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1. InTroducrion

Inrecentyears, application of models haj
able tool for the understanding of the natu
at the watershed scale, Watershed models
number of parameters {Sorooshian et al. 1
of such comprehensive models requires a

resources (funds, observed data, time, exy
often unavailable in developing countries
Whilst researchers in the developed countr]
gauged catchments where new models can|
al, 2005; Yapo et al., 1996), their countery
countrics are forced to apphy the models i
(Mdomba et al.. 2005 Mulungu and Munis
A comprehensive, complex hydrologic
ized by a multitude of parameters (Eckhal
Due to spatial variability, measurerment erf
many of the required parameters will no
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objective of the WFD is to achieve good chcmlcal and coologlcal
status for receiving waters by 2015, and mandates Member States to
develop river basin management schemes. This planning mechanism
iz intended to ensure integrated management of the river environ-
ment, providing a decision-making framework for setting environ-
mental ohjectives. However, the management of water quality from
naon-paint sources would require very expensive monitoring efforts.

Mathematical modeling is a necessary stepin the implement ation

based, dlstrl'buu:d paramncr models and GIS constitute a pctwcrful
combination for water quantity and quality assessment [4.5] There are
several reasons that enforce the combination of the aforementioned
miadels with GIS for water resounces management, the mast important
of which are [§]: the automation of data input and cutput in the pre-
and post-processing stage of model development, as well as the ability
todevelop interactive post-processing tools that provide the opportu-
nity for easier understanding of hydrologric system function; and, the

changes and hydropower
R hine basin

Fink®. J. Gurtz®

W chmctogy ( ETH) Swrich, Wanterthare ratrasse 190,
=

irees, Wageningen Unive ity Niewwe Kansal 11,
ferlands

2005

Swiss Alpine Rhine basin (4108 kmy®) have been
distriburzd bydrolezzcal cawchment model WaSih-
of M m x 300m and a temporal resclution of 1 k.
on the hydrology io a subcatchment of the Swiss
urbanization-afforestaton scenario. Furthermore, a
cal change from pastuzes into foTests.

the infinence of reservodrs. In pamicular. a sipmificant
—fiow pertods i winter. Further, reserveirs funcien
reservelr level data, an artempt has been mads to
logical modeling. Fesults show a clear increaze in
the land cover charge scenarios nsing WaSiM-ETH
, while i1s effect iz naglizgible farther downsmean:.
jon. especially at the valley bottom. Consequently,
. This decline in runeff iz dependent on the decreass

b Urbanization: Afforsstation

poduction

bpomnte and demepraphic zrowth, Imcreasing
of life and, consequantly, hizher elecmiciny de-
| and the ranonalisation and intensification of
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Ol Introduction

Soil and Water Assessment Tool
(SWAT)
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Ol Introduction

Calibration SWAT model

Calibration of model
through adjusting I
Input parameter.

(Manual calibration)
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Ol Introduction

Calibration SWAT model
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Ol Introduction

Parameter Solution (Parasol) Method
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Finds the best parameter
Based on Shuffle Complex Evolution(SCE-UA)
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Ol Introduction

Root Mean Square Error(RMSE)

Coefficient of Determination (R?)

Index of agreement d
Modified NSE and d

Relative efficiency criteria NSE and d
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ClObjectives of study

- Modification of SWAT Auto-calibration using
different efficiency criteria.

* Comparison of each SWAT Auto-calibration
and finding the efficiency criteria which make the
better calibration result.
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‘ Soyvanggang dam
‘ watershed

Area: 2,703 km?
Forest : 89.6 %

Agricultural area : 5.3 %
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0 Efficiency criteria

Nash-Sutcliffe Model Efficiency Coefficient (INSE)

a i(O B S_)z\ Si = Simulated data
NSE =1-— i:l — Oi — Observed data
Z(Oi _0)2 ~
i=1 O = The average of
N /

observed data
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0 Efficiency criteria

NSE with logarithmic values

4 n A
> (IO, -InS;)?
In NSE =1— =
> (InO; —In0)?
N = /

Si = Simulated data

O. = Observed data

O = The average of
observed data

Using to overcome oversensitivity to extreme values J}




0 Efficiency criteria

Index of agreement d (Willmot, 1981)

4 0 N .
Z(O- B S-)2 Si — Simulated data
d=1- - = — — Oi = Observed data
> (s, -0]+0;-0)* | ~
L i—1 y O = The average of

observed data

Using to overcome insensitivity of NSE and R? J}




0 Efficiency criteria
Modified forms of NSE and d
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Same purpose logarithmic NSE and Index of d }




Q Efficiency criteria
Relative efficiency criteria NSE and d
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More sensitive in particular during low flow conditions }




0 Methods

LThe objective function of current SWAT Auto-calibrationj]

~_

k Sum of the squares of the residuals(SSQ) ]
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0 Methods

2.(0-8).) SSQ

NSE =1
2.0 -0’ Fixed
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QO Methods
NSE with logarithmic values Index of agreement d
EZ(In G, —In Si)zi Z(Oi _Si)2
INNSE =1—tifensnnnnnnnnnnndd | =131
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0 Methods

Relative efficiency criteria NSE Relative efficiency criteria d
= Oi - . ; i=1 OI
NSEreI = 1‘1rrrrrrrrrr-_'rrqér-' rel _1_5 —
Zn:(O‘—_Oj o [s,—o io,—o']
=l O i-lil -------- (-) -------- "

Modified SWAT auto-calibration can consider
various efficiency criteria
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0 Methods

Modified SWAT Auto-calibration

NSE with logarithmic values

Index of agreement d
Modified NSE and d

Relative efficiency criteria NSE and d g

| Daily Simulation in 2006 |
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0 Methods

Parameter Description
ALPHA BF Baseflow alpha factor
BIOMIX Biological mixing efficiency
BLAI Maximum potential leaf area index
CANMX Maximum canopy storage
CH K2 Effective hydraulic conductivity in main channel alluvium
CH N2 Mannings’ “n” value for the main channel
CN2 SCS runoff curve number for moisture condition 11
EPCO Plant evaporation compensation factor
ESCO Soil evaporation compensation factor
GW DELAY Groundwater delay
GW REVAP Groundwater “revap” coefficient
GWOQMN Threshold depth of water in the shallow aquifer required for return flow to occur
REVAPMN Threshold depth of water in the shallow aquifer for “revap” to occur (mm)
SFTMP Snow melt base temperature (" C)
SLOPE Increase the lateral flow
SLSUBBSN Average slope length
Minimum melt rate for snow
SMFMN (mm/° Clday)
Maximum melt rate for snow
SMFMX (mm/° C/?jtSy)o o
SMTMP Snow melt base temperature (° C)
SOL AIB Moist soil albedo
SOL AWC Available water capacity of the soil layer
SOL K Saturated hydraulic conductivity (mm/hr)
SOL Z Soil depth (%)
SURLAG Surface runoff lag time
TIMP Snow pack temperature lag factor
TLAPS Temperature laps rate (° C/km)
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0 Methods
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Each SWAT auto-calibration was compared
. in total stream flow, high and low flow conditions



0O Results
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over 10,000 simulations
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Q Results
k Comparison of Auto-calibration for high flow condition(top 10% ) J]

Efficiency criteria
Ty5e o obesive NSE NSE_logar | Agg d | NSEm O NSErel Orel
function
NSE_logar 0.72 0.5 0.9 0.57 0.76 0.87 0.95
Agg_d 0.77 0.87 0.91 0.66 0.81 0.90 0.96
NSEm 0.84 0.85 0.95 0.68 0.83 0.91 0.97
dm 0.84 0.85 0.95 0.68 0.83 0.91 0.97
NSErel 0.40 0.37 0.71 0.28 0.56 -0.18 0.44
Orel 0.86 0.79 0.96 0.63 0.80 0.68" 90z ala s
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0O Results

Observed Flow(CMS)
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Reasonable result for high flow condition
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) Results

k Comparison of Auto-calibration for low flow condition(bottom |0%) J]
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%ficiency criteria

o6 of obiective NSE | NSE_logar | Agg.d | NSEm dn NSEtrel Orel
function
NSE_logar -20.59 -0.20 0.35 -2.80 0.20 -88.08 -2.14
Agg_d -535.70 | -1.09 0.07 -23.36 0.04 | -1426.74 | -1.29
NSEm -29.49 -0.15 0.16 -3.00 0.22 -95.33 -1.46
dm -29.49 -0.15 0.16 -3.00 0.22 -95.33 -1.46
NSErel -70.55 -7.16 0.11 -3.72 0.16 |-2254.60 | -1.38
Orel -24.02 -6.70 0.24 -2.32 0.20 -1056.6‘7 -2.00
GIS&%
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O Results
— NSE_logar |  Agg d ”

Observed Flow(CMS)
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Unreasonable calibration result for low flow condition J
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Observed Flow(CMS)
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Simulated Flow(CMS)

k Unreasonable calibration result for low flow condition J}
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O Results

Flow Duration Curve
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L) Conclusion

- In  this study, SWAT Auto-calibration was
modified by different efficiency criteria.

*As a result of this study, Auto-calibrations
modified by modi_NSE, modi_d and rel _d show
the better calibration result for high flow
conditions.

&
G I #23ALAH
- M
..‘(NU http://www Enviys.co kr



L) Conclusion

- In low flow conditions, the results of all auto-
calibrations are unacceptable.

* SWAT Auto-calibration should be improved and
modified to make the better simulation for low
flow conditions.
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L) Conclusion

- For better calibration and validation of
hydrological modeling, = combination  and
comparison of different efficiency criteria is
needed.

*The result of this study can be used to improve
the accuracy of SWAT Auto-calibration for
various flow coditions.
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QFuture study

SWAT Auto-calibration
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Thank you for your attention,
Contact Us...

hwkang1985@gmail.com
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