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Climate change impacts on crop yield and meteorological, hydrological and

agricultural droughts in semi-arid regions.

Application of SWAT and EPIC model for drought and drought vulnerability assessment

Bahareh Kamali, Karim C.Abbaspour, Hong Yang

Calibrate Model Parameters with SUFI2 ﬂ
[Total number of parameters 14 Numbers of operation ]

hers of crop [ numbers of EPIC 2
OPR-Param Method Default Minimum Maximum OPR-Param Method Default Minimum Maximum
[7] Planting-Date  rRelative = 1 -0.15 015 PHU rRelative v 1 0.0257 0.0257
[7] Planting-Densit: rRelative » 1 -0.042857 -0.042857 ] Pesticide rRelative + 1 1 1
[1rrigation-APP  rRelative v 1 1 1 [C] Imigation-Rate rRelative + 1 1 1
[T PP rRelative = 1 04 04 FMX rRelative » 1 -0.008571 -0.008571
[] BFTO Relative v 1 -0.128571 -0.128571 P-APP rRelative v 1 -0.068571 -0.088571
[ 7] P-Rate rRelative v 1 1 1 K-APP rRelative v 1 0017143 0017143
[/] K-Rate vReplace » 40.00 36.224998 36.224998

2.2
EEN S5PPU

Best simulation

Kenya (t/ha)

Assessment Tool ‘
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Historical evolution of drought in Iran

In 2007, Iran exported nearly 600,000 t of wheat while producing|5 million t

In 2009, it was reported that Iran purchased 6 million t of wheat because of the drought in

2008

severe moderate mild wet

SPI-12



Karkheh River Basin (KRB)
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Third largest basin in Iran with area of 51,000 km?

One of the nine benchmark watershed of the CGIAR
challenge program on water and food

Known as the food basket of country
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CGIAR: Consultative Group for International Agricultural Research
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Outlines

Uncertainty in hydrological modeling of the study area

Multi level drought identification in KRB

Crop drought vulnerability assessment based on crop modeling using
EPIC model



Data for building SWAT model of the region

(c) C3
[Number of grids:31

(d) C4
number of stations: 15
®  Siations from C2|

@ Stations from C1
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Climate data

Landuse data
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Model performance before and after calibration
T T T T T (a) T T NS: -ll 7 T T I C]aSS][- (b)
CIL1 =— ——I 1 CILI f - —@— Class2 .
NS=0.12 — @ Class3
cut -4 [ F—-——4 1 C2L1 | -
NS=-4.36
cLt [ 1 C3LI1 == 1
NS=-4.01 Before calibration
CALL | - ] { C4L1 t - ]
NS=-0.05
CIL2 | e 1 ci2t ---
NS§=0.18
ca2t - [ F—--—-1 1 ca2t -
NS=-3.4
a2 i H 1 C3L2 |-
NS=-3.8
c4L2 -1 T - 1 c4L2t -
0 01 02 03 04 05 06 07 08 0 01 02 03 04 05 06 07 08
bR’ bR’
() — @ Classl | | o " ()
CIL1 } - \ H 1 CILl {—e— Class2 NSQL.52 ]
— @ Class3 NS=0.40
C2L1 | - T }+F-—-—--- I{ c2L1 | ——
NS=-5.0
ey ML w IR 1 After calibration
cav | S M B S | ot NG047
NS§=0.50
CIL2 | - T 4 4 c2rt ——
NS=0.38
C2L2 | - [ F-———1 4 c2t ——
NS=-2.89
cazt H -+ 1 32—
c4L2 = [  F--I 1 caL2 Nigh4d

0 0.1 02 03 04 05 06 07 08 0 01 02 03 04 05 06 07 08
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Final ranges of parameter after calibration

Initial range Initial range

CILI | {ciLt | ' ]
C2L1 | {1C2L1 ¢ .
C3L1 | {1C3L1 | .
Cc4L1 | {c4Lt t -
ClL2 t {1ciL2 ¢ .
C2L2 f {1c2L2 ¢ -
C3L2 f {c3L2 t -
Cc4L2 {c4L2 t . J .

-1.0 -0.5 0.0 0.5 1.0 2
CILI1 | CIL1 -
C2L1 t C2L1 -
C3L1 | C3L1 -
Cc4L1 Cc4L1 -
ClL2 | ClL2 -
Cc2L2 C2L2 -
C3L2 f C3L2 -
C4L2 . - . {c41.2 | :

-2 -1 0 1 2 -2 -1 0 1 2

r SOL AWC.sol r SLSBBSN.hru
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The impact of different input data on different water resources components

water resources components are significantly different for different configurations,

CILI | = @ ] CILI[ = —® Classl| (b)
caLl | - 1 coLrt - T ¢ Class2 :
— @ (Class3
C3L1 - 1 C3LI1 | - i
C4L1 - 4 C4L1 - - 8
ClL2 = 1 CIL2| = 1
C2L2 - 1 C2L2 - |
C3L2 - 1 C3L2 + - |
C4L2 | . . . - . . 1 C4L2 r | . . | -l:- . 1
150 200 250 300 350 400 150 200 250 300 350 400
WY [mm yr'l] BW [mm yr']]
CILI | | | - (| ciLit ' | | () |
C2LI1 --- 1 C2LI1 f --- .
C3LI1 --= 1 C3LI1F == |
C4L1 -~ 4 C4L1 - -e= 1
CIL2 - 1 CIL2 - 1
C2L2 - 1 C2L2 -.- 8
C3L2 - 1 C3L2 - .
C4L2 | . . . . -.T 1 C4L2  -e- . | . . 1
20 30 40 50 60 70 80 90 100 150 200 250
SW [mm yr"l] ET [mm yr'l]

Kamali, Yang, Karim C. Abbaspour, ‘“Assessing the Uncertainty of Multiple Input Datasets in Prediction of Water Resources Components”,

2017
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The impact of input data uncertainty on different water resource components

| |
50 F .
—
|
| S
40 + J | 7
2 | |
33 | | i _
30 - | -
| | 1
1
20 F .
| | | |
WY BW SW ET

it is prudent for modelers to pay more attention to the selection of input data.

Kamali,Yang, Karim C.Abbaspour, ‘“Assessing the Uncertainty of Multiple Input Datasets in Prediction of Water Resources
Components”,; 2017 9
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Multi level drought assessment in KRB

Meteorological droughts Standardized precipitation index (SPI) using Precipitation
Hydrological droughts Standardized runoff Index (SRI) using Discharge
Agricultural droughts Standardized Soil Water index (SSWVI) using soil moisture data

Kamali, B.; Houshmand Kouchi, D.; Yang, H.; Abbaspour, K.C. Multilevel drought hazard assessment under climate change scenarios in semi-srid
regions—A case study of the Karkheh River Basin in Iran. Water. 2017, 9, 241.



Multi-level drought identification in KRB eawa
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Meteorological drought: SPI-12

Dl D2 D3 D4 D5
NKRB
CKRB I I | [ | 1IN |
sceo [l L | | )
1980 1990 2000 2010
Hydrological drought: SRI-12
DI D2 D5
NKRB
;. = 5 I I __________________________ BN BN N BN DN RN G R B I
SKRB
1980 1990 2000 2010
Agricultural drought: SSWI-12
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s N S I . .
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Multi level drought assessment in KRB

% There was 3-month lag between hydrological and meteorological droughts
In the northern region, it is due to snow melt

In the southern regions due to routing method

Kamali, B.; Houshmand Kouchi, D.; Yang, H.; Abbaspour, K.C. Multilevel drought hazard assessment under climate change scenarios in semi-srid
regions—A case study of the Karkheh River Basin in Iran. Water. 2017, 9, 241.



Climate change impact on drought frequency and duration in KRB €éawa
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o (a) SPI-12 | & (b) SRI-12 | % (c) SSWI-12
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GCM Name Institute Full Name
Met Office Hadley Centre (additional HadGEM2-ES realizations contributed by Instituto
HadGEM2-ES . /. (ad /
Nacional de Pesquisas Espaciais)
IPSL-CM5A-LR Institute Pierre-Simon Laplace
GFDL-ESM2M NOAA Geophysical Fluid Dynamics Laboratory-Earth System Model
apan Agency for Marine-Earth Science and Technology, Atmosphere and Ocean Research
MIROC-ESM-CHEM |12pan Agency for Marir . & Pme )
Institute (The University of Tokyo) and National Institute for Environmental Studies
NorESMI-M Norwegian Climate Centre- Earth System Model
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Agricultural DHI based on SSWI-12  Hydrological DHI based on SRI-12  Meteorological DHI based on SPI-12
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(a) (b)

Historic RCP2.6 RCP8.5
- Low . | B ov
Medium
W High Climate change have more severe impact on agricultural sector
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Agricultural drought vulnerability assessment is becoming an important issue
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EPIC: Crop yield simulator e

[EPIC Is originally a site-based model ]

EPIC
& sapeiter | Objectivel: Extending its application from site-based to large scales using a

e r Transpiration
Rain, Snow, .y ¢ ,.-’E'-" e

S user-friendly workspace

Fy

, = || Obijective 2: Model calibration to validate that crop model is replicating

historic period

a1 EPIC- (= | E bl
General settings  Operation settings| | Pararneterization  SUFL2 calibration
Lanux address o -
Windows address| .\ pPHD-5UMUP\\EPIC+SUFL2 Browse |
Project name Iranl Eesolution 0.5
Select area Iran » Select crop W-Wheat -
Start year 14970 Number of yegrs 43
Warm-up vears | 2p Numbers of rins 10
Status
Objective-1 Objective-2

EPIC: Environmental Policy Integrated Crop Model 15
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Objective 1:Extending its application to different scale

o Country level is the core scale

Smaller scale, each country can be divided into regions P
Larger scale, selecting a group of countries / §
Rain, Snow, . gy bt /

|

Region3 Region2 Regionl

» Selecting different operations from planting to harvesting dates through the interface

16
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Parameterization

Operation parameters - @
PY 1 3 0 pe rat i O n p aram ete rs [Numbers of operation parameters § Numbers cg:gl pgnﬁri & p a?"g?ﬁfgféﬂﬁms 2

Total number of parameters 14

ann o ar ame - ar -

OFR-Param | — — : ~
EPIC parameters I.é]

o 56 C rO p paral | Ieter [CIPlanting-Date | sppn e icrnoa Default Minimum  Maximum CROPParam  Method Default Minimum  Maximum

Planting-Density | [ paRMOL  (Relative = 1. 1 1 [CIPARMOZ  (Relative  ~ 2. 1 1
[T Irrigation-APP PARMO3  vReplace ~+ 5 1 1 [CIPARMO4  rRelstive v L. 1 1
* 85 EPIC parameters Fre B Amee s o0 0 peme e L
BFTO [|PARMOS  (Relative v 50. 1 1 [CJPARMIO  (Relstive v 100. 1 1
7] P-Rate [CIPARMIL  rRelative  + -10. 1 1 [CIPARMIZ  rRelstive  ~ 1.5 1 1
D K-Rate ] PARM13 rRelative - G 1 1 [ PARM14 rRelative - 5 1 1
|| PARNLS rRelative - 50 1 1 [T PARMILB rRelative -~ 10 1 1
| PARNMILT rRelative > 000 1 1 [Tl PARNMIE rRelative - 1 1 1
[[|PARMIO  rRelative v 0 1 1 [CIPARM20  rRelative + 1 1 1
] PARMZL rRelative ~ 1000, 1 1 [C]PARM22 rRelative ~ 0001 1 1
|| PARM23 rRelative - 35 1 1 [C] PARM24 rRelative - 3 1 1
5 6 C ro p p a r- am ete r (] PARM25 rRelative > 5 1 1 [C] PARM26 rRelative ~ 50 1 1
[[|PARM27  rRelative v 1. 1 1 [CIPARM2E  rRelative  ~ 1.25 1 1
. S — o 1 1 [CTPARM30  rRelative  + L. 1 1
S PEETEEE - 1 [C]PARM32  rRelative  ~ 050 1 1
CROPParam Method Defanlt Minimum Maximum CROP Param Method Default Minimum Maximum 1 1 [T PARM34 rRelative - 1.0 1 1
WA vReplace  + 40.00 36224098 36.224908 VReplace  » 040 04975 04975 i 1 1 [CIPARM36  rRelative v 2 1 1
TOPC vReplace ¥ 25.00 34209999  34.299999 TBSC VReplace ¥ 8.00 705 7.05 BE 1 [C]PARM38  rRelative  ~ 0032 1 1
] DMLA rRelative ~ 6.00 1 1 [ bLat rRelative + 0.0 1 1 L 1 1 [C1PARMA40 rRelative ~ 0 1 1
] DLAPL [Relative ~ 1505 1 1 [] DLAPZ Relative - 5005 1 1 | 1 PARM42 rRelative - 12 11 18
[ RLAD WRelative  + 1.00 1 1 [~/ RBMD MRelative  + 1. 1 1 | 1 [CIPARMA4  wReplace  ~ 5 1320833 1320833
[FALT IRelative = 3.00 1 1 [Clast rRelative = 0.0070 1 1 | 1 1 [CIPARMAE  rRelative  + 50 1 1
[ cAF IRelative = 0.5 1 1 [C] SDW [Relative = 2000 1 1 | 1 1 [CJPARMAB  rRelative  ~ 000012 1 1
(] HMX rRelative ~ 200 1 1 [ RDMX rRelative - 200 1 1 L 1 1 [CIpARMS0 rRelative - 00 1 1
] WAC2 Relative v 66045 1 1 ] cny Melative v 013 1 1 | e L [CIPARMS2  rRelative  ~ 10. L 1
Flcpy Welative  + 0.0025 1 1 Fcky Melstive  + 0.0022 1 1 L ! [CIPARMSS  rRelative  ~ 5. L 1
WSYF vReplace = 0.01 0025833 0025833  []PST Relative = 0.60 1 1 L ! [CJPARMS6  Relative  ~ 10. ! 1
[F1CsTs Relative v 345 1 1 I PRYG Relative  » 10316 1 1 L ! [EIPARMSS relative 710, ! 1
[F1PRYF Welative  ~ 80.22 1 1 wey vReplace = 015 0.1515 01515 | ! Bl pARhac Melative -] 2 ! !
LN Relative v 0040 1 1 8N Relative = 015 1 1 L. ! [BIPARMGZ | Relative - | 5 t t
[ N3 Relative v 01 1 1 18P1 Melative v 0.0062 1 1 L. ! [EIPARMGS | rRelative - | 5 ! !
[ep2 Relative v 00023 1 1 [ 8p3 Relative = 0.0018 1 1 | ! [EIPARMES | reetative _ ~ | 01 ! !
! ! 1 1 [C1PARMSE  rRelative  ~ 20. 1 1
[C] BK1 rRelative ~ 0.0150 1 1 [[]BK2 rRelative ~ 0.0120 1 1 I 12 1 [ PARMIO Relative -y 1 1
"BK3 rRelative ~ 0.0090 1 1 [ BwWL rRelative - 0433 1 1 I i n [ PARMT2 Relative -y 1 1
[C] Bw2 Relative v 0433 1 1 [ BwW3 rRelative - 0213 1 1  BE 1 [ PARMT74 Relative T 1 1
[C]1DC rRelative - 4 1 1 [C]FRST1 rRelative ~ 515 1 1 I 1 1 [F1PARMTE [Relative _— 1 1
] FRST2 WRelative = 1595 1 1 [ WavP MRelative v 8.00 1 1  mE 1 FIPARMIE  rRelative = 0. 1 1
[C]vPTH Relative ~ + 0.50 1 1 [C]vPD2 Relative v 475 1 1 I n [CIPARME0  rRelstive = 0. 1 1
] RWPCL Relative ~ 040 1 1 [l rRwPC2 rRelative - 0.20 1 1 I 1 1 [~ PARME2 Relative - 3. 1 1
7] GMHU WRelative v 100.00 1 1 [7]PPLPL Relative v 447 1 1 I 1 FIPARMSE  rRelative = 57 1 1
[C]PPLP2 rRelative v 177 1 1 [Flsma rRelative - 012 1 1 I 1 1
[C]sTx2 Relative w170 1 1 [] BLG1 Relative = 0.01 1 1 [
[C]BLGZ Relative 010 1 1 [Cwus Relative v 10.2 1 1
[C1FTO rRelative v 0.00 1 1 [EIFLT Relative  » 0.00 1 1
Create Parm ]

17



Automatic calibration: Linking EPIC with SUFI2 (EPIC+)

i The Python-based EPIC (PEPIC) Madel ‘_ [E=EE
Input Settings  Operation Settings  Parsmeterization PEPIC-CUP  OutputPlots  Sensitivity Anlysis  Drought Indices  ClimateDataAnalysis
Project-Name

Project Location D:\PHD-SUMUPEPIC-CLP2 [ browse |

EPIC Base-File DataBase D: PHD-SUMUPEPIC CLP2\Patabase \EpicBaseFie originalLinux [ Eowse |

Fixed Database D: PHD-SUMUPEPIC-CUP2 \Database FixedData\Global [ owse |

Climate Database Jntjprojectkamalba/Database/Cimate WFDEL [ mowe ]

Soil Database Jmntjprojectkamaliba Database/Soi EPICSoilWise [ Brows= |

Management Database fontjproject kamalba/Databs Datajmai

Scenario SPISSA resolution 0.5

Select Area Whale w Select Crop Maize -

Start Year of Simulation 1970 Number of simulating Years 2
|Skip Years 10 Numbers of Tterations 35
Total Numbers of Parameters 14 Numbers of Operations Parameters 6
Numbers of CROPCOM Parameters 5 Numbers of PARAM0810 Parameters 2
INumbers of soil Parameters 0

!
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e Parallel processing

e Running under windows and linux

coo
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Case Studles

Toe Pythoer-bassd [PYC (PURIC) Model Mt Raspanding) =

gl Comganist  PEPIC-Sefimes - PERIC-CUP — Cratpast Pty Samsitirity Ao
ProjecsXame  Fest et

: | babarch e
TP B il Dt B ¥ e |
Chimae Daishae DB o R bt e Detabate gt L > B
Sall Bataba £ Wi W vweon,_baareh Cutabase Sol {71 Sobiven. Drane.

Erose.

I arid Climate

[ -
[ T

Provincial Ievel
calibration
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Sub-Saharan Africa

Mamibia

SouthAfrica
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R2 P-factor R-factor
0.42 0.60 1.3
R2 P-factor R-factor
0.32 0.55 1.1
R2 P-factor R-factor
0.28 0.68 1.2

coo
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Model calibration on provincial level and based on wheat yield

0.52
0.45
0.55

NKRB 0.13
CKRB 0.073
SKRB 0.096

(a4]

o

7

v

s

2

3

s 95PPU

I Best simulation ||

1985 2000

2005

2010

1.04
1.17
— 95PPU
1.2} R Best simulation | |
(o1}
2 10 -
! -
Ul r 0.8 - . -
: - -
; 0.4 | . . |
0.0

coo

e

1995 2000 2005 2010
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The impact of climate change on rainfed wheat in KRB

375 0
wed NN

8.5

RCP

75 Kilometers

~ Relative Change=

=T
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FutureYield

Historic yield

GCM Name Institute Full Name
HadGEM2-ES Met'Ofﬁce Hadley'Centre (a-d.clltlonal HadGEM2-ES realizations contributed by Instituto
Nacional de Pesquisas Espaciais)
IPSL-CM5A-LR Institute Pierre-Simon Laplace
GFDL-ESM2M NOAA Geophysical Fluid Dynamics Laboratory-Earth System Model
MIROC-ESM-CHEM Japa.n Agency for I.Vlarlr)e-Earth Science and jl'echnolo.gy,Atmosphc?re and Ocean Besearch
Institute (The University of Tokyo) and National Institute for Environmental Studies
NorESMI-M Norwegian Climate Centre- Earth System Model

22
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Step 2: Definition of crop drought vulnerability index (CDVI)
(crop failure index (CFI)
Drought Exposure Index (DEI)

| Crop drOlIJght sensitivity

v
Vulnerability

A high value of DVI :
identifies years and/or regions where the crop failure is
larger compare to the magnitude of drought

c EXpeCted-yieldhistoric
Fli=
~ Actual-yield:

_E¢
L CFI
CDVI=
DEI

Expected-PCPhistoric

Mild
failure

Growing season-PCP:

v

Mild Medium Severe
drought drought drought

DEI

Simelton, E., E. D. G. Fraser, M. Termansen, P. M. Forster, and A. ]. Dougill, 2009: Typologies of crop-drought vulnerability: an empirical analysis of the socio-economic factors that

influence the sensitivity and resilience to drought of three major food crops in China (1961-2001). Environ Sci Policy, 12, 438-452. 23
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Interaction of DEI-CFI —-CDVI during historic period

1.08

m DEI
m CFI
m CDVI

1.06

1.04 -

1.02 -

1.00 -

0.98 -

0.96 -
NKRB CKRB SKRB
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Climate change impact on CDVI and its components

50.00
45.00
40.00
35.00
30.00
25.00
20.00
15.00
10.00

5.00

0.00

% relative change in DEI

% relative change in CFI

NKRB CKRB SKRB

50.00
45.00
mRCP2.6 40.00 mRCP2.6
mRCP8.5 % wrcPss
30.00
25.00
20.00
15.00
10.00
5.00
0.00
NKRB CKRB SKRB
% relative change in CDVI
50.00
45.00 +—
sooo || WRCP2.6
3500 -—| MRCP8.5
30.00
25.00
20.00
15.00 -
10.00 -
5.00 -
0.00 -

NKRB CKRB

SKRB
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Summary and conclusion

* lIran has been experiencing extreme drought events over that last two decades;

e Climate change had more severe impacts on agricultural sectors and yield production;
e Agricultural sector is more exposed to drought;

e EPIC+SUFI2 is a practical for crop yield calibration on different scales;

e The results for Sub Saharan Africa and Iran were satisfactory;

e SKRB is more exposed to yield reduction;

e CKRB and SKRB are more vulnerable to drought;

26
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Caspian Sea
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Gulf of Oman

Arabian Sea
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Calibration

» Similar structure to SUFI2 in SWAT-CUP
» Latin hypercube sampling

» Replacement: Parameters are changed between maximum and minimum;

o Relative: An existing parameter is multiplied by a relative value defined

between a maximum and minimum; _—
:;’:::‘:;‘::;:::“ﬁ* f“']‘[““E“\PHD -sis.;u P\glventlofoh:::;rz : :L:;“\‘:::: Z%\l:;::\m alie-R l I
» A python script is prepared for each 6 —
|terat|0n’ sl B Best simulation
« Considering different objective functions | ¢

-1 L " L n s L
1980 1985 1990 1995 2000 2005 2010

regionnum
a

29



General procedure performed for

Start Calibration process

v

calibration

Stepl: Adjustment of planting date
v

Step2: Calibration of management
parameters _

\

) Planting Density
o Potential heat unit
o FMX

° BFTO

o P-application

) K-application

[ Step3: Calibration based on crop See Tablel
parameters C

v A 4

Parameter ranges are obtained
SUFI-2 algorithm

Parameter ranges are obtained
from Tablel

A

Latin hypercube Sampling

v
SUFI-2 algorithm

Acceptable
p-factor or r-factor?

itr=itr+1

eéawa
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<
General procedure
followed to perform
calibration
J

30
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