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AT SEVERAL POINTS BY MEANS OF TANK MODEL
By
M. Sugawara, E, Ozaki, I, Watanabe and Y, Katsuyama

National Research Center for Disaster Prevention, Tokyo

1. The purpose and outline of the present report

1.1 The purpose of the present report is to calculate the daily
discharge of the Mae Nam Chao Phraya at Nakhon Sawan (catchment area
being 110,569 km2) and its tributaries, i.e. the Mae Nam Ping at Wang
Kra Chao (26,369 km?), the Hae Nam Yom at Kaeng Luang (12,658 km2) and
the Mae Nam Nan at Tha Pla (13,086 km€)}, from the daily precipitation
observed in or near the respective basins.

3.2 The locations of river gauges and rainfall stations are shown
in Fig. 1.

1.3 The tank model which is used for the calculation of daily dis-
charge will be briefly described in the next section,

j4£ The obtained results are fairly good for Nakhon Sawan and Tha
Pla, but are not so good for Wang Kra Chao and Kaeng Luang, because of
the large areal fluctuation of precipitation which will be described in

section 3,

2. Tank model

2.1 8imple tank model for humid regions

2.7.1 In humid regions, where it rains all the year round and
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where the so0il is always wet owing te rainfall or water sup-
piy from ground water, we can simulate the runoff structure
of river basine fairly well by the simple tank mcdel sche-

matically shown in Fig. 2. It is composed of several tanks

laid vertically in series where each of the tanks has one or I

geveral cutlets in its side wall and one outlet in its bottom,

Rainwater is put into the top tank, and water in each tank l

partly goes down to the next tank through the outlet in the

bottom and partly goes out through the outlet(s) in the side [

wall., The sum of the outputs through the side outlet(s) of

each of the tanks forms the river discharge. [
2.7.2 1In spite of its simple appearance, the tank model
has several advantages as follows: Fig. 2
1) 1t has reascnable physical
meaninge corresponding to the zonal
structure of ground water schemat-

ically shown in Fig, 3. Of course,

real bagins cannot be s0 simple as

this but there must be far more
complicated condit;ons; 850 we think Fig. 3
that the tank model somewhat regembles the finite elements method.

2) It can represent the nonlinear character of surface runaff.

3) Each tank corresponds to runoff component having its own half
peried or time constant in approximation, Strictly spesking, from their
nonlinear character, the value of the half pericd of each tank is not
definite,

4) Input (rainwater) is distributed to each of the components auto-
matically.

5) Runoff components from lower tanks are smoathened in sﬁape and

the time lags are given to them automatically.
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2.1.3 A difficult problem about the tank model comeg from ite non-
linear character which makes it impossible for us to find parameters
mathematically or by some objective method, The only way is the methcd
of trials and errors. We put a set of numerical values to the unknown
parameters, and after numerical calculstion we cowmpare the calculated
hydrograph with the observed one. By subjective judgement after careful
observation and comparison of both hydregraphs, we arrange the values of
parameters for the next trial. There must be some reascnable and cbjec-
tive way of judgement and a method of finding optimum parameters, but we
think, trials and errors guided by subjective judgement of those who
have experiences will be far more efficient, It may somewhat resemble
the driving of a motor car on the street, It will be very difficult and
even impossible to make an automstic machine that can drive a car on the
street; yet many people actuslly can drive easily.

2.2 Composite tank model for nonhumid regions

2+2.1 In nonhumid regions or in the regions with an arid season,
we must consider the effect of soil moisture for which we must add a
structure at the bottom of the top tank. But it is not good enough to
explain the runoff structure of nonhumid basin,

2.2.2 In a nonhumid basin, where some part is wet and the remain-
ing part dry, the surface runoff occcurs only in the wet ares while in
the dry areas all the rainfall is sbsorbed as soil moisture., As the
rainy season goes on, the wet area grows larger, starting from a small
area along the river,

To approximate the continuous change of wet area, we divide the
basin into several zones 5q,53,°++,5, as shown in Fig, b4 where m = &,
It resembles the approximation of smooth curve by step function.

2.243 After the divieion into m zones, each zone is represented
for simulation by & simple tank model with =soil moisture structure in

the top tank, Thus we get a composite tank model, composed of n x m
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tanks as shown in Fig, 5, where
n==44 m=%and the left side is
the mountain side and the right
side is the river side, The top
tenk, the asecond tank, -+*+ and
the n-th tank of different zones
are of identical structures,
respectively,

2.2.4 Hereafter, the water

contained as s0il moisture is called
confined water, and the other water
free water, In this model, free

water moves in twe directions, hori-
zental and vertical, Each tank re- S, S Ss S4

ceives water from the upper tank of
the same zone or from the mountain  |feed—d 1
side tank of the same stratum, and
transfers water to the lower tank of :::::::::; XS,

the same zone or to the river-side A gl 4 XS,

tank of the same stratum. There is

another impertant transfer of water,

that is, the water'supply to so0il

moisture from lower free water by

> XS4

capillary action.

2.,2.% When the dry season - XS4

comes, free water of the highest

zone decreases faster than that of =¥ x54

other zones by water transfer to +
lower zones, After vanishment of

free water, soil moisture bvegins to Fig. 5
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decrease because thers is no water supply from lower free water. In
this way, the highest zone becomes dry earliest, and then the second
zone, the third zone, ete, become dry, while the dry season goes on.

In the opposite way, when the wel season comes, the lowest zone
becomes wet at first, and then the second zone, end the third zone, etec,
become wet, successively.

The change of wet area cen be represented automatically in this way.

2,2.6 The areal ratio of zones 5q: 82 ! +++ i Sp is an important
parameters in this model. If we have enough information about hydrolo-
gical, topographicel and geological cheracters of the basin, we may be
able to determine the ratio by using the given information. If we have
little or no information, however, we nust determine them by trials and
errors, whefe we may usually assume, for convenience, that Sq: S5: »o-
t 8y is a geowetrical progression, for example, as follows:

S9t 8yt 831 B, =331:3%:3: 1=67.51225: 7.5 2.5
813821851 8,=23:2%: 2312533 26.7: 153 : 6.7

2.2.7 The top tank of the model has two types of ocutlet in the
side wall:

a) Output through the outlet of type A directly goes to the river
channel.

b) Output through the outlet of type B goes to the top tank of the
next zons, except in the lowest zone where the output goes to the river
channel.

Though the model in Fig, 5 has outleta of both types, there are in
our results the ocutlets of type A only in the case of the Mae Nam Nan
at Tha Pla, the Mae Nam Yom at Kaeng Luang and the Mae Nam Ping at Wang
Kra Chao, and on the contrary, in the case of the Mae Nam Chao Phraya
at Nakhon Sawan there are cutlets of type B only.

2,3 bStructure for soil moisture

2.3.,1 We divide the scil moisture into two parts, primary and

—f—
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secondary, Rainwater goeeg into primary soil meisture and when primary
s0il meisture is filled up, the excess rain water becomes free water in
the top tank, which partly infiltrates into the second tank and partly
digcharges inte the river channel or goes to the top tank of next zone,
according to the rule of the tank model.

2:3.2 Water in primary soil moiasture goes gradually te secondary
soil meisture. We assume that the transfer velocity Ty is given as a
linear function of the storage amount of secondary scil moisture Xg.

Tg =¢ + ¢ {1 =¥ /Cg),s

where ¢, and ¢ are constants, and Cq the saturation capacity of seconda-
ry soil moisture. It means that when secondary soil moisture is empty,
the transfer amount per day is ¢ + ¢,
and it tends to ¢, when secondary soil
moisture tends to its saturation value.

In the present report, the fol-

lowing values are used in most cases:

Cg = 150 — 250 (mm),

H

€y = 0.5 (nm/day),

¢ 1 {mm/day).

2.%.3 When primary soil moisture

is not saturated and there is free

Fig. 6

water in lower tanks, water goes up by
capiilary action so as to fulfiil the primary soil moisture. The trans-
fer velocity Ty is assumed to be given as a linear functiorn of the stor-
sge amount xp of primary soil moisture as follows:
Ty =9, + ©{1 = Xp /Cp)y

where b, and b are constants, and CIJ the paturation capacity of primary
gsoil meoisture.

=b =3 (om/day), and C

In the present report, b is about 50 mm.

Q P
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2.4 Evapotrangpiration

2.4.1 To caleulate the effect of evapotranspiration we subtract
evaporation from the top tank as follows, where E ig the amount of daily
evaporation measured with a pan evaporimeter,

1) If there is enough of free water in the top tank, 0.8E is sub-
tracted from free water in the top tank.

2) If there is no free water in the top tank, 0,6E is subtracted
from confined water,

3) If there is not enough of free water Xy to subtract 0.8E from it,
xf is subtracted from free water and 75% of deficit, namely,
0,75(0.8E - X¢) is subtracted from confined water.

2.4.2 If there is no free water in the top tank and there is free
water in lower tanks, the deficit of primary soil moisture caused by
evapotranspiration is filled up by the water aupplj from the lower tanks.
So it seems ag if evapotranspiration is subtracted from lower free water.
In fact, soil moisture begins to decrease by eveapotiranspiration, after
all free water in lower tanke has vanished,

QM When the dry season goes on, some Zones become dry from the
mountain side., As no evapotranspiretion cam oceur from the dry zones,
mean evapotranspiration from the total basin becomes far smaller than
0.6E. In this way, this model can represent the decrease of evapo~
transpiration from ground water storage, automatically.

2.5 Deformation in river channel

2.5.1 The output from the tank model goes into the river channel,
where its hydrograph is deformed by the storage effect of the channel.
To give this effect, we use the storage type
model shown in Fig., 7.

2.5,2 Usually, time lag is given to the

caleculated discharge to get good fit with the

observed discharge. Fig. 7
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3, Mean areal precipitation for basin

3.1 Estimation of areal precipitation is the most important and
difficult probler in runoff analysis.
2.2 Difficulties mainly come from the following conditiocns:

1) All rainfall stations are installed along the rivers. There is
no rainfall statione in mounteinous part., The dispovsition of the
stations is biased from the beginning.

2) The type of seasonal pattern of monthly rainfall changes from
place tc place,

3) There is a large areal fluctuation of rainfall dietribution in
the basin,

4) Morsover, there is little correlation between rainfall statioms.
In some cases, there is no correlation, even when two stations are not
far from each other,

5) Under the conditions of large areal fluctuation and small corre-
lation, the number of rainfall stations must be large enough to get &
good estimation of areal mean. MHowever, except in the case of Nakhon
Sawan where there are twenty rainfall stations in or near the basin,
the number of rainfall stations are not large enough,

We will explain these one by one.

3.3 Biased disposition of reinfall stations

Usually it rains heavy on mountain slopes, especially when rain has
its cause in seascnal wind. In Japan, though rainfall stations are
mostly in plains or along the rivere, there are scome unmanned rain
gauges on summits or ridges which give important information especially
in case of storma. Strictly speaking, such & network, or the combina-
tion of stestiona set along rivers and on ridges, is also biassed, because
the heaviest rainfall might occur on mountain slopes somewhat lower than
ridges. Unfortunately in the basin of the Mae Nam Chao Phraya, there

are ng rainfall stationg in mountainous area, a0 we nave no cbjective
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rainfall data to estimate the areal mean,

We have to find the correction factor for areal rainfall, by the
comparison of calculated discharge with the observed one. Namely, we
must calibrate the correction factor.

3,4 Variety of seasonal pattern of rainfall

The seasonal change patterns of monthly rainfall of twenty stations
are shown in Fig. 8. In most stations a small peak is seen in May or
June and & large peak in August or September. But there are some ata-
tions that have only one peak in August, In some stations, the peak in
August or September is much higher than that in May, but in some sta-
tions not so much, The difference in seasonal patterns suggests us that
the correction factor for areal mean rainfall must have seasonal changes.

3,5 large areal fluctuation of rainfsll distribution

To show the areal fluctuation of rainfall clearly, we caleulate the
mean and the standard deviation of monthly rainfall amounts of twenty
stations (sometimes less than twenty when the data of gome stations are
lacking) for each month. The result is shown in Fig. 9, in which three
curves show m and m ¥ ¢, where m is the mean, and ¢ the standard devi-
stion, In most cases the coefficient of variation ¢ /m is about 50%,
but in few cases it is about 100% or mere. As the sample size is twenty,
the value of standard deviation is fairly reliable, So we agsume, for
a while, that the coefficient of variation is equal to 50%.

If we assume that the set of reinfall amounts measured at twenty
rainfall stations is & group of random samples, then the sample mean
{xq + Xy 4 e0e 4 %50)/20 is the random varieble whose distribution
function is nearly normal with the standard deviation o/ 20 = 6/b.5.
From this result and the above assumption that the coefficient of vari-
ation is 50%, the relisbility of the sample mean {xq + X3 + +++ + xzg)/20
will be judged by its coefficient of variation 50% : Q/EE £ 11%. This

is the reason why the result of Nakhon Sawan is fairly good.

_1 0_.
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3,6 Correlation between rainfall stations

Though we assumed above that the set of rainfall amounts measured
at twenty stations are the random samples from some population, it is
not correct, because there is a correlation between the rainfall sta-
tions, If we calculate the correlation coefficient between monthly
rainfalls, a fairly large correlation must be obtained because of the
similar seascnal pattern. One way to avoid the effect of seasonal pat-
tern is to calculate the correlation coefficient using the monthly pre=~
cipitation of each definite month, Jan., Feb., «++ and Dec., separately.
Then the resuvlt becomes not reliable because the sample size is small.
So, we calculate the correlation coefficient using the following dats,
the deviastion of monthly rainfall from the mean momthly rainfall being
given by

Rig = %35 - Xy
where i is the index for year, j that for month, X3 the monthly rain=-
fall of j-th month of i-th year, ;'j the mean monthly rainfall of j~th
month and ¥jj the deviation from the mean of j-th month, Table 1 shows
the calculated correlation coefficients between monthly rainfall amounts
at tem stations picked up from twenty stations, where the upper line is
obtained from the data of May -—— October (sample size is about 70 —
110), the middle line is obtained from the data of August and September
(sample size is about 30 ~— 40) and the lower line is the distance.
Figures of the upper and middle lines are approximately similar and they
are almost less than 0.5 and about 70% of them are less than C.3.
Therefore, generally speaking, they are nearly independent.

For the runoff analyses of the Mae Nam Nan, the Mae Nam Yom and the
Mae Nam Ping, we use only several rainfall stations each. Tables 2 — &
show the correlation between monthly rainfalls of several ststiona in or
near each of the basins. In the basin of the Mae Nam Nan the correla-

tien is fairly good, but ir both the basins of the Mae Nam Yom and the
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Table 1

Correlation coefficients between monthly rainfalls at several stations
in or near the basin of Nakhon Sawan

upper: May — QOct, middle: Aug. & Sep. lower: distance

5 o %
- - [ -] o =4
] g & - 4 @ -] =
= [ o -~ -] = o =
=} o = o H A Q %
= L] A bb [+] - o ] 0 ]
-~} Og [&2~1 == -] = ] -] w02 o 0
G [ -] o] =] H @ =i - P §+’
« o @ - & [ ] ] o o e ] 4] ot
95 8= oo o o = = =] -~ '.55.:1 = o
x4 [~ s ] = o [T =~ B Ay = = = e = &
Muan 1,00 0.25 0.47 ©€,37 0.21 0,26 0,21 0.14 0,16 0.16
Lam ﬁun 1,00 0.25 0.71 0.53 0.32 0.2% 0,05 0.12 -0.03% -0.02
P 90km 70km 100km 19Ckm 210km 130km 170km 230km 230km
Phrao 1,00 0.16 ©.35 0,28 0.29 0,30 0,42 -0.01 0.33
Chiang Mai 1,00 0,49 0,43 0.39 0.50 0.21 0.45 -0.19 0,28
B 130km B80km 230km 180km 16Ckm 9Okm 310km 290km
1,0 0,28 0.07 0.1 0.12 0.05 -0.09 -0.02
ggzaghagii 1.00 0.33% 0.28 0.31 0,15 0.17 =0,13 0,10
g 90km 24Okm 280km 190km 22Ckm 250km 260km
Pai 1,00 0,20 0,37 0,32 0,30 -0,13 0.04

1,00 0,27 0.42 0.19 0,34 -0.26 -0,06
Mae Hong Son 280km 260km 220km 160km 330km 330km
1,00 0,53 0,34% 0,26 0,05 0,28
1,00 0,65 ©.26 0,15 «0,21 0,18
170km  6Okm 250km 180km 10Ckm

Tha Pla
Uttaradit

1,00 0,29 0,22 «0,11 0,17
Pua Nan 1.00 0.25 0.19 =0.34 0,14
140km 140km 330km 270km

1,00 0.16 0,26 0,28
Muang Phrae 1.00 =0.02 0C.12 0,11

Muang

; . 1.00 -0,09 0,05
Chiang Rai Z80km 340km
Muang .00 0. 48
Kamphaeng 1.00 0,38
Phet 80km
Muang 1.00
Phitsanulok 1.00
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Table 2

Correlation coefficients between monthly rainfalls at several stations
in or near the basin of Tha Pla

upper: May ~— Oct. lower: Aug. & Sep.

A B c o E F G

The Pla 1,000 0,450 0,406 0,527 G 4kk 0,309  0.307
Uttaradit 1.000  0.491  0.475 0,652 0.518  0.516  0.138

, 1.000 0,468  G,491 0.346  0.240 0,305
B Na Noi Nan 1,000 0.500 0.565 0,495 0,416 0,754
1,000 0,564 0.550 0,444 0,44k
¢ Muang Kan 1.00C C.687 0.551 0,492  0.391
1,000 0,477 0,386 0,287
O Pua Nan 1.000 0.592 0.467  C.24b
1,000  0.415  0.486

E Ngao Lampang 1,000 0.41% 0,480

F Chiang Kham 1.000 0.345

Chiang Rai 1.000 0. b4gc

a Phayao 1.000

Chiang Rai 1.000
Tahle 3

Correlation coefficients between monthly rainfalls at several stations
in or near the basin of Kaeng Luang

upper: May — Oct, lower: Aug, & Sep.

A B o D E b3

4 Neso 1.000 0,415 0.486 0.188 0,440 0.485
Lampang 1.000 0. 414 0.480 0,046 0,223 0,248

3 Chiang Kham 1. 000 0,345 0,040 ¢, 205 0.259
Chiang Rai 1,000 0.490  -0,052 0,134 0.273

¢ FPhayao 1,000 0,175 0,422 0.515
Chiang Rai 1,000 =0,139 0.185 0,254

p Muang 1.000 0,294 0. 39k
Sukhothai 1.000 0.316 0.396

E Muang Phrae 1'838 g'zgz
Muang 1,000
Lampang 1.000
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Table &4

Correlation coefficients between monthly rainfalls at several stations
in or near the basin of Wang Kra Chao
upper: May — Oct, lower: Aug, & Sep.

A B c D E F g
s Muang 1.000 0,527 0.247 0,618 0,473 0,370  0,hk18
Lamphun 1,000 0,589 0,246 0,667 0,705 0.527 0,356
g Muang 1.000 0,368 0,457 0.165 0,321 0.381
Chiang Mai 1,000 0,360 0,344 0.328 0.259 0.245
c Phrao 1.000 0,238 0,165 0.346 0,372
Chiang Mai 1.000 0,103  0.490 0,425 0,345
D Li 1.000  0.25% 0.115 0,459
Lamphun 1,000 0,283 0,08% 0,368
E Mae Chaem 1.000 0,275 C.220
Chiang Mai 1.000 0,332 0,422
g Pai 1.000 0,22C
Mae Hong Son 1.00C C.203
a Muang 1,000
Lampang 1,000
Table 5
Correlation coefficients between monthly rainfalls at
several stations in Japan not far from Tokyo
upper: correlation coefficient  lower: distance
A B C D E F [¢]
A Tokyo 1,000 0,790 0,684 0,587 0,548 0. 444 0,067
100km 100km  220km 170km 170km  260km
B Mito 1.000 0,628 0,492 0.525 0.451 0,153
130km 300km 25Ckm 200km 210km
¢ Maebashi 1.000 0,499  O.44%% 0,494 0,133

230km 150km SCkm 170km

1,000 0,684 0,423  0.093

D Hamamatsu 90km  220km  3B0km

. 1,000 0,603 0,239
E Iida 130km  290km

1,000 0,385
F  Negano 160kn
G Niigata 1,000
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Mae Nam Ping some pairs of stations are nesrly independent of each other,
We can understand these facts from the topographical conditions that the
basin of the Mae Nam Nan is rather simple while the two other basins are
complicated and mountainous.

2.7 Comparison with Japanese case

From our experiences obtained from runoff analyses of Japanese
rivers, the necessary number of rainfall stations is about five, irre-
spective of the area of basin. Even if the basin is small, several
stations are necessary, and several statiocns are good enocugh also for
large basins.

Table 5 shows the correlation coefficients of monthly precipita-
tions of several stations in Japan not far from Tokyc, where the data
show the deviation from the monthly mean, the same as the above tables,
Distance between stations is also shown in the table, Among seven
stations, only Niigata is situated on the Sea of Japan side and belongs
to a different climate zone from others, and Iida and Nagano are situ~
ated in mountainous regions belonging to somewhat different climate
zones from others,

Comparing Table 1 with Table 5, we can see that the rainfall in
Japan has more spatial homogeneity than in Thailand., However, we have
an experience in analysing the flood of the river Kuma in Kyushu, the
southern part of Japan, that eight reinfall stations are not encugh for
good flood forecasting because of the locality of rainfall. In Thailand,
rainfall shows a larger fluctuation locally than in southern part of
Japan, so the rainfalls at two stations not so far from emch other are
nearly independent of each other, and therefore many stations are neces-
sary for the river forecasting, From the example of Nakhon Sawan, we
suppose that sbout twenty stations are necessary for good river fore-

cagting, unless the topographical character of the basin is simple.
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7.8 Weights for rainfall stations to obtain the areal mean

3,8,1 Thiesen method is not reasonable

The areal mean precipitation is usually given by the weighted
arithmetic mean

P=% wpP /Iw ,

where weight w5 is usually given by Thiesen method or equal weight, We
think, however, Thiesen methcd is unreasonable from the following con-
sideration, Consider the basin in which there are two rainfall statians
A and B, near the exit of the basin as shown in Fig., 10 a). By Thiesen
method, weight of A is small and that of B is large. However, if we
settle A4 to A' as shown in Fig. 10 b), then by Thiesen method, weight of
A' becomes large and that of B
becomes small., It cannot be
reasonable that a slight transpo-
gition of rainfall station causes
the large change of weight. If
Thiesen method is reasconable,

such absurdity canmot occur,

The reliability of the raim-

fall station must depend on the

Fig. 10

maintenance of the rain gauge,

the reliability of the chserver, the surrounding conditions of the rain

gauge, the micrometeorological conditions surrounding the station, etc.

By Thiesen method, however, weights are determined only from geometrical
condition, independent of the above physical conditions and octhers.

Thia must be the reason why Thiesen methoé is unreasonsable,

%,8,2 Isohyet is not soc reliable also

There must be another method, the use of ischyet, but we cannot
agree with it also. Because the isohyet is less reliable than the

isobar or the isothermal line, because of the large spatial fluctuation
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of precipitation. It is not seldom that two very near stations show
very different daily rainfalls., So it may be possible that the rainfall
emount obhserved at some station 1is not representative of the local mean
of the neighbourhood of the station,

We have some experiences that the areal precipitation obtained by
using the given isohyets does not show a good fit with river discharge.

In our case of the Mae Nam Chao Phraya, all rainfall stations are
along the river and we have no information about the rainfall in moun-
tainous region, and moreover, the areal fluctuatien of rainfall is very
large. Therefore, it must be very difficult to draw & reliable isohyet.

3,8.3 The method we are now using

The method we are now using is as follows:

1} For the weights, only four values 1, 1/2, 1/4 and O are used.

2) At the beginning, we put all weights at 1, namely we use the
gimple arithmetic mean, Calibration of model parameters goes on for a
while by using the simple arithmetic mean as input.

3) The calibration of the weights of rainfall stations begins, after
we have obtained fairly good results by the calibration of model para-
meters,

If there is significant difference between the calculated and ob-
served hydrographs at some time point, then we examine the rainfall data
to find out the stations that cause significamt errors., The stations
that cause significant errors many timea must be less representative,
Tnen we gwitch the weights of these stations smaller than before, that
is, from 1 te 1/2, from 1/2 to 1/4 or from 1/4% to O, where the weight O
means to neglect the station, If the correction is over, we reset some
part of the weights as before,

L4} After we have determined good weights by trials and errors, we

may continue the calibration of model parameters if necessary.
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We do not consider this method to be the best, but it is not so
bad, There must be some statistical methods for determining the
weightg, but it is not reliable, we suppose, As there are correlations
between rainfall date of stations, the discriminant value of the corre-
lation matrix becomes small, and so the weights obtained by solving the
normal equation are not so reliable and will show sometimes unreasonable
values, a negative weight, for exsmple.

We have some experiences that some rainfall station must be neg-
lected for obtaining good discharge forecasting, even if its pesition,
its circumstances, the maintenance of the gauge and its observer are all
well. We cannot but think, it is not representative for the basin from
the micrometecrological comdition. On the contrary, in some cases, the
station outaide of the basin or on the boundary of the basin will large-
ly contribute to the discharge forecasting.

3.9 Correction factor for the areal mean precipitation

3.9.1 Neceassity of the correction

In mest cases where the distribution of rainfall stations is biassd,
correction is necessary for estimation of the areal mean precipitation.
This cerrection is made by multiplying aome correction factor to the
weighted mean of the observed precipitation amount at each of the
stations, In our cases, all stationg are along the river, there are no
stations in mountainous regions, &nd it rains usually heavier in
mountsinous regions than in plains, so the correction wmust be necessary
for obtaining the aresl mean precipitation.

3.9.2 Seasonal ¢hange of the correction factor

In analysing the runoff structure of snowy mountainous basins in
Japan, we cannot but sssume that the sunowfall in mountainocus parts is
much heavier than in plains., Without this assumption we cannot derive
the large discharge from snow melt in spring., In summer, however, the

runcff analysis shows that the rain in mountain regions is nearly the
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same as in plaine. In most cases, of course, it rains somewhat heavier
in mountains than in plains, but the difference is not so much as com-
pared with winter. We wondered at the beginning, but all bamins on the
Sea of Japan side analysed by us show the same situation. Recently we
knew, by the discuasion held at IAHS Symposium on "Mathematical Models
in Hydrology'" in Bratislava in September 1975, that a similar situation

had been found in Canads,

The heavy snowfall in winter on the Sea of Japan side is caused by
the seasonel north-west wind which is made humid by the Tsushima Current
that flows through the Sea of Japan. Such orographic snowfall must be
far heavier in mountain regions than in plasins. In summer, most rain-
falls are of convective nature and less dependent on elevation, There-
fore, the significant seasonal change of correction factor must be
reasonable,

Az the basin of the Mae Nam Chao Phraya lies in the monsoon zone,
and as the main direction of wind changes according to seascns, so it
must be reasonable that the correction factor for the mean areal rain-
fall will show significant seasonal changes.

Different seasonal patterns of mean monthly precipitation shown in
Fig. 8 also suggest the seasonal change of the correction factor.

3,9,3 Calibration of the correction factor

The calibration of the correction factor for the areal mean is very
effective and important. It begins usually somewhat later, namely,
after we have obtained fairly good results by the calibration of model

parameters,

4, Obtained results

4,17 The obtained models for each of the four basins and the ob-
tained weights for rainfall stations are given in Figs. 11 — 14, 1In

the case of Nakhon Sawan, the infiltration amount per day from the top
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tank is limited to mome saturation

value Ig = 20 (mm/day} as shown in

Fig. 15, where Hg = 100 (mm) is the Hs
corresponding saturation depth. -
4,2 Other parameters are

shown in Tables 6§ — 8, Table 6

shows the correction factor that

derives the estimated mean areal ij_
precipitation of the baein from the 1

weighted mean,

Fig. 15

Table 6 Correction factor for mean areal precipitation

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

Mae Nem Nan

at Tha Pla ) 1.0 TS e L=
Mae Nam Yom < 1.0 >
at Kaeng Luang *
Mae Nam Ping .
at Wang Kra Chao 1.0 " 1.1 1.0
Mae Nam Chao Phraya 1.0 > 1.1 1.3 1.1 1.0

at Nakhon Sawan

Table 7 shows the amount of daily evapotranspiration which is used
for all the four basins. These values are obtained as the monthly mean
values of the daily obgerved data of evaporimeter at Roiet in the period

of 1961 — 1967,

Table 7 Daily evapotranspiration (mm/day)

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

5.0 5.6 6.2 6.3 5.4 5.2 k9 42 3.9 48 4.8 4.8




Forecasting the Daily Discharge of the Mae Nam by Means of Tank Model—— M.Sugawara et al

Table 8 shows the time lag which is Table 8 Time lag

given to the cutput of the tank model,

4,3 Initial values of the tank model .02 Fla & daye
Kaeng Luang 2 days

are given as follows, We have precipita- Wang Kra Chao 3 daye
tion data from April 1952 to March 1971, Nakhon Sawan - L days

with which we make a loep by binding the

end of dats to the top, We begin the calculation with arbitrery reason-
able values from April 1952. When the calculation comes back to the top
data again, initial condition will become stational state and the result
is cbtained in the second round,

&;& The river discharge at Nakhon Sawan is influenced by the regu-
lated discharge from Bhumipel Dam that begen its work on 26 Nov. 1962,
Thereafter, the discharge at Nakhon Sawan is derived as the sum of the
observed discharge from Bhumipol Dam and the calculated diacharge from
the remaining basin., The latter is calculated alsc by means of the
model of Fig, 14 where the input is the simple mean of fourteen rainfall
stations after eliminating six reinfall stations in or near the catch-
ment area of Bhumipol Dam.

&=§ The calculated and observed monthly discharges are shown in
Figs. 16 — 19 and the calculated and observed daily hydrographs are

shown in Figs., 20 — 23,

5., Some remarks

5.1 After havinmg finished the calculstion, we knew that there are
more rainfzll stations in the basin., So we can expect that it will be
able to get better results if we can use more rainfall data.

542 As the evaporation data are not given for the present, we use
the evaporation data of the basin of Nam Mune. If we can use the evapo-
ration data of the object basine, the calculation must become more

reasonable., Practicelly, however, there may be ne large difference,



Research Notes of the N. R, C. D. P., No.2k, July 1976

5.3 There ares so many uncerfaintiea about scil moisture, It is
very difficult and rather impossible to determine the structure of soil
moisture from our data, where the nusber of rainfall stations is not
large enough in view of the locality of rainfall distribution., The moat
important problem in this region is to gather the data from as many
stations as possible. The problema about evaporation and soil moisture
are rather not so important as compared with the rainfall data.

5.4 1In the present paper, we use the areal mean precipitation as
input, By this method, however, we cannot simulate the fire structure
of daily hydrograph. If there is s local heavy rainfall in the basin,
there will occour local surface runcffs that make a peak of hydrograph
vhich will not appear in the calculatsd hydrograph derived from areal
mean rainfall, But it is not so difficult to wodify the model for this
problem, and so we will meke the modification if we can get enough

rainfall data,

(Manuscript received 18 May 1976)
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Forscasting the Daily Discharge of the Mas Xam by Means of Tezk Modelwa- M. Bugewars et sl
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Foreeasting the Deily Dischargs of the Mas Nam by Mesns of Tunok Model~—H, Sugeuers et al
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Yorecasting the Daily Ddscharge of the Mee Nam by Meass of Tank Model-— M.Sugavers et al
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