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eawag o 5 SAvaE...
e renern Soee quellng steps:

Calibration and 1 Model building
Uncertainty Analysis 2 sensiivity analysis

3. Calibration and uncertainty analysis

e e TG ApbaSPOUr
. . Brussels Sept. 2018 !
' ' r—— 4- Validation

: abbaspour@eawag.ch

5< (Climate/landuse change analysis)

6- (Risk analysis)

Etneagy Swizs Faderel insituen of Aquatle Sclonce ard Technelogy,

S eawag, . iwespuaes - .gawag
1- Model Building
processes
There may be different data sets from different - Dams/reservoirs
sources - Water transfers
- Irrigation

The model should account for all important and

relevant processes - Snow/glacier melt

- Potholsfwater harvesting
Have to be careful how you apply the principle of - Point-sources (springs, WIPs,....)
«correct neglects 4 Wetlands

etc.
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Input data discrimination

Talle 3
Simulated mean annual river discharges (m? 577) for a selection of European rivers based
ou fous different climate datasets.

xe

1

Data déscription and sources used in the European SWAT project.

Data 1yj Resolution { Source

Digital %0 m Shuttlc Radar Lopography Mission (SRIM)

Elevation aggregated | hitp:/Awwwv? jpl.pnsa.govisrm/
' (DEM) [ 1o 700 m: 1

Soil 5 lan FAQ-UNESCCQ global seil map

. Landuse. -300.1m . - GlohCoves European Space Agency:
} htipy/due esrin.esa.int/globeover

., httpe#landcover.usgs. goviglee!
-500 m - MODIS land cover

http:/fmodis-lund.gsfc.nasn.gov/

hitp://woew. fao.org/nrland/seils/dizital-soil map-of-the-world'en/

=1600m -Global Landuse/Land Cover Characterizntion USGS

| -300 m, | - GlobCorine provided by Furopean Space Agency
MpAnnvesaintAbout Us/RSRINExpress_map_delive
space

Climate - Observed | - National Climate Data Center (NCDC),

- hittp://www.nede.noaa. gov!
- 0.25°grid { - Eurapean Climate Assessment Datasct (ECAL),

FAQSTA - Country-based average crop yield

(htto:/fwwnwecad.eny
| -0.58g6d 1 - Climarte Rescarch Unit (CRLT,
5 http/fwww.cruugaac.uk/
-1° geid - ClimateData Guide (INCAR),
. . hitps: Yelimatedataguide ucar.edu’
Erop yield wheat, McGill Univesity
maize, htps/fwwv. geog.megitl.caflanduse/pub/Datall 75erops 20000
baricy | etCDF/ \

1.Model Building

squstio renaaith Bneo

Discharge Climate database Pre Cahbratlon AnalySIS
River Station Name GRDG: | ECADP[ CRU: | NCARY | Station? ) it
Volga ' Volgograd L g14r | 5570 | 6924 | 595 | 65 | s ‘ﬂﬁ - Comtorto s awbtadd B SompocOrost g
Danube Ceatal zntail 6415 3243 | 5244 4724 4204 4 - Journal of Hydrology - : 3
Pechora Oksino 4434 | 1849 | 2396 | 2330 277 LeRike L B )
Worth, Dvina | Ust-Tineea EEE]! 15 | 1597 470 ) i ooy kit e 2
Rhine [ cbith 2239 1725 | 2065 2110 | 1589 |
Rhong Beaucairy L1709 1735 | 1808 | 1707 | 1364 A cantinentat-scale hydrology and water quality model for Eurnpe: - (Byenmu E“ :
Sava Sremska M. 1563 411 1073 831 973 - ﬂiahbmdnn and uncertainty of & hlgh~resolum—:n Earge-scale SWAT m:de] ‘:
Po Pontelagoscuro 1514 I8 | 1589 1424 1210 K, Apbaspour 7, £ nouhulal:mj.ad 4 8. Vas.heﬂ.". L3 Srlmvas;fn": H \'a#‘f‘.. B. lﬂm - -
Dhrieper: DrieperP.P 1492 [ 1987 | 2182 | 1811 | 2421 [ o
Vistula Tczew 1042 462 15 620 846 | ~
............................ | ... | it rMD\P}l
Mares Mako 173 ] 95 26 83 arlie ;
ol Stocgest] 161 21 52 & 47 |Assessing the Uncertainty of Multiple Input Datasets.  §
Szamos Satu Mare 126 a1 63 £1 54 /in the Prediction of Water Resource Components :
Trent Colwick 83 57 65 59 61 : 4
Thognes Teddington ] g2 37 | 47 72 I 38, Bohareh Kamat %, Karim C. Abbsspour ' and Hong Yang '* -
Root Mean 5500 2100 3900 i
Square Error 3360
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Pre Calibration Analysis PreiCalibration Analysis
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Discharge (mdfSecy

eRMEE.. T e
Effect of Aswan dam on downstream discharge
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2. Calibration/Uncertainty analysis

parameter fitting, Inverse modeling, parameter estimation, history matching

Calibration is adjusting model inputs with the purpose of

achieving the best simulation match with observation

Therefore, calibration boils done to the optimization of an
abjective function

Min: g(B)= i(Qo - Qs)rz
: i=1

fawag

L B Sawag...
Uncertainty Analysis
1
Umi:ertainty analysis is the process of:
- duantifying and propagating the

errorsfuncertainties in the model inputs
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Calibration & Uncertainty analysis

Contrary to the belief that
calibration is different from
uncertainty analysis, calibration
and uncertainty are intimately
linked

Sawag...

Calibration is subjective ......
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Calibration is subjective ......
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Calibration is subjective ......
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Calibration is subjective ......

1 4 7 10 13 16 1922 25 28 31 34 37 40 43 46 40 52 55 58 61 64 67 70 73 76 79 62 &5 88 91 94 97

) : uueagmegeu
Stochastic vs Deterministic

Deterministic Modelling:

single-valod N MODEL s single-valued
input parameters output variables
; )

; 5E

Calibration (Stochastic Medelling):

distribution N
; ,-v_l MODEL lw_w distribution of
of input pararmeters output variables

A

Calibration is subjective ......

=8

eawag
*quBiG FazHaich co0d

3. Validation

Validation is the process of testing the calibrated
parameters with an independent set of data

Without further changes to the parameters or

model structure




3. Validation £AWag...

- For validation you have to use the same range
of parameters as the calibration
- The data used for calibration should have

almost the same statistics as the data used for

calibration {mean, standard deviation)

-4 ééustﬁvanalysis .SF&!%S..»
Sensitivity to CN2
- — CN2=-0:6 —CN2= 00 —CN2=+06

ap -

15

Discharge (m3is)

D Lawag,.
4. Sensitivity Analysis

Sensitivity analysis is the process of determining the
significance of one or a combination of parameters w.r.t the

objective function or a mode! output

|
|
(this is important because parameters represent

\
processes)

Exampie
{CN2}

‘& 'Sensi'ﬁ;ti“ly Ana|ysi§

SaWag..

- iLc»::esu’i {one-at-a-time) sensitivity analysis
. p2

Global sensitivity analysis
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5. Climate change (www.2w2e.com)

TéchDats

i s Erea [

NeweorpFanls Piodes Aleet PeviesPops Dala Gt

WaterWeslher Energy Ecosystenn Technoiogy and Cata
Climate Change Dala for SWAT mode! [ChilP5)

Seteck Area Select Madels Setett Scanades. Sedct Data Type
M - Al .
Fresetat i ',,‘ cenarall Preapratien 1
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S2Wag..

6. Risk Analysis

Decision making under uncertainty

Risk = Pr(F).Cost(F)

water (WnbPy

Editerio

A Guideline for Successful Calibration and
Uncertainty Analysis for Soil and Water Assessment:
A Review of Papers from the 2016 International
SWAT Conference

Karim C. Abbaspour ' {7, Sacld Ashraf Vaghefi ! and Raghvan Srinivasan 2

5. Climath ehange fwwwe 2w2a com)

Tadie |
Conetalc i iitivh 0N g dor a and
| Malris NAAOn imrinur
Gl CIDLEAN ROPL25,45 GO K5 NOA Grophysical Ruid Dynarmics Libortory
o2 JadCEMR-ES RCT (16,45 GLAS) ¥ict Gffce ILachey Cenler
oS IPSLCMIA-TR TP (264565051 L e Simot Lplace
v N K(P (26,45, K0, 85} AR, NIES A0 JAMSTEC
(=" NeatiSa- RUP (15, 43, 65, K5} Norwegian Clrate Tenter
<R Iintorical Qirmaie Resrarch Uit East Anghia

* GOMs are pugilable from 1560 Lo 2099, O fum 1570 10 2005,

Emronmenes] Ml B Siliware 95 {3007] 101198

Cantonts lists available al Beivntoling
Envirormertal Modelling & Software

. {GNrnat NomMapAge: Wi w sinsviercamiincatalenvastt

A

toalkit for climate change -analysis-and pattern recognition for @m_.m

extreme weather conditions — Case study: California-Baja California

Peninsula

&, Risk Analysis

Sacid Ashral Vaghefi', Nazanin Abbaspaur, Sahareh Kamali, Karim C, Abbaspeur

SAWIE...

Table 2 Statistics of cumulative distribution for soil loss nesulting from niodet uncertainty.

] Before Terracing

Al Terracing

Soillews  CostofSoil  Prob.af  RiskofSeil  SoilLow
nla™"h  Loss 382”1 Soilloss  Lawisha™h  (mha™!)
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Loasis ="

Trl.of  Rish of Sail Galn
SollLess EossBma—)  ha™)
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] SHo o M7 79 ] 0™ 241 k1
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88 G660 L] &1 2o ] 078 44 1w
735 X0 o0 41 5 50 nss kv w5
L Lo o3 441 E] el 09 ) m
#54 Seivo [ 3 3] 411 054 5 o]
4% L] DUs 562 4% 130 LIt 10 Wz
10 30 s S 0 il v 244 5
i) 10,700 006 032 527 550 100 m 43
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" Issues wrt Calibration of Distributed Watershed
Models

- Parameterization {regionalization of parameters)
(most important, difficull, and neglected aspect of calibration)
- (Objective function definition
(most surprising aspect of calibration)
- Optimization algorithm
(most confusing aspect of calibration)
- Non-unigueness {Uncertainty)
(most difficuit part to quantify and commuricate}
- Parameter conditionality
(most disappointing aspect of calibration)
- Position of observed outlets
(causes the biggest headache in calibration)
- Time constraint
(makes some profects impossible o build and run)

S2Was..

Parameterization

=X_<parname>.<ext>_<-hydrogrp>__<soltext>__<la_nduse>__<subbsn>_

<slope>

Where x=
v__means the existing parameter value is replaced by a given value,

a__ means the given value is added fo the existing parameter value, and

I means the existing parameter valug is muttiplied by (1+the given value);

Parameterization

-Mich
parameters to

use?

- 'Ho‘w to

eawag

.l .
regionalize the
parameters
i . Hqusi0 lllllﬁgooo
Paﬂameterization
—So-if:pa-r_‘ameters
Paramcter identificrs | Description
r__SOLIK(1).50 K of Eayer | of all HRUs
r_ SOL| K(1-3).s0l Koflayer 1,230fall HRUS
r_SOL|K().sol K of All layers and all HRUs

r_SOL/X(H.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

1landuse PAST

r__SOL| E(l)sol___ FSL_PAST 13

K of layer 1 of subbasin 1,2, and 3 with HRUs

+ containing landuse PAST

v_ SOl K(l)sol___ FSL_PAST__ 0-10

X. of layer 1 for HRUs with slope 0-10
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Utilizing the New SWAT+ Structure to Improve U.S. National
Conservation and Environmental Assessments
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Abstract

SWAT+ is a completely restructured version of SWAT, written in a more modular format, with input files
structured in a relational format. The new structure will facilitate code development and maintenance; support
data availability, analysis, and visualization; and enhance the model’s capabilities in terms of the spatial
representation of elements and processes within watersheds. SWAT+ also offers more flexibility than SWAT in
defining management schedules, routing constituents, and connecting managed flow systems to the natural
streamn network. These improvements have allowed us to downscale the CEAP {Conservation Effects Assessment
Project} national assessment and improve modeling of the sediment and nutrient budgets based on more a
detailed framework of process based watershed connectivity, taking into account sources (fields and first order
streams) and sinks (valley accommodation and reservoirs). The CEAP project was developed to guide the design
and implementation of conservation programs across the U.S. In the downscaled version of CEAP, representative
fields are modeled with a gully, ditch or swale connecting the field to the first order channel. The first order
channels are connected to the main channel of each 12-digit hydrologic unit (there are 86,000 12-digit watersheds
in the U.S. with an average area of 90 kmz). Each 8-digit watershed will comprise a SWAT+ simulation with flow,
sediment, and nutrients passed in a daily recall file to downstream 8-digits. There are 2,100 8-digits with an
average size of 3,500 km? In past national assessments, small scale processes were lumped explicitly with a
delivery ratio or implicitly with the MUSLE equation. Simulating transport processes down to first order streams
allows realistic simulation of the entire sediment/nutrient budget including simulation of riparian buffering,
structural controls, bank stabilization, and incorperation of wetlands on lawer order streams. Other
improveinents will be discussed including soft calibration of the water batance and the use of decision tables in
SWAT + to simulate management.

Keywords

modular SWAT code, national assessments, small-scale processes
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Application of SLEEP and SWAT models for estimating streamflow
with incomplete soil data in Krasioa basin, Thailand

isared Kakarndee', Ekasit Kositsakulchai?

1. Lecturer, Valaya Alongkorn Rajabhat University. Email: isared@vru.ac.th (corresponding author)
2. Associate Professor, Kasetsart University.

Abstract

Data on soil properties are indispensable for hydrological modeling by SWAT. Soil information of Thailand was
primarily provided by the Department of Land Development (DLD), nevertheless soil data are available only in
arable land whose slope is less than 35%. The steep-slope land was generally defined as Slope Complex (5C),
there is no other data available. In this paper, soil-landscape modeling by SLEEP was applied for fulfilling the
required soil data in hydrologic modeling for streamflow estimation in Krasioa basin, Thailand. The methodology
included: (1) the development of regression model based on soil-landscape approach by SLEEP model for
predicting the missing data on soil properties; (2) the development of SWAT-based hydrological model for
streamflow simulation: and {3) the evaluation of model performance on streamflow estimation of Krasioa

basin The physical soil p1 operties predicted by SLEEP included soil depth fraction ofsoil particles (clay, sand,

estlmated u.smg pedo transfer ftmctlon appt oach by Rosetta lt was tound that SLEEP model cou!d pro\nde
consistent information on soil properties. The predicted soil properties from SLEEP madel improved also the

performance of SWAT model for reservoir inflow estimation in Krasioa basin.

Keywords

hydrology, soil-landscape modeling, SWAT, SLEEP
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