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Issues in Calibration of
Distributed Models

1- Parameterization
2— Objective function definition
3— Uniqueness problem

4—- Parameter conditionality
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X__<parname>.<ext> <hydrogrp> <soltext> <landuse>__<subbsn>__

Where

X

<parname>
<ext>
<hydrogrp>
<soltext>
<landuse>
<subbsn>

1. Parameterization

<Slope>

= Code to indicate the type of change to be applied to the parameter:
vV — 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);

= SWAT parameter name;

= SWAT file extension code for the file containing the parameter;
= soil hydrological group (‘A’',’'B’,’C’ or ‘D’);

= soil texture;

= name of the landuse category;

= sub-basin number or crop index.
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Soil Parameters

Parameter identifiers

Description

r__SOL_K(1).sol

K of Layer 1 of all HRUs

r_ SOL_K(1,2,4-6).s0l

K of Layer 1,2,4,5, and 6 of all HRUs

r__ SOL_KQ.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
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Management Parameters

Parameter identifiers

Description

v__HEAT_UNITS{rotation no,operation no}

Management parameters that are
subject to operation/rotation
must have both specified
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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
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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

Different objective functions produce
different calibration results

SIS 9(B)= wli(Qo -Q, ) + wzi(so ~S )+
i=1 i=1
M-MSR Ny , n, ,
9(B) =2 (Q = Q) * (S, =S v
| m(i—Py_
NS g(B)=|1- >




2. Objective function definition

n

>.(0,-0)r-P)

R? 9(B)=| —=

Chi? , =
X = >
Oq
. |bl.R? for b<1
9B)=1 .,
bl .R for b>1
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SSQR

gOOO

2. Objective function definition

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

SSQR Z [Qj measured Qj,simulated ]2

j=1,n
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2. Objective function definition

Likelithood function in a Bayesian inference using
Box—Cox transformation and continuous time

auto regressive function:

fyuo(¥]0) = o P —l[g(y“’)_g(yto ©) ] ‘d9|

: ‘ dy |y=yt0

a(y,) - 9(v" (0))

oy, )-alv" ©)) exp(— i

Yang et al., 2007, WRER,
JHydrol

o
(@)
I

02[1 - exp(— phi=t
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5. B Objective function definition

0 L L D D D e O O

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 67 70 73 76 79 82 85 88 91 94 97

RMSE
29.90
29.70
23.50
21.10
23.30

R2
0.79
0.75
0.84
0.90
0.84

NS

0.67
0.67
0.83
0.80
0.80

bR2

0.54
0.42
0.45
0.62
0.75




3. Uniqueness problem

Direct (deterministic) Modelling:

Input ———» MODEL

Inverse Modelling:

Input

- QUEPUL

MODEL

G Qutput




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

CNZ |JALPHA_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
0111 0.99 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
0291 0.50 32.8 0.07 0.29 -0.16 0.29 -0.07




(B)

4. Parameter Conditionality

- watershed parameterization
- type of the objective function

— weilghts 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
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Department System Analysis, Integrated Assessment and Madelling

SWAT-CUP

Welcome SWAT-CUP is a computer program for calibration of SWAT models. SWAT-CUP is a public domain
Organisation program, and as such may be used and copied freely. The program links GLUE, ParaSol, SUFIZ,
MCMC, and P30 procedures to SWAT. It enables sensitivity analysis, calibration, validation, and
Research uncertainty analysis of a SWAT model. The overall program structure is as shown in the Figure below.
Publications
Teaching
AQUASIKM
SIMBOX Ps0
IREK
SWAT-CUP
UNCSIM SUF1-2
MCMC
SWAT Outputs
ParaSol
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h Delete Presiew Wriking
Edit Zalibration - Walidation Prink Tools Windo Help
Project Explorer R || Par_inf.sfz
= Se Par_indsi2
_’ - o Sufiz prameters information
= Btest
I_é_l ----- Zalibration Inputs Test_example 2009
------- | Par_inf.sfz
! MNuwber of Farameters= 14
"""" |- Cbserved.sf2 Nurber of LH sims= 20
------- .| Mar_file_rch,sf2
' r  CNZ.mgt PAST -0.3 0.3
"""" |o48) SUFIZ_exctract_r r  CNZ.mgt 1,4 —0.z 0.2
------- . SUFIZ_swEdit.de r_ALPHL BF.gw 0.0 0.1
_______ 2 Fie.Cio v GW _DELAY.gw 10.0 45.0
- v_CH NZ.rte 0.0 0.1
v_CH KZ.rte 5.0 40.0
v__LLPHL BNE.rte 0.0 1.0
r  S0L_AWC (1) .sol 1,2 0.0z 0.4
r  S0L AWC(1).=zo0l 5,4 0.0z 0.4
r S0L K(1).s0l 1,2 -0.5 0.5
r S0L K(1).s0l 3,4 -0.5 0.5
r S0L BD(1).sz0l 1,z -0.1 0.1
r S0L BD(1).sz0l 5,4 -0.1 0.1
v SFTHP.bsn -2.0 2.0
s *




V_ GW DELAY.gw
v__ALPHL BF.gw
v GW EEVAP.gw
v RCHREG DP.gw
r S0L Kf].sol
v E3CO.hru

v__ SL3UBBSN.hru

v _CH Ei.rte
r__HRU_SLP.hru

r CHZ.mgt

v__ REVAPMN. guw

v__ GW REVAP.gw
v__RCHREG DP.gw
r 0L K(].sol
r_3CL _EBD{).zol
v ESCO.hru

v SLSUBBEN. hru

v__Ov_N.hru
r__CH_NE.rte

v__ALPHAL BNK.rte

CHNZ . mgt
CHZ . ogt
CNZ . mgt
CHNZ gt
CNZ . mgt
CHZ . mgt

v__GW_REVALP.gw
v__ GW REVLP.gw
v GW REVLP.gw

r  S0L_AWC().sol
r_ 30L_AWC().sol
r  30L AWC().sol
r_ S0L_AWC().sol

v ALLPHA BNE.rte
v SMTHF.bzn

2.432387

15 29.8134:21 40.136475
15 0.320065 0.573920
15 o0.ao 0.163754
15 0.038500 0.233160
45 -0.300520 0.512005
15 0.391444 0.745033
45 15.2a0817 40.333183
15 0.0 6.095045
15 0.263282 0.633366
61 0.556328 1.020978
61 S.263700 10.831983
61 0.0831a8%7 0.243507
6l 0.264402 0.532161
6l -0.92%61a 0.043724
61 0.356627 1.013543
Bl 0.02 0.235157
61 0.0 19.9465151
Bl 0.2837933 0.670415
61 -0.066359 0.582935
6l 0.0 0.221242

5-11,13,14,16,18,22,25,27-30,33-35,39-41, 44, 47, 48, 50-57, 59, 60, 63

12,15,24 -0.002354 0.682160
1,2,3,4 -0.081239 0.245297
17,22,31,32,36 0.435100 0.610310
27,42,49, 46, 43 0.127156 0.425522
52 -0.324336 0.006194
1,2,3,4 0.129748 0.359252
17,22,31,32,36 0.059565 0.217864
52 0.0 0.087147

5-16,15-25,26-30,33-35,37-41, 44, 47, 45, 50-57, 59, 60, 63

1,2,3,4 -0.118537 0.151741
27,42,49, 46, 43 0.100708 0.336324
52 -0.007669 0.250197

5-16,18-25,26-30,33-35,37-41, 44, 47, 45, 50-57, 59, 60, 63
5.280932

0.343061 0.5437
0.070241 0.280667
0.321167 0.623545
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Sensitivity Analysis

1. Global sensitivity analysis

2. Local sensitivity analysis

One-at-a-time sensitivity analysis



Future addition to SWAT-CUP

Visualization of the calibrated outputs
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Parallelization of calibration runs
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Future addition to SWAT-CUP

|COLLECT OUTPUT |

Post
Processing



Thank you for your attention!
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Thur Watershed Application

s Discharge

* Temperature

A Rain
Elevation [m]

< 400
400 - 500
500 - 850
850 - 800
800 - 1"000
1'000 - 27000
2'000 - 2°500
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Objective Function

g zwlzn:(Qm _Qs)i2 +W22n:(sm - Ss)|2 +W32n:(Nm o |\Is)iz +W4Zn:(Pm - IDs)iz
=1 =1 =1 =1

Landuse

Agriculture

Fasture and Meadow M
Forest

Watar A
Barren i T N

Urban . il - T




Constrained Objective Function

g=W (Qm _Qs)iz +WZZ(Sm - Ss)|2 +W3Zn:(Nm - Ns)|2 +W4Zn:(Pm B PS)I2

2.2 < Nforest <16
19 <N
15 <N

agricultural <47
<25

pasture



Conditionality of Calibrated Models

A calibrated model 1s 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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