas Co., Calif.) averaged 169 fires per 
million acres per year during the 12 year period 1945-1956. (This 
is about 1 fire per 10 square miles per year)." 

He has also written, 

"As shown clearly by this comparison, weather station reports 
of thunderstorm activity are not a reliable index of the number 
of fires caused by lightning on nearby forest and brushlands." 

Before we can understand the full potential of lightning and thun
derstorm activity, meteorologists are going to have to update their 
meteorological observations and techniques. 
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2. That thunderstorms may be a very necessary part of the atmos
phere to maintain the electrical stability of the earth's electrical 
potential. 

The thunderstorm is a very vital part of the world around us, 
undreamed of by the ancients and the casual observer of the weather 
today. Meteorologists now believe that thunderstorms are the major 
mechanism for the transport of heat from the ground into the at
mosphere without which the earth would become uninhabitable to 
man. Battan (1964) in his very readable and entertaining book The 
Thunderstorm writes as follows after a discussion of this heat trans
fer by thunderstorms. 

" ... in so doing, they constitute a vital part of the machinery 
for keeping circulation of the atmosphere in proper balance. 
For these reasons, thunderstorms must be regarded as necessary 
parts of nature's plan." 

This leads to the possibility, because of their tremendous lightning 
activity, that they may likewise be part of the necessary machinery 
for keeping the electrical field in proper balance. 

3. That the potential for lightning-caused fires over the North 
American continent is so great that it fully fills the need for 
a meteorological basis for fire environments and fire ecology. 

With this the Fifth Annual Tall Timbers Fire Ecology Conference, 
there has been brought together a vast amount of data in regard 
to the adaptations of plants and animals to fire environments rang
ing from the northern sections of this continent to its southern 
end; to Africa and Cambodia. I have also in previous papers, stressed 
the effects of natural selection, mutations, adaptations, etc. to fire 
environments. Now either all this large amount of data and observa
tions had to be false or there had to be a natural meteorological 
basis for these fire environments. Unfortunately in many respects 
the destructive aspects of fire have been stressed by many agencies 
to the detriment of the understanding of the regenerative values of 
this same natural agency. In fact, this philosophy had been so heavily 
emphasized that many believe that fire is all caused by man. The 
lightning potential for lightning fires in relation to weather pat-
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terns is such that we can say fire is a natural agency and is part of 
Nature in its fullest meaning. 

4. I wish to reiterate that fire is a regenerative force in Nature. 

In fact, I am now led to believe in light of this meteorological 
basis for fire environments that what is generally termed "climax" 
flora or fauna must have naturally existed only in rather restricted 
areas naturally protected from lightning fire with the possible excep
tion of some of the Tropical Regimes: That this pattern has been 
disrupted, changed, and in many regions, destroyed by man and his 
activities including his misuse of fire and of fire exclusion; and that 
lightning and lightning-caused fires must be considered at least of 
equal value as other components of the climate and physical en
vironment in understanding the major faunal and floral associations 
of North America. Lightning-caused fires before the introduction 
of man to this continent must have been the climatic agency that 
maintained so many plant communities in seral stages upon which 
so much of our animal life depends. Animal ecologists and game 
managers are well agreed that most of our animal life depends upon 
the seral stages of vegetation succession for its abundance and welfare 
and that climax communities are generaly considered "biological 
deserts." Fire is the only natural agency widespread enough, abun
dant enough, fast enough, and regularly enough to hold plant suc
cessions in such seral stages on a vast scale in the absence of man, 
and thus maintain the diversity of animal life that is so dependent 
on such successional vegetations. Thus, before the coming of man to 
North America the fauna and flora constituted a Fire Mosiac of 
great diversity created and maintained by lightning-caused fires along 
with other climatic and physical factors in the environment. 
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