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Abstract

In the field of forest hydrology, it is important to know the approximate amount
of water stored in a drainage area at any one time. This paper deals with methods for
estimating from daily records of runoff and precipitation the monthly changes in retention
storage and detention storage and other components of the water cycle. The monthly
water losses to runoff expressed as precipitation minus runoff are adjusted first for evap-
oration and transpiration, then for groundwater storage on the basis of the storage curve
derived from the ground water depletion curve. The residual may then logically by consid-
ered to be the amount or retention storage on the watershed at the end of each month
for the average year employed in this study. Sample data for an experimental watershed
are given.
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Introduction

With ever increasing needs for more intensive land use simultaneously with expan-

ding needs for water, a knowledge of the hydrologic cycle on individual watersheds be-
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comes increasingly urgent. In other words, it is important to find out the volume of
water stored in a drainage area for a time interval shorter than the 12 months period
that has been used heretofore. Much progress has been made in establishing a practical
accounting method. (3), (4), (5).

The present paper discusses the problem of keéping monthly accounts of the es-
sential water-cycle components for an experimental drainage area. The monthly interval
makes it possible to better understand the significance of hydrologic seasons and hy-
drologic year in Aichi Prfecture, for which a preliminary studyhas recently been repor-
ted. (7).

This present study employs data from watershed A, Tokyo University Forest in
Aichi. Watershed A is the best protected area for basic hydrological research among
several experimental drainage areas in the Tokyo University Forests in Aichi. This
watershed supports a good forest cover mostly of pine with a mixture of some broad-
leaved trees. It is a typical so-calld ‘“‘small watershed’” of 106.7 ha in area having
an average elevation of 446 m. The basic geology is granite, the most characteristic
geology in Tookai District, wich is one of the questionable areas from the view point
of watershed mangement. Ten years (1934--1943) of records have been chosen from
the 25 years of stream gauging data taken since 1930. Employing these ten years of

data, the average annual cycle of water storage is described.

Monthly replenishment and extraction

Ninety percent of observed precipitation () is assumed as net precipitation to the
forest floor ; that js, total rainfall corrected by 10 percent for canopy interception and
stemflow. Also two percent of observed rainfall is assumed to be channel precipitation
and this amount is subtracted from the measured runoff (70) to obtain the net runoff
from the land surface of the drainage area. Values net » and net 7o are shown by
months in Columns 1 and 2, respectively, of Table 1. The value of net £ minus net
ro, net (p~ro), is temporarily named replenishment here, because this value is corsi-
dered as a mothly increase to the amount of water in storage on the drainage area du-
ring the month.

The monthly value of evaporation and transpiration are estimated in two different

ways. One is to distribute the average annual losses (total net £ minus total net
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Fig. 1. Evaporation from land areas for various temperatures and rates of
| rainfall per month for Aici Prefecture.
(Meyer’s origin, modified by Noguchi)
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Fig. 2. Transpiration for various temperatures by month for Aichi Prefecture.
(Meyer’s origin, modified by Noguchi)

RO)* on the basis of the monthly average of the daily maximum air temperature. The
temperature for each month is first computed as a percentage of the total temperatures
for all months. Then this percetage is used to determine the proportional amount of
the total annual evapotranspiration that might take place during the month on this basis
of temperature alone. The results are shown in Column 14 of Table 1. The second
method of estimating monthly evapo-transpiration is to use the graphs as shown in Fig-
ure 1 and Figure 2 which are modifications of Adolph Meyer’s method. (). In the
modification of the original Meyer’s graphs, only the reading scale is altered to take
into consideration the total annual average losses. The results of applying these graphs
are inserted in Columns 4 and 5, respectively, and evaporation is slightly corrected re-
flecting the monthly duration of sunshine at Aichi. The summation of these two co-

lumns appears in Column 6. The evapo-transpiration estimated in this manner actually

* Foot note : P--RO refers to the annual totals, small P—ro is used to indicate monthly totals.
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Evapo-transpiration in mm depth

xome oo x  Value by distribution method
o0 Value by Meyer’s method

Fig. 3, Annual variation of monthly evapo-transpiration
in Watershed A, through two methods.

has éome slight difference from the value brought through the first method in Column
14. In months of moderate rainfall, i. e., in spring and in autumn, however, it may
be said that the results of two different ways are approximately equal. (See Figure 3.)
This fact appears to justify the appropriateness of the trial scaling in the writer’s modi-
fication of Meyer’s original graphs. Because more factors have been taken into consi-
deration in the second method than in the first method, it is logical to assume that the

values in Column 6 are somewhat more acceptable.
Application of basal formula of storage

The relationship between rainfall, runoff, collective losses, and storage is usually
expressed by the equation
(p—ro)—L==dds
in which p is the total precipitation for the period, 7o the total runoff for the period, L
the total losses for the period, and 45 the increment in surface and subsurface storage
during the period, the sign being plus for an increase in storage and minus for a de-
crease. The quantity 45 is made up of three separate factors, viz.
(1) Increment or decrement in surface storage in streams, land depression,

and tree canopy,
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(2) the change in the amount of ground water in storage, and
(3) the change in field moisture.

Consideriug the amount of extraction by evaporation and transpiration to be the
total losses here, the residual of the extraction amount from the replenishment (net p—
net ro—L) equals logically the change of subsurface storage (4s) {rom the beginning
to the end of the month. (Column 7.)

In this paper, the surface part of storage is automatically eliminated by dealing
only with the net values of precipitation and runoff. By summing up the monthly
changes of 4s from January to December, the relative annual variation of subsurface
storage is derived. Column 8 gives the results of such a summation on a trial base of a
calendar year, and indicates the comparative amount of storage at the end of each mon-
th. In some months of the fall season these figures take a minus sign. Since, ho-
wever, it is more convenient for us to illustrate the variation of subsurface storage by
employing all the value kas havihg plus" signs, an arbitrary constant is added as being
the unknown base on which the watershed operates from year to year. Supposing this
to be 50 mm, then we. can obtain the figures for the storage amount as shown in

Column 9.

Variation of detention storage alone

The values shown in Column 9 are for total storage or for composite storage of
detention and retention. On the other hand, the detention (ground water) storage at
the ending moment of a certain month can be estimated separately by means of the no-
rmal ground water deplétion curvé and the ‘st(A)rage curve‘k When there has been no
rain for several days previously, the runoff data of the last day of the month becomes
a good index of the ground water in storage at that time. If the runoff data during
the ending several days have no smooth recession because of rainfall, then hydrograph
analysis must be resorted to in order to get the amount of ground water runoff. - Ap-
proximately, however, we can interpolate the value of ground water runoff between a

“sequence of dry days before and after the last day of the month. = The principle of
the interpolation employed by the writer is illustrated in Figure 4. - Especially in ‘the
study of ‘ten years’ average value, this ‘approximation may be said to be feasible.

The storage value derived from the storage curve as shown in* Figure 5 does not
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Fig. 4. Principle of interpolating the rainy day’s ground
water runoff between two groups of dry days.
(Ground water runoff is inserted by broken line)
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Putting 0.65 mm for Q,, and 0.95 for K, we ‘ge‘t S %12. 66 mm. At that time 0. 65mm
of storage is indicated in the practical storage curve having an‘ arbitrary base.  Accor-
dingly 12.66—0.65=12 (mm) is the difference between actual ’storage and the value
indicéted in the storage curve graph. 'Employing 12. 66 mm of storage as the base at
the minimum runoff 0.65 mm per day, the detenfion storage (D) values at the end

moment of the month are derived as shown in Column 10 of Table 1.

Variation of retention storage alone’

Retention storage can be defined as the residual of detention storage from the com-
posite storage (D+R) at the end of a certain month. The values shown in Column
11 are established on the temporary: base similarly to the composite storage in' Column

9, The actual water volume of the retention storage cannot be known.
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Table 2. Water economy as a total of replenishment, extraction and the change of
storage by month.

’ Income l
8 g g | | Q |
- 5 & | - i
O o o | S
Momh | 2 £ 2| B
2 E~ 5’,\ | e g -
3 AR A & & g0 &l i
|
Jan. | 16 1 17 9 8 17
Feb. | 39 | 39 13 26 39
Mar. 52 | ! : 52 32 15 | 5 52
Apr. | 75 | ‘ 75 58 1 16 75
May. 1: 58 | 4 14 76 76 76
June. l 136 | 136 104 10 22 136
July. | 47 | 16 61 124 124 124
Aug. | 97 | '8 18 123 123 123
Sep. t 110 110 93 12 | 5 110
Oct. | 79 79 70 2 7 79
Nov. | 23 | 2 2 34 34 34
Dec. 1 14 5 9 | 9 23 10 13 23

Note : Unit 1;—mm dépth.
Income and outgo amount by month

The changes of detention storage and retention storage from the beginning to the
end of a certain month can be easily computed. Columns 12 and 13 in Table 1 show
these changes. The plus sign shows the increase of storage, i. e., the deposition as
the excess of replenishment net (p—ro0) over the extraction of evapo-transpiration. The
minus sign shows the decrease of storage ; that is, withdrawal from the supply amount
by ¢ and z. Consequently the following equation is derived :
net (p—ro)+Supply amount from (D+R) at the beginning of the month={_e+1)
+ Deposition into (D+R) at the ending time of the month=(e+Deposition D)+(2
+ Deposition into R).

Separation of infiltrated amount of water into supplies for field mois-

ture and ground water.

The replenishment amount net (p~70) can be put as follows : net (p—ro)=net

(p—surface runoff)— groundwater runoff.



Accordingly,

net (p- surface runoft):=net(p—ro)-groundwater runoff.

This means the volume of water infiltrated through the land surface of the drainage

area. Ground water runoff (gro) for a month can be approximated by the mean of

detention storages at the beginning and the end of the month. The results ot the com-

putation of the infiltrated amount (F) are inserted in Column 3 in Table 3.

(1) | (2)

|
0 | (3) ) ) ® | M
mon net
t \ 4R Fr (p—ro0) gro #)+6) “ ©)—3)
; , ; .
Jan. +8 | 8 16 | 17.5 | 33.5 | 25.5
Fed. +26 l 26 39 17 | 56 | 30
Mar. 0 +5 1 15 52 + 24,5 . 76.5 | 61.5
Apr. 28 . +16 | 44 75 | 32,5 107.5 . 63.5
May. 40 @ -14 26 58 & 31 89 | 63
June. 55 ' +22 . T7 136 34 170 | 93
July. 70 —61 | 9 47 ' 31 78 69
Aug. 75 |, —18 | 57 97 | 19 16 | 59
Sep. 45  +5 50 110 . 21 131 ! 81
Oct. 30 0 +7 | 37 79 28 107 70
Nov. 6 -9 7 23 28 51 4
Dec. Lo+13 | 13 14 | 225 | 36.5 | 23.5
z ‘
Note ; Unit in mm depth.

Table 3. Computation table of supply amount for giound water S,

22
30

49
54
48
48
40

10

On the
) (10
(1)—(8)
Sy 4D
16,5 | — 1
17 0
39 +15
33.5 + 1
27 — 4
44 +10
15 —16
11 ' — 8
33 +12
30 + 2
26 — 2
9

other hand, supposing that the part of supply for transpiration comes out from the retai-

ned water, the temporarily retained part of infiltrated water in a period of a month (F,)

can be obtained by

Fy=(t—dR).

Then, the residual part of it from the total infiltration goes into the supply for groud

water (S,) and into evaporation, so that

Naturally 4D can be defined also by means of

The data are shown in Table 3.

The retention storage shows its minimum to be at the end of August.

F—F,=8,+e.

AdD=S,—gro.

The period from replenishment to extraction

Suppose

that total transpiration until this time must be equal to the total supply into retention

storage (F,) until this time, and the total transpiration during the period from March

to August is found to be equal to the total retention part of infiltration since the middle

of November before. (See Table 4.) Consequently, it is possible that the main part of

the period for storage lies between November and March.
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Table 4. Comparison of transpiration total and the sum of
retention part of replenishment until the end of

August.
Sum of retention | Sum of trans-
Moth R:;t()f replenish- ; piration
. Aug. 57 mm < 1 75 mm
since July. 66 < 145
" June. 143 < 200
" May 169 < 240
1 Apr. ] 213 < 268
" Mar | 228 < 278
" Fed. ; 254 S
" Jan. | 262 i
” Dec. 275 |
17 Nov. ! 282 >

Hydrologic season

An example of hydrologic season is described by Parker on the condition of the

northern United States as follows :

Storage period (roughly December to May)

Period of vegetation growth (roughly June to August)

Replenishing period (roughly september to November).
According to the writer’s opinion, the hydrologic season for Japan at Aichi must be
determined not only by the inner year variation of subsurface storage but the other com-
ponents and aspects of the water cycle. In our drainage area the inner year variation
of storage can be illustrated as in Figure 6. In this Figure we can see apparently the
maxima of retention and detention storage at the end of June, with a second peak at
the end of April. Now let us consider the meaning of these two peaks. Whereas the
maximum at the end of June is affected by the heaviness of rain which is characteristic
of this rainy season, the second peak at the end of April can he recognized as the point
of the accumulative trend of storage in the period of the dormant season that is termina-
ted by the beginniﬁg bf a period of active extraction, Inﬁ’ f;ther words, the end of
April may be a more adequate expression of the beginning of a definite period in the
hydrologic. year than is. the end of June, so far as expréssing a period of active evapo-
transpiration is concerned. - For this reason, it may be acceptable to begin the time of
extraction from storage at the end of April, which also Has been shown to-be the be-
ginning of the hydrologic year, as reported previously (7) 'Iflcidentally, it is stated by

Brater (6, page 171) that “‘the grouud water level in the United States usﬁaH‘y reaches
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Fig. 6. Annual average variation of retention storage and detention storage by month
in Watershed A, Aici.

its maximum stage about the first of May’’.

Both field moisture (retention) storage and ground water (detention) storage at Ai-
chi are subject to depletion from May to August, except in the rainy season which is
especially concentrated in June. At the end of August, they reach their annual minima.
The period until this time may appropriately be called the period of vegetation ’growth.
Then storage is replenished by the rainfall during the typhoon season, producing a
small secondary storage peak at the end of October, In general, accumulation ofb field
moisture goes on until the next April after a slight depletion in November. The deple-
tion of the ground water, however, tends to ’continue until the next February. Acére-
tion of ground water occurs in March and April. Hence, the endyof October and the
end of February also help delineate hydrologic seasons. In the period from November
to February, the ground water storage decreases though the field moisture increases
gradually. This can be considered logical on the ground that field moisture deficiencies
must be satisfied first. It aiso suggests that the supply for detention storage is less than its
loss in the range of this period. This is demonstrated by comparing figures in: Column
9 and in Column 3 of Table 3.

The hydrologic season may be set from several points of view, but here a few re-
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sults of the trial for it will be shown in Table 5.

Table 5. Suggested hydrologic seasons for Aichi.

By sub-surface ! By surface By the combine

month condition | condition condition
May. Period of Period of Period of
June. field moisture ¢ active active
Tuly. and ground water | extraction ! plant growth
Aug. depletion j ‘
— - e e 1o B T — T — ,;.‘__AAW,.,A, - P S - — - —— —
Sep. : Period of Period of
Oct. i typhonic rain typhonic
: . lenishin,
© Period of ; TP ¢ g
i field moisture ‘ i of storage
- i lenishi ) e -
Nov. | replenishing ‘ Period of less
Dec. | supply for ground
Jan. | Period of water than
Feb. | ' dormancy its loss
Mar. I ! Peiod of ‘ Period of
Apr. - ground water : . sub-surface
‘ l accretion | | storage
Conclusion

We must take many factors into consideration for determining the hydrologic season.
In our Aichi watershed under consideration, the two rainy seasons are concentrated in
the opening of summer and in the beginning of fall, as in most regions of Japan.
Although the rainfall at these times of course affects the subsurface storage condition,
actually the indices for defining hydrologic seasons is not rainfall directly but rather the
storage end extraction of moisture by evaporation and transpiration. The overlapping
of the accretion period and depletion period for two storage components, howeve , ma-
kes it somewhat more difficult to sharply define hydrologic seasons at Aichi than for
some other sections of the world. The writer believes that it is not now advisable to
attempt to define definite hydrologic season for Aichi. The trial as shown in Table 5
is suggested as only a tentative solution until further researches have been carried out

for Japan.
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