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Abstract

This paper deals with variations in the relationship between
the annual rainfall of any given station and that of one other
station, near or far. The variation is stated as a ratio of the
normal or average relationship between the two stations. The
most probable deviation of this ratio from its mean is a measure
of the probable error of estimate in rest,oring a missing record
of annual rainfali by reference to another station when the
normal relationship is known. The records of 13 stations on
Oahu for a period of 35 years were used and measures of
geographic variation determined for similar and near-by pairs
of stations as well as for dissimilar and remote pairs. In gen
eral, probable geographic variations for any year are found to
be as low as 10 per cent for the most closely similar pairs of

'stations and as high as 45 per cent for the more remote and
least similar pairs.

Chester K. Wentworth, Principal
Geologist, Honolulu Board of
Water Supply.
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Figure I.-Outline map of the island of Oahu, showing by numbers the locations of
rainfall stations considered in this paper. The crests of the two ranges are shown
by heavy broken lines and the 1,000-foot contour by lighter broken lines. The crest
of the eastern range is mainly 2,000 to 3,000 feet in elevation; that of the western
mainly 3,000 to 4,000 feet.



Geographic Variation
in Annual Rainfall on Oahu

INTRODUCTION

In 1933, Nakamura published a study of the variation in annual rainfall on
Oahu.1 This paper dealt with the variations in annual rainfall of 42 stations
on Oahu, reporting a coefficient of variation for each station and plotting and
contouring these coefficients on a map of Oahu. From the data given it was
possible, for any given station, to predict approximately what degree of varia
tion in successive measurements of annual rainfall might be expected. As
follows somewhat necessarily from meteorological as well as mathematical
considerations, the lowest variation was found in the areas of highest precipi
tation, which are dominated by the more dependable orographic rainfall.
Jones2 has pointed out that rainfall variations, and particularly the maximum
records, are due to winter cyclonic disturbances. Thus it would follow that the
variation effect of these would be greatest in the lower, coastal; and leeward
sections, as was found by Nakamura.

Jones has also emphasized the need for more detailed study of the vagaries
of rainfall, and calls for a "deaveraging of Hawaiian rainfall data"- as -essen
tial to meteorological understanding. This contention is entirely sound and
presents a challenge to all students of rainfall. However, owing to the extraor
dinary geographic variations of rainfall in Hawaii, it is equally urgent that
more gages be installed in many districts in Hawaii and more records obtaine'd
as a basis for estimates of average and total rainfall for given watersheds.
Because of the geographic differences and the ruggedness and difficulty of
access to much of the country, the determination of rainfall quantities and
potential water supplies for given areas in Hawaii is a much more expensive .
and a more intractable problem than it is in most other parts of the United
States. .

Few watershed areas in Hawaii have sufficient rain gages. Records of more
than 10 years' duration in the higher inland areas are few in number and are
widely and irregularly scattered. Man lives, in Hawaii as elsewhere, at the
downstream end of the hydrologic system. Even the most inland, tunnel-portal.
rain gages are short of reaching the "input" localities which receive rainfall of
maximum intensity or greatest total water supply significance. Records are

1 Winters T. Nakamura, "A Study of the Variation in Annual Rainfall of Oahu
Island (Hawaiian Islands) Based on the Law of Probabilities," Monthly Weather Re
view, LXI (1933), 354-360.

• Stephen B. Jones, "The Weather Element in Hawaiian Climate," Annals of the
Association of American Geographers, XXIX (1939), 29-57.
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often broken by changes in management, reassignment of employees, and the
like, and quantities must often be estimated by use of interstation,ratios. The
longest records are mostly in areas of low or very moderate rainfall, at best
only in the fringe of the watershed in question. The~££obl~s how I
closely are the fluctuations in such a station parallel to the rainfall over the
area of the watershed involved, and how reliable is the ratio between the short
term rainfall of a well-placed station and the contemporaneous rainfall of the
control station of long record? The present study is offered as a determinationI
of the variation and the reliability of interstation ra,tios. From it some estimate
of the validity of restored records and geographical interpolation may be made.

DEFINITIONS

An attempt will be made in this paper to use a consistent set of terms. Given
three or more rainfall stations at different localities, with records of some years'
duration at each, it appears suitable to refer to the persistent difference in
annual rainfall as the "geographic difference." On the other hand, the fluctua
tions in rainfall at any given station, for given periods such as months or years,
can be called "variations." Nakamura3 has dealt statistically with variation in
annual rainfall and classified his data geographically. In the present paper it
is proposed to analyze variations in geographic difference as shown by fluctua
tions in interstation ratios and to classify these in relation to distance, direc
tion, and topography as far as practicable. These may be called "geographic
variation."

For any given year the isohyetal map of Oahu is based on a contouring of
the annual rainfall of operating stations. Theisohyetal map for Oahu for any
other year, based on the same stations, will be similar in general pattern but
quite- different in local details of both pattern and magnitude. (See figure 2.)

INakamura was concerned chiefly with <!!!fer<:~.s~.~gnitu_de, whereas it is
, proposed here to deal chiefly with differeQ£e~!!!p_'l:!~~l:l_~f!~eisohyetal map,
from year to year, and particularly with reference to use of interstation ratios
in estimation of total rainfall.

METHODS AND RESULTS

Since the study is based on ratios and is not particularly concerned with
current averages, it has been applied to 13 stations having records of annual
rainfall for 35 years, ending in 1937. Data on these stations are given in
Table 1. (Also see figure 1.) Inclusion of more stations, particularly some
located in mountainous areas of high rainfall, would have been very desirable,
but such stations of sufficiently long record do not exist. From the treatment
outlined below, it will be evident that fairly long records were necessary to
develop the particular conclusions offered.

• Op. cit.
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Figure 2.-Isohyetal maps of Oahu for the years 1931 and 1933 as examples of both
time and geographic variation while showing broad similarity of pattern (geographic
difference). Based on approximately 45 principal stations.
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TABLE 1
RAINFALL STATIONS

-

ELEVATION MEAN ANNUAL COEFFICIENT
NUMBER· NAME LOCATION (FEET) RAINFALL OF VARIATION

(1903-1938) (NAKAMURA)t
--- ---

I Waimanalo Wind\\'ard plain 25 43.13 0.370
80 Waialua Northern plain 30 31.33 .391
12 Kahuku Windward plain 25 38.88 - .343

2 Maunawili Windward slope 250 85.67 .272
42 Lower Luakaha Leeward valley 881 142.87 .214
37 Tantalus Leeward slope 1,360 100.27 .197
50 Moanalua Leeward coast 15 34.85 .349
54 Puuloa Leeward coast 15 20.94 .525
53 Aiea Leeward slope 100 34.70 .332
61 Waipahu Leeward terrace 200 25.94 .490
68 Ewa Mill ,Leeward plain 50 20.63 .460
69 U. S. Magnetic Leeward plain 50 19.97 .496
85 YVaianae Leeward coast 6 19.41 0.481

• These numbers were used in a paper by]. F. Voorhees, "A Quantitative Study of the Rainfall of the
Island of Oahu," Appendix A, Supplement to the Report of the Honolulu Sewer and Water Commission
(Honolulu, 1929), pp. 292-302.

top. cit., p. 5.

The first step was to calculate the 35-year, mean annual rainfall for each
station and also the mean rainfall for the group of 13 stations for each year.
Because interest centered on variations of each station in relation to other
stations for a given year, the mean of all stations for a given year was taken
as the base and the rainfall of each station expressed in relation to it.

R - Rainfall of Station A X 100
ag - Mean Rainfall of Group

Thus the annual rainfall quantities for Stations A and B, stated in relation
to the group mean for the respective years, are shown in columns 3 and 7,
Table 2. It will be noted that values for Station B in that table, column 7, are
generally higher than those for Station A, column 3, in the same table. This
is simply because Station B has an average rainfall that is over twice that of A.
When the annual ratios Rag and Rbg are divided by the 35-year average ratio
of the rainfall of these stations to the group mean, the resulting values are
converted to a base of 100 for each station so that the true variation of each
station above or below 100 for any given year in relation to the group is shown.
These values are given in columns 4 and 6, Table 2. Thus in this table, for
the year 1907 Station A has a rainfall that is 54/100 of the average of the
group, and Station B rainfall is 206/100 of that average (columns 3 and 7).
But we find that the two stations have mean rainfalls in the ratios 34.85/85.67,
or each to the group mean in the ratios 73/100 and 181/100, respectively. By
then correcting for this normal or average relationship of these stations to the
group mean, we find the values 74 and 114 in columns 4 and 6. These mean
simply that in 1907 Station A had 73/100 and Station B had 114/100 of its
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normally expected rainfall. Hence the quotient of these two, given in column
5, is the relationship for that year between these stations. Thus Station A in
relation to Station B had 65/100 of its normal rainfall.

TABLE 2

CALCULATION OF INTERSTATION RATIOS FOR MOANALUA (A) (50) AND
MAUNAWILI (B) (2)

1 2 3* 4t 5+ 6t 7* 8

RAINFALL RAINFALL
YEAR A R,g v. IR Vb Rbg B

-----
1903 27.89 74 101 101 100 180 68.42
1904 49.25 65 89 92 97 174 131.13-
1905 21.70 58 79 72 109 197 73.42
1906 30.17 68 93 108 86 155 68.60
1907 30.31 54 74 65 114 206 115.38
1908 27.69 72 99 105 94 170 65.11
1909 23.80 56 77 83 93 167 70.63
1910 28.68 63 86 94 92 165 75.62
1911 29.03 59 81 84 96 172 85.34
1912 21.24 66 90 92 98 177 56.88
1913 24.34 57 78 79 99 178 76.36
1914 26.62 55 85 60 126 226 109.45
1915 29.50 59 81 84 97 175 87.54
1916 51.22 80 110 134 82 147 93.58
1917 51.91 83 114 150 76 137 85.53
1918 46.84 71 97 94 103 186 122.17
1919 17.51 60 82 68 121 217 62.90
1920 34.52 76 104 118 88 159 72.48
1921 38.14 81 111 96 116 209 98.67
1922 31.84 89 122 118 103 186 66.34
1923 48.26 78 107 101 106 190 117.93
1924 34.55 85 117 117 100 180 73.57
1925 30.07 86 118 101 117 211 73.76
1926 21.61 76 104 85 122 219 62.36
1927 64.68 86 118 113 104 187 140.63
1928 27.70 80 110 109 101 181 62.41
1929 43.45 96 131 142 92 166 75.36
1930 38.67 73 100 103 97 175 92.82
1931 23.58 59 81 79 103 186 74.52
1932 38.54 69 94 98 96 173 96.11
1933 33.97 85 116 120 97 175 70.08
1934 39.65 87 119 119 100 180 82.11
1935 40.59 84 115 109 106 190 91.33
1936 48.67 89 122 126 97 175 95.81
1937 43.47 74 101 103 98 177 103.97

----
Means 34.85 72.9 100.2 100.6 100.7 181.4 85.67

• Columns 3 and 7 are station-rainfall/group-rainfall X 100.
t Columns 4 and 6 are the values from 3 and 7 recomputed to a base of 100.
t Column 5 shows the values of the interstation ratio, Station A/B.
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Figure 3.-Cumulative graphs showing typical distributions of interstation ratio
variations on log-probability scales. The first four at the left show essentially normal,
straight-line patterns with lesser slopes and progressively greater deviations to the
right. Farther to the right are two of the few graphs that show departure from the
normal type. The scale at the bottom applies to the graph 50/2. To apply to each
of the others the scale should be shifted so that 100 falls at the vertical line which
cuts the graph at n = 18 for each. The scale at the left is a serial scale of the 35
annual ratios from Number 1, with the lowest ratio between stations as listed, to
Number 35, with the highest.

When the interstation ratios for a given pair have been computed, they may
then be treated' as a series of determinations which center about a mean and
may be analyzed in relation to the so-called normal curve of error. Those
contained in column 5, Table 2, give the graphs shown in figures 3 and 4 for
interstation ratio 50/2.

The normal distribution curve, which is also called the probability or bell
shaped curve, is the ideal form of distribution of magnitudes which show a
central tendency. For example, in drawing at random from an urn containing
equal numbers of black and white balls, the chances of having various degrees
of preponderance of black or white balls in the sample taken are shown by
the normal curve (fig. 4). The equation for this curve can be derived in
various ways but is perhaps best explained as based on the values of coefficients
in the expanded binomial expression (A + B) n. It is basically related to the
formulae commonly used in determining standard deviation, probable error,
and other measures of deviation, and is applicable to all distributions where
the principle of equal chance of deviation in either direction is known or is
assumed to hold.

Analysis of the distribution of interstation ratios is most readily done graph
ically on paper provided with a vertical probability scale and a horizontal
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logarithmic scale. It is commonly found that sets of magnitudes that span a
range of two or more give a less skewed and more nearly normal distribution
when plotted to a logarithmic scale. This condition is very clearly indicated
by the graphs contained in Nakamura's paper, where practically all the cumu
lative curves plotted to an arithmetic abscissa scale are concave to the right
and where those in the higher numerical values have lesser slopes than those
in the lower.4 These lines would have been straighter and the interpretations
more readily made if logarithmic probability paper had been used, in accord
ance with existing practice in certain fields. 5 Indeed, it is probable that where
dealing with large variations of rainfall, and with stations of widely different
rainfall, averaging for certain purposes should be done by taking the geometric
mean. Test of this point is, however, beyond the scope of the present paper.

By using the paper with such scales the interstation ratios were classified
and plotted as a cumulative line. A line fitted by inspection, if straight, indi
cates an unskewed normal distribution, with the standard deviation shown by
the reciprocal of its slope. Curvature denotes skewness and possibly· other
peculiarities (fig. 3).

The majority of the 78 sets of interstation ratios display a clear, straight-line

•••••• •
• 0.30

• • _1t2
Y=-'-e 2

I V2ff
0. 20l •

• •
• •

• 0.10 •

•
00 + 2 3 A

01 05 10 20 30 40 50 60 70 e'o 90 95 99 B
6'0 70 eo 90 100 120 140 160 180 C

Figure 4.-Distribution graph of interstation ratio 50/2 for 35 years, showing the
normal, bell-shaped curve of the type represented by the straight line for the same.
interstation ratio in figure 3. The vertical scale and the upper horizontal scale are in .
the units x and y and are shown in the equation of the normal curve. Scale B shows
the cumulative percentages of the area under the curve from left to right, the plotted
points in a perfect distribution being at the centers of n equal units of area. The
actual points stand to left or right of true position in accordance with their deviations
of ratio, scale C. Scales Band C, used as y and x, form the basis of the straight-line
form of plotting shown in figure 3.

4 op. cit., figs. 6, 7, 8, and 9.
5 Frederick C. Mills, Statistical Methods (New York: Holt and Co., 1924), p. 139.
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distribution, when plotted on a logarithmic scale. The same relation is shown
by Nakamura's annual variation data or the actual rainfall of a given station
for many years when similarly plotted. Sixty of the interstation series were
classified as of this type, without significant deviation from it (fig. 3). Seven
teen showed what appeared to be significant curvature (IR 54/50, fig. 3),
which is equivalent to a certain degree of skewness in the distribution of inter
station ratios. A single graph showed a sigmoid shape equivalent to a f1at
topped frequency curve with abrupt limits at the two extremes. It is imma
terial which sign the curvature and skewness take, since both would be reversed
if the reciprocal ratio had been taken. A more important generalization can
be made by reference to the stations in question. Examination of the individ
ual examples of skewness, resulting from several unduly small (or large)
interstation ratios in a given series, which have values beyond the indications
of the standard deviation and the normal curve, shows that the aberrant ratios
are all due to exceptionally dry years of several of the least rainy, leeward
stations. One might say that for such stations there is such high variation and
the minima come so near to zero that even a year's rainfall is not a sufficiently
long sample to conform approximately to the probability expectation. After
consideration of these causes, it appears that deviations from symmetrical un
skewed distribution of interstation ratios on a logarithmic scale are few, and
that where they occur they are due to insufficient data and shortness of record.
There appears to be no indication of any systematic skewness or other sort of
departure from the bell-shaped distribution as shown by the straight line on
the scales used.6

The mean value for each of the sets of interstation ratios was not found to
be exactly 100, as might at first have been expected, because these numbers
have been reconverted as ratios above and below an average value. This is,
however, readily explained by reference to the well-known rule that the mean
of certain ratios between any two series of quantities is not equal to the ratio
of the means of the two series of quantities, except when one of these, used as
a base, is a constant. This condition could be remedied if all means were cal
culated as geometric means, but commonly this would entail a prohibitive
amount of labor.

The method of linear regression has been suggested as a further possible
refinement in calculation of the relationship between stations.7 In this method,
in deriving the equation A = x +yB, two parameters are determined, x and
y. y is the slope of the fitted line and hence the equivalent of the interstation
ratio used in this paper. x is the intercept at which the line crosses the A axis.

a Methods have been described in detail for the straight-line plotting of skewed fre
quency data, but their use does not seem to be required here. See R. D. Goodrich,
"Straight Line Plotting of Skew Frequency Data," Transactions of the American Society
of Civil Engineers, XIC, Paper No. 1622 (December, 1927), 1-118.

7 Personal communication from Dr. Harry F. Clements, University of Hawaii r
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In the writer's calculations, x is taken as 0, equivalent to saying that the line
passes through the origin, or that 0 rainfall at one station means 0 rainfall at
the other. However, by setting up x for empirical determination, a somewhat
better fit is obtained in the range of the data. Of course, a still better fit can be
obtained by using a second-order equation and deriving a curved line.

In a specific problem of calculating one station from another, either of the
latter equations might be superior to the use of the one-term equation implied
in the interstation ratio. But for the purpose of the present paper, which is an
exploration of the probability variations of interstation relationships, the use
of the interstation ratios alone seems adequate. In view of the close analogy
between the methods it does not appear that the picture of variation as shown
in figure 3 would be materially modified by the slight change in slope implied
by determining x rather than passing the line through the origin. .

Further, it appears that with the method used and its tendency to produce
slightly greater deviations for points nearer c the origin, the continued indica
tion of linear probability-logarithmic relationship is even more convincing
than it would be if the linear regression technique were used.

In Table 3 are given the average interstation ratios for all pairs of stations.
For example, the mean annual rainfall ratio, Station 42 (Lower Luakaha) to
Station 85 (Waianae), is 7.33 (or stated in reverse, the reciprocal 0.14).
These ratios may be of some value to readers but are offered here chiefly as
intermediate steps in the determination of the variations of such ratios as given
in the next table. In Table 4 it is stated, for example, that the Luakaha to
Waianae ratio in any given random year is as likely as not to be as much as
1.34 times the normal, hence 7.33 X 1.34 or 9.82, or as little as 7.33/1.34, or'
5.47. Once each in 100 years the ratio of Luakaha rainfall to Waianae rainfall

TABLE 3

AVERAGE INTERSTATION RATIOS (1903-1937)

THE BASE

1 80 12 2 42 37 50 54 53 61 68 69 85

1 1.37 1.11 .50 .30 .42 1.23 2.05 1.24 1.66 2.08 2.15 2.22
80 .73 .81 .37 .22 .30 .90 1.50 .90 1.21 1.52 1.57 1.61
12 .90 1.24 .45 .27 .38 1.11 1.85 1.12 1.50 1.88 1.94 2.00

2 1.99 2.73 2.20 .60 .83 2.45 4.08 2.46 3.30 4.14 4.29 4.40
42 3.32 4.55 3.67 1.67 1.39 4.09 6.80 4.11 5.50 6.90 7.13 7.33
37 2.38 3.28 2.64 1.20 .72 2.95 4.90 2.96 3.96 4.97 5.14 5.29
50 .81 1.11 .90 .41 .24 .34 1.66 1.00 1.34 1.69 1.74 1.79
54 .44 .67 .54 .24 .15 .20 .60 .60 .81 1.01 1.05 1.08
53 .81 1.11 .89 .41 .24 .34 1.00 1.65 1.34 1.68 1.74 1.78
61 .60 .83 .67 .30 .18 .25 .74 1.24 .75 1.25 1.30 1.33
68 .48 .66 .53 .24 .14 .20 .59 .99 .59 .80 1.03 1.06
69 .46 .64 .51 .23 .14 .19 .57 .95 .58 .77 .97 1.03
85 .45 .62 .50 .23 .14 .19 .56 .93 .56 .75 .94 .97

[ 9 }



might be expected to be as high as 7.33 X 2.78, or 20.35, and as low as
7.33/2.78, or 2.64.

Throughout this paper, the stations studied have been classified and arranged
in tables in the following geographic groups:

Waimanalo
Group A Waialua \'Qindward, low coastal

Kahuku

Group AB Maunawili Windward, base of mountains

Group B Luakaha
Leeward, inlandTantalus

Group BC Moanalua Leeward

Puuloa
Aiea

G:oup C Waipahu Leeward, low, coastal plain
Ewa Mill
U. S. Magnetic

Group D Waianae Leeward of leeward range, coastal

Perhaps the most significant result of the calculations in a geographic sense
is the comparison of interstation ratios on the bases of distances, directions,
and topographic situation.

Table 4 (lower left) shows the most probable annual deviations of inter
station ratios between all pairs of stations. The deviation ratios range from
1.072 to 1.426. For convenience, ratios of 1.15 or under may be considered
as indicating high correlation, those of 1.250 or more as low correlation. In
such an arrangement, the higher correlations are naturally between stations of
the same or adjacent groups, just under the diagonal line. Conversely, in and
toward the lower left corner are shown larger deviation ratios and lower cor
relation between dissimilar stations.

Some lumping has been required in making up groups and this is evident
in the resulting tabulation. For example, the station Kahuku is more closely
correlated with Waimanalo than is Waialua, the latter having a decidedly less
dear windward location. But Waialua is better correlated with Waimanalo
than is Maunawili, despite the fact that Maunawili is on the windward side
and less than 3 miles from Waimanalo.

Luakaha and Tantalus are evidently closely linked, but Moanalua differs
considerably. This is apparently due to its nearness to the range margin, result
ing in a rainfall average low enough to be affected by cyclonic storm conditions
which dominate the leeward, low-level stations. Moanalua, of all the stations,
has fewer high and fewer low correlations with other stations. It is perhaps
less likely to be dominated by either orographic or cyclonic excesses or defi
ciencies than any other station of those studied.

[ 10 ]
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TABLE 4
RATIOS OF DEVIATION OF INTERSTATION RATIOS: MOST PROBABLE, LOWER LEFT;

ONCE EACH PER 100 YEARS, UPPER RIGHT

A AB B BC . C D '"STATIONS
1 80 12 2 42 37 50 54 53 61 68 69 85

...

..s
-- -- -- ...

1 1.54 1.54 1.61 1.89 1.96 1.72 2.38 1.33 2.00 1.64 1.61 2.27
;.-.

0
Waimanalo 0....

A 80 1.135 1.47 1.72 2.13 2.04 1.59 1.70 1.41 1.64 1.43 1.37 1.67 ......
Waialua 0..

12 1.135 1.12 1.54 1.89 1.92 1.64 2.70 1.54 1.92 1.64 1.82 2.38 ..c:
u

Kahuku ..s...-- -- -- ...
2 1.15 1.173 1.135 1.41 1.54 1.67 2.27 1.61 2.27 2.22 2.22 3.12 u

AB c:
Maunawili 0

-- -- -- -a
42 1.204 1.244 1.204 1.105 1.39 1.82 2.56 1.79 3.45 3.22 2.56 2.78 ...

U
Lower Luakaha ...

B 0..
37 1.217 1.23 1.211 1.135. 1.10 1.79 2.63 1.79 2.13 2.13 2.94 2.94 ><...

Tantalus ...
-- -- -- .Q

BC 50 1.173 1.145 1.155 1.161 1.192 1.186 2.86 1.49 1.82 1.67 1.85 2.22 .8
Moanalua c:

-- -- -- ~
54 1.283 1.167 1.33 1.267 1.31 1.32 1.35 1.75 1.72 1.35 1.75 1.89 0

-a
Puuloa ...

53 1.085 1.11 1.135 1.15 1.186 1.186 1.125 1.179 1.75 1.47 1.53 1.67
0

0..
Aiea ;:l

61 1.225 1.155 1.211 1.267 1.426 1.244 1.192 1.173 1.179 1.79 1.82 1.61 c:
C Waipahu .g

..s
68 1.155 1.11 1.155 1.258 1.40 1.244 1.161 1.09 1.12 1.186 1.28 1.53 'S;

Ewa Mill ...
-a

69 1.15 1.095 1.192 1.258 1.31 1.362 1.198 1.179 1.13 1.192 1.072 1.79 ""'0
U. S. Magnetic '"-- -- -- .S:

D
85 1.267 1.161 1.283 1.387 1.34 q62 1.258 1.204 1.161 1.15 1.13 1.186 ~

Waianae p::j

Ratios of most probable deviation



Aiea is somewhat similar to Moanalua and shows a lesser kinship with
Group C. Puuloa, Waipahu, Ewa Mill, and U. S. Magnetic Station are quite
similar in their relations to other stations. Waianae belongs in this group
while also showing a rather high correlation with Waialua, which is somewhat
similarly located with reference to possible cyclonic storm invasion.

i'l There are ~je.f aPEYcatW11£.QfJpe data and conclusions here presented.
\~ Both of these deal with gener~l relationships ra~ith specific use of

\i either rainfall means or interstation ratios for these stations in particular. The
i least distance between two of these stations is under 2 miles, the greatest is

over 30 miles. In general, we may say that the interstation ratio between Sta
tion A (of several years' record) and Station X (of record for 1 year), based
on a year's record, is likely to have a probable error ranging from 10 to 45
per cent, according to degree of similarity of geographic situation on the island
of Oahu. Or, within the groups one could expect a station X, belonging
clearly.to Group A, to have a probable error of relationship to a station in
that group of about 12 to 14 per cent, or to one in Group B a probable error
of about 10 per cent. Relations in Group C are slightly more aberrant but
center around 15 per cent. In most practical studies where one might attempt
to supply a missing year for a given station, use would usually be made of
similar stations, rather than those of different groups. But it would seem from
the data here given that the most probable error of estimate for a given station,
even by using a remote and quite different type of station, would not exceed
about 45 per cent.

The same values of probable error hold, whether the problem is that of
supplying a single year from comparison with another station, or whether it

TABLE 5

ESTIMATED RAINFALL FOR \XTAIPAHU BY STATION MEAN AND BY INTERSTATION RATIO

(EWA MILL)

ACTUAL ESTIMATE ESTIMATE BY
YEAR RAINF."-LL BY STATION DEVIATION INTERSTATION DEVIATION

(\'<fAIPAHU) MEAN RATIO (EWA MILL)

--
1910 16.65 26.04 9.39 19.05 2.40
1911 20.43 26.04 5.61 20.80 0.37
1912 12.62 26.04 13.42 10.30 2.32
1913 23.54 26.04 2.50 19.90 3.64
1914 20.39 26.04 5.65 20.92 0.53
1915 28.24 26.04 2.20 25.65 2.59
1916 44.40 26.04 18.36 44.30 0.10
1917 44.46 26.04 18.42 45.60 1.14
1918 39.09 26.04 13.05 45.05 5.96
1919 10.55 26.04 15.49 10.74 0.19
--
Mean 26.04 10.41 1.92
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is that of estimating mean rainfall of a given station when only a single year
of record is in hand to give a comparison with reference stations. In the latter
case the quantitative errors in terms of water quantities would naturally be
much greater.

Table 5 shows, purely by way of example, the results of attempting to esti
mate rainfall at one station (Waipahu) for each year of aID-year period: (1)
by use of its determined arithmetic mean, or (2) by use of a determined
interstation ratio and data for the year in question at a near-by station (Ewa
Mill). Nakamura has shown that the probable variation of a given annual
rainfall determination at Waipahu is 7.96 inches of rain. 8 The present study
suggests that the probable error of using the measured rainfall at Ewa Mill
multiplied by the interstation ratio is about 18.6 per cent, or about 4.5 inches
of rain. In general, therefore, one would expect to estimate the Waipahu rain
fall for a missing year of record by reference to Ewa Mill with little more than
half the error involved if only the mean rainfall at Waipahu were used. The
data given in the table, owing to a short period and inadequate sample, show
an even greater superiority of the interstation method than could be expected
in the long run.

Since it appears that plotting on a geometrical scale results in reduction of
skewness, one may ask if all averaging of rainfall data should not be done on
a geometric basis. Trial with data for annual rainfall at Lower Luakaha sug
gests that if the smallest possible arithmetic deviations in inches of rain are
sought, the arithmetic mean should be used. This procedure, which is the
simplest, would give the most consistent results in the estimation of water.
quantities. On the other hand, if it is desired to analyze and interpret all the
aspects of rainfall variation and relationship to other stations, it is probable
that geometric means and ratio comparison should be used. By using loga
rithms or the slide rule, such practice is not unduly laborious. Finally, we
cannot say which method will give us the most probable value for a future
year until we specify in which measure, arithmetic or geometric, we shall
express our deviations.

SUMMARY AND CONCLUSIONS

1. Variations of interstation annual rainfall ratios from the mean have been •
determined for 35 years for all the pairs of stations included in 13 stations,
or 78 pairs and 2,730 ratios. Extreme ratios run as high as 3.0, indicating that
a given station, in relation to another, may receive as much as three times, or
as little as one-third of, the expected amount. For the best-correlated pairs,
the most probable deviation is less than 10 per cent; for the least well corre
lated, the most probable deviation is near 45 per cent.

• Op. c;I., Table 4.
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2. Plotting on log-probability paper shows, in the majority of station pairs,
a close adherence to the normal curve, with no systematic evidence of skewing.
The small number of pairs differing from this pattern is believed to be incon
clusive of any generic natural tendency.

3. The closest correlation exists between stations that are fairly close to
gether, so as to be affected by unit storms of a few miles in diameter, and that
are similarly located with reference to windward or leeward slopes, high or
low elevations, and other topographic conditions.

4. Given a station not over 5 to 10 miles away and similarly situated, the
probable rainfall at a new or lapsed station can be estimated from a valid inter
station ratio with a probable deviation of not more than about 20 per cent.
Only the very high rainfall stations, like Luakaha, have probable deviations
annually from their own mean which are smaller than this. All the others,
with ra{nfaliless than about 100 inches annually, have large enough annual
variations so that reference to other stations and use of interstation ratios result
in an improved estimate.

[ 14 J



I

l
l
l
l
l
l
l
l
l
l
l
l\ l

. l
l
l
l
l
l





·"

/



, ,





SPECIAL COLLECTIONS

7 DAY·LOAN
SPECIAL PERMISSION

DATE DUE" LAST DATE STAMPED

~

".APR 1 2 LniD

.

OVERDUES: NO GRACE PERIOD
RETURN DIRECTLY TO HAWAIIAN & PACIFIC COLLECTIONS



l/?aglorJ=- . •.
I. '::fM'PHlET BINDER i

PA NY•..= Syracuse, '. i
- '-1 n Cal.,••.. Stoc~o~,

·\~lti~i~I~I~lm!~}H
10 000 OFHAWA"

UNIVERSITY _

\

'.




	GWLA H2O03808
	GWLA H2O03809
	GWLA H2O03810
	GWLA H2O03811
	GWLA H2O03812
	GWLA H2O03813
	GWLA H2O03814
	GWLA H2O03815
	GWLA H2O03816
	GWLA H2O03817
	GWLA H2O03818
	GWLA H2O03819
	GWLA H2O03820
	GWLA H2O03821
	GWLA H2O03822
	GWLA H2O03823
	GWLA H2O03824
	GWLA H2O03825
	GWLA H2O03826
	GWLA H2O03827
	GWLA H2O03828
	GWLA H2O03829
	GWLA H2O03830
	GWLA H2O03831
	GWLA H2O03832
	GWLA H2O03833
	GWLA H2O03834
	GWLA H2O03835
	GWLA H2O03836
	GWLA H2O03837
	GWLA H2O03838
	GWLA H2O03839
	GWLA H2O03840
	GWLA H2O03841
	GWLA H2O03842
	GWLA H2O03843
	GWLA H2O03844
	GWLA H2O03845
	GWLA H2O03846



