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ABSTRACT

Rainfall and other variubles with similarly skewed distributions
are hard to characterise climatically due to their extreme variabil-
ity. The aritimetic mean, generally used, is greatly influenced by
extreme values. For rainfall data from 219 stations located in the
westarn United States, the median was found to be a more representa-
tive value, and samevhat better than the mean for predicting future
rainfall amounts. Some monthly precipitation frequency distributions
are 50 greatly skewed that values smaller than the mean occur 50% of
the time, Because any single measure of central tendency is incon-
clusive, measures of absolute and relative variability are summarised.
Maps of peroentage occurrence of the mean, ratio between median and
mean, coefficient of variation (CV), and relative variability (Vq) are
presented for the mid-season months--Jan, Apr, Jul, and Oct, \
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CHAPTER I
INTRODUCTION

The part played by numerical material in geography has
been progressively widened in recent years, but the methods
of generalizing therefrom have remained substantially un-
changed. The arithmetic average, or mean, is still the
most widely used value to characterize a set of observa-
tions. It is the purpose of this thesis to examine the
suitability of the mean as a measure of central tendency in
non-symmetrical distributions, and the possible advantages
of the median over the mean.

The introductory chapter is concerned with the reacons
for the acceptance of the mean, and with previous studies
dealing with the median and mean. Chapter II, "Climatic
Normals," presents a detailed study of one instance where
the mean is being used to represent non-normally distributed
data. Chapter III, "Measures of Dispercion," points out
the limitations of any single value in portraying the dis-
tribution of a set of observations. The final chapter,
Chapter IV, "Climatic Prediction," demonc<trat2s the aponli-
cation of knowledge gained froa previous chapters in the

solution of a practical problem.

1.1 Limitation of Study

Although there has been an increacing use of numerical

analysis in climatology, the statistics being used to ana-



lyze the masses of data have gone unchanged. The statistics
presently in use were developed for use with normal or near
normal samples. Chief among these are the two most commonly
used statistics, the mean and the standard deviation.

Unfortunately, most climatic variables have distribu-
tions other than normal. Singly or doubly bounded variables
have skewed distributions markedly different from the sym-
metry of the normal distribution (Section 2.5). Precipita-
tion, wind speed, insolation, and visibility are a few of
the climatic variables for which the majority of observa-
tions occur at the upper and/or lower limits of their dis-
tributions. In such skewed distributions the mean and stan-
dard deviation do not have all the useful properties as in
the normal distribution. Perhaps the median, and measures
of dispersion atout it, may be more useful.

Although the discussior. will be limited to the use of
the mean and median in summarizing precipitation data, the
results should be equally valid for other non-negative vari-
ables having substantial frequencies near the lower bound,
and thus having similarly skewed frequency distributions.
Wind speed, income, and agricultural, industrial, or mineral

production by counties, are good examples of such variables.

1.2 Use of Mean and Median

The arithmetic mean is often declared to be the bast

estimate of central tendency, and hence is the value most




generally used to characterize entire sets of observations.

In a symmetrical distribution, such as the normal, the mean

is also the median or 50% probability value. Thus many =

people implicitly regard any mean as having a 50% probabil-
ity level of exceedance. Unfortunately, in skewed distri-
butions, which are more common for geographic data, the
mean is not the median, and only the median has a 50% pro-
bability level of occurrence.

The greater the ckewness of the distribution, the
poorer the mean becomes as an estimate of the middle value,
the median., While the mean may be easier to work with in
many instances, the median or S50%¥ probability value is most
often desired and should be used whenever possible to avoid
any misconceptions regarding frequency of occurrence. In
many applications the mean has been used, and is continuing

to be used, largely as an approximation of the median.

1.3_Early Studies

The unsuitability of the mean a a meacure of central
tendency in climatological research hac long been realized,
but it was not until 1933 that a serious attempt was ncde
to replace the mean with the median to summarize a ®™varied
me .eoroloyical record.™ It was in thic year that the Bri-
tish geographer, Percy Robert Crowe, introduced the use of
the median and quartile deviation (half the difference bet-

ween the upper and lower quartiles) in a s<tudy cf European

- Dt



rainfall entitled "Analysis of Rainfall Probability." This
study created much interest and its influence can be seen in
several succeeding studies. The most notable of these is a
study of Indian rainfalls by Matthews (1936). The median
and quartile deviation were again used by Crowe (1936) to
study the rainfall regime of the Western Plains of the
United States, and also by Lackey (1937) in constructing
annual-variability naps of the Great Plains. Earlier stud-
ies by Lackey (1935, 1936) also show the influence of Crowe.
Other researchers not influenced by Crowe were also
coming to the conclusion that the mean should be replaced
by the median when dealing with a highly variable distri-
bution. Gisborne (1935) used monthly precipitation records
of Spokane, Washington to show that the mean is a poor
value to use as a "climatic normal."™ He found that the
mean was riever reached or exceeded more than 46% of the
time in any month and that in June the mean occurred only
26% of the time. If the mean wer2 used as the "normal,"
74 years out of 100 had below normal precipitation in June.
A similar study was undcrtaken by Mindiing (1940) using 60
years of monthly precipitation records for each of 14 sta-
tions distributed throughout the United States. His con-
clusions were the same as Gisborne's:s the mean is an unsat-
isfactory value to use as a "normal," and that the median
would be a3 better value to uce.

This interest in the proper statistic for use in

reprcsenting @ non-symmetrical distribution, first seen in




the studies by Crowe, reached a peak June 20-21, 1940. At
this time a resolution recommending that "the expression of
normals of precipitation in future hydrologic studies be
defined by the median instead of the arithmetical average"
was presented to the Section of Hydrology of the American
Geophysical Union, meeting jointly with the Western Inter-
state Snow-Survey Conference in Seattle, A committee headed
by P.E. Church (1941) had weighed the advantages and dis-
advantages of each (Chart I) and concluded that "in the
future, at least for hydrologic studies, the expression of
normals of precipitation be defined by the median."
Unfortunately the recommendations of this committee
were lost with the on-coming of World War II, as was the
interest stimulated by Crowe and others, and the mean con-

tinues to be used in hydrologic and climatological <ctudies.

1.4 Recent Studies

Very little discussion of this topic has appear:d
since 1941. Landsberg (1947), declaring that the mean does
not represent the usual condition even for monthly tempecra-
tures, condemned the use of the term "normal® for thearith-
metic mean. In a study of rainfall on Oahu, Hawaii, Lands-
berg continued, saying that:

The median is the statistic that preserves
one 6f the most important properties of a "nor-
mal." It represents the center of the distribu-

tion and half of the observations are higher,
the other half lower than this value. (1951, p. 9)
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SJUART 1
08 TRANSACTIONS, ANERICAM OEOPHYSICAL UMION
REFORT OF COMMITIEE ON MEDIAN VERSUS ARITHMMETICAL AVERAGE
P. E. Church (Chairmsa), Sdmard L. Vells, and N. P. Deardman

Ia the last sessien of the sestings of the Sectien of Nydrelegy of the American Geephysisal
Unton 1n Seattle i Jume, 1940, s reselutien recommending that “the expressiea of mermsls of
presipitatien 1a future hydrelegic studies de defined by the medion insteed of the arithmeticsl
average’ mas presented. It was meved, seconded, and pessed that the reselutien de referred to g
cosmittes appeinted by Chairman J. C. Stevens, ceapesed of P. E. Chured (Chairsan), Béward L.
Vells, and B. P. Deardman. (See p. 1063, Trans. Amer. Oeephys. Unfen, 1040.]

The Comnittee then meighed deth the advantages and disadvantages of the medish and the
arithmetical average and 1a 50 ¢oing MUBSTeus Arguments, beth faversdle and umfaversdlie, were

oreught owt.

Though there are nusereus mays of espressing the centrs) temdency of ¢ series of cheoorve-
tiens, (o) aritametical average, (V) geemetric msan, (c) harsemic sean, (@) weighisd arithmetics)
average, (o) mede, (f) wedian, and (g) frequency-distridutions, the reselutien called fer o
resemmendation of the use of medien in prefereace to the arithmetical aversge.

Thate discdventages and adventages of the median versus the arithasticsl average are lismed
pid dlptuazed Dolow:

(1) The sedian, as the methed of expressing the mersal, 18 met slsays the figure shich sil)
50 representative of the cemtral tendemey for all purpeses. Feor certain purpeses the arithaetiesl
average 1s sere weeful.

(8) A large assunt of merk mill be required te recespute the vest amount of dete on reserd
aow aveiledle. This werk weuld fall largely on the Weathor Buresu which hao amassed the grester
pert of the dats nom 13 use. The Veather Bureau does not have sufficient sssistance teo resempute
this Dody of data at presemt.

(3) Comparstively few peeple outside the mathematical and engineering prefession understand
the ezect meening of the sediar mheress nearly everyone understands hea the arithseticsl &cerege
1s computed. If the sedian mas used it meuld be necessary to fmetruct these using the dets
to the msaning of the sediaa.

(4) Vvaen there i. an extended nusber of ebeervations, the arrengenent of the date to deter-
aine the medisn 18 todlous and slthough Be Computation 1s Receasary te detersine this figwre
there 18 Ne Bachine on the market shich will make the necessary arrengenent. It 18 & stmple end
Quick precese te ceampute the arithestical aversge decouse adding machines are alsest umiversally
aveiladle.

(5) The oun of the sonthly wediens fer & year doe. net oqual the samual Bedien, whereas the
v of the moathly arithmetical averages oquals the annua) aritheetical everags. The anmual
0odien would have to be computed [res the snmual amounts.

(6) Wnere more than helf the figures 1n & series are sore, the nedian mould sonvey the i
pression that there mas & lack of & seasuradle quantity.

(1) The median, while mot almays the figure which will be represeatstive of the cemtral
tendoncy for all purpeses. 1s superier te the arithmetical averagedin many cases.

(8) The median can de deternined by o simple arrangesent of the series of cdeervations and
"0 computation 18 necessary. Uhere adding machines are et availadle, the determimation of the
average is fer sere tedious than the median.

(3) The wedian 13 umaffected by the adnersally larg. or small values of & series of obd-
servations. Ia the case of precipitation the adnormal velwes are slmays ia excess of doth the
aodian and the arithmetical averages decause of the liaiting value of sero. The arithsetical
average 1s ‘strengly influenced by extrems variants ia s series of values.’

(4) In the oories of odservatiens, 1f there 13 & greqtly eutlving value, oither real or the
rosult of an errer, the sedien will be less affected than the ari’ r-tical average.

(5) Negative departures of procipitation are of greater frequency 'ea plus departures whes
the arithastical average t1s used as the atasure of the central tendency. Thie weuld net be trwe
shen the median 10 Oapleyed.

(6) These whe weuld make active use of the medisn as the mermal are mainly hydrelegists,
onginoers, meteorelogists, etc., whe weuld ndt Rave te De 1nstructed as to the Beaning of oediea.
These whe ¢o ot know ahat the merd sedian pertraye ceuld learn that as resdily as the semtest
of arithoetical average, norssl, or ssen. Onm published data & definition of medien could be

Laserted.
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In the study of the measurement ot water content of a
snow course, Court (1958) found that a water equivalent
figure sufficiently accurate for the practical use to be
made of it can be obtained from the median of a small num-
ber of snow course points. He indicates that the combina-
tion of a larger number of snow water content measurem2nts
into ¢ single mean is "a gross waste of information from
the ctatistician's standpoint.*

More recently Joos (1964), after a study of the vari-
ability of weekly rainfall, suggested that "3 more meanina-
fnl 'normal' for weekly precipitation might be based on the
50% value rather than on a long term mean.® Kangieser
(1966) finds that in some parts of Arizona only one year in
ten has monthly precipitation as great as the mean value.
And Bennett (1967) shows the median to be a better statis-
tic than the mean for the study of insclation which, un-
like precipitation, has a distribution in which many obcer-

vations occur near the upper bound.

1.5 The Mean as a Poor Estimate of Central 7 ndency

Ths mean is too strongly influenced by the extremec in
a series of values. Ten months with values one unit balow
the mean are required to neutralize the offect of one month
with a value ten units above the mean. In the case of cli-
mate, it is the time period during which peogpie have to

live and work, the month of the year, that ic significant.



The frequency of departures from the nommal is important,
but the actual extent of derarture of each instance is
secondary.

Yet, it is the mean which is stated in answer to a
question concerning the amount of rainfall a place receives.
At the present time, maps of climatic normals are based on
the arithmetic mean such as those which appear in The Na-

tional Atlas of the United States, published in 1964. The

supposed purpose of these ®*normal total precipitation"

maps is tc give the user an idea of the most likely amount

of precipitation to be received at a particular place. .
Since the arithmetic mean can satisfy the concept of normal

only when the data are symmetrically distributed, these

*normal total precipitation® maps are deceptive especially

in drier areas of this country.

It would seem that the median would be a much more
logical measure of zentral tendency. Since it is the mid-
dle value, it is easily ascertained when the figures are
arranged in ascending or descending order of magnitude and
can thus be located by a process no more complicated than
simple inspection or, at most, by plotting the values con-
cerned on some form of linear graph. With the use of the
high speed computers, even large amounts of data pose no
problem in the finding of the median. Its reality consists
of the fact that, since half of the records exceed it and

half of them are less, it represents the usual or typical
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value. It is quite indeperdent of a few very exceptional
values, since each value has an equal pull, whatever its
size. Because of this, the median is less sensitive to

errors which might be present in the data being examined.

1.6 Nommals

At the present, one of the primary methods used to
portray climatic data is through the use of a 'climatic
normal.' Climatic normals supposedly describe the climate
of a place or region and are often used to estimate future
climatic conditions. They are calculated by averaging
climatic events over a number of years, usually 30. Al-
though some objections have been voiced against this method
of determining the normal, it is accepted as being the best
possible method by the majority of the people.

As pointed out by Gisborne in 1935, the concept of
normal is well established in both the technical and the
lay mind as that which is common, natural, ordinary, regqu-
lar, typical, and usual. It must be determined just how

well the mean satisfies this definition.
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CHAPTER 11
CLIMATIC NORMALS

2.1 Data and Study Area
Used in this study are monthly precipitation values at

219 stations in the United States, all west of the Missis-
sippi River (Map 1). Data were taken from publications of
the United States Weather Bureau, supplemented by data pub=-
lished by various states. Stations were selected to insure
homogeneous data: no significant change in station posi-
tion, elevation, or environment during the observation
period. Although some stations had precipitation records
for 110 years of continuous observations, only data from
the period 1931 to 1960 were used. Thus all analyses and
maps in this report are comparable, and are for the period
specified by the World Meteorological Organization and used
by the United States Weather Bureau to determine climatic
normals.,

Table 1 (Appendix 1) is a list of the monthly preci-
pitation stations used in thic study. The 219 stations
represent an average density of one c<tation for every 9,789
square miles, While this falls short of the one station
per 1,029 square miles coverage for rainfall by the Nation-

al Atlas of the Unjted States, it compares fevorably with

the density of stations of the Local Climstological Data

published by the United States Department of _ommerce Wea-

11



: PERCENT OF YEARS WITH
' RAINFALL EXCEEDING MEAN

JAN

It

12




o e oty e

" o e it s e

ther Bureau (approximately one station per 10,500 square

miles). Stations are listed by their U.S. Weather Bureau
identification number, with name, coordinates, and number
of years of continuous record. For convenience in compu-
tation and mapping, stations are also numbered serially

1 to 219.

Due to the excessive time and work involved in mapping
the results of all months, only the mid-season months of
January, April, July and October are included in this study.
The use of these months should bring out any seasonal vari-
ations that may exist, and should be a large enough sample
to work with. It is important to work with more than one
or two months since the possibility does exist that they
may not be representative of the majority of months. Such
an error was made by McClean (19%6) in assuming that con-
clusions reached for one month would apply to all months.
McClean's contention that the period 1881-1915 is a poor
one to use as the standard for reference to British rain-

fall was disproved by Giasspoole (1956).

2.2 Procedure

If the .(imatic normal were a representative value, it
would be expected to be reached in half of the yearc of
record. The percentages of the years (1931-1960) in which
the "normal®" value was reached or exce2ded were calculated

and are shown on Map 2-5. These mapes show thiat the mean

13
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fails to represent the central value of the distribution
from which it is derived, especially for the Southwestern
portion of the country. The inadequacy of the mean as an
expression of the "normal® for monthly precipitation is

shown.

0.3 Skewness

As stated in the introduction, in a nermal distribu-
tion, or any other symmetrical distribution, the mean is
equal to the median and under such circumstances the mean
is a perfectly valid value to use. But when the distribu-
tion is skewed (asymmetrical), the mean is much less repre-
sentative. A distribution is symmetrical when the median
equals the mean; positively skewed when the mean is larger
than the median; and, negatively skewed when the mean is
smaller than the median.

There are several ways for measuring skewness. One
of these is the "Pearsonian coefficient of skewness® given
by the formula

3(m2an - median)/standard deviation
Another measure, «s (alpha-three), is defined in terms of
the second and third moments, m, and m3, about the mcan
as
<3 * /(W)
In this study a simple measure of skewness is given by the

percentage occurrence of the mean as portrayed in Maps 2-5.

13
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The further the mean departs from the 50% probability value,
the greater the skewness and the greater the advantage in

using the median to best represent what is expected to

happen again.

2.4 Analysis of Maps

Before discussing the maps any further, it should be
pointed out that isolines are only as good as the data from
which they are derived. The patterns shown on the maps in
this study are necessarily general due to the number of
stations used. If further data points were available, pat-
terns would undoubtedly be changed. But for the purpose of
the present study the number of stations is adequate. If
further detail is desired, studies of individual states
should be made, such as that of Arizona by Kangieser (1966).
It would have been of interest to compar: his maps with the
ones in this study, but unfortunately they are of different
months.

All maps show low values to occur with regularity in
the Southwest, while high values occur in the Northwest,
The mean is reached in as many as 50%¥ of the years only
for January in the northwestern section of Washington., If
the mean were a good value to use as a climatic "normal,"
it should have been reached in half the years in all parts
of the countiy. But it is reached in less than a quarter

of the years in many areas of the country, and in fewer

17
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than one year in ten for the Central Valley of California
in July.

Seasonal variation in the occurrence of the mean can
best be seen in central California. Here the values range
from less than 10% in July to over 45% in January.

For all months values from 35% to 45% are most common.
There can be seen no general longitudinal or latitudinal
gradation of values, and the only consistencies are the low
values of the southern California desert and the high

values of northwestern Washington.

2.5 Conversion of Existing Maps

If a distribution proves to be skewed, the use of the
mean as the most representative value of the distribution
will be misleading. Under such circumstances the median
should be used. However, considerable work went into the
computation of existing means, and it is doubtful that any-
one would be willing to discard these even if their valid-
ity is in doubt. This problem would be solved if a stable
relationship is found to exist between median and mean.
With this aim in mind, the ratio between median monthly
and mean monthly values was computed for each station
(Maps 6-10). If stable, these ratios can be used as cor-
rection factors to convert existing means to medians (see

Appendix).
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The ratios between the median and mean can also be
used as excellent measures of skewness. A ratio smaller
than 1 indicates a positively skewed distribution, while a
ratio larger than 1l indicates a negatively skewed distribu-
tion. The greater the departure from 1, the greater the
degree of skewness.

As would be expected these maps compare favorably with
maps 2-5 with low values occurring in the Southwest and
high values in the Northwest.

Several stations in California had no rain at all
during the 30 years studied for the month of July and had
to be omitted or overlooked in the drawing of isolines,

since in this case the ratios would have been infinite.
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CHAPTER III1
MEASURES OF DISPERSION

3.1 Absolute vs. Relative Measures of Variability

Both the mean and the median have their limitations
in that they are measures of central tendency only. No
single value, however determined, can hope to give a com-
plete deccriptive summary. Crowe (1933) pointed out that
we require not only an index of the "normal sequence of
events," but alco of the "probable frequency and extent of

variations from the normal."

3.2 Absolute Measures of Variability

The standard deviation is used to estimate the degree

of variability about the mean and defined by the equation

(V4

n
1
s = |F) (x; - %)°
=T

where n is the number of values, Xy ic the individual valueg,
and X the mean of the n values. But the standard deviation
is not an appropriate term to be uced with the mediant
while the sum o1 the squared deviations is least when com-
puted about the mean, the sum of the absolute deviations is
at a minimum when computed about the median. A measure of
dispersion used to measure variability about the mean or

median ic¢ the mean deviation. also known ac the average
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variability (AV). The mean deviation is defined by the

equation n

1 S
m.d. = n

I=1

where z may be either the mean or median. The semi-inter-

quartile range or quartile deviation q, defined by the equa-
tion
q = (Q; - Q)2

where Q) and Q3 are the first and third quartiles, is used
to estimate the degree of variability about the median.

Other, but poor measures of variability, use only the
highest and lowest recorded values, M and m. The range,
M - m, is often used. Hellman (1909) defined the "ratio of
variation" as the quotient M'm. These measures are not
based on all observations, and the ratio of variation can-
not be used for desert rainfall:t: M/m would become infinite

for many stations.

3.3 Relative Measures of Variability

Absolute measures of variability are useful in helping
to understand a particulas set of observations, but do not
give a complete picture of the variability. Thus they are
of little value when comparisons between ovservations at
several different localities are desired. This is due to
the fact that variability generally increases as the values
of the observations become larger. Therefore, a map showing

the dicpersion of observations about the mean or median at



various stations using any of the measures of variability
listed above, would give the same picture as a map of the
means or medians of the observations themselves.

For fhis reason, relative measures of variability must
be considered in order to derive comparable figures. The
four measures of relative variability corresponding to the
first four measures of variability mentioned above are
given in Table 2.

Of these measures, only CV and Vr have been studied to
any great extent. In studying the relative variability (V)
of precipitation, Conrad (194l1) found that a very strong
mathemetical dependence of the value of Vr on the yearly
sum occurs when these sums are below 1000mm (39.4 inches).
Because of this he concluded that the relative variability
(Vr) cannot be used to compare the variability of precipi-
tation in a locality with a small annual fall with that in
another locality where the precipitation is large.

In a study of all four measures, Longley (1952) tound
the coefficient of variation the most satisfactory measure
for comparing variability of precipitation between dif-
ferent stations. It was found to have small errors through
sampling, in that the values of CV are comparable even when
the mean precipitation values are guite different.

Longley also found that variability tends to be greater
where the precipitation is leést, but the relationship was

not close. In a study of precipitation data at 34 stations
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TABLE 2,--RELATIVE MEASURES OF VARIABILITY

The Coefficient of Variation:

n
o 49/2 (xg - 92
1

Tne Relative Variability:

vr = 100 5—- S
n z
=T
and
vq = 100 (Q3 - Q))
and, also ar = M-m
2

n

o |

S

is the number of wvalues
is the individual value
is the mean

X is the median

z
M
m

is the mean or median
is the maximum value
is the minimum value



in British Columbia and Washington, he found the coefficient
of correlation between mean precipitation and the coeffi-
cient of variability to be -0.68 for July, -0.71 for Decem-

ber, and -0.48 for the annual data.

3.4 Variability as Related to Rainfall Amounts

Since the majority of stations studied in this report
have annual rainfall amounts below 30 inches, it is impor-
tant to know the relation between Vr (and CV) or Vg and the
mean or median rainfall. Conrad states that:

", . .the assumption that Vr represents a

numerical characteristic of variability, unre-

lated to the arithmetic mean, has been proven

fallacious by the observations. Therefore, con-

clusions drawn comparing values of Vr for dif-

ferent places in the vast regions where the

annual precipitation is less than 28 inches.

are inaccurate and misleading." (in Conrad and

Pollak, 1950, p. 956)

Longley's study indicates that this may not be the case.
An attempt will here be made to clarify this guestion and
to also look at monthly relationships where the rainfall
amounts are still smaller.

Figures 1, 2, and 3 were prepared to show annual end
monthly relations between CV and mean rainfall, and Vg and
the median rainfall. If a least fit line were fitted to
each set of data, a curve would be obtained similar to the
one found by Conrad when examining annual rainfall. The

turning point, best seen in July, occurs at about two inches

for monthly data and twenty inches for annual data.
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Even though the scattering is great, at first glance
it would seem as though Conrad's statement was true: at
lower values there is an inverse relation between the mea-
sure of variability and the measure of central tendency.
But these figures, as those by other researches, overlook
several things. When performing statistical analysis on
data we cannot take samples from all areas (regions) and
treat them as coming from one 'population'. In the past,
many studies have been made to derive generalizations about
certain climatological variables. In these studies formu-
las were derived by looking at data from many stations
scattered throughout the world. If these formulas, or
generalizations, were formulated for the purpose of repre=-
senting a base, and the regions determined by how they
deviate from this base, this is a valid approach. But, if
the purpose was to derive a generalization from which pre-
dictions could be made, the study was invalid. Generali-
zations formed by looking at data from dissimilar areas
can be applied to the whole mass of data, but rarely to any
of the "subregions".

Similar applications have been made in other areas of
geography. Correlations, regression analysis, and other
statistical analyses have been performed on samples SUppoOS -
edly from the same 'population'. 1In reality these samples
have come from several different 'populations,' as is the

case in the present analysis.
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