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1- Parameterization

2- Objective function definition

3- Uniqueness problem

4- Parameter conditionality

Issues in Calibration of 
Distributed Models



1. Parameterization

Streams

Watershed Boundary

Soils
DrumlinlandschL3

DrumlinlandschL4

Hoeher_Molasse2

Hoeher_Molasse3

Kalkbraunerde

Leicht_Moraen_G1

Leicht_Moraen_G2

Leicht_Moraen_G3

Leicht_Moraen_G4

Parabraunerde

Seen

Siedlung

Tief_Mola_MoraH1

Tief_Mola_MoraH2

Tief_Mola_MoraH3

Tief_Mola_MoraH4

mountain

Legend

Thur Basin
Soil Map

Thur

Sitte r

Murg

Necker

Glatt

Ur
n?

s c
h

Lauche

Giessen

Uze

Rotb
ach

Lut
ere

n

Fur tbach

Chemibach

L?tzelmurg

Aspi
bac

h

Alpbach

Binnenkanal Thur

Kaabach

Ibach

Tuenbach
Dorfbach

Aachbach

T?gelbach

T?fe
nba

ch

Br?b
ach

Sorenbach

Feldbach

H?rachbach

R?tib
ach

Stei ntal er Bach

Le
istb

ach

Dietfurterb
ach

Gillgraben

Wattbach

Maltbach

derwisenbach

Rick
enbach

Kaubach

Ulisbach

Goldib
ach

Go
ldb

ac
h

Wiss Thur

Br?elbach

Binnenkanal

Au
ba

ch

Tosbach

Ch
elle

nb
ach

M
urb

ac
h

R?telbach

Schw
endi

bac
h

Ruerbach

La
u f

te n
b a

c h

Schwarz

Seebach

L?tisbach

Wissb
ach

Stel
zba

ch

Ijen
taler B

ach

M?ttlib
ach

Fitzibach

Rindalbach

Ellikerba
ch

Gies
sbach

L?chlibach

Hartenauer Bach

Krina
uer

bac
h

Furtibach

Fa
llb

ac
h

M?li
ba

ch

Schwinde
lbach

Jom
erb

ach

Gerenbach

M?lit?beli

T?fe
lsto

be
l

An
dw

ile
r B

ac
h

M?hlr?tibach

Sulzbach

S?gi
bach

Be
er

en
ba

ch

N?rigbach

Wildhauser ThurDiezisbach

Aum?hlebach

Josenbach Zungbach

Lederbach

Chrinnb ach

Ne
ste

nb
er

gb
ac

h

T?fentobelbach

Gr?tbach

Niderwilbach
W

idenbach

Chrebsbach

Sangenbach

Wisen
bach

Sonderbach

Gr?ppelensee

Wilenbach

Ibach

R?telbach

Do
rfb

ac
h

R?tibach

W
iss

ba
ch

Seebach
Dorf

bach

Dorfbach

W
iss

ba
ch

Chre
bsb

ach

0 9 18 Miles

N

Scale



1. Parameterization

x__<parname>.<ext>__<hydrogrp>__<soltext>__<landuse>__<subbsn>__
<Slope>

Where 

x = Code to indicate the type of change to be applied to the parameter:
v – means the existing parameter value is replaced by a given value, 
a – means the given value is added to the existing parameter value, and
r– means the existing parameter value is multiplied by (1+the given value);

<parname> = SWAT parameter name;
<ext> = SWAT file extension code for the file containing the parameter;
<hydrogrp> = soil hydrological group (‘A’,’B’,’C’ or ‘D’);
<soltext> = soil texture;
<landuse> = name of the landuse category;
<subbsn> = sub-basin number or crop index. 



Soil Parameters

Parameter identifiers Description

r__SOL_K(1).sol K of Layer 1 of all HRUs

r__SOL_K(1,2,4-6).sol K of Layer 1,2,4,5, and 6 of all HRUs

r__SOL_K().sol K of All layers and all HRUs

r__SOL_K(1).sol__D K of layer 1 of HRUs with hydrologic group 
D

r__SOL_K(1).sol____FSL K of layer 1 of HRUs with soil texture FSL

r__SOL_K(1).sol____FSL__PAST K of layer 1 of HRUs with soil texture FSL 
and landuse PAST

r__SOL_K(1).sol____FSL__PAST__1-3 K of layer 1 of subbasin 1,2, and 3 with 
HRUs containing soil texture FSL and 
landuse PAST



Management Parameters

Parameter identifiers Description

v__HEAT_UNITS{rotation no,operation no} Management parameters that are 
subject to operation/rotation 
must have both specified



Crop Parameters

Parameter identifiers Description

v__T_OPT{30}.CROP.DAT Parameter T_OPT for crop number 
30 in the crop.dat file

v__PLTNFR(1){3}.CROP.DAT Nitrogen uptake parameter #1 for 
crop number 3 in crop.dat file



Rainfall Parameters

Parameter identifiers Description

v__precipitation(1){1977300}.pcp (1) means column number 1 in the pcp 
file
{1977300} specifies year and day

v__precipitation(1-3){1977300}.pcp (1-3) means column 1, 2, and3
{1977300} specifies year and day

v__precipitation( 
){1977300,1977301}.pcp

( ) means all columns (all stations)
{1977300,1977301} means 1977 days 
300 and 301

v__precipitation( ){1977001-
1977361,1978001-
1978365,1979003}.pcp

( ) means all columns 
from day 1 to day 361 of 1977, and 
from day 1 to day 365 of 1978, and 
day 3 of 1979



2. Objective function definition
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different calibration results
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2. Objective function definition
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The SSQR method aims at the fitting of the frequency 
distributions of the observed and the simulated series. After 
independent ranking of the measured and the simulated values, 
new pairs are formed and the SSQR is calculated as 

2. Objective function definition



2. Objective function definition

Likelihood function in a Bayesian inference using 
Box-Cox transformation and continuous time 
auto regressive function:
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Yang et al., 2007, WRR, 
JHydrol
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2. Objective function definition



3. Uniqueness problem

Direct (deterministic) Modelling:

MODELInput Output

OutputMODELInput

Inverse Modelling:
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CN2 ALPHA_BF REVAPMN GW_REVAP RCHRG_DP SOL_AWC SOL_K SOL_BD

-0.20 0.25            83.4 0.05              0.09 -0.19          0.57 -0.13
0.11 0.59            66.0 0.05               0.19 -0.25          0.45 -0.19
0.33 0.35            86.1 0.07               0.19 -0.04          0.30 0.08
0.29 0.50            32.8 0.07               0.29 -0.16          0.29 -0.07

So, different parameter sets can give 
you equally good calibration results

3. Uniqueness problem



4. Parameter Conditionality

- watershed parameterization

- type of the objective function

- weights in the objective function

- conceptual model (model structure)

- experimental procedure (to collect the 

calibrating data)

- input (driving or forcing) data

- number and type of variables (in the

objective function)

- location of outlets

- ……

(B)



SWAT-CUP

















P-factor = % observed data bracketet by the 
95PPU

R-factor= avg. thickness of the 95PPU band











SWAT-CUP

Sensitivity Analysis
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1. Global sensitivity analysis

2. Local sensitivity analysis

One-at-a-time sensitivity analysis



Future addition to SWAT-CUP

Visualization of the calibrated outputs



Future addition to SWAT-CUP

Parallelization of calibration runs 

CPU1,1
CPU1,2

CPU2,1

CPU2,2
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Processing



Thank you for your attention!



Thur Watershed Application



Objective Function
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Constrained Objective Function
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2.2 < Nforest < 16

19 < Nagricultural < 47

15 < Npasture < 25
………..



Conditionality of Calibrated Models

A calibrated model is always conditioned 
on the situation that it was calibrated for 
and care must be taken to apply it to 
outside this boundary 




	Slide Number 1
	- Issues in calibrating distributed models ���- SWAT-CUP�     ��
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Issues in Calibration of �Distributed Models 
	1. Parameterization
	1. Parameterization
	Soil Parameters
	Management Parameters
	Crop Parameters
	Rainfall Parameters
	2. Objective function definition
	2. Objective function definition
	2. Objective function definition
	2. Objective function definition
	Slide Number 21
	3. Uniqueness problem
	Slide Number 23
	4. Parameter Conditionality
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	SWAT-CUP�
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Thur Watershed Application
	Objective Function
	Constrained Objective Function
	Conditionality of Calibrated Models
	Slide Number 46

