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1- Parameterization

2- Objective function definition

3- Uniqueness problem

4- Parameter conditionality

Issues in Calibration of 
Distributed Models



1. Parameterization
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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

( ) ( )∑ ∑
= =

+−+−=
1 2

1

1 1

2
2

2
n

i

n

i
isoiso SSwQQwg ......(B)

( ) ( )∑ ∑
= =

−−=
1 2

1 1

22 ......**(B)
n

i

n

i
isoiso SSQQg

( )

( )




















−

−
−=

∑

∑
1

1

1

2

1

2

1 n

n

i

OO

PO
g

i

i

(B)

S-MSR

M-MSR

NS

Different objective functions produce 
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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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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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 
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