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To compare water quantity and quality on the Korean and Japanese rivers, two watersheds with simi-
lar watershed area were selected. The one from Korea is called the Yongdam dam watershed in the Geum
river basin with watershed area of 930 km?, the other from Japan is called the Nakama watershed in the
Onga river basin with watershed area of 925 km®. The 3 discharge, 2 water quality stations from Korea and
14 discharge, 2 water quality stations from Japan were selected and analyzed to determine flow durations.
Korean data were collected during 2000 to 2013 from water management information system. Japanese
rainfall and discharge data were collected during 1980 to 2013 from water information system. Numbers of
station—year were 38 on Korea and 436 on Japan. Annual rainfalls were averaged to 1418.1 mm ranged from
778.2mm to 2061.9 mm on Korea and 1972.5mm ranged from 845.0 mm to 3623.0 mm on Japan, from
which Japanese showed more 1.39 times than Korean. Streamflow data were generated daily by the ONE
(One parametric New Exponential) hydrological model. Simulated annual streamflows were averaged to
854.2mm ranged from 273.6mm to 1571.4mm on Korea and 1481.6 mm ranged from 360.6 mm to
3177.4 mm on Japan, from which Japanese showed 1.73 times more than Korean. The flow durations with
10 year frequency were compared, in which the 1* flows were 18.77 mm in Korea and 88.27 mm in Japan,
the 95" flows of 0.43 and 3.97, the 185" of 0.13 and 1.92, the 275" of 0.06 and 0.93, and the 355" of 0.05 and
0.30, respectively. Japanese flows were 4 to 15times more than Korean. On the other hand, mean flow
durations showed the 1* flows of 67.11 mm and 88.27, the 95" of 1.58 and 3.97, the 185" of 0.51 and 1.92,
the 275" of 0.21 and 0.93, and the 355" of 0.08 and 0.30, respectively. Japanese flows also showed 1.3 to
4.4 times more than Korean. Mean annual runoff ratios were 58.2% ranged from 35.2% to 76.2% on Korean
river, and 73.7% from 42.6% to 90.0% on Japanese river. Japanese runoff ratio also showed 1.27 times more
than Korean. This result shows some more necessities and difficulties on low flow management in Korean

river than in Japanese river.

Key words: Korean and Japanese river, Streamflows, Hydrological model, Flow duration

INTRODUCTION

The instream flow is the flow that should be
remained in the river for protecting aquatic ecosystem
and various natural resources. The first appearance of
its concept was 1960s in the law of the Korea. ‘Instream
Flow Guideline’ was built in mid 1990s by government
and the term ‘instream flow’ appeared in the Korean
River Act. In late 1990s, instream flows for major rivers
were calculated and officially notified in 2006 for man-
agement and monitoring. ‘Instream Flow Guideline’
revised in 2009 and nationwide evaluation project of
instream flow had conducted from 2007 to 2011 accord-
ing to this new guideline. After this project, the
instream flows of tributaries were made to public
announcement in 2015 (Kang et al., 2016).
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Heightening irrigation reservoirs, as a part of the 4—
major river restoration project, have implemented to
secure not only additional agricultural water but also
instream flow for water quality improvement. Using
SWAT model, instream flow effects on water quality of
downstream were evaluated to show 2~10% water qual-
ity improvement effect on nutrients, as well as 1~8%
water quantity increasing effect (Jee et al., 2012).

Water quantity and quality are very closely related.
Several studies have been performed to manage water
quantity and quality effectively in around world river.
To provide guidance on the sustainable use of a river’s
waterresources, the Building Block Methodology (BBM)
has been developed for assessing the instream flow
requirement for any river in South Africa (King and
Louw, 1998). In order to protect the biointegrity and
function of the river ecosystem in Xiangxi river, the the-
ory system of instream environmental flow was catego-
rizedinto three hierarchies, namely minimum required
instream flow (hydrological level), minimum instream
environmental flow (biospecies level), and optimum
instream environmental flow (ecosystem level) (Li et
al., 2009). Environmental flow values were predicted
from variables such as the flow equalled or exceeded
347 days per year (Q347), or the average for the period
of record of minimum mean monthly flows from the
analysis of four homogeneous regions in the Ebro water-
shed (Alcazar and Palau, 2010). The Taiwan ecohydrol-
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ogy indicator system (TEIS) was developed to identify
hydrologic statistics most appropriate to Taiwan fisher-
ies using 52 long—term flow records from 23 undisturbed
watersheds in Taiwan (Chang et al., 2008, 2011). A
global imperative to set e—flows, including an emerging
trend to set standards at the regional scale, has led to
developments of hydrological and hydraulic approaches
but expert judgment remains a critical element of the
complex decision—-making process around water alloca-
tions (Petts, 2009). Revisions of laws and regulations,
and redefinition of societal goals and policies, are essen-
tial to enable managers to use the best science to
develop appropriate management programs (Poff et al.,
1997). The ‘Range of Variability Approach’ (RVA) was
derived from aquatic ecology theory concerning the crit-
ical role of hydrological variability, and associated char-
acteristics of timing, frequency, duration, and rates of
change, in sustaining aquatic ecosystems (Richter et al.,
1997). A method of mapping flow regime classes using
boosted regression trees (BRT) was developed, in which
automatically fits non—linear functions and interactions
between explanatory variables of flow regimes, both of
which can be expected when comparing responses
between complex systems such as watersheds (Snelder
et al., 2009). Multivariate time series analysis for
monthly natural flow was studied, in whichthirty years
of pre-regulation time series of monthly discharge, rain-
fall, and maximum temperature in Murrumbidgee
Catchment were used to build the regressive models
which represent the natural state of catchment hydrol-
ogy (Wen, 2009).

In this study, using daily simulated streamflow data,
comparison of water quantity between Korean and
Japanese rivers was performed to refer an efficient
water management by selecting one watershed with sim-
ilar size each country.

MATERIALS AND METHODS

Study areas

Watersheds with similar area were selected, in
which Yongdam dam watershed with 930 km* has 3 dis-
charge stations in the Geum river basin in Korea as
shown in Fig. 1 and Nakama watershed with 925 km” has
14 discharge stations in the Onga river basin in Japan as
shown in Fig. 2.

Yongdam dam watershed has the elevation range
from 870meters at the top of mount Sinmu to
263.5meters in the full water level of Yongdam dam,
which is located in 329.7km from the estuary and
53.7km from the top of mount Sinmu (http:/www.
wamis.go.kr). Nakama station watershed has the eleva-
tion range from 1180 meters at the top of mount Hiko to
6.905 meters in the planned high water level at the
Nakama station, which is located in 10.8 km from the
estuary and 39.5 km from the top of mount Hiko (http://
wwwl.river.go.jp).

Land uses of Yongdam dam watershed consist of for-
est 79.72%, paddy field 8.95%, field 5.38%, and deforest
5.95%. Land uses of Onga river basin with watershed
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Fig. 1. Locations of discharge, rainfall, and weather stations
within Yongdam dam watershed.

4 AKéquuma

‘Hinodevasi

A
% ,Nakasima
& LA
'Akaike_‘

4,140 lizuka " A Nazuyosi

o\
Akimazuvasi, | - Kasgavag N

£l

85 on Ly I ,‘ n ¢ O[.
£ Soeda

° Dl T o
Uchino Oockuma Chungeniji
9

o Kuwano

4| /\ Discharge station
(® Weather station
O Rainfall station

Fig. 2. Locations of discharge, rainfall, and weather stations
within Nakama station watershed.
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area of 1036 km* consists of forest 66.89%, paddy field
23.05%, field 2.85%, golf 1.41%, and deforest 5.80%
(Tran et al., 2011).

Study flow and content include selection of dis-
charge station, data collection, selection of runoff model,
simulation of streamflows, and comparison of stream
flows as shown in Fig. 3.

Data sources

Data needed for simulating streamflows area rain-
fall, evaporation, and discharge data. Evaporation data
which are necessary to simulate runoff, have not been
observed in most of meteorological stations in Japan. To
generate evaporation data using multiple regression,
weather data such as temperature, rainfall, wind speed,
humidity, and sunshine duration data were collected on
a daily basis from Japan Meteorological Agency (http://
www.jma.go.jp). Measured streamflow data were col-
lected to verify the result simulated by runoff model in
the water information system (http://wwwl.river.go.jp).
Korean data were collected from Korea Meteorological
Administration (http://www.kma.go.kr), and water man-
agement information system called WAMIS (http:/www.
wamis.go.kr).

Selected stations were shown in Table 1, in which
Yongdam dam watershed in Korea included 7 rainfall, 1
weather, and 3 discharge stations, and Nakama station
watershed in Japan included 11 rainfall, 2 weather, and
14 dischargestations.

Evaporation generation

Izuka meteorological station observes temperature,
rainfall, wind speed, humidity, sunshine duration on a
daily basis, but Soeda station do not observe humidity.
Evaporation is not observed in Japanese stations. But
some 20 meteorological stations in Korea have observed
evaporation on a daily basis. Daejeon station was
selected to derive daily evaporation estimation equation.
Using multiple regression method, two equations were

derived as equation (1), (2), respectively, in where EP
means evaporation, AT average temperature, OP rainfall,
WS wind speed, RH relative humidity, and DS sunshine
duration. Fig. 4 shows scatter diagram and equal value
line between observed and estimated daily evaporation.
In high values, estimated values were shown lower than
observed values. Fig. 5 shows daily and monthly com-
parisons between observed and estimated evaporation,
in which also the estimated was lower than the
observed. Estimated evaporation showed a very high
reasonable fitting on reservoir inflows in the study by
Noh and Lee (2001).

EP =1.925 + 0.126XAT - 0.009X0P + 0.201XWS
—0.032XRH + 0.229XDS, (R*=0.817) -+ @Y

EP =-0.685 4+ 0.111XAT - 0.013XOP + 0.299XWS
+ 0.293XDS, (R*=0.795) wwr-srrreerermermrirenes )

EP = 1,925+ 0,126 AT + -0,009 OP + 0,201 S + -0,032 RH + 0,229 DS
R2=0,788, n= 16071

Estimated daily pan evaporation (mm)
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Fig. 4. Equal value line of generated daily evaporation.

Table 1. Selected stations on rainfall, weather, discharge, water quality in Korean and Japanese rivers

Yongdam dam watershed

Onga river basin

Rainfall (7) Weather (1) Discharge (3)

Rainfall (11) Weather (2) Discharge (14)

Jucheon Jangsu Cheoncheon (290.9)”
Donghyang (164.4)

Yongdam dam (930.0)

Bugwi
Ancheon
Sangjeon
Cheoncheon
Janggye
Gyebuk

Hikosan lizuka Soeda (76)
Chungenji Soeda Ida (127)
Koyanagi Nazuyosi (47)
Saidosho Kasgavasi (72)
Kuwano Akaike (309)
Ookuma Nakasima (326)
Uchino Ookuma (42)
Kawasima Akimazuvasi (113)
Agano Kawasima (292)
Nogada Kanrokuvasi (366)
Miyada Hinodevasi (695)

Miyatavasi (123)
Karakuma (887)
Nakama (925)

» Numeric values in parentheses are the watershed area (km?*).
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Fig. 5. Comparisons of daily and monthly evaporations. Runoff rate from observed Q (%)

Fig. 7. Generalization of ONE model.

Selection of runoff model

Runoff models are divided into lumped and distrib-
uted model. Distributed model is not appropriate to
simulate and to evaluate long term streamflow data on
several sites. In Korea, conceptual lumped runoff model
called DAWAST (DAilyWAtershedSTreamflow model)

“Annual rainfall (11699 mm)

Rainfall(mm)

Annual gvapotransipiration (520.4 mm)

was developed firstly by Noh (1991). Second one was § :

TPHM (Two Parametric Hyperbolic Model) by Kim of

(2001). Third one was ONE (One parametric New £ o Ao O ST S L

Exponential hydrological model) by Noh, by which £

applied to plan reservoir building for supplying water to *

upland areas in Dodota area, Ethiopia (2012). Noh and Y i S it ek s i o R T R S I N

Lee (2011) compared DAWAST and TPHM models to
apply reservoir inflow in Korea, which drove Noh to
develop new model called ONE (2012).

A schematic diagram of ONE model is shown in Fig.
6, in which parameter is just one expressed as alpha(a).
Equation (3) is the kernel function of ONE model, in Fig. 8. Daily simulated streamflows by ONE model.
where Q means daily runoff, S means daily watershed
soil storage water, a is only one parameter, and (i)
denote time (day). Using daily inflow data from 16 mul-

Runoff (mm)

tipurpose dam in Korea, ONE model was generalized as W T T T T
} Qo =0.23+0.988-Qs
- RZ =090
ZII: RMSE = 7.70 ]
| n =756 ®
°
P ETa i y
L o @, o
—~ 200f N
Eta = f(e'*1) ETo E T © 3
S . .
2150: A oeo N
Bt s S
Olm: Z &0 B
—Q S
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Simulated runoff (Qs, mm)

Fig. 6. A schematic diagram of ONE model. Fig. 9. A verification example of ONE model.
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Fig. 7 and equation (4) in where Qr means annual runoff
ratio, Pa means annual rainfall. Using equation (4), one
parameter & is determined very easily. Daily simulated
streamflows by generalized parameter a were well fitted
to observed data to an astonishing degree as shown in
Fig. 8 and 9. From the above result, the ONE model was
selected to simulate and to evaluate streamflows in
Korean and Japanese rivers of this study.

Qu =Sy X (L—e 00wSO YO0l ®)
Qr = 25.22 4 0.0245 X Pa oeevererrrniieeensninnas (4

Flow duration analysis

A flow duration curve (FDC) is one of the most
informative methods of displaying the complete range of
river discharges from low flows to floodevents. It is a
relationship between any given discharge value and the
percentage of time that this discharge is equaled or
exceeded, or in other words—the relationship between
magnitude and frequency of streamflow discharges
(Smakhtin, 2001).

Annual averaged daily streamflows were sorted from
high to low, and the 1%, 95", 185" 275" and 355" flows
were compared. To secure and maintain a relative refer-
ence, daily streamflows with 10year frequency were
selected and compared in this study.

RESULTS

Simulation of daily streamflows

Areal daily rainfalls were prepared by areal weight
using point rainfall data nearby watersheds as shown in
Fig. 10. And evaporation data were generated by equa-
tion (1), (2), in where areal rainfall data were used. Fig.
11 shows an example of daily generated evaporation.

Fig. 12 and Fig. 13 show examples of daily hydro-
graphs in Yongdam dam watershed and Nazuyoshi sta-
tion watershed, respectively. Simulated data were well
fitted to observed data. Fig. 14 and Fig. 15 show exam-
ples of equal value lines on decadal streamflows ana-

Annual: 1821,9 mm ( 1000 ~ 2384, monthly: 151.8 mm ( 148 ~ 664.4), daiy: 5.0mm (max: 1606) 3300 o
150] “

L
R
8

i

(W) [[Ejufe) [enUUE paias:

Observed daily rainfall (mm)

Annual: 1651,5 mm (1000,0~2448,7), monthly: 137,62 mm (30,1~866.2), daily: 4,52 mm (max: 142.8)

Observed daily streamflow (mm)
Ll b
8
(W) MO|JIEBAS [BNUUE PBAIBSTQ

T T T
1988 1930 1992

Fig. 10. An example of areal rainfall and observed streamflow.
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Daily evaporation (mm)

r

—— Estimated : annual 8391 mm ( 791.57 ~ 832.19)
monthly 63,9 mm ( 22.27 ~ 133.8)

Monthly evaporation (mm)

1988 1930 1892

Fig. 11. An example of daily generated evaporation.
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Fig. 12. An example of daily simulated streamflow in
Yongdam dam, Korea.
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Fig. 13. An example of daily simulated streamflow in
Nazuyosi station, Japan.
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Dekadal EVL: Yongdam ( 2001 - 2012)
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Fig. 14. An example of comparing equal lines on dekadal
streamflows in Yongdam dam, Korea.

lyzed from daily simulated streamflow data, respectively,
in which equal value lines were focused in 45 degrees
and data were scattered nearby lines.

With the above same method, streamflows of other
16 stations were checked, prepared and simulated on a
daily basis. Table 2 shows comprehensive annual aver-
aged result on daily simulated streamflows in Korean
and Japanese rivers. Annual rainfalls were ranged from
1356.4mm to 1473.4mm on Korean river and were
ranged from 1613.9 mm to 2470.7 mm on Japanese river.
Simulated annual streamflows were ranged from
794.1 mm to 906.1 mm on Korean watershed and were

Dekadal EVL: Nazuyosi ( 1983 - 2011 )
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Fig. 15. An example of comparing equal lines on dekadal
streamflows in Nazuyosi station, Japan.

ranged from 10458 mm to 2120.1 mm on Japanese
watershed. Runoff ratios were ranged from 58.5% to
61.0%, and were ranged from 64.8% to 86.0%, respec-
tively.

Flow duration analysis

Flow duration curves were derived from daily simu-
lated streamflow data as shown in Yongdam dam and
Nazuyosi station of Fig. 16 and Fig. 17, respectively.
Here are used annual mean and 10 year frequency data
series. Unit of streamflows were expressed in mm/d and
m?/s. Unit of mm is very convenient to compare relative

Table 2. Comprehensive annual averaged result on daily simulated streamflows in Korean and Japanese rivers

e e — Area . Annual rainfall Annual streamflow Runoff ratio
km* mm Mm’ mm Mm* %
Cheoncheon 290.9 2002-2014 1,473.4 428.62 906.0 263.55 61.0
Yongdam dam Donghang 164.4 2002-2014 1,356.4 222.99 794.1 130.55 58.5
Yongdam 930.0 2001-2014 1,439.7 1,338.91 871.6 810.61 60.5
Soeda 76.0 1983-2013 2,470.7 187.77 2,120.1 161.13 85.8
Ida 127.0 1980-2013 2,109.0 267.84 1,621.4 205.92 76.9
Nazuyosi 47.0 1983-2013 1,828.9 85.96 1,572.5 73.91 86.0
Kasgavasi 72.0 1983-2013 1,814.6 130.65 1,258.8 90.64 69.4
Akaike 309.0 1982-2013 2,014.2 622.40 1,602.8 464.36 74.6
Nakasima 326.0 1980-2013 1,975.8 644.11 1,454.6 474.21 73.6
Ookuma 42.0 1980-2013 2,116.3 88.88 1,631.0 68.50 7.1
Onga Akimazuvasi 113.0 1980-2013 2,154.9 243.50 1,680.5 189.89 78.0
Kawasima 292.0 1980-2013 2,043.7 596.75 1,638.8 449.34 75.3
Kanrokuvasi 366.0 1980-2013 1,877.4 687.13 1,337.0 489.35 71.2
Hinodevasi 695.0 1980-2013 1,936.8 1,346.05 1,407.3 978.06 2.7
Miyatavasi 123.0 1981-2013 1,613.9 198.51 1,045.8 128.63 64.8
Karakuma 887.0 1980-2013 1,890.6 1,676.96 1,350.9 1,198.26 71.5
Nakama 925.0 1980-2013 1,890.6 1,748.80 1,350.9 1,249.59 71.5
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flow amount due to expression of unit area, km®. Using
unit of mm, streamflows were compared in a more rela-
tively method.

Table 3 shows Korean results, and Table 4 shows
Japanese results. The flow durations with 10 year fre-

. . .
quency were compared, in which the 1" flows were
; ; th
18.77 mm in Korea and 88.27 mm in Japan, the 95" flows
1000 - 10000
F ( Yongdam, 2001 ~ 2012) E
[ A/ 9300ki  Mean 10v1. fr. low flow i
Q1 62,86 mm 676,667 m/s 17.28 mm 186,006 m/s
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Fig. 16. An example of flow duration curve derived in
Yongdam dam, Korea.
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Fig. 17. An example of flow duration curve derived in

Nazuyosi station, Japan.
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of 0.43 and 3.97, the 185" of 0.13 and 1.92, the 275" of
0.06 and 0.93, and the 355™ of 0.05 and 0.30, respec-
tively. Japanese flows were more 4 to 15times than
Korean. On the other hand, mean flow durations
showed the 1* flows of 67.11 mm and 88.27, the 95™ of
1.58 and 3.97, the 185" of 0.51 and 1.92, the 275" of 0.21
and 0.93, and the 355" of 0.08 and 0.30, respectively.
Japanese flows also showed more 1.3 to 4.4 times than
Korean.

Comparison of streamflows in Korean and
Japanese river

Daily streamflow data were compared to find maxi-
mum, minimum, mean values during all years each
month in Korean and Japanese watersheds. Korean
showed higher than Japanese only in August and
September as shown in Table 5.

Annual mean daily streamflows were superposed by
station, and its values were averaged among Korean and
Japanese data. Resulted mean data were compared, in
which Japanese data showed higher than Korean with-
out mid July to mid September as shown in Fig. 18.
Mean annual streamflow data also showed that the
Japanese were higher than the Korean as shown in Fig.
19.

100
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Fig. 18. Comparison of daily streamflow on maximum, mini-

mum, mean, and sum between Korean Yongdam and
Japanese Onga river basin.

1° flow 95" flow 185™ flow 275" flow 355" flow
Watershed Divide
mm m’/s mm mY/s mm m’/s mm m’/s mm m’/s
Mean 69.43  233.76 1.64 5.53 0.54 1.83 0.21 0.72 0.09 0.30
Cheoncheon

10yr 20.83 70.13 0.45 1.53 0.12 0.40 0.05 0.17 0.05 0.17
Mean 69.03  131.35 1.44 2.73 0.43 0.81 0.18 0.33 0.07 0.13

Donghang
10yr 18.21 34.65 0.33 0.63 0.10 0.19 0.05 0.10 0.05 0.10
Mean 62.86  676.67 1.67 17.93 0.55 5.97 0.24 2.58 0.09 0.95

Yongdam
10yr 1728  186.01 0.49 5.31 0.16 1.73 0.07 0.80 0.05 0.54
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. 1 flow 95™ flow 185™ flow 275" flow 355" flow
Watershed Divide ;
mm m’/s mm m’/s mm m’/s mm m’/s mm m’/s
Soed Mean 112.39  98.86 5.70 5.01 2.73 2.40 1.35 1.18 0.48 0.42
oeda
10yr 59.98 52.76 4.05 3.56 1.93 1.69 0.93 0.82 0.38 0.34
1 Mean 87.79  129.05  4.36 6.40 2.16 3.17 1.07 1.58 0.35 0.51
a
10yr 32.48 47.74 2.75 4.04 1.44 2.12 0.64 0.94 0.15 0.22
) Mean 95.80 52.11 4.18 2.27 2.11 1.15 1.11 0.60 0.63 0.34
Nazuyosi
10yr 41.25 22.44 2.99 1.63 1.50 0.81 0.87 0.47 0.61 0.33
. Mean 80.67 67.22 3.42 2.85 1.67 1.39 0.75 0.63 0.22 0.19
Kasgavasi
10yr 25.59 21.32 1.97 1.64 0.88 0.73 0.39 0.32 0.05 0.04
Akaik Mean 82.97 296.72  4.09 14.61 2.05 7.34 1.02 3.63 0.32 1.13
aike
! 10yr 33.17  118.61 2.62 9.38 1.37 491 0.63 2.26 0.14 0.48
) Mean 81.34  306.90 391 14.74 1.96 7.41 0.97 3.67 0.31 1.17
Nakasima
10yr 30.58 11538  2.33 8.79 1.28 4.82 0.59 2.22 0.11 0.43
Ook Mean 100.10  48.66 4.26 2.07 1.97 0.96 0.94 0.46 0.28 0.14
okuma
. 10yr 38.95 18.93 2.55 1.24 1.18 0.57 0.56 0.27 0.15 0.07
Mean 110.68  144.76  4.27 5.58 2.04 2.66 0.99 1.30 0.30 0.39
Akimazuvasi
10yr 49.06 64.16 2.65 3.46 1.40 1.84 0.62 0.81 0.17 0.22
) Mean 95.39 32240  4.02 13.59 1.88 6.35 0.91 3.08 0.27 0.92
Kawasima
10yr 39.79 13449 225 7.60 1.21 4.08 0.52 1.74 0.11 0.37
) Mean 82.78 350.65 3.53 14.93 1.64 6.96 0.78 3.31 0.22 0.95
Kanrokuvasi
10yr 39.18  165.96 1.92 8.12 0.96 4.08 0.41 1.75 0.07 0.29
Mean 82.39 662.72  3.78 30.42 1.80 14.50 0.85 6.87 0.25 2.00
Hinodevasi
10yr 3453  277.76  2.16 17.37 1.17 9.38 0.52 4.22 0.10 0.77
Mean 64.38 91.66 2.85 4.06 1.39 1.98 0.64 0.91 0.15 0.21
Miyatavasi
10yr 24.34 34.66 1.64 2.34 0.77 1.09 0.34 0.48 0.05 0.07
Mean 79.57  816.91 3.63 37.24 1.73 17.81 0.82 8.45 0.23 2.39
Karakuma
10yr 34.41 36329  2.07 21.26 1.12 11.51 0.48 4.93 0.08 0.86
Nak Mean 79.57  851.91 3.63 38.83 1.73 18.57 0.82 8.81 0.23 2.49
akama 10yr 3441 36843 2.07 2217 112 1200 048 514 008  0.90

Table 5. Comparison of daily maximum, minimum, mean values, and monthly sum in each month between Korean Yongdam
dam and Japanese Onga river basins

River Month 1 2 3 4 5 6 7 8 9 10 11 12
Max. (mm/d) 13 37 25 34 30 44 209 277 184 13 10 40
Yongdam ~Min. (mm/d) 04 04 04 03 06 03 25 23 13 04 04 05
dam Mean (mm/d) 06 08 12 13 14 15 83 80 55 07 06 08
Sum (mm) 174 219 357 403 441 449 2561 2485 1639 220 167 23.9
Max. (mm/d) 3.7 37 65 72 129 301 341 148 198 64 47 28
Onga Min. (mn/d) 09 1.0 22 18 18 18 25 15 25 09 10 09
Mean (mm/d) 17 18 33 33 43 85 110 46 48 24 16 15
Sum (mm) 514 516 1028 990 1339 2548 3403 1416 1442 748 492 465

Distributions of annual rainfall and streamflow on
Yongdam dam and Onga river basin were expressed and
compared as shown in Fig. 20 and Fig. 21, respectively.
Numbers of station—year were 38 on Korea and 436 on
Japan. Annual rainfalls were averaged to 1418.1 mm
ranged from 778.2 mm to 2061.9 mm on Korea and were
averaged to 1972.5mm ranged from 845.0mm to
3623.0mm on Japan, from which Japanese showed
1.39 times more than Korean. Simulated annual stream-

flows were averaged to 854.2 mm ranged from 273.6 mm
to 1571.4 mm on Korea and were averaged to 1481.6 mm
ranged from 360.6mm to 3177.4mm on Japan, from
which Japanese showed 1.73times more than Korean.
Mean annual runoff ratios were 58.2% ranged from
35.2% to 76.2% on Korean river, and were 73.7% from
42.6% to 90.0% on Japanese river. Japanese runoff ratio
also showed 1.27 times more than Korean.
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Mean annual streamflow (mm)
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Fig. 19. Comparison of annual streamflow on maximum, min-
imum, mean, and sum between Korean Yongdam and
Japanese Onga river basin.

W7
o E
moE
600 E

=3=1

50,0 E

=3

400 F
‘Yongdam river

Rainfall frequency (%)

300
200 E

Mean: 1418, 1mm, m4x: 2061.mm, min: 778,2mm

10,0 &

izl

0.0
90,0 T T

- T T T
EIJVI]-‘|H|| ‘

300 E

K

3
=

[
5

s 8
o o

40,0

Streamflow frequency (%)

200

Mean: 854,2mm, max: 1571,4mm, min: 273,6mm

Mean: B8,2%, max: 76,2%, min: 35,2% (Runoff ratio)

00 f————————F—

1200
Annual rainfall/streamflow (mm)

T T
1700

Fig. 20. Distributions of annual rainfall and streamflow on
Yongdam dam watershed.
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Fig. 21. Distributions of annual rainfall and streamflow on

Onga river basin.

DISCUSSION

To compare water quantity on Korean and Japanese
rivers, watersheds with similar area were selected. The
one from Korea is called the Yongdam dam watershed in
the Geum river basin with watershed area of 930 km®,
the other from Japan is called the Nakama watershed in
the Onga river basin with watershed area of 925 km®.
The 3 discharge stations from Korea and 14 discharge
stations from Japan were selected and analyzed to
determine flow duration.

Daily evaporation data in Japan were generated with
function of temperature, rainfall, wind speed, humidity,
and sunshine hour using meteorological data at the
Izuka and Soeda stations, which was verified from evap-
oration data of Daejeon meteorological station with the
observed data in Korea. Korean data were collected
during 2000 to 2014 from water management informa-
tion system. Japanese rainfall and discharge data were
collected during 1980 to 2013 from water information
system. Numbers of station—year were 38 on Korea and
436 on Japan.

Annual rainfalls were averaged to 1418.1 mm ranged
from 778.2 mm to 2061.9 mm on Korea and 1972.5 mm
ranged from 845.0mm to 3623.0mm on Japan, from
which the Japanese showed 1.39times more than the
Korean.

Simulated annual streamflows were averaged to
854.2 mm ranged from 273.6 mm to 1571.4 mm on Korea
and 1481.6 mm ranged from 360.6 mm to 3177.4 mm on
Japan, from which Japanese showed 1.73times more
than Korean.

The flow durations with 10year frequency were
compared, in which the 1st flows were 18.77 mm in
Korea and 88.27 mm in Japan, the 95" flows of 0.43 and
3.97, the 185™ of 0.13 and 1.92, the 275" of 0.06 and
0.93, and the 355" of 0.05 and 0.30, respectively. The
Japanese flows were more 4 to 15times than the
Korean.

Mean flow durations showed the 1* flows of 67.11
mm and 88.27, the 95" of 1.58 and 3.97, the 185" of 0.51
and 1.92, the 275" of 0.21 and 0.93, and the 355™ of 0.08
and 0.30, respectively. The Japanese flows also showed
1.3 to 4.4 times more than those in the Korean.

Mean annual runoff ratios were 58.2% ranged from
35.2% to 76.2% on Korean river, and were 73.7% from
42.6% to 90.0% on Japanese river. The Japanese runoff
ratio also showed 1.27 times more than those in the
Korean.

This result shows some more necessities and diffi-
culties on low flow management in Korean river than in
Japanese river.
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