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THE MEANING OF CLIMATOLOGY

In defining weather, we usually think of "the sum total of all meteorological
variables at a given time. " [ 1] Thus, weather is a sort of snapshot of the
atmosphere in motion at one instant. But if we think of a series, or of a com
posite, of these snapshots, we are dealing with climate, a sort of time exposure
of the atmosphere in motion. From a time exposure, we can distinguish the
general shapes and locations of large segments of action in relationship to one
another; but the smaller details are made indistinct. So it is with weather and
climate; by using the methods of studying climate we can discover how weather
customarily differs from place to place and from time to time. This study of
climate we call climatology.

The differences in weather from place to place and from time to time have
been written and speculated upon for centuries. Most of the early attempts to
study climate resulted in statements regarding the general kinds of weather to
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[1] Haurwitz, B. , and J. M. Austin 1944 "Climatology" McGraw-Hill, N. Y.
Page 1, First Edition.
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be expected at a place in the different seasons. . . . very general statements,
often with the writer's own personal feelings about what was "hot" and what was
"cold". As measurement and the scientific method flourished around the

world, climatology took advantage of the trend and became more exact and more
objective. The reports of climatological investigations began to include such
statistics as the computed normal temperature for such-and-such a place for
July, for January, and for the year. Page after page of such statements were
published. Soon people interested in describing the state of the earth's sur
face began to work with these published statements of normal conditions and to
compare the results from one place with those of other places. Presently,
patterns began to appear, and the investigators began to describe kinds of
climate. Climates were classified into those with wet winters and dry summers,
those with moderate winters and cool summers, and the like. Climatic classi
fication came upon the scene in the form of various maps of the earth's surface
showing the normal values of weather variables as recorded (such as Figure 1),
and the boundaries of the climatic types (such as Figure 2). Study of the
location of these different climatic types helped to explain such things as the
distribution of plants and animals, the types of livelihood of>peoples in different
regions, and many things about the landforms themselves: canyons, plains,
swamps. Climatology helped explain many things; but not much effort was
expended explaining the climate.

PERIOD 1899-1938

FIGURE 1. (From CLIMATE AND MAN, Yearbook of Agriculture 1941,
U.S. Department of Agriculture. Page 705.)
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FIGURE 2. (From CLIMATE AND MAN, Yearbook of Agriculture 1941,
U.S. Department of Agriculture. Page 104.)

Classical climatology was in general divided into three fields. We have
already mentioned the first two: distributions of normal weather variables and
the study of climate types. The third was the study of long-term cycles of
change in the over-all climate of the earth. More and more, climatologists
were faced with the task of explaining the things they discovered and described
about the earth's climate. . . .understanding something of the physical processes
involved. Why are the low rainfall areas located where they are? Why the
fog belts? Why did there used to be tropical swamps where now there are
icecaps? These were the questions that had to be answered.

To answer the questions posed by climatology, the investigators analyzed
the variations of climate and found that many of them could be explained by
different combinations of climatic controls. The primary climatic controls are
physical things such as the tilt of the earth's axis and its tour around the sun,
the distribution of land and water, the distribution and elevation of mountain
ranges. Secondary climatic controls are in many respects the results of the
primary controls: the location of ocean currents, the locations of semi
permanent areas of high and low barometric pressure, the general circulation
of the atmosphere, and the paths along which storms generally move. Other
forms of controls are important in a more local sense: for.example, the kind
of vegetation on the surface, the makeup of the soil surface materials, and the
location of large lakes. Many things about the nature of climate could be
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explained by reference to these controls acting in their different combinations.
Notice, however, two things about the developments so far mentioned in
climatology: 1) the work was done to develop knowledge for knowledge's sake
(that is, without an intended use in mind), and 2) the bulk of the work was
descriptive and not quantitative other than the basic measurements. Climatology
wasn't used for anything.

Then along came World War II. . . . "the greatest battle of wits of all time.
To an extent never before approached, it was a war of technician versus
technician, (in which) the intelligent exploitation of some single weather factor
often supplied the slight technical advantage which meant the difference between
success or failure of an operation or campaign. " [ 2] There was now a pressing
need to use climatology. In all the wide variety of problems presented to the
military climatologist, "in no case was there any real requirement for pure
climatological information as such". [ 2] Classical climatology rapidly gave way
to "Applied Climatology", or "Meteorological Engineering", in the face of these
wartime needs. There was no way to go back and make additional observations,
but new ways of analyzing the data at hand and presenting the results were born.
The user armed with knowledge of his problem and the climatologist armed with
his data and experience together hammered out the best solutions possible within
the limitations of time and information. As more and more problems were
solved and the results put to work, the general outlines of the new field of
Applied Climatology began to take shape.

Today, many climatologists think of the applied branch of their science in
the following general framework. The problems, from the point of view of the
analyst or climatologist, are of four basic kinds: 1) problems of designs and
specifications, 2) problems of location of an operation, 3) problems involving
the planning of an operation, and 4) problems concerning biological processes.
Examples of forestry weather problems in these four classes are shown in Table 1.

TABLE 1
Class of Problem Example of forestry weather problem

1) Designs and specifications Width of fire breaks in relation to expected
wind speeds

2) Location Location of a fire danger station

3) Planning an operation Earliest time when planting crews could enter an
area which is usually snow-covered in winter

4) Biological processes Relationship of temperature and precipitation to
the size of cone crop in a timber species

[2] Jacobs, W. C. 1947 "Wartime developments in applied climatology"
Meteorological Monograph No. 1, The American Meteorological Society,
Boston, Page 1.



In addition to breaking the problems down into types, the analyst divides them
into groups according to the nature of the elements involved:

1) Space one point
multiple points
an area or a volume

2) Time a simple time series
a complex time series involving accumulations,

time lags between events, etc.

3) Weather one element, such as temperature
multiple elements in different combinations.

The climatologist, then, given a problem breaks it down into the class of problem
and into the class of technique he is likely to use in solving it.

The user, or the one presenting the problem to the climatologist, frequently
sees his problem in a different light. . . .according to the framework of his
efforts. For example, a forest protection man would probably see a climato
logical problem as one of the following:

1) Economics .... the hiring of temporary help: when, how many,
for how long ?

2) Logistics where should the help be stationed?
how much equipment and what kinds ?

3) Operations. . . . preventive measures: shutdowns and restricted
use of forests,

corrective measures: fire behavior under different

kinds of weather conditions.

Once the user and the analyst together have completed their solution, the results
must be summarized and presented in an understandable and usable manner.
This matter of presentation of climatological results is of great importance and
has required as much effort in development as the techniques of arriving at the
results.

Looking back on their experiences in Applied Climatology, the leaders in the
field conclude that the results should present climate as the dynamic and
variable thing it is. Movement and change are the very essence of weather, and
therefore of climate. However, as a basic framework from which to work, as
a yardstick so to speak, statements of normal or average conditions in the manner



of classical climatology are essential. The results must be understandable and
usable, and the user must be aware of the limitations of the results. The results
should set the stage for the weather forecast. . . . that is, the user should long
since have prepared efficiently for the major eventualities, based on climatology,
and on the final day the forecast should determine the course of action.

THE TOOLS OF CLIMATOLOGY

The climatologist generally thinks of his tools, or techniques, as lying in
three main groups: 1) theoretical (involving known equations relating physical
processes), 2) synoptic (involving relationships present on a weather map), and
3) statistical. Since the practical forester does not usually have access to the
first two groups of tools, the following discussion will limit itself to the
statistical tools of climatology and something about how to use them.

Earlier it was mentioned that the first studies of climate involved such things
as personal opinion as to what was a "hot" day and what was a "cold" day. Later,
measurements of such things became the rule, and personal opinion could in
many ways be excluded. But measurement of itself does not guarantee that
results are always directly comparable to one another. In order to compare two
measurements or two sets of measurements, we should know how the measure
ments were made. We should know, in the case of a daily maximum temperature
for instance, where the thermometer was located (how high above the ground?
in the sun? in the shade ? in what kind of shade ?), what kind of thermometer was
used, and what time of day the thermometer was read. In short, what we must
know about the measurements is the sampling procedure. Unless we know and
record every single observation of all the observations we are concerned with in
a problem, any smaller group of observations is merely a sample. What we
would like of a sample, of course, is that it be a miniature cross section of the
entire mass of observations involved. In order that our sample be just that, we
must insure somehow that each observation has an equal chance of being chosen
as part of the sample. This insurance, or control, cannot be forgotten in
solving a problem if the results are to be meaningful and valuable. For instance,
if a forester seeks a measure of overall average relative humidity at a lookout,
he cannot expect to overlook the relative humidity at night, or on rainy days if
his results are to mean what he wants them to mean. Careful sampling procedure,
then, is very important as a control over the nature of the record, as insurance
that the results of analyzing the record will accomplish the purpose intended.

Large masses of data for the most part have two basic characteristics:
1) the individual items display considerable variability, but 2) the total sum of the
items displays stability and predictability. To be able to picture the nature of
these characteristics in a certain mass of data (or a sample of that mass of data)
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we many times group the items according to their magnitude, and construct a
frequency distribution. Figure 3 presents data on daily maximum temperature
for August at Salem, Oregon, as a frequency distribution. For example, in the
ten years for which the data are presented, the maximum temperature has
been either 70° or 71° on ten days. The two temperatures 70° and 71° together
form a class, as do 84° and 85°, 92° and 93°, etc. Such a grouping as this
is called a one-dimensional frequency distribution.

FIGURE 3. Frequency of daily maximum temperatures at Salem, Oregon
^Ar\ during August. Ten years of record.
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Another form of frequency distribution involves the variables, such as
wind, which are circular in nature. Figure 4 represents the frequency distri
bution of the hourly wind observations at Salem, Oregon, for the month of
August 1957. In the center of this wind rose we see that "calm" was reported
on 75 of the 744 occasions, or 10. 1%. A north wind of from 1 to 5 miles per
hour was reported on 25 occasions, of from 6 to 10 miles per hour on 63
occasions, and of more than 10 miles per hour on 20 occasions. The only obser
vations of ENE wind were between 6 and 10 miles per hour, of which there were
two. Only one observation of east wind was reported, and no winds from the
southeast greater than 10 miles per hour were reported during the month.

A third type of frequency distribution is one in which the coincidence of
two variables is presented. Table 2 depicts data from Salem, Oregon, for the
noon observations of August 1957. Table 2a shows the frequency of coincidence
of various temperatures with various wind directions. The most common
combination was in the coincidence of temperatures in the 70's with winds from
the North or North-northeast, there being 9 cases in 31, or 29%. Here we are
dealing with a scalar variable (temperature) and with a circular variable (wind
direction). However, in the case of coincidence of two scalar variables, (e. g.
temperature and relative humidity) we may divide the data into classes, as has
been done in Table 2b, or we may present the data directly in a scattergram
such as Table 2c. ~
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Wind rose frequency distribution
of hourly wind speeds and
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during August 1957.
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TABLE 2. Presentation of the coincidence of two variables.

Tempera Wind Direction

ture (°F) N or

NNE

NE or

ENE

E or

ESE

SE or

SSE

S or

ssw

SW or

WSW

W or

WNW

NW or

NNW Calm

80 to 89

70 to 79

60 to 69

1

9

1

2 5

2

1

1

2 4 2

1

a. Coincidence of temperature and wind direction at noon.
Salem, Oregon, August 1957. Frequencies in days.

Tempera-

ture (°F)
Relative Humidity (%)

30-39 40-49 50-59

80 to 89 1

70 to 79 3 12 9

60 to 69 2 2

60-69

20 40 60 80 100

RELATIVE HUMIDITY (%)

70-79 80-89 90-99

b. and c.

Coincidence of temper

ature and relative humid

ity at noon. Salem,
Oregon, August 1957.
Frequencies in days.
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One dimensional frequency distributions may take on a great variety of shapes.
Figures 5 show the four basic shapes taken by these distributions:

a. The Normal, or bell-shaped curve*,

b. The skewed, in which the bell shape "leans" toward lower (or higher)
values,

c. The "J" shape, in which the lowest (or highest) values are the most
frequent* and

d. The "U" shape, in which the lowest and highest are the most frequent.

FIGURE 5a.

Normal frequency distribution.

A B
B

FIGURE 5c.

"J" frequency distribution.

FIGURE 5b.

Skewed frequency distribution.

FIGURE 5d.

"U" frequency distribution

♦Technically, not all symmetrical, bell-shaped curves are Normal. For further

discussion of "Normal" refer to any standard statistics text.



•

11

When we require a single value to represent something about a frequency
distribution, we generally use an average value. The three main kinds of
average are shown in each of the curves of Figures 5, and are defined as follows:

a. The Mode, or most frequent value,

b. The Median, which is the middle value, having 50% of the observations
above it, and 50% below, and

c. The Mean, or arithmetic mean, is the value obtained by adding all the
observations together and dividing their sum by the number of
observations.

Two other forms of frequency distribution which are commonly found are
really combinations of the Normal and Skewed types. Figures 6 show an example
of a Bimodal distribution having two modes (Ai and A2), and a Trimodal distri
bution having three modes (Al, A2 and A3). Notice that the "peaks" of the
distributions may range from flat, or round, to quite pointed curves near the
modes.

/*l *2
FIGURE fca.

Bimodal frequency distribution.

FIGURE 6b.

Trimodal frequency distribution.

Two frequency distributions may be of the same basic type, Normal for
example, and yet have quite different shapes. Figure 7a shows an instance of
this. In this Figure curve x includes items whose values are packed very
closely about the average value, whereas curve y includes widely scattered
values. That is, curve y has greater dispersion than curve x. In addition to the
three ways of specifying an average value for a distribution, we have two simple
ways of indicating the amount of dispersion:

a. The Range is the value of the largest item in the sample minus the
smallest, and

b. The Interquartile range is the Range within which the middle half of the

values of a distribution lie.
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Figure 7b shows two curves having the same Interquartile Range, Q, but different
Ranges, R\ and R2. Other measures of dispersion, such as the Average
Deviation or the Standard Deviation, will take into account the differences between

curves M and n, but the reader is referred to any standard textbook on
Statistics for further information on these more complicated measures.

FIGURE 7a.

Both curves have the same mode,

median, and mean. Curve Y has

greater dispersion than curve X.

FIGURE 7b.

Both curves have the same Interquartile

Range, Q, but different ranges.

The idea of "probability" is a very important one in climatology. The
probability of a certain event is the degree of certainty of its happening. We
customarily estimate the probability of a certain event by dividing the number
of occurrences of the event by the number of times it could have occurred. For
example, if in ten years a weather station recorded rainfall on 42 June days,
the estimated probability of a rainy day in June at that station is 42 divided by
the total number of June days in ten years, or 42/300. This fraction equals
0. 140, so we say the probability is 0. 140, or 14%. The probability of a NON-
rain day in June at the station is (1 - 0. 140), or 86%.

Suppose, now, we are talking about two events which may or may not happen
simultaneously. Let us say that whether one occurs has no influence on whether
the other occurs. That is, they are independent, and we wish to estimate the
probability that both events will occur simultaneously. We know that the
probability of a June day being a Thursday is 1/7. Since it is pretty safe to
assume that a day having rain and a day being Thursday are independent, we
then estimate the probability of a June day at our station being a rainy Thursday
by finding the product of the simple probabilities: (42/300) x (1/7), or 0. 020.
Since half the Thursdays in June (over a period of years) are odd-numbered, the
compound probability of an odd-numbered rainy Thursday in June is (42/300 x
(1/7) x(l/2), which is 0. 010, or 1%, or "one chance in a hundred".
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Let us say our weather station during these same ten Junes observed 121
days with maximum temperature in the 60's. If rainfall and maximum temper
ature were independent, we would say the compound probability of a rainy June
day with a maximum temperature in the 60's is (42/300) x (121/300), or 5. 6%.
But like most such weather happenings, the two are not independent. In fact,
of the 42 rainy days, let us say 34 had maximum temperatures in the 60's. So
we say:

The probability of a rainy day in June is 42/300 14. 0%'o

The probability of a day with maximum temperature in
the 60's during June is 121/300 40. 3%

The probability of a rainy June day with a maximum
temperature in the 60's is 34/300 11.3%

The probability of a day with maximum temperature
in the 60's relative to the occurrence of rain at the

station (in June) is 34/42 81.0%

The probability of a rainy day relative to maximum
temperature in the 60's is 34/121 28. 1%

Notice the last three probabilities are much greater than the 5. 6% for the case
of the two being considered independent events.

There are many other statistical tools of great value in climatology, such
as analysis of variance, correlation analysis, and regression analysis. But a
great many useful relationships can be uncovered quite readily if the tools
described here are carefully applied to the problems of forestry, and in
particular the problems of the climatology of fire weather.

USING THE TOOLS

The U. S. Weather Bureau issues many specialized forecasts for those
interested in forestry. However, it is virtually impossible for these forecasters
to be well acquainted with the many conditions which alter local weather
relationships within their forecast regions. As a result, actual weather in
some localities of the region may be quite different from that forecast, even
though the general weather over an area might be very nearly that predicted.
Forestry personnel often see these local variations in weather occurring time
after time and mentally catalogue them for future reference. If the men who
know these problems of local variation best. . . . the foresters on their districts. . .
would make use of the information contained in this Note and develop some
basic climatic studies about their own areas of concern, using the tools pre
sented here, the use and exchange of weather information in the forest industry
would increase rapidly in quantity and quality both.
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As an example of the kind of study which might be made by a forester,
there follows a sequence of analyses for an imaginary Ranger District. The
general problem which the Ranger is investigating is the occurrence of dry
days in relation to fire protection on a climatological basis. About all he is
likely to have to go on in the way of a published study of dry weather is a map
or two of the type shown in Figure 8. He decides he can get a better idea of
his dry day climate by studying the weather records for his district..

Weather observations are taken at Ranger Station "X" three times each day:
8 a.m. , Noon, and 4 p.m. For the purposes of this study, the Ranger has
defined a dry day as one on which the relative humidity was 30% or less at one
or more of these observation times.

Examining his records for ten years, he constructs Table 3, giving the mean
number of dry days per month at "X" for the different months of the year. There
were a total of 24 dry days during the ten Januarys, for instance, giving a mean
value of 2.4 per month. That the months of January, June, and July are
moderately dry and the months of September and October are very dry is no
doubt not much of a surprise to the Ranger, but he has at least put his experience

FIGURE 8. (From CLIMATE AND MAN, Yearbook of Agriculture 1941,
U. S. Department of Agriculture. Page 7 34.)



15

down quantitatively in the form of a table. In addition to the mean values of monthly
dry day frequency, he decides he should have some idea of the variability of the
number of dry days within a month. He therefore enlarges Table 3 to include
tabulations of the largest number and the smallest number of dry days observed for
each month during the ten years. This is Table 4.

TABLE 3. Mean number of dry days per month at
Ten years of record.

Ranger Station "X"

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

2.4 1.1 0.6 0.4 0.9 3.1 3.3 1.3 7.4 6.2 1.2 0. 3

TABLE 4. Monthly range and mean of frequency of dry days at Ranger
Station "X". Ten years of record.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Most 1 year 5 2
Mean/month 2.4 1.1
Least 1 year 0 0

1 1 2 10 5 3 20 8 2 1

0.6 0.4 0.9 3. 1 3. 3 1. 3 7.4 6.2 1.2 0. 3

0 0 0 0 1 0 5 0 0 0

A graphical form of Table 4 may be constructed quite easily in the form shown in
Figure 9. From this additional data he can see several things:

a. In January through May, July, August, November, and December the
frequency distribution appear Normal with the mean values lying
about halfway between the largest and smallest values,

b. The months of June and September have distributions skewed so that
years with only a few dry days are more frequent, while October
shows years with many dry days are more frequent*

c. August has a striking lack of dry days for a mid-summer month, in
contrast with

d. September, which is the most severe month for dry weather. The
actual frequency distribution for January, June, and September
(Figure 10) bear out these observations.
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FIGURE 9.

Monthly range and mean of
frequency of dry days at
Ranger Station "X".
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TABLE 5. Frequency of dry spells of different lengths at Ranger Station "X1
Ten years of record.

Length of dry
spell (days)

1

2

3

4

5

over 5

0 2 4 02468 10 12

NUMBER OF DRY OAYS IN THE MONTH

Dry spell beginning in.
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

3

4

1

1

6

1

7 2 2 4 3 5 7

13-3322

6 7 -

2 3 -

5 6

6 3

FIGURE 10.

Frequency distributions of
the number of dry days in one
year for January, June, and
October at Ranger Station "X".



17

The Ranger knows from past experience that often the number of dry days in
a month is not the factor making for high fire danger, but rather the length of a
series of dry days, or dry spell. Accordingly, he examines the record and con
structs Table 5 showing the frequency of dry spells of different lengths during the
ten years he is analyzing. From this table he makes note of several useful facts:

a. A dry spell in January is likely to last a while, since none were observed
as short as one day, and the mode was three days,

b. Dry spells in Spring are very unlikely to be more than single days now and
then, and

c. Dry spells in September and October are usually either short or rather long,
with none in between. In fact, the probability of a dry spell lasting five or
more days, once it has begun in September, is 11/17, or 65%.

The Ranger now decides that his principal concern for dry days is most likely
to fall during the summer months June through October. He therefore restricts
his analysis to this period, which he calls the "dry season".

The condition of light fuels during a dry spell is closely related to their moisture
content at the beginning of the spell. A tabulation such as Table 6 the Ranger finds
useful in estimating the likelihood of wet fuels at the beginning of a dry spell. Here
he has decided to break his lengths of dry spells into two classes: 1 or 2 days, and
longer than 2 days .... short spells and long spells. In this table cases were
counted in which 0. 25 inches or more of precipitation fell in two days. Lesser
amounts of wetting could have as easily been used, but even so, one outstanding fact is
established by the table as it stands: Although the frequency of dry days and dry
spells is not greatly different between September and October, the probability that
substantial rain will have fallen just prior to a dry spell is about two and a half times
greater in October than in September. From this point of view, an October
dry spell has quite a different meaning from a September dry spell, despite
a nearly equal chance of occurrence. Similarly, from the standpoing of control

TABLE 6. The incidence of precipitation preceding dry spells at Ranger
Station "X".

Month of beginning and length (days) of dry spell

Per cent of

cases (dry Jun Jul Aug Sep Oct
spells) when 1 or over 1 or over 1 or over 1 or over 1 or over
0.25" or more _2 2_ _2 2_ 2 2 2 2 2 2
of precipi
tation fell 63 27 10 2 30 2 20 7 55 20
during the two
days preceding
dry spell
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of a going fire which may have started during a dry spell, the Ranger finds
the facts in Table 7 quite interesting. Here he has tabulated the percent of
cases (that is, the percent of dry spells) in which 0. 10 inches or more of
precipitation fell during the day following the last day of a dry spell. The
chances appear quite slim throughout the dry season that a rain could be
depended upon to help put out a fire on the district.

TABLE 7. Incidence of precipitation following dry spells at Ranger Station "X".

Per cent of Month of beginning and length of dry spell
cases (dry Jun Jul Aug Sep Oct
spells) when 1 or over 1 or over 1 or over 1 or over 1 or over
. 10" or more 2 2 2 2 2 2 2 2 2 2

of precipitation
fell during day 15 6 8 2 12 4 10 2 20 8
after the last

day of dry spell

The Ranger now decides he would like to concentrate his attention on the
severest month. . . .September. From his experience he suspects that dry
days are more likely in one part of September than in another. When he
breaks September down into class intervals of five days each, (Table 8) he
finds that the 74 dry days were definitely not spread equally throughout the
month, but were 6 or 7 times as frequent near the middle of the month as at
the beginning. The Ranger realizes fully that any one year may differ from
this general pattern, but if required to make a planning decision, he is informed
of the trend in the past.

TABLE 8. Number of dry days in ten years at Ranger Station "X" for September
by 5-day periods.

September September September September September September
1 - 5 6-10 11 - 15 16 - 20 21 - 25 26 - 30

3 15 20 18 6 12

Satisfied for the moment with the information he has developed for the
Ranger Station itself, the Ranger now decides to examine the fire danger records
f3®m his Lookouts during •the fire seasons of the same 10-year period.

OFFICIAL
COBKBCnOM
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He sets out to find something of the interrelationships between the records of
the Ranger Station and Lookout "A" for the dry season during the ten year
series. As a start, he makes a tabulation designed to give him an idea of
the degree of agreement between the two stations in the nnatter of observed dry
days. His tabulation (Table 9) shows him several useful things.

a. The two stations show less than 90% agreement ("wet" here is used
to mean simply "not dry") in June, September, and October.

b. The agreement is almost perfect in August

c. During July, for the cases in which at least one station has a dry day,
the two stations agree on 20% of a possible 28% of all days, while

d; During September, the stations agree on only 15% of a possible 35%
of all days having a dry day.

TABLE 9. Degree of agreement between Ranger Station "X" and Lookout "A"
as regards observed dry days, in percent of all days.

June July August September October

8 20 5 15 10

7 6 1 8 6

5 2 - 12 8

80 72 94 65 76

X-dry A-dry
X-dry A-wet
X-wet A-dry
X-wet A-wet

Total % agreement 88 92 99 80 86

Here the Ranger realizes he may have set a trap for himself by making his
definitions as they are. For example, on a particular day the Ranger Station
may observe a minimum relative humidity of 31%, while the Lookout "A" has
a minimum relative humidity of 30%. Technically, "X" is wet and "A" is dry. .
they disagree! Whenever we draw an arbitrary line separating data, as we
have here with 30%, we are bound to run into trouble such as this. There is
nothing to do but find out how the data lie on either side of this artificial
boundary. The Ranger now develops Table 10 in which he tabulates the amount
of minimum relative humidity DIFFERENCE for the days on which the
stations "X" and "A" DISAGREE. He sees at once that when "X" is dry and
"A" is wet, the difference is likely to be small, whereas with an X-wet-A-dry
condition the differerce may be as great as 20%, and in fact, was greater than
5% in half the cases during the period of record. So a case of "disagreement"
between the two stations as to observed dry day may mean two entirely
different things, depending upon which station is "dry" and which "wet".
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TABLE 10. Difference in minimum relative humidity between Ranger Station
"X" and Lookout "A" when either (but not both) observed a dry
day, September (number of days in ten years of record).

X-dry A-wet X-wet A-drA

Difference in minimum R. H.

6 - 10% 1 - 5%

Difference in minimum R. H.

1-5% 6-10% 11 - 15% 16 - 20%

22 18 10

TABLE 11. Noon wind speed and direction at Lookout "A" when either Ranger
Station "X" or Lookout "A" (but not both) observed a dry day and
when the difference in minimum relative humidity between the
stations was over 5%. (number of days in September for lOYfiiWcfii,

Wind at "A" less than 10 mph
N or E or S or W or

NE SE SW NW

X-dry A-wet
X-wet A-dry

1

3

Wind at "A" more thftn 10 mph
Nor E or S or W or

NE SE SW NW

TABLE 12. Frequency of agreement between Lookout "A" and three other
Lookouts as regards simultaneous observation of dry days,
(number of days in 10 years).

L. O.

dry

79

"B"

wet

A-dry
L. O.

dry

77

"C"

wet

L. O. "D"

dry wet

49 32

L. O. "B"

dry wet

6 213

A-wet

L.O.

dry
"C"

wet

214

L.O.

dry
"D"

wet

216

The direction of the wind in the "free air" (that is, well above the earth's
surface) is often a good indication of general weather in an area. For this
reason, and in order to discover any possible weather patterns commonly
associated with days of "disagreement" between Ranger Station "X" and Lookout
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"A", the Ranger tabulates his September data on wind speed and direction at
noon at the Lookout, and on dry day occurrence at the two stations as in Table 11.
Wishing to get away from cases where the "disagreement" lies near the
30% borderline, he has included here only those days in which the relative
humidity difference was greater than 5%. This leaves 2 cases having X-dry-A-wet
conditions and 18 having X-wet-A-dry conditions. Dividing the wind speed into
two classes, less than 10 miles per hour and at least 10 miles per hour, we see
that no strong noon winds concurrent with an X-dry-A-wet condition have been
observed. Also, we find:

a. The percent of cases of disagreement showing a noon wind North or
Northeast at the Lookout was 13/20. . 65. 0%

b. The probability of a strong North or northeast noon wind relative
to an X-wet-A-dry condition in which the relative humidity differ
ence exceeds 5% is 7/18. . . 38. 9%

Having established something of the nature of the interrelationships between
the Ranger Station and Lookout "A", the Ranger attempts to find out whether
or not Lookout "A" is typical of the other lookouts in the District in the matter
of observed dry days. Choosing his other three main lookouts, "B", "C", and
"D" for comparison with "A", he tabulates dry day records as in Table 12.
From this presentation, he concludes that:

a. Lookouts B and C agree well with A under all conditions of dryness, but

b. Lookout D agrees with A reliably only on these days which are A-wet.
On A-dry days Lookout D is frequently wet 32/81, or 39. 5%.
In other words, D is quite a bit more reliably moist than the other
three Lookouts.

Since on A-dry days, conditions at D are relatively independent of conditions
at A,B, and C in the matter of dryness, perhaps Lookout D might prove
independent as regards other weather variables as well: for example, wind
speed and direction. Accordingly, wind roses are prepared for the noon and
4 p.m. wind observations for September at Lookouts "A" and "D". (Figure 11).
Consideration of these wind roses brings out:

a. Lookout A appears to agree with itself well between the noon and 4 p.m.
observations, and

b. Lookout D appears to agree well with "A" in its record of noon
observations, but

c. Lookout D has quite a different set of 4 p.m. wind observations,
being almost completely dominated in September by West or West
Northwest winds.
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NOON

L.O. •,A" U

4 PM 4 PM

L.O.V

NUMBERS IN CIRCLES « CALMS

I 1 • 10 CASES WITH LESS THAN 10 MPH

10 " " MORE " " "

FIGURE 11.

Wind roses at Lookouts "A"

and "D". Ten years of
record.

TABLE 13. Frequency of coincidence of 4 PM wind directions at Lookouts
"A" and "D". (number of days in ten years)

Wind direction Wind direction at Lookout "A"

at Lookout "D" N NE E SE S SW W NW CALM

N (14) (12) 6 5 2 1

NE 3 1 2 2

E 2 3 2 1 1 1 2

SE 2 1 2 1

S 2 8

SW 1 2 9 7 7 3 9

w (17) (40) (13) 7 1 3 9

NW (16) (10) (20) (17) 1 1 12 8 3

CALM 1 2 3 2

NOTE: The numt ers in parentheses together account fc r 53% of all ob 3ervations.
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These wind roses, however, do not present the combinations of wind directions
observed simultaneously at the two stations. For this a separate tabulation
must be made. Table 13 shows the frequency of the different combinations at
4 p. m. without regard to wind speed. Among the outstanding features of this
tabulation are:

a. Nine closely associated blocks in the diagram account for 53% of all the
300 observation pairs involved, (see note at bottom of Table IS).

r x 13 OFFICIAL
COKRECTIOH

b. One combination (NE at A and West at D) accounts for 40 cases, or
13% , by itself, and

c. On only 50 occasions, or 16.7%, did the two stations agree exactly
with one another as to wind direction at 4 p.m.

Together, Tables 12 and 13 and Figure 11 demonstrate that as regards both dry
day occurrence and wind at 4 p. m. , Lookout D is relatively independent of
Lookout A. Frequently such a situation as this may be taken advantage of by
suggesting the construction of a chart having some predictive value. After per
haps two or three combinations of the data involved, the Ranger finds that if he
constructs the scattergram shown in Figure 12 he can separate various areas of
the chart as being likely to contain days showing different combinations of wet
ness and dryness at Ranger Station X and Lookout A. He is, therefore, using A
and D to predict something about a later relationship between X and A.
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4 PM RELATIVE HUMIDITY AT D

H A BUT N0T-X" DRY NEXT DAY

O NEITHER^NORV DRY NEXT
DAY

FIGURE 12. Objective aid for forecasting dryness the following day at
Ranger Station "X" and Lookout "A", based on predictive
data from Lookouts "A" and "D".



24

In constructing this scattergram the Ranger used actual observations to
establish one point on the chart for each day, corresponding to the afternoon
relative humidities at the two Lookouts. Each point thus established was marked
with a symbol representing conditions atX and A during the following day
(the forecast period). The symbols were drawn so as to make the "critical
areas", or areas of concern, stand out in the resulting diagram. The Ranger
then drew boundaries around several areas so as to include the different symbols.

Using the diagram consists first of finding the point corresponding to the
afternoon relative humidities at the Lookouts. If the point lies in an area
restricted to one combination of conditions during the forecast period, the
forecast is complete. However, if the point lies in an area restricted to two
or three combinations of conditions, the tentative forecast the Ranger makes is
"This or this can occur, but that is very unlikely". He realizes, however, that
it would be a mistake to rely exclusively on such a device as this for planning
whenever regular Weather Bureau advisories are readily available. "Objective
aids", as such diagrams are frequently called, should be used to supplement
Weather Bureau forecasts in the event the forecast does not include sufficient

detail about the local area in question. If the Weather Bureau forecast and the
"Objective aid" do not agree, the Ranger would do well to contact the Weather
Bureau station and inquire further in an effort to arrive at a reliable forecast
for his district.

Now we have seen how one imaginary Ranger who was interested in the
variations in "local weather" on his District analyzed the records available
to him and became a sort of weather expert on his own weather problems. In
doing so, he actually put the information to work for him in his own office.

In using results developed in such studies as just presented, forestry
officials should remember a few additional points which will make the results
more effective:

1) The results should not be used exclusively in solving weather problems,
but should be used to supplement U. S. Weather Bureau forecasts in order to
get more details about possible weather in local areas.

2) The results should be combined into a simple and usable "master plan"
for evaluating current weather problems, so that each time the Ranger makes
his own forecast, he follows the same system in using his tables and charts.

3) The results should be re-examined and revised periodically to include
weather which has occurred since the studies were made.

4) The results should be distributed as widely as practicable in the
organization so as to encourage participation and the contribution of new ideas.

5) The results have a great deal of value in the quick training of new
supervisory personnel in details of local "Weather lore".


