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An introduction to EPIC+SUFI2 for calibrating EPIC crop growth model at

different scales

Bahareh Kamali, Karim C. Abbaspour, Hong Yang

a7 EPIC+ b= )

General settings  Operation settings  Parameterization  SUFL2 calibration

Linux address

Windows address £:4\PHD-SUMUPY\EPIC+SUFL2 Browse

Project name Iranl Resolution 0.5

Select area Iran » Select crop W-Wheat -

Start year 1970 Number of years 43
eyl Warm-up years  3q Numbers of runs 10
Total numbey] | Status
mumbers of crop 6 numbers of EPIC 2
OFPR-Param Method Default Minimum Maximum OPR-Param Method Default Minimum Maximum
| | Planting-Date  rRelative + 1 -0.15 015 PHU Relative v 1 0.0257 0.0257
|/ Planting-Density rRelative v 1 -0.042857 -0.042857  [C] Pesticide Relative = 1 1 1
| |Irrigation-APP  rRelative v 1 1 1 [ Irrigation-Rate rRelative = 1 1 1
|ZIFNP rRelative v 1 04 04 FMX rRelative v 1 -0.008571 -0.008571
|| BFTO rRelative = 1 -0.128571 -0.128571 P-APP Relative + 1 -0.068571 -0.068571
|1 P-Rate rRelative v 1 1 1 K-APP rRelative » 1 0.017143 0.017143
| /] K-Rate vReplace v

[

I 95PPU
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EPIC Structure
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BN AM  Appiicaton 38418
l 11 AVEAR VAMSIZAM  DATFie 118
cpicisiope | o e
14 12l H v Al rig L]
Rea_d EPICRUN 1 micconT GA/MSEHPM  DATFie 148
Line by line 1 ecenR YI/MOGI6AM  DATFile 1K
i GO/MILIMIAM  DATFile 1K
Envronmanc ol tcyoted Cimat mocl GMIS2SM  DATFie 11
l 1] FERTCOM SA/ML1ZBPM  DATFie 3K
14 MLRNGE1D YMMEI1EAM  DAT il 118
% One of the most widely used crop models that Con_trols Lz 1] opsccom T/YPMISEAGPM  DATFie 118
EXEcution process | e YANIICIAM  DATFile 28
simulate crop-related processes at a specific site 11 pesTCoM /071014 AM  DAT File K8
14 pRNTOg1D TOMMISGAGPM  DAT File 28
% Operates on daily time step 4 RTsoL YIUNIISMAM  DATFie 118
- . . . [ sTecom GRS DAT T e
% Offers different options for agricultural 3 saucom SIS DATFe T
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17 wn¥coM /M5 ZTTPM  DATFile 3
2 wiNDUsEL 1/0/MUESIAM  DATFile 148
14 WORKSPACE EAMSINAM  DAT il 118
1 wennuseL GBS I02AM  DAT il 118
; | WPMSUS 1071272004938 AM  DAT il 018
Climate data 4— G514 AM DLV il 95318
g SIS Fie 1K
Agricultural operation ~ «—— w» | TS629PM  OPSFil 2@
| Defalt ST TGMISS8PM  STFie 118
Physiographic data 4— TBANSS0OM  SITFile 1K
1 Teve GO IMAM  SOL Fie 1K
| RUNOBD SUM YEMISISIAM  SUMFil 148
] TeMRND YM/MISTSIPM WND Fi 28
 Tewe BAMSIAM WP File 28
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Why EPIC+SUFI27?

EPIC - SUFI2 ’

Main Goals
p

Objective 1. Extending its application from site-based to different scales (regional, county and
continent)

Objective 2: Model calibration to validate that crop model is replicating historic period
Drought vulnerability assessment

.

Other objectives

« A user-friendly workspace where the user manage settings of input data
systematically;

e Setting agricultural operations in different ways;
e Setting of printing outputs;

« Different options for EPIC parameterization;

» Considering uncertainties in operational data, PHU, N-P-K application rate, Planting
date;

» Considering sensitivity analysis
« Evaluating model performance based on different objective function;
 Speed up simulations on large scales;




EPIC+SUFI2 structure
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Processorl <— |

EPIC+SUFI2

General settings Operation settings

Physiographic data OPS1

OPS2

Calibration setting

Printing setting

EPIC

7 Processor?2

Parameterization

13 operation
parameters
56 crop parameter
85 EPIC parameters

SUFI2 calibration
Start ¢

A

Latin Hypercube sampling

Edit EPIC parameter

Building Linux/Windows scripts

Execute scripts

Extracting simulated yield

Calibration output
Objective function, P-factor, R-factor
New ranges of parameters

v
No

Acceptable criteria? —

Yes

SUFI2

Processor3

T~ Processor4




EPIC+SUFI2 architecture
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project address
_ Simulation number of iteration ‘
List of £ }
countries o EPIC base files ‘
Input CalibrationRuns
. : * : Building &
Project name p  Project name e
: v
DEM (dem.asc) Input list .
slope (zlope.asc)
climate (climate.asc) v F o + ----------
soil (soil.asc) 7 ; i =
regional (regional.txt) _ Runy, 8§§; 12? SUFL2.0UT
subarea (subarea.asc) ' ' _
Rainfed harvestarea.asc By Siulated
- Base files | | yield
[rrigated harvestarea.asc —_— ——
i SUFL2




EPIC+SUFI2 main window

i’ EPIC+

(=] E

(eneral settings

Operation settings| | Parameterization  SUFL2 calibration

Linux address

Windows address

EAVPHD-SUMUPYEPIC+SUFL2

/ront/project/kamaio- [

| Browse |

Project name Tranl Resolution 0.5
Select area Tran v Select crop W-Wheat -
Start year 1970 Number uf}'j:ls 43
Warm-up vears | 29 Numbers of ryns 10

Status

Objective-1 Objective-2
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Objective 1:Extending its application to different scale

Country level is the core scale

The user can define different resolution depending on data-;
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/
—

Jibe |

Smaller scale, each country can be divided into regions

Larger scale, selecting a group of countries

S B 7

LAy

Region3

Region2

Regionl

|

Initial Settings

i

i n

:Eﬂ

General settings

Dperation settings  Parameterization

SUFIZ calibration

Windows address E:\\PHD-SUMUPY\EPIC+SUFL2 [ Browse |
Project name Iranl Eesolution 05

Select area Iran » Select crop W-Wheat -

Start vear 1970 Number of vears 43

Warm-up vears g Numbers of runs 10

Status




Printing options

Printing_Settings

T W WETTEETTTE—

— Standard Output

IAnnual Qutput

[ Annual cropman file {.ACM)

[ Annual summary (.ANN)

[v Annual crop vield (ACY)

[ Annual biomass root weight (ABR)
[~ Annual Pesticide (.APS)

Monthly OQutput

[ Monthly flipsim (MFES)

[ Monthly cropman (MCM)

[~ Monthly Output to SWAT (MSW)
[Daily Output

[ Daily Hydrology (.DHY)

[ Daily soil temperature (DTP)

[ Daily soil organic (DCN)

[ Daily Soil table(.DSL)

[~ Daily (DHS)

[ Daily soil water (DWT)

\General Data

[ Ending soil table (.SOT)

[ Organic C-N summary table (.SCN)

Edit PRINTO810.DAT

[ Average Annual Summary (.SUM)

[ Annual Annual Soil organic table (.ACN)

[ Annual cost ((ACO)
[ Annual tree growth (ATG)

[~ Monthly Pesticide {MP5)
[ Annual water cycle ((ABR)

[ Daily Pesticide (DPS)

[ Daily crop stress (.DCS)
[~ Daily general table (.DGIN)
[ Daily water cycle (DWC)
[ Daily grazing file (DGZ)

[ Summeray Operation Cost (.5C0O)
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Agricultural operation

. -
Agricultural operation W RSy — b - B
. < Gemeratsettimgs—) Operation settings] Parameterization  SUFL2 calibration
Settl ngS J Linux address -
Windows address £:\\PHD-SUMUP\\EPIC+SUFT2 [ Browse |
Project name Iranl Resolution 0.5
Select area Iran ~ Select crop W-Wheat -
Start vear 1970 Number of vears 43
Warm-up years  7g Numbers of runs 10
Status

» Select the sets of operations from planting date to harvesting date;
« Two options are available:
OPS1 — planting date is considered as calibrating parameters

OPS2 — planting date is not a calibrating parameter, but can change from

one grid to another




ops2 . =
" Irrigation RainFed [ RainFed Irrigation
(Crop Maize Number of operation 7
Plant in Rows CODE 135 v Planting Density 5 OFR-TIME st/ project/kamaliba/Database/managementData/maize/OPS-T2/Plant” [ Browse OPS time ]
" Plant with drills CODE v Planting Density g5 OFR-TIME  /mint/project/kamaliba/Database/managementData/maize/OPS-T2/Plant” [ Browse OPS time ]
PHU application ] Fixed-PHU-RF Variable PHU-RE  rmnt/project/kamaliba/Database/managementData/maize/ OPS-T2/PHUA
[] Fixed PHU-IR Variable PHUIR - rmint/project/kamaliba/Database/managementData/maize/ OPS-T2/PHU.t [m
Tillage-1 CODE 157 v OPR-Time /mnt/project/kamaliba/Database/managementData/maize/OPS-T2/Tillage_T2.6 ~ |Browse OPS time
"] Tillage-2 CODE v OPR-Time _ * | Browse OPS time |
1|:| Pesticide CODE v Pesticide-ID - OFR-TIME [ Browse OPS time ]
| PEST-Application ] Fixed APP [F] Variable-APP | Browse PEST |
:lj 11:Irrigation CODE 51 ~  OPR-TME | Browse OPS Time |
|[:rrigate.{pplicatiu-n {mm) Fixed-Irrigation 200 [[] Variable-Irrigation
[Irrigate Rate Fixed-Rate 085 [[] Variable-Rate
||:| 12:Fertilizer-N CODE 51 ~ Fetilizer-ID 52 - OFR-TIME fmnt/project/kamaliba/Database/managementData/maize/OP5-T2/Fertili [MI
: 13:Fertilizer-P CODE 51 ~ Fetilizer-ID 53 - OFR-TIME fmnt/project/kamaliba/Database/managementData/maize/OP5-T2/Fertili [ Browse OPS Time ]
|V] 14:Fertilizer K CODE 751 v Fetilizer-ID 54 - OFPR-TIME fmnt/project/kamaliba/Database/managementData/maize/OP5-T2/Fertili [ Browse OPS time ]
[ 15:Fertilizer-A CODE - ~ Fetilizer-ID - OPR-TIME - [ Browse OPS time ]
| FNP rate [kgha] [7] Fixed FNP 20 [] Variable FNP
: FMX N-app ] Fixed FMX g0 Variable FMX Smnt/project/kamaliba/Database/managementData/maize/OP5-T2/NFM?
| BFT0 Trigger[v| Fixed BETO 0,85 [F] Variable BFT0
| Max P-App[7| Fixed P-Apply 15 Variable P-app Jmnt/project/kamaliba/Database/managementData/maize/OP5-T2/PFMX
| P-app rate [ Fixed P-Rate 085 [[] Variahle P-rate
| Max K-app[7] Fixed K-app 7 [[] Variable K-app
: K app rate[7] Fixed K-rate (85 [F] Variable K-rate
Max Fer-apply [7] Fixed Fer-app [[] Variable Fer-app
Harvest without Kill{G) CODE 97 - OFVT 0.00 OFR-TME i/ project/kamaliba/Database/managementData/maize/ OP5-T2/HarvestT_T2.bt [W
V] Harvest without Kill(F) CODE 313 - OFVT 0.00 OFR-TME it/ project/kamaliba/Database/managementData/maize/ OP5-T2/HarvestT_T2.tt [ Browse OPS time ]
|| HarvestOnee(G) CODE v OFVT - OFR-TME it/ project/kamaliba/Database/managementData/maize/OPS-T2/HarvestT_T2.b [ Browse OPS time ]
|| HarvestOnce(F) CODE v ORT - OFR-TIME  /mnt/project/kamaliba/Database/managementData/maize/OPS-T2/HarvestT_T2.b [ Browse OPS time ]
Kill Crop CODE 451 v OPRETDME  /mnt/project/kamaliba/Database/managementData/maize/OPS-T2/Kill_T: | Browse OPS Time
[ Creat operation schedual




Parameterization

e 13 operation parameters

e 56 crop parameter

e 85 EPIC parameters
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Cperation parameters - - @
Numbers of operation parameters g Numbers of crop parameters | Numbers of EPIC parameters 2
Total number of parameters 14

OPE-Param Method Default Minimum Maximum OPR-Param Method Default Minimum Maximum
|| Planting-Date  rRelative 1 015 015 PHU rRelative 1 0.0257 0.0257
Planting-Densit rRelative 1 -0.042857 -0.042857  [] Pesticide rRelative 1 1 1
" | Irrigation-APP  (Relative 1 1 1 [T] Irrigation-Rate rRelative 1 1 1 I
|| FMP rRelative 1 04 0.4 FMX rRelative 1 -0.008571 -0.008571
EFTO rRelative 1 -0128571 -0.128571 P-APP rRelative 1 -0.068571 -0.068571
I”| P-Rate rRelative 1 1 1 K-APP rRelative 1 0.017143 0017143
[1K-Rate Relative v 1.3 1 1

Create Parm

ooo

11



Other parameters

85 EPIC parameters
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[E=X)

Create Parm

f EPIC parameters
CROP Param Method Default
| PARMOL rRelative - 1
PARMO3  wReplace v .5
| PARMOS vReplace w5
| PARMOT rRelative - 5
(|PARMO9  rRelative v 50.
| PARMIL rRelative - -10.
| PARML3 rRelative - 6
| PARNMLS rRelative * 50
| PARMLT rRelative - 000
| PARM1Y rRelative - 0
] PARM21 rRelative - 1000
| PARMZ3 rRelative - 35
I"| PARM2ZS rRelative r 5
"] PARM27 rRelative - 1
56 crop parameter oAy et v 01
| PARM31 rRelative * 15
Crop parameters &L
CROP Param Method Default Minimum Maximum CROFP Param Method Default Minimum Maximum
WA vReplace ~ 4000 36.224998 36.224998 HI vReplace 0.40 04975 0.4975
TOPC vReplace ~ 2500 34.299999 34.299999 TBSC vReplace 8.00 7.05 7.05
(| DMLA rRelative = 6.00 1 1 [l pLar IRelative 0.80 1 1
[T DLAPL rRelative ~ 1505 1 1 [ DLaP2 Relative 5085 1 1
[C] RLAD rRelative ~ 100 1 1 [F]rREMD rRelative 1. 1 1
[T ALT rRelative ~ 300 1 1 [Tl Gst Relative 0.0070 1 1
] CAF rRelative ~ 085 1 1 [] sow Relative 20.00 1 1
[ HMX. rRelative ~ 200 1 1 [C]RDMX rRelative 2.00 1 1
[T WAC2 rRelative ~ 66045 1 1 [T chy Relative 013 1 1
] CPY rRelative -~ 00025 1 1 [Ccky Relative 0.0032 1 1
WSYF vReplace ~ 001 0025833 0.025833 [ElpsT Relative 0.60 1 1
] CSTS rRelative ~ 345 1 1 [C]PRYG Relative 10316 1 1
| PRYF rRelative ~ 8022 1 1 WCY vReplace 015 01515 01515
[T BNL rRelative ~ 0.0440 1 1 [C1BN2 Relative 015 1 1
[ rRelative ~ 0 1 1 [[ler1 Relative 0.0062 1 1
| BP2 rRelative ~ 00023 1 1 [C1BP3 Relative 0.0018 1 1
| BK1 rRelative ~ 00150 1 1 [[IBK2 Relative 0.0120 1 1
I |BK3 rRelative ~ 0.0090 1 1 [C]Bw1 rRelative 0433 1 1
] BW2 rRelative ~ 0433 1 1 [C]BW3 Relative 0.2113 1 1
[C]1DC rRelative - 4 1 1 [F]FRST1 rRelative 515 1 1
| FRST2 rRelative ~ 1585 1 1 [T wave Relative 8.00 1 1
] VvPTH rRelative ~ 050 1 1 [CJvpD2 Relative 4.75 1 1
| RWPCL rRelative ~ 040 1 1 [C]RwWPC2 rRelative 0.20 1 1
| GMHU rRelative ~ 10000 1 1 [C1PPLPL Relative 447 1 1
[C] PPLP2 rRelative > 177 1 1 [FsTa rRelative 0.12 1 1
| sTx2 rRelative ~ 170 1 1 [T1BLGL Relative 0.01 1 1
[C1BLG2 rRelative v 010 1 1 [Cwus tRelative 102 1 1
[C|FTO rRelative = 0.00 1 1 EfT IRelative 0.00 1 1

Minimum
1

1

0.487

I I I I S I I I T I I S I S I e S e S S R e e e e e

Maximum
1

1

0.487

e e I e e e e e e e e e e e e e e I e e e e A e e e e e e e e

CROP Param

[T PaRMO2
[] PARMO4
[] PARMOG
[F] PARMOE
[T PARMIO
[C] PARMI2
[7] PARM14
[ PARMIG
[] PARM18
[] PARMZ0
[T] PARMZ22
[ PARMZ4
[] PARM26
[T] PARMZ8
[C] PARMZ0D
[T PARM32
[] PARM34
[] PARM36
[F] PARMZE
[T PARMAD
PARM42
[] PARM44
[T PARMAG
[F] PARMAS
[] PARMS0
[] PARMS2
[C] PARMS4
[F] PARMSE
[] PARMSS
[] PARME0
[C] PARME2
[T PARME4
[] PARMEE
[] PARMES
[C] PARMTO
[T PaRMT2
[] PARMT4
[] PARMT6
[C] PARMTE
[T PARMSBO
[] PARME2
[] PARME4

Method
rRelative
rRelative
rRelative
rRelative
rRelative
rRelative
rRelative
rRelative
rRelative
rRelative
rRelative
rRelative
rRelative
rRelative
rRelative
rRelative
rRelative
rRelative
rRelative
rRelative
rRelative
vReplace
rRelative
rRelative
rRelative
rRelative
rRelative
rRelative
rRelative
rRelative
rRelative
rRelative
rRelative
rRelative
rRelative
rRelative
rRelative
rRelative
rRelative
rRelative
rRelative

rRelative

Default
2.
1.
1.
10.
100.
15
5
10
Nl
1
0001

.50
1.25

050
1.0

0032

0.

1.2

5

.50
000012
00

10.

5.

10.

Minimum

TR

20833

I I e e e e e e e e e e e e e e e e e e I I I e

Maxi

| B

rrrrrrrRr R R RR R R RR R RRR R R R R R R R R R R R R R R R R R R R

mum

20833

12
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Calibration

« Similar structure to SUFI2 in SWAT-CUP
e Latin hypercube sampling

 Replacement: Parameters are changed between maximum and

minimum;

* Relative: An existing parameter is ngmlmhed_biaiejaiueiamg_dﬁﬁned_@

[¥/RF [JIR [|RFIR

between a maximum and MINIMUM s Sot————
T [omererrr o " — E—r— N
» A python script is prepared for each ; ———
iteration; | MR Best simulation
» Considering different objective o
functions v '

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

regionnum
a

13
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Speed up Simulations

* The Linux scripts were prepared.

« Splitting each iteration in one cluster to do parallel processing

/3
_—_

Windows

14
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Case Studles

Whmd:n: H*Mnﬂel“h!l-mﬂs = -

I arid Climate

[ -
[ T

Provincial Ievel
calibration

15
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Model calibration on provincial level and based on wheat yield

NKRB 0.13
CKRB 0.073
SKRB 0.096

SKRB

0.52
0.45
0.55

s 95PPU

N Best simulation ||

s 95PPU
R Best simulation | |

1.04
1.17

ooo

e

1985
1.0

0.8

CKRB; 0o

2000

2005

2010

1995

2000

2005

2010



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

ooo
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Final ranges of parameters ;

@ Best-R® x  Best-RSR
Somalia ' e N4 1 smaia T T ex -
DRC |- e . DRC |- | .
Dijbouti |- ] - Dijbouti |- ex .
Comaoros |- «| 4 Comoros - [ .
Eritrea [ L] . Eritrea |- I ex .
Sudan [ I N . Sudan | ] .
Rwanda |- e — Rwanda |- .
Burundi — Burundi | R
Ethiopia |- [ 4 Ethiopia |- .
Madagascar - - Madagascar R
Upanda |- . 1 Uoanda |- e ]
Tanzania |- L] - Tanzania |- I .
Kenya |- I e | = I ] Kenya |- I I | I I ]
20 25 30 35 40 45 50 025 030 035 040 045 050 055 060 065 0.70
WA HI
Somalia [ ' ' ' 4 Somalia [ ' [ ] R
DRC |- . DRC |- e -
Dijbouti |- - Dijbouti |- ] .
Comaoros |- - Comoros |- Ioex .
Eritrea [ ] . Eritrea |- .
Sudan |- SN 4 sudan —— .
Rwanda | ] B Rwanda - R
Burundi - | Dl . Burundi - ] B
Ethiopia |- [ e - Ethiopia |- .
Madagascar - i - Madagascar .
Uganda . . Uganda .
Tanzania |- ] - Tanzania |- .
Kenya |- | | . ex B Kenya | | R
15 20 25 30 35 40 5 B 10
TOPC TOPC

18
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Sensitivity Analysis

@ N

One at once sensitivity analysis: Model calibration to validate that crop model is replicating

historic period

CAX b

g -
Ab X

Global sensitivity analysis: Long-term model calibration and validation were needed to

=+ Zm:ﬁibi
=)
\ /

19
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Summary

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

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

» The final ranges of parameters will always need user’s interpretation, so that they are
physically meaningful;

» This is the first version of the model, improvement in different perspective will

certainly be needed.

20
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The impact of climate change on rainfed yield in KRB

7 375 0 75 Kilometers
I —

GCM Name Institute full name
HadGEM?2-ES Met Office Hadley Centre and Instituto Nacional de Pesquisas Espaciais
IPSL-CM5A-LR Institute Pierre-Simon Laplace

GEDL-ESM2M NOAA Geophysical Fluid Dynamics Laboratory

22
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