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Abstract; This study presenls some resulls of a preliminary study for the coupled preciptation and river flow
prediclion system. The model sysiem s based on three numecrical models, Mesoscale Atmospheric Simulation model
for gencraling atmospheric  varables, Socil-Plant-Snow model [or computing inleracions within  soil-canopy-snow

sysiem as well as the engrgy and water exchange between the almosphcre and underlying surfaces, and TOPMODEL
for simulaling stream [low, subsurface Oow, and water table depth in a watershed. The selecled study arca is Lhe
2,703 kll;l:‘ Soyang River basm wih outlet at Soyang dam sile. In addilion to providing the results of rainfall and
siream flow predictions, some results of DEM and GIS application are presented. It 1s obvieus that the accuraie river
flow predictions are highly dependant on the accurate precipration piedrctions,
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1. INTRODUCTION

It has been developed many hydrological

rainfall-runoft models for (lpod prediction.
They are generally comiposed of a surface
runoflf component and a siream-channel, or a
reservoir routing component. Those prediciive
models, however, are not suitable [or the
real-time shorl-term  food prediclion sysiem

because they require observed precipitation

information before they make river flow
predictions. In most cases, by the time
rainfall is observed, there is very litlle time
left for any decision makings of flood

warning. In this sense, rainfall forecasis in
time advance are indispensable and a coupled
atmosphere-niver flow forecasting system  is

essential for the reliable flood forecasiing

systerm.

Since the computerized (lood forecasting
system in Korea was introduced in 1974 at
the Han River Flood Control Center (FCC),
different
model have been used for the various water

several types  of ramfall-runoff
resources management practices. The Lypical

ones are: the rational formula, unit
hydrograph, Kajivama formula, and TANK
model [or the water resources planning and
design; HEC-1, HEC-2, SSARR, SWM,
SWMM. Storage Funclion Method (SFM) for
the flood analysis. The lumped conceptual
SFM for boih watershed and channel routing
developed by Kimura (1961) has been used
to predict the floods in the main FCCs. This
model is based on the conservation of mass

with relationship that storage of a conceptual
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reservoir is a nonlinear funclion of outflaw,
This thal the
computalion procedures are relatively simple,
but has a disadvanlage that it can only
compule the Aows for a single event. Several

method has an advantage

scientists were tried to test more complicated
physically-based models such as HEC-1
model and SSARR model on the Han River
basin. They temporally concluded that those
models are inadequate 1o use on the basin
due to the complicalion ol model parameters
and lacks of hydrological and geologic data,
and decided (hat the
methods for both walershed and chammel
routing are used (MOC, 1987). In addition, it
has no chance to make river flow predictions

storage function

using the rainfalls predicted from atmospheric
mumerical models.

The purpose of this study is to provide
some results of a preliminary study for the

coupled  precipitation  and  river  flow
prediction system. The model system s
composed of three numerical models,
Mesoscale  Atmospberic  Simulaiion  (MAS)

model for generaling atmospheric variables,
Soil-Plant-Snow  (SPS) medel {or computing
interactions within soil-canopy-snow system,
and TOPMODEL for simulating stream flow,
subsurface flow, and waler ilable depth in a
watershed. Tt is apparently the first time that
the coupled model between atmaosphere and
flow is tested on the

river hydrologic

watershed scale in Korea.

2. DESCRIPTION OF ATMOSPHERE-
STREAMFLOW MODEL

The
Coupled Atmosphere-River Flow  Simulaiion

model used in this study is the
(CARS) systemm, which 1s composed of three
numerical models, a Mesoscale Atmospheric

Simulation (MAS) model, a Soil-Plani-Snow
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Fig. 1. Mesting Procedure of CARS System

{SPS) and TOPMODEL. Fig. 1
represenis the nesting procedure of the CARS
The MAS and SPS
interactively  coupled sharing the same
horizontal mesh, while the TOPMODEL is
imposed  on

maodel,

system, maodels  are

mndividual  watershed. As

illustrated in Fig. 1, because the CARS
system can be nested within either a
large-scale [orecast or analysis data, (he

system may be employed for prediclions of
regional climatology depending on the choice
of 1the data. A briel
description physics,

large-scale  input

of  dynamics, and
numerical features of ecach model component

are as follows:

2.1 MAS Model

The governing equations of MAS model
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for simulating regional atmospheric and

land-surface processes are the flux form ol
wrillen on ¢

the primtive equation

-coordinates (Soong and Kim, 1996).
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where m is the map factor, 7=Dpw P>

P=(p/p) R""(’", QQ is the diabetic healing rale,
and S is the
variable q such as water vapor, condensed
F, and F,

nel source/sink of a tracer

waler, and other pollutants, and

are non-conservative forcing on the x- and
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y-component of momentum, respectively. The

curvalure term ¢ 1s much smaller than the

Coriolis parameter in middle latitudes and

may be neglecled.

This model includes the advection scheme
by Takacks (1985), Hsu and Arakawa (1990).
The scheme is characlerized by third-order
accuracy i1 time  and

Space, near

positive-definiteness  with negligible phase

ertor, and minimal numerical oscillation.

Such  numerical  characteristics of  the

advection scheme provide a  significant
advantages for simulaling atmospheric flows
over complex terrain  and with  strong
physical forcing. The MAS model includes a
quile complele sel of physics such as an
explicit microphysics scheme and multi-level
solar- and flerresirial radiative transfer that lhe

effects of clouds,

2.2 SPS Maoadel

The SPS model (Kim and Ek, 1995} is a
modified version of the coupled atmosphere
plant  snow {(CAPS) model developed by
Mahrt and Pan (1984) and Ek and Mahrt

(1991). It computes interactions within a
soil-canopy- snow  sysiem  as  well as the
criergy  and  waler exchange between the
atmosphere and underlying surfaces. The

governing equations for the volumeiric soil
water content and soil temperalwe of a given
soil layer can be writlen as

c@i = 2 [Ru@ ] +F: Y

i AL IR E S R O

where C{Q) is Llhe wvolumetnc soil heat
capacity, Kl 15 the soil  Teat
conduclivity, Ko(@) 15 the soil moisture
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and D(Q) is the

conductivity of a soil layer. The terms F.

diffusiwity, hydraulic

and Fy represent source and siok terms for

soll lemperaiure and soil  waler contenl,

respectively, On the other hand. the canopy
water content { W_) is compuled by

W,
ot

=P—-D —-E, (9
where P is the precipitalion rate, D, 15 the

rale of water dripping from the canopy on to
the ground, and E, is the evaporalion of

the canopy water,

2.3 TOPMODEL

The TOPMODEL
that simulates stream fow, subswface flow,

15 a watershed model

and the water iable depth in a watershed.
The
proposed by Kikby and coded by Beven
{(Beven et. al, 1994). One of the
of the that the
modeling concepts have been kept simple

basic concepts of the model are

characteristics model is

enough so that the model struclures can be
easily modified 1o bring the results closer to
the modeler's perceptions for the behaviors of
catchment. From this

a particular reasor,

therc exist many differenl Lypes of the
model, bul the main components of the
model are topographic ndex disiribution
component, soil waler change component,
surface  tunoff  and channel routing
companent.

The siarting points used 1o derive the

findamenial TOPMODEL equations arc the
assumptions that (1) the dynamics of the
salurated zone can be approximated by
successive steady state representation, (2) the
bydraulic gradient of the saturaled zone can
surface

be approximated by the local
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topographic slope, and (3) the saturated
hydraulic conduciivity decreases exponentially
these

assumplions, one [fimndamental equation that

with  soil  depth. From three

represents  the relalionship belween the
walershed average groundwater depth z and
water table depth =, at any location 7 is

given as:

7
tan 4 (10)

fz—z) = [m @

_ 1
tan A A Zhl

- [ln Ty— i Zln TU]

where, / is a parameler related to the raie
of change of saturated hydravlic conductivity
with depth, » is the upslope area per umit
is the

The

first and second terms of right hand side in

contour lenglh al any localion, tan#

gravitational gradient at the location.
Equation {10) denote the topographic index
topographic  index,
(10} s
lo determine the location and
land

where

and basin  averaged

respectively. Equation applied (o
every powmt ¢
sucface  areas,

z,=<0. The

fraction of the saturaled area, which is called

exleni ol saturated

indicated by points

as coniributing  area, gives direct surface

runoff. On the other hand, tolal subsurface
flow @, 18 compuled as:

where X, 1s the saturated hydraulic
conductivity at the surface. Equation (11)

shows thal the mean value of (he

topographic index i is mversely relaied (o
flow. K

A values

the potential rate ol subsurface

means Lhat watershed wilh high
have low polential subsurface flow rates, A
high A

typical walershed with

value is genlle slope area.

example
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Fig. 2. Seil Water Variation in TOPMODEL

As it can be seen in Equation (10), all
locations with the same iopographic index
are the
transmissivity

hydrologically  similar  under
that 7y, lateral

when the soil is just saturated, is equivalent

assumption

to all grid poinls in a walershed. H allows
the aggregation of the topographic index
distribution

description

from a  spatially
of the watershed

composed of intervals of In(z/tan4). Fig. 2
the
maoisture varialion al each lopographic index

explicit
into  one
shows schemalic diagram for soil
interval. As it can be seen in the figure, the
model has two soil layers: unmsaturated zone
and saturated zone. The soil water conients
in an unmsaturated zone are varied on the
range of zero to saturation point via willing
and field capacity depending

inflows,

point on

precipitation evaporation outllows,
and gravity drainage from unsaturated zone
1o saturated zone. The overland flows that
filled are
routed by the use ol a distance-related delay

{Beven and Kirkhy, 1979).

occur the unsaturated zone is

3. CASE STUDY

The study area is the Soyang River
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Fig. 3. Study area

drainage basin, which is the largest tribulary
of the North Han River,
central peninsula. It s
approximately 85 km northeast of Seoul,
Korea and the boundary of ithe basin is
within approximately 127.8° E to 128.6" E in
longitude and 37.7° N to 383" N in latitude.
The area of the drainage basin is 2,703 km®
with oullet at Soyang Dam site, as shown in
Fig. 3.

located in east

Korean located

The Soyang River starts from the
(Odae Mountain at altitude
1,560m. It southwesterly to the
junction with the North Han River near the
Chunchen City. The Soyang river is a main

an of about

Tlows

source of inflow into the Soyang dam,
located in Soyang river 12km upstream from
the junction, which has a storage capacity of
4,600,000 m®
length. Mosi

mountain

with 123m  height and 330m
ol the of
covered by and

lerrain  consists
caoniferous
deciduous forests.

For the sumulation of regional atmosphere
the 18-layer

version of the MAS model is utilized m this

and land-surface processes,
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study. The variables  are

staggered on the Arakawa-C grid and the

dependence

Lorenz grid (Lorenz, 1960) horizontally and
vertically, respectively. The model domain for
the MAS-SPS is 5,400km = 4,800km with a
60km = 60km
Conformal map projection. The main area of

resolution on a Lambert
interest in this study is within and near the
Soyang River basin in Korean peninsula. One
ol the
hydroclimate simulation is a data base to

crucial requirements for regional
provide land surface characteristics. The SPS
model tequires soil texture, green-leal fraction
{GLF), leaf-area index (LAD), and vertical
distribution of root density. The coupled
MAS-SPS model also needs spectral albedo,
roughness length, and =zero-
height as a function of vegelation type. The
soil texture provided by Zobler (1986) is
used. The GLF and LAI are obtained from
the monthly-mean values for Guiman and
[ganov (1977) and the NASA/GSFC DACC
(1995), respectively, Due to the lack of dala,

it is assumed that vegetation root density is

displacement

umiform through the model soil layers.

NCEP (National Center of Environmental
Prediction, USA) reanalysis dala of which
resolution is 2.3° % 2.5° was interpolated (o
60km = 60km grids by Barnes scheme. Inilial
conditions and  lime-dependant  lateral
boundary conditions were provided Fom this
data set. The reanalysis surface data are used
to obtain initial conditions of soil temperature
The
boundary conditions were provided every 6
hours from the NCEP reanalysis data. Fig. 4
shows the simulated daily-total precipitation
within the MAS-SPS model run domain for
the period of August 23, 01:.00 to August
27, 24:00, 1995, To evaluate the simulated

precipitations, 1l needs to compare grid-point

and soil  moisture  content. lateral
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values against raingauge data within the grid
points. However, grid-point values are not
directly comparable to a raingange data since
the area presented by a grid poil and a
raingauge are different by many orders of
Therefore, the comparison of
of the
ohserved and simulated precipitation will be

magnitude.
area-mean and lime-mean values
possible. With the observed and simulated
river flows in the study area, the comparison
and evaluation ol predicted precipitation are
followed later.

Belore the coupled atmosphere-streamflow
sysiem is used for the application of various
waler resources managements, the model
parameiers in TOPMODEL must be estimaled
historical
hiydrological data,
catchment information. The reguired maodel

from meleorological and

and from all available
inputs are MAP (mean arcal precipitation)
pan
evaporation). The river flows are optionally
needed lor the
verification. As it can be seen in Fig. 3, the

and potential evapotranspiration  (or

model  calibration and
siudy area has several precipitation and stage
hydrological and
metearological The MAPs arc
computed from the records of all 12 stations
in and near the basin using the Thiessen's
weighted method. The polential

cvapotranspiration data from the Chuncheon

stations for the
variables.

average

meteorological station are used. The inflows
for the Soyang dam are used for the river
The
manual estimation technique is used for the
estimate of TOPMODEL parameler uvsing the
evenl during May 1~Oclober 31, 1990
(hereafter called 1990 event). Table 1 shows
the meanings and estimated model parameters

Mlow data at the river basin outlet,

in the study area. One of the characteristics
of TOPMODEL run is required a distribution
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Fig. 4. The Simulated Daily-Total Precipitation

Table 1. Description and Estimates of the TOPMODEL Parameter

symbol Description [unif] Value
) transmissivity recession coefficient with depth[ =z ] 50.0
Ts saturated lateral transmissivity[ In (m® /) | 0.208
Cp— maximum allowable storage deficil ol root zone| s | 25.0
ty time delay coefficient in unsaturaled zone[ fs) 0.087
v internal and main channel routing velocity[ me/&r | 5,500

of topographic index for the study area.
These values can be computed from 3" DEM
data, Fig. 5 shows the computed distribuiion
of topographic index in the Soyang River
basin. This distribution is obtained from the

grid-point topographic index wvalues on each

an

3" grid interval within the study area as
Fig. 6. The
topographic index are ranged on 1.96~17.47

shown in values of the
and the maximum frequency is (.1534 af the
value of 5.70.

Fig. 7 represents the observed and
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Fig. 6. Grid-point Values of la(a/tan ) within the Siudy Basin

computed discharges corresponding to  the
observed ramfall and evapotranspiration for
the 1990 event. The are MAPs
computed from the weighted average method.
The floed event on September (2, 01:00,

1990 (refer 1o time step 135) at Soyang dam

rainfalls

sile is reached close to EL. 197.99m, which
18 the highest stage since the dam has been
constructed. 11 caused by
cansecutive rainfall evenis of 4023 mm
during September 9 1o L1, 1990. When the
compared  with

was two

computed flows are the
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Fig. 7. The Observed and Simulated Flows at Soyanpg Dam Site (1990 Event)

seen that the
compuled flows are well

observed ones, il can bhe
observed flows and
agreed.

Fig. 8 shows the sensitivity of miver flows
depending on the accuracy of rainlall
estimates [or the period of August 23, 0L:0
0~August 27, 24:00, 1995 (hereafler called
1995 Aupust event). As il can be seen in
this figure, the sensitivilies are tested on 4
different steps: the first step is the previous
time period of nsing limb of bydrograph, the
period  of limb of
hydrograph, the third the period of near the
and the fourth the period of

decreasing limb of hydrograph. The flows are

second  the tising

peak flow,

compuled under the condition thal rainfalls at
each step are purturbed to £350%, +100% of
Table 2
fHows

the original rainfalls. shows the

variation of volume depending on
rainfall estimales. When the relative errors
for the computed river flows between before
and afler rainfall perturbation are compared,
ihe first step is the most sensitive under the
same perturbing ratio. This is mainly caused
that the under/overestimation of the rainfall
first

on the step will be critical to the

varialion of soil water content, which 13

directly related to the amount of surface
runoff and river flow. It 15 also interesting
that the overestimation of rainfalll causes
higher river flow errors than underestimation

of rainfall, when the simulated river flows

according 1o £350% change of rainfall
prediction are compared. This phenomenon is
especially dominant on the third step,

because the status of soil waler content near
the peak hydrograph are mostly saturated
and, therefore, the additional rainfall due 1o
overestimation of rainfall near the peak flow
is direcily contribute o river flow. It can be
that  the
precipitation during the previous time step of

seen accurate  prediction  of

flood hydrograph is important for the
accurale prediction of discharge hydrograph
and the magnitude of peak {flow is highly
affected by the amount of precipitation near
the peak {low.

Fig. 9 shows the operational forecasts of
precipitation and river flow for the 1995
The "Robs" in the Figure
MAP computed from 13
station precipitation records within the basin,
"Rcal" the
precipitation oblained from the MAS model

August event,
represents  the
denotes

while predicted
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Fig. 8. Scnsitivity of River Flow Depending on the Accuracy ol Precipitation Prediction

Table 2. Variation of Volume Flows According to Rainfall Changes

Variables | Obscrved Volume Flows according to Rainfall Change Remark
Step Rainfall 0% -50%(Error } +530%(Error) +100%(Error)

1 25.59 63.14 45.62(-21.4%) 77.85(+23.3%) 91.95(+45.6%)

2 67.94 208.14 | 178.05(-14.5%) | 245.96(+18.2%) | 280.07(+34.6%)

3 §2.50 20084 | 171.43(-15.5%) | 253.98(+252%) | 29534(+15.6%)

4 31.88 103.00 | 86.93(-15.6%) L1B.89(-+15.4%) | 134.78(+30.9%)
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Fig, 9. Operational Forecasts of Precipitation and River Flow
for 1995 Augusi Kvent
run. In this study, two grid points (grid-point  say that the computed precipitations are

on 37.55°N, 128.19°E and point on 38.09°N,
128.20°F) are existed in and near the study
area on the 60-km grid scale. Model runs
are renewed on every 9 am. flor the 48-hour
precipitation [orecast. In other words, from
the initial climatic condition al 9 am. of

t-day, the computalions of next 48 howrs
upto 8 am. of (t+2)-day are performed on
hourly time step, and then predicted

precipitations ("Rcal” in the figure) from 9
am. of (I+1)-day to 8 am. of (1+2)-day are
taken the 24-hr
precipitations. For the counvenience, (he first

for next day predicted
slep is 24-hr period starling from 9 a.m. of
23rd; the second, the third, and the fourth
steps are also 24-hr period starting from 9
am, of 24th,

The predicted

25th, and 26th, respeclively,
precipilation from the MAS
maodel on each time step is 16,95, 4.6, 76.2,
25.35 the
precipitation on the same time step is 146.23,
118.09, 64.76, 73.36 mm, respectively. It can

and mm, while observed

much less than the observed ones during
1995 August evenl. This is mainly caused
that, on the model simulation, the rain band
passed the upper area of the study arca, as it
can be seen in Fig. 4. This is a case that
frequently  happen the  precipitation
prediction simulation. In this case study, it
can that the
predictions are more or less successful, but

for

say qualitative precipitation
the quantitative precipitation predictions are
much underestimated. The "Qabs" the
legend represents the observed flow at the

in

Soyang dam sile, while the "Qcal" denotes
the computed hydrograph using the predicted
precipitalions obtained by MAS model run
The volume flow oblained from the observed
precipitation during the eveni is 389,70 mm,
while that from the predicied rainfall al each
step is 24294, 258,70, 383.61, and 324.16
mm, respeclively. It is obvious thal accurate
and timely predictions of precipitation are
crucial for the accurate flow predictions.
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4. SUMMARY AND CONCLUSIONS

This study provided the results from

atmosphere-stream  flow coupling study in
Korea. The used model system is composed
of MAS model, SPS  model
TOPMODEL. The MAS model

precipitation and atmospheric variables al a

and
simulates

60-km horizontal resolution using initial and
boundary
obtained from large-scale atmospheric mput
data.  The
atmospheric variables are then averaged over
TOFMODEL
computes river flow using the watershed area

time-dependent  lateral conditions

simulated  precipitation  and

the Sovang River basin.
mean precipitalion and atmospheric variables
simulated by MAS model. Some imporiant
obtained from this
The
index values compuled from 3" DEM data n
the study area are ranged on 1.96~17.47
with the maximum frequency 0.134 at the
value of 5.70. When the observed flows and

model computed flows are compared on both

results study  are

summarized as follows. topographic

daily- and Thourly- time intervals, the
TOPMODEL can successfully simulate the
river flows in the study. As far as the river
flow sensitivities depending on the accuracy
of precipitation prediction, it can be seen that
the accurate precipitation prediction during
the previous time step of flood hydrograph is
important for the accurate prediction of
discharge hydrograph and the magnitude of
peak flow is highly affected by the amount
of precipitation near the peak flow. Also, for
the operational forecasts of precipitaiion and
river flow, it is obvious that the accurate and
timely predictions of precipitation are crucial
In the

future, we need to test the coupled model on

for the accurate Ffow predictions.

various types of precipilation pattern. T is

Water Engineering Research, Vol 1, No. 1, 2000

also recommended that the coupled system
tesis on a uniform resolution 20km = 20km
grid mesh in the horizontal.
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