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Agriculture: Uncertainty and Risk

* Farming is a “risky” business
— Weather variability
» Day-to-day
» Seasonal
e Spatial
* Extreme events
— Pest outbreaks may occur
— Costs are unknown (fertilizer prices!)E
— Grain prices are volatile

— Governmental policies may change
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Agriculture: Uncertainty and Risk

* Farming is a “risky” business
* Could computer models help with
understanding the Genotype *

Environment * Management
Interactions?

* Could computer model predictions
help reduce uncertainty and risk under
climate variablility and climate
change?
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Why Models?

* Traditional agronomic approach:
— Experimental trial and error
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Why Models?

* Traditional agronomic approach:
— Experimental trial and error

e Systems Approach
— Computer models
— Experimental data

* Understand - Predict—> Control & Manage
— (H. Nix, 1983)

* = Options for adaptive management, risk
reduction, and short- and long-term

economic and environmental sustainability
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What is an agricultural model?

* Crop simulation models integrate the
current state-of-the art scientific
knowledge from many different disciplines,
including crop physiology, plant breeding,
agronomy, agrometeorology, soil physics,
soil chemistry, soil fertility, plant pathology,
entomology, economics and many others.
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Models and Decision Support
Systems

* To provide advisories, big data products,
science-based models and decision support
systems to managers for improving
production and product quality, optimizing

resource use and reducing environmental
impact.

» Understand different management options
» Provide actionable information
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D FOUNDATION
The DSSAT
Crop Modeling Ecosystem

www.DSSAT.net



|UNIVERSITY of [""':'Fiw“:" for
UF [FLORIDA T s rooo
Some Historical Notes on DSSAT

« |IBSNAT Project on Food Security
* Funded by USAID from 1982 to 1993
« DATA: Minimum Data Set Concept, 1983-1986

* |nitial models included the CERES-Maize, CERES-Wheat and SOYGRO
soybean models.

« Data standards for compatibility of models (1986, 1994)

« DSSAT v2.1 released in 1986

« DSSAT Version 3.5 released in 1998 (after project ended)

« DSSAT Cropping System Model, DSSAT v4 released in early 2004
« DSSAT v4.02 in 2006, v4.5 in 2012, v4.6 in 2015; v4.7 in 2017
 DSSAT v4.8in 2021; v4.8.2 in 2023; Version 4.8.5 in 2024
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Original Software

Initial price: US $495
+ shipping costs

Updated price: US
$195 + shipping costs

Request DSSAT
Free download from  psguric free of charge
DSSAT pOl‘tal Request to download your own copy today!

» DSSAT Version 4 8.5 (New)

» Released on December 1, 2024

Free download &

Open Source 3-clause Click here to see release notes
BSD license » Click here to download older versions of DSSAT
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DSSAT is not just a software program but an
ecosystem of:

* Crop model users
* Crop model trainers
« Crop model developers

* Models for the most important food, feed, fiber, fuel,
and vegetable crops (45+ crops)

« Tools and utilities for data preparation

* Minimum data for model calibration and evaluation

« |CASA Data standards

« Application programs for assessing real-world
problems
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Downloads
1-5
6-10
11-25
26-50
51-100
101-500

501-1000

1001-2000

2001-2500

2501-4000

4001+

DSSAT User Community

>

\-ﬂ’

27,000+ software download requests since August 2017

Country
India
China
USA
Pakistan
Brazil
Ethiopia
Iran
Argentina
Indonesia
Countries

Downloads
3527
2144
1789
1768
1224

731
620
590
445
194

Country
Thailand
Germany
Spain
Philippines
Peru
Nigeria
Mexico
Colombia
Turkey
Total
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Downloads
409
382
339
334
312
260
244
235
233

24958

Country

United Kingdom
Italy

Canada

South Africa
France

Taiwan

South Korea
Australia

Nepal

Download

211
206
198
195
180
173
169
152
151

Institute for
Sustainable Food
Systems

Total DSSAT Downloads: 24958
January 07, 2024
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		Country		Downloads						Country		Downloads				Country		Downloads				Country		Downloads

		India		3527						India		3527				Thailand		409				United Kingdom		211

		China		2144						China		2144				Germany		382				Italy		206

		United States of America		1789						USA		1789				Spain		339				Canada		198

		Pakistan		1768						Pakistan		1768				Philippines		334				South Africa		195

		Brazil		1224						Brazil		1224				Peru		312				France		180

		Ethiopia		731						Ethiopia		731				Nigeria		260				Taiwan		173

		Iran		620						Iran		620				Mexico		244				South Korea		169

		Argentina		590						Argentina		590				Colombia		235				Australia		152

		Indonesia		445						Indonesia		445				Turkey		233				Nepal		151

		Thailand		409						Countries		194				Total		24958

		Germany		382

		Spain		339

		Philippines		334

		Peru		312

		Nigeria		260

		Mexico		244

		Colombia		235

		Turkey		233

		United Kingdom		211

		Italy		206

		Canada		198

		South Africa		195

		France		180

		Taiwan		173

		South Korea		169

		Australia		152

		Nepal		151

		Japan		150

		Ghana		148

		Bangladesh		147

		Kenya		144

		Vietnam		131

		Egypt		120

		Ecuador		116

		Netherlands		116

		Sri Lanka		115

		Kazakhstan		111

		Benin		108

		Morocco		90

		Malaysia		88

		Czech Republic		83

		Chile		77

		United Republic of Tanzania		66

		Zimbabwe		66

		Jamaica		63

		Senegal		63

		Greece		62

		Uganda		59

		Burkina Faso		58

		Ivory Coast		57

		Tunisia		53

		Mali		51

		Algeria		50

		Jordan		50

		Costa Rica		49

		Russia		49

		Belgium		47

		Switzerland		47

		North Korea		46

		Israel		42

		Bhutan		40

		Cameroon		40

		Romania		39

		Togo		39

		Democratic Republic of the Congo		37

		Ireland		36

		Niger		36

		Zambia		33

		Myanmar		32

		Ukraine		31

		Bolivia		30

		Uzbekistan		30

		Cuba		29

		Hungary		27

		Rwanda		27

		Cambodia		26

		Sweden		25

		Venezuela		25

		Singapore		25

		Austria		23

		New Zealand		23

		Portugal		22

		Uruguay		22

		Malawi		20

		Iraq		19

		Poland		18

		Trinidad and Tobago		17

		Bulgaria		16

		Guatemala		16

		Norway		16

		Lithuania		15

		Laos		14

		Puerto Rico		14

		Afghanistan		12

		Botswana		12

		Denmark		12

		Madagascar		12

		Mongolia		12

		Mozambique		12

		Republic of Serbia		12

		Syria		12

		Finland		11

		Nicaragua		11

		Fiji		10

		Haiti		10

		Paraguay		10

		Sudan		10

		United Arab Emirates		9

		Republic of the Congo		9

		Honduras		9

		Lebanon		9

		Saudi Arabia		9

		South Sudan		9

		Sierra Leone		9

		Central African Republic		8

		Croatia		8

		Swaziland		8

		Chad		8

		Dominica		8

		Dominican Republic		7

		Guyana		7

		Libya		7

		American Samoa		7

		Hong Kong S.A.R.		7

		Belarus		6

		Gabon		6

		Lesotho		6

		Tajikistan		6

		West Bank		6

		Angola		5

		Azerbaijan		5

		Namibia		5

		Oman		5

		El Salvador		5

		Slovenia		5

		East Timor		5

		Yemen		5

		Andorra		5

		Burundi		4

		Brunei		4

		Eritrea		4

		Estonia		4

		Gambia		4

		Kyrgyzstan		4

		Macedonia		4

		Panama		4

		Papua New Guinea		4

		Somalia		4

		Mauritius		4

		Sao Tome and Principe		4

		Albania		3

		Armenia		3

		Liberia		3

		Luxembourg		3

		Latvia		3

		Qatar		3

		Turkmenistan		3

		Barbados		3

		Malta		3

		Bosnia and Herzegovina		2

		Belize		2

		Cyprus		2

		Guinea Bissau		2

		Iceland		2

		Kuwait		2

		Solomon Islands		2

		Aland		2

		Georgia		1

		Suriname		1

		Vanuatu		1

		Aruba		1

		Antigua and Barbuda		1

		Bahrain		1

		Comoros		1

		Curacao		1

		Cayman Islands		1

		Federated States of Micronesia		1

		Saint Kitts and Nevis		1

		Saint Lucia		1

		Macau S.A.R		1

		Nauru		1

		Palau		1

		French Polynesia		1

		Seychelles		1

		Saint Vincent and the Grenadines		1

		United States Virgin Islands		1

		Samoa		1
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L. DSSAT Version 4.8.5.0

File Codes Model Crops Documentation Help

L INew - ® 0 FRun - S

Tools X Daa, : 4]
: " Crops %m|ma]=m
@_ i > -- Cereals =
> &2 Fiber + | # | Experiment Description Modified
Crop ManagementData || = v -§3 Forages [0 &4 ccQu7eni.BrRX BRACHIARIA ON QUILICHAO 17:09:35,
- ] s CCYUB101.BRX BRACHIARIA ON YURIMAGUAS 17:09:35,
|E [] & CNCHS8201.BRX BRACHIARIA ON LA ROMELIA 17:09:35,
Graphical Display [J 7 SAURS001.BRX BRACHIARIA ON URRAO 17:09:35,
M s SPPI1101.BRX MARANDU PALISADEGRASS 13:57:33,
- « ) :
Soil Data ElEY - | (%] Preview
) E o (%] [ 1] MARANDU 28D Irrig
(%] [ 2] MARANDU 42D Irrig
@ (%] [ 3] MARANDU 28D Rainfed
(| [ 4] MARANDU 42D Rainfed
Weather Data
e g | *EXP.DETAILS: SPPI110lER MARANDU PALISADECRASS -
- " Soil @
hd > - Weather *GENERAL
. 3 .. Genetics @PEOPLE
Accessories 3 _ Economics D.N.L. Pequeno; C.G.S5.Pedreira; K.J. BOOTIE
oo .0 Pasts @ADDRESS
i 2] Av. Padua Dias, 1l - USP/ESALQ
= .. Standard Data @SITE
s Piracicaba, SP, Brazil =
My Shortcuts 4( »
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DSSAT Interface & Organization

DSSAT User Interface (the Shell)
Support Software Applications
Graphics Evaluation / Spatial Analysis /
Sensitivity Analysis GIS Linkage
Weather
Soil <}: Croppmg SyStem —— — =gasonal Statesy Yield Forecast
Model (CSM) Analysis
Experiments
Crop Rotation / :
Par.ame.ter Scamiencs Boalis Climate Change
Estimation
o | ‘ B
Databases
/ Weather / / Experiments / / Pests / KModetand
analysis
/ Soil / / Genetics / // Economics gutputs




UF 1 ORIDA Cropping System Model (CSM)

(physical & chemical solar radiation, max & min
properties by layer) temperatures, ...)

Soil conditions / / Weather (daily rainfall,

Genetics (cultivar-
specific parameters
controlling growth and
development)

Management events
(sowing, irrigation, fertilizer,
organic matter, tillage,

harvest)
Cropping System
v Model Plv t
an

Plant growth dovel t

(grain, biomass, ) | _eve Opme_n
roots, etc.) v (time to flowering,

4 maturity, etc.)

Yield e |
4 v "y

Environmental Net Income Resource use
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Crop Simulation Models

1. Require information (Inputs)
v'Field and soil characteristics
v"Weather (daily)

v'Cultivar characteristics
v'"Management

Model calibration for local variety

Model evaluation with independent data
set

Can be used to perform “what-if”
experiments

Provide actionable information for Climate
Smart Agriculture

a k~ Wb
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between Data and Simulations

..... s 3 i

i

= Input data needs:
m\Weather and soil data
mCrop Management
mSpecific crop and cultivar information
mEconomic data



Slmllatedandl\/bmured, Soybwn

Galnesvﬂle Florlda

1978

Day of Year

B  Grain- Irrigated A Total Grop - Trrigated

V  Total Crop- Not Irrigated X Grain - Not Irrigated
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Crop Model Applications

* Diagnose problems (Yield Gap Analysis)
* Precision agriculture
— Diagnose factors causing yield variations
— Prescribe spatially variable management
* Irrigation management
« Water use projection
« Soll fertility management

* Plant breeding and Genotype * Environment
interactions

* Yield prediction for crop management
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Crop Model Applications

« Adaptive management using climate
forecasts

« Climate variability

« Climate change, adaptation and mitigation
« Soil carbon sequestration
 Environmental impact

 Land use change analysis

» Targeting aid (Early Warning)

 Biofuel production

* Risk insurance (rainfall)

» Salinity and land degradation
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Meta analysis on the evaluation and application of DSSAT

in South Asia and China

Journal of Agrometeorology

ISSN : 0972-1665 (print), 2583-2980 (online)
Vol. No. 25 (2) : 185-204 (June- 2023)
DOI : hitps://dot.org/10.54386/jam.v25i2.2081

ﬁ https:/journal.agrimetassociation.ore/index.php/jam

Invited Articles (Silver Jublee Publication)

Journal

of
Agrometeorology

Meta analysis on the evaluation and application of DSSAT in South Asia and China:
Recent studies and the way forward

EAJAZ AHMAD DARY, GERRIT HOOGENBOOM!¥, and ZAHOOR AHMAD SHAH*

'Department of Agricultural and Biological Engineering, University of Florida, Frazier Rogers Hall, Gainesville, FL 32611-0570, USA
“Krishi Vigyan Kendra, Ganderbal, Sher-e-Kashmir University of Agricultural Sciences and Technology of Kashmir, India-190025
SGlobal Food Systems Institute, University of Florida, Frazier Rogers Hall, Gainesville, FL 32611-0570, US4

“Sher-e-Kashmir University of Agricultural Sciences and Technology of Kashmir, India-100025

*Corresponding author email: gerrit@ufl.edu

ABSTRACT

The Decision Support System for Agrotechnology transfer (DSSAT) 1s a global modelling platform that encompasses crop models for more than
40 different crops. The models have been used extensively throughout the world, including South Asia and Chma. From the web of science da-
tabase, we reviewed 205 papers that were published from January 2010 to February 2022 contamning examples of the evaluation and application
of the DSSAT crop sumulation models. In South Asia and China, more than 50 traits and variables were analyzed for varous experiments and
environmental conditions duning this period. The performance of the models was evaluated by companng the simulated data with the observed
data through different statistical parameters. Over the years and across different locations, the DSSAT crop models simulated phenology, growth,
yield, and input efficiencies reasonably well with a high coefficient of determination (R?), and Willmott d-index, together with a low root mean
square error (RMSE), normalized RMSE (RMSEn), mean error (ME) or percentage error difference. The CERES models for rice, wheat and
maize were the most used models, followed by the CROPGRO models for cotton and soybean. Grain yield, anthesis and maturity dates, above
ground biomass, and leaf area index were the variables that were evaluated most frequently for the different erop models. The meta-analysis of
the data of the most common simulated variables (Anthesis. maturity, leaf area index_ erain yield and above ground biomass) for the four com-

>

\#'

Institute for
Sustainable Food
Systems

205 papers published from January 2010 — February 2022
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Meta analysis on the evaluation and application of DSSAT
in South Asia and China: Recent studies 2010-2022
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Climate in the southeastern USA
Why should farmers care?

Average Corn Residuals - Neutral Years Average Corn Residuals - El Nifio Years Average Corn Residuals - La Nifia Years

Residuals (%) Residuals (%) Residuals (%)

B -35.0 - -20.0 B 35.0--z0.0 B -35.0 - -20.0

B -z0.0 - -10.0 B 200 - -10.0 B -20.0 - -10.0

[-10.0--50 [ -10.0--5.0 [-10.0--50

[ ]-50 --20 [ ]-50 --20 []-5.0 --2.0
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[]20-50 [ ] zo0-50 [ ] 20-50
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[ 10.0- 2000 [ 10.0- 200 [ 10.0-20.0
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Why are El Nino and La Niha important?

Effects of El Nino

B ERE.
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Why are El Nino and La Niha important?

Effects of La Nina
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DSSAT Simulations

Peanut variety “Georgia Green”
9 planting dates, rainfed vs irrigated
38 — 107 years of daily historical weather data
3 soil representative soil profiles per county

s
~a Jv.-ﬂ‘"‘a -
B o T
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Yield Deviations from Neutral
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Planting date

Impact of Planting Date on Peanut Yield

El Niho

La Nina

Suytheast :
ClimateConsortium
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Pacific sea surface temperature (SST) anomalies

Temperature Precipitation

(¥ Seasonal Temperature Outlook & @ Seasonal Precipitation Outlook &

Valid: May-Jun-Jul 2025 Valid: May-Jun-Jul 2025
Issued: April 17, 2025 Issued: April 17, 2025
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Crop Simulations: AgroClimate
Extension, Producers and Consultants

El Mino, PEANUT, GA, BAKER, Orangeburg Loamy Sand, NetReturn, Multiple Planting Dates

Crop FEAMUT »
. |r Probability of Exceeding. ]r Average ”, Detailed Cost ]

Variety | Mid Maturity v

State G4 v

Probability Distribution of Achieving Net Return

County | BAKER hd a0 -

Soil Orangeburg Loarny Sand

Apr1b

e ©r

e el

bz e CBdbE | ee
S e S

g
Jun b hd 2 o o g ~F
- O £y £y £ sl sl
Jun 12 o P o e & $/acre
Costs/Revenues
Crap Revenue($/ton) 354 [Ewvay15s Oway2s Hiun 12]

Irrigation Cost ($/ac.in)  |[2.65

My Cost Structure ]

Percent

Planting ™ - Flowering - Maturity ==

Yield History Dates Hagl Jun | Jul | Aug | Sep | oct Nov

Average Irrigated Yield (Ibfac) (4000 15 May | @ — —

Average Non-Irrigated vield 2800 -G 29 May | | b
-CI
(Ib/ac) 12 Jun a | ——

Irrigation Seasonal Qutput

@ net Return($/ac) Click on the graph above to see the details,

[ ] Irrigation Cost ($/ac)

O Irrigation Water ({in)
Mon-Irrigated Seasonal Qutput

O Met Return ($/ac)

Current Forecast
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African Cassava Agronomy Initiative
(ACALI) project

Project funded by the Bil
Gates Four
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African Cassava Agronomy Initiative
(ACAI) project

Yield of cassava (t'ha)

H 'HE‘ nl_MWHW%%\M@

DSSAT*

= (t/ha) under different
= i planting and harvesting

", months in Nigeria.
| l|

%

]
August  Septemb

.H wers Estimated cassava yield

Y

June July
Planting month

%ﬁﬁ

] |
€l ober November December

Spatial layer of estimated
cassava yield (t/ha) for April
planting with harvesting age of
10 months.

*Decision Support System for Agrotechnology Transfer (DSSAT)




African Cassava Agronomy Initiative
(ACAI) project

Kilimo—> agriculture

Akili-> smart
developing and delivering tailored agronomy recommendations to cassava growers
™~ / \
IVR@ *

Cloud-based
Short code messages

prediction engine
N * #

ED

Smartphone app
&
5 X
—» —>
Cassava

Extension
worker growers

*

*

A J

Ve
Field trials to test and develop
best agronomic interventions

vﬁ
?
=5+

Understand Agronomy x Environment

3

Crop modelling

I

*
=R

— Mt et o
et s rvr—— Y g e e

Predict response to intervention

4

Spatial modelling / GIS

==

DB logging requests

www.iita.org | www.cgiar.org | www.acai-project.org

Extrapolate recommendations




M | P fom Climate Change Impact Assessment,
and Improvement Project Adaptation, and Resilience

i

<.

=

1. Incorporate state-of-the-art climate, crop, and agricultural
economic model improvements into coordinated regional
and global assessments of current and future climate

impacts.
2. Perform multi-model integrated regional and global

assessments of technology and policy options for increasing
food security and adapting to current and future climate

risks.

33




Punjab, Pakistan

® The Rice-Wheat cropping system is the breadbasket of
Punjab, Pakistan and Punjab, India

® The Punjab is the largest agricultural production system in
South Asia, covering 13.5 m ha

®* 20% of the world population depends on its agricultural
production

RICE-WHEAT CROPPING SYSTEM IN PAKISTAN




Yield Kgha™

7000

Climate Change Impact on Rice & Wheat
Production

5 Climate Models (GCMs), 2 Crop Models and 71 Economic

APSIM Model

Rice
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UF [FLORIDA Opportunities

Crop Modeling — Fact or fiction?
Environment * Management * Genotype
Economics

e Computer simulation model:

— “A mathematical representation of a real-world
system”

* Requires careful evaluation for local conditions
* Requires “accurate” input data



UF [FLORIDA Opportunities

Crop Modeling — Fact or fiction?
Environment * Management * Genotype
Economics

* Prediction:
— Yield
— Resource use
— Environmental impact
— Economic returns

« Management decisions and explore “what-if” type
questions

* Research design and analysis
» Teaching tool
* Policy and planning
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Agricultural Production

Potential production
Water-limited production
Nitrogen-limited production
Nutrient-limited production
Pest-limited production

Other factors
> SALINITY

* Intercropping
 Economics

* Food quality
 Human decisions

odel

Aixajdwon

Real World
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