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Introduction

Water is fundamental resources for all lives on earth including

human beings.

High threats such as increasing population, pollution, and climate

change lie in its future availability.
Establishment of sustainable water use is urgent need.

For suitable water management, grasping local hydrological

environment and local climate is inevitable.
Hydrological modeling is one of the most popular method.
SWAT (Soil Water Assessment Tool) is employed to model

Japanese basin.




/" Objectives

Main Objective

® To simulate streamtlow inYasu River Basin, Japan

X

Relatively small and steep
basin with dams, irrigation
ponds, agricultural water

channel network and so on

Specific objectives

® To check availability of SWAT to Japanese basin
through sensitivity analysis, calibration,
validation, and uncertainty analysis.
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/Study area: Yasu River basin
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" Study area: Yasu River basin A
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" SWAT model

Uses water balance equation (Arnold et al 1998)

SWiy = S5Wy + Z(Rday — qurf —E, — Seep ng)
=1

SW; = final soil water content (mm)

SWy =soil water content on day { (mm)

t = time in days

Rday = of precipitation on day { (mm)

Qsurs —amount of surface runoff on day I (mm)

E; =amount of evaporation on day [ (mm)

Wseep —amount of water entering the vadose zone from soil profile on day i
(mm)

@ gw = amount of return flow on day I (mm)
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/SWAT CUP (calibration and Uncertainty Programs)

* Application that conducts calibration, validation, and sensitivity
and uncertainty analyses for SWAT model.
® Optimization programs
SUFI-2 (Sequential Uncertainty Fitting)
GLUE (Generalized Likelihood Uncertainty Estimation)

Sensitivity analysis
® Sensitivity is given as the average change of objective

function as a result of change in each parameter.

m
g:“+z,3ibi

bi — parameter,

0 and 0,;,; = standard deviation of simulated and measured data

Ug and [, = are means of simulated and measured data.




" Model Efficiency

°* ByR % (coefficient of determination) and NS (Nash-Sutcliffe),

the model efficiency is evaluated.

Rz _ [Z?:l(Qobs,i T éobs)(Qsim,i T ésim)]z
Z?=1(Qobs,i _ Qobs) 2 Z?=1(Qsim,i — Qsim)2

?:1(Qobs,i o Qsim,i)2

NS =1-— —
?:1(Qobs,i_Qobs)2

Qops,i =observed streamflow

Qsim,i —simulated streamflow

QO ps —mean of observed streamtlow
@ sim— mean of simulated stream flow

N = total number of observation
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Application
SWAT model build up

Inputs

Yasu Elevation
o High:1234

R Low:97

Soil data

Land

cover data

precipitation

Simulated

Temparature

streamflow

Solar

radiation

4000

Yasu Landuse
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I upland Field
City

B rForest

|| Golfcourse
[ water
[ others

and
| 1990 - 2010 | validation

Yasu Soil
I unclassified
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Sensitivity analysis results of Monthly Streamflow\

t-stat p—value Rank t-stat p-value Rank
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6.33E-33 3

A coefticient of a 51 || P-valup is given | 89E.32 .
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by its standard error [* ||distribution table 1.49E-06 6
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Sensitivity analysis results of Daily Streamflow

I T S T R
t-stat p-value  Rank t-stat p-value Rank
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" Fitted value h

I T
Min_value = Max_value  SUFI-2 Daily GLUE Daily _SUFI-2 Monthly _ GLUE Monthl
-0.025 0.5 [ 0404  0.432 0.493 m
0 1 0.870  0.885 0.325 0.377
10 150 | 33.310  24.384 28.270 16.827
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0.001 0.3 0.284  0.191 0.122 0.211
0.01 30 \J11.331  11.719 4.433 15.861
-0.25 0.25  -0.067  -0.055 -0.036 0.127

0 5000 ﬂ857.5 413.377 4127.5 990.44A
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0 500 20.75  208.58 173.25 375.791

0 1 0.733  0.732 0.742 0.413
0.5 5 \1.208 0.710 0.583 3.278
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4 Monthly validation hydrograph
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/Daily calibration hydrograph

BN O5PPU  mm Rainfall observed Best_Sim
S memmwwwwm °
50
800
100
E 600 150/§ R2= 0.71
@) ~
H 2002 NS=0.70
g 400 250 §
A o P-factor=0.80
200
‘o R-factor=0.45
0 WA ; 400
4 v > \3 \e) (3} © 4] N} o ) \ \%
S S SO U A
N \Q\ o X \ N) Q o A \ \q/\ Q N\
Time(Days)
I O5PPU [ Rainfall observed Best_Sim

SUFI-2 WWWWWWWWW .

100
2 150
B 000 g R2=0.71
éﬂ 200 E _
z 400 2505 NS_O-7O
A

300 P-factor=0.90
350 R-factor=0.56

400

200

J$ %$ %* %$ e$ e$ w& %§
vV \q/ Q\ \’L \\ \f\, %\ N\
2 © NN »

\} ) 3\
Q Q \J
A

\
X Vv
v \
\e\,\ N N\

Time(Days) /




GLUE

SUFI-2

o

Discharge (m3/s)

Discharge (m?/s)
~
g

800

700

600

v
(=
S

w
(=]
o

200

100

0

800

700

600

v
(=
(=]

S
(=3
(=)

w
[«
(=]

200

100

0

4 Daily validation hydrograph
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Conclusion

This study provided an approach for streamtlow simulation based
on SWAT model in a Japanese relatively small and steep basin.

Sensitivity analysis, calibration, validation and uncertainty analysis
were carried out.

Results revealed parameters’ rank on sensitivity based on
optimization techniques (SUFI-2 and GLUE) in daily and monthly

stream flows.

Monthly period yielded high NS and R? as compared to daily

period.

Uncertainty range was larger in SUFI-2 as compared to GLUE for
both daily and monthly period during calibration and validation.

Future Plan

To introduce artificial structures such as dams, irrigation ponds,
channel network, head works, and pumping stations into SWAT
model.




