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Objectives and Expectations

* Having read this presentation, in conjunction with the
related handbook, the reader should:

a) Have an overview of climate change impacts on
agriculture and food security

b) Have a general understanding of tools, models
and the processes available and commonly used
for vulnerability and adaptation (V&A) assessment
In the agriculture sector

c) Have gained knowledge of commonly used
process-based and statistical models and their
practical applications, such as DSSAT, for
conducting sensitivity analyses, developing seasonal
adaptation measures.




Outline

* Overview of drivers and potential impacts of
climate change on agriculture

 Methods, tools and models for V&A assessment
In agriculture

a) Introduction to process-based crop models

b) How we can estimate crop production
functions

c) General equilibrium models

« Changes in land productivity
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OVERVIEW OF DRIVERS
AND POTENTIAL IMPACTS
OF CLIMATE CHANGE

ON AGRICULTURE
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Climate Change: Context

Climate Change - an integrated framework

Impacts on human
Tempernture fiss and natural systems
Sea-level rise Food and water resources
Ecosystem and biodiversity

Precipitation change
Droughts and floods Human settlements
Human health

Climate Change

uoneydepy

Adaptation

Socio-economic
development paths

Economic growth
Technology
Population
Governance

Emissions and
concentrations

Greenhouse gases
Aerosols

Mitigation

SYR FIGURE 1-1
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INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE




Agriculture

* Provider of:
a) Affordable food, feed, fibre and fuel
b) Basis for livelihoods: jobs and income
c) Services and goods

» Value chain: production and processing.




Global Trends Two Main Directions

Market-oriented » Specialization

agriculture * Intensification

Technology  Concentration

Environmental change « Innovation and efficiency

Social and political

e Combination of functions
change

» Agriculture is no longer
the strongest pillar for the
rural economy

Productivity increase




Food Security and Food Self-sufficiency

« Food security: having access to food, independent
from the source.

« Food self-sufficiency: growing the food that is needed.

=» Both can be addressed at different levels (individual,
family, province, country, ...).




Main Drivers: Population Increase and Diets

2030
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estimates and projections (billions) Pulses
8 2500 f%fs and
ubers
Meat
2000 Sugar
6
Vegetable
oils
1500
Other
4 cereals
1000
Wheat
2
Developed countries 500
Rice
0 Developing countries
1750 1800 1850 1900 1950 2000 2050 °
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Required Growth for Food and Feed is Nothing New
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Required Growth for Food and Feed is Nothing New
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Climate Change and the agricultural sector

Source: Wageningen University
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Climate Change and Agriculture: Impacts (2050) Adaptation is not taken into account

Increased (blue) or decreased (red):

“ \% -cereal crop productivity
“amy “ymy -livestock productivity

@ & -forestry production

Source: Based on literature and expert judgement, IPCC, 2007, chapter 5

T
V(C:V
N/



Climate Change Affects Crop Production

POSSIBLE BENEFITS

¢+ CARBON DIOXIDE
£, FERTILIZATION

MORE
FREQUENT
DROUGHTS

FASTER
GROWING
PERIODS

INCREASED
FLOODING AND
SALINIZATION
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« Changes in biophysical conditions

« Changes in socio-economic conditions in response to changes in
crop productivity (farmers’ income; markets and prices; poverty;
malnutrition and risk of hunger; migration)




Agriculture: Impacts

 Direct impacts:

a) Lower production related to erratic rainfall patterns,
higher temperatures

b) Higher production related to increase in carbon
dioxide (CO,). Increased water-use efficiency
(WUE), changes in competition.

 |Indirect impacts:
a) Salt water intrusion related to sea level rise
b) Increase and changes in pests and diseases.
» Extremes:

a) Temperature, droughts and floods.




Impacts Depend on Timescales and Scenarios

Climate Change - an integrated framework

Climate Change

Temperature rise
Sea-level rise
Precipitation change
Droughts and floods

uoneidepy

Emissions and
concentrations

Greenhouse gases
Aerosols

Mitigation

INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE
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Scenarios

A1

- Rapid economic growth
- Moderate population increase
- High technological innovation
- Global convergence of

living standards )

Global
A

B1 h

- Moderate economic growth

- Move toward service and
information economy

- Focus on environmental

sustainability
- Global convergence

v

Economic

A2

- Moderate economic growth

- Very high population increase

- Focus on self-reliance and
local identity

.

i B2

- Slow economic growth

- Low population increase

- Focus on environmental
sustainability

- Regional solutions to

environmental issues

Environmental

jeuoibay

IPCC SRES storylines are oriented along two axes: 1) economic vs. environmental priorities,
and 2) global vs. regional development. The four scenarios each describe divergent, yet

plausible futures.

Source: http://www.usgs.gov/
climate_landuse/land_carbon/
Scenarios.asp




Greenhouse gases (GHGs) and Temperature Projections
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Climate Change and Other Factors

« Climate change has to be seen in relation with other
changes:

a) Economic
b) Technological
c) Societal.




Who is at Risk?

* People and/or countries depending for their livelihood
on climate sensitive sectors such as agriculture, forestry
and fishing.

* People living in low-lying coastal areas

* People closer to the margin of tolerance: for
temperature and precipitation changes (more drought-
and flood-prone areas)

« Countries with a poor nutrition and health infrastructure

* People and countries with a low adaptive capacity.




Adaptive capacity depends on:

Natural capital: soil, water, vegetation, landscape, ...
Financial capital: savings, credit, ...

Physical capital: infrastructure, technology, ...
Human capital: skills, education level, health, ...

Social capital: legal system, political system, networks,




Multiple Interactions

« Climate change is one stress among many now affecting
agriculture and the population that depends on it:

a) Integration of results is essential if we are to formulate
assessments that are relevant to policy.

« Potential future consequences depend on:
a) The region and the agricultural system
b) Impacts in other countries
c) The direction and order of magnitude

d) The socio-economic response.




Impact, Vulnerability and Adaptation
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Types of Adaptation

Anticipatory Reactive

g Changes in length
CZG of growing season

*qé Purchase of insurance . .
g Changes in system composition Changes in farm practices
z
T Q

©

2| Early warning systems Compensatory payments,

subsidies

Source: IPCC, 2001




How Might Global Climate Change Affect Food Production?

Percentage change in average
crop yields for the Hadley
Centre global climate change
scenario (HadCM2). Direct
physiological effects of CO,
and crop adaptation are taken
into account. Crops modelled
are wheat, maize, and rice.

Yield Change (%)

30 220 -10 -5 25 0 25 5 10 20 30 40 _ _
Source: NASA/GISS; Rosenzweig and Iglesias, 1994




What Happens in Response to Change?

« Adaptive capacity (internal adaptation)

* Planned adaptation.




Adaptation is Not New

Adapt to environmental and market changes is part of
agriculture

Governments change policies and programmes to
better achieve broad societal goals (e.g. food security)

Short-term and medium- and long-term planning.

Managing risk - informed decision-making




Two Strategies:

Increase potential

yield
. - ! ‘H"'"--._._‘_‘_‘_-—._._.__,_.——""-
Potential yield
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Source: Wageningen University




Barriers to Adaptation

* Natural: crop tolerance to water-logging or high
temperatures, ...

 Financial: costs, benefit, risk, ...
* Physical: infrastructure, technology, ...
« Human: skills, education level, health, ...

» Social: legal system, acceptance of technology,
political system, ...




METHODS, TOOLS AND MODELS
FOR V&A ASSESSMENT IN
AGRICULTURE




Methods, Tools, and Datasets

1.  The framework
2. The choice of the research methods and tools depends on:
« Demand-driven methods: responding to stakeholders
 Key characteristics, strengths, weaknesses
« Common sense
« EXxperiments
« Scenarios
« Models
3. Datasets:
. Sources
. Scales
. Reliability




Spatial and System Scales Linking Crop Production to Food Security

Spatial Scales

[
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D Field Farm Region National Global
0

N Crop Cropping System Farming System Food Supply Food Security
QE, Natural Resource Agronomic & Markets and Macro-economics and
"‘;; Base Farm Practice Distribution Politics

>

w Crop and soil science Farm systems research Economics and policy research




Levels

Field:

a) Environmental and management conditions
b) Demonstration

Farm:

a) Impact of new management

b) Policy intervention measures
Regional/national:

a) information on local water demand and supply
b) Planning tool

c) Land-use change

Global:

a) Trade/World Trade Organisation (WTO)




Models

Field: crop models

Farm: farm household models (integration biophysical
and economic models)

Regional/national: land-use models, farm models

Global trade: economic models




INTRODUCTION TO
PROCESS-BASED CROP MODELS




Crop Models

Based on
Understanding of plants, soil, weather,
management &

(/Nitrogen
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Production: Ecological Principles of Yield Levels

crop models ool

Defining factors Radiation
Temperature

Crop features

Potential yield

oy Water (Rainfall,
Limiting factors Irrigation)

Nutrients (N,P,K)

Attainable yield

Water- and nutrient limited

Production situation

Weeds

Pests
Diseases
Pollutants/salt

Actual yield Reducing factors

Production level (t/ha)
Source: Van lIttersum and Rabbinge, 1997




Crop Development Stages

DEVELOPMENT STAGES
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Optimal growth rates

} sceurnulated dry matter (1 000 ki ha-'}

#
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Production situation

Production: Ecological Principles of Yield Levels (continued)

co,

Potential yield Defining factors  Radiation
Temperature

Crop features

Production level (t/ha)
Source: Van Ittersum and Rabbinge, 1997




Potential Production
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Production situation

Production Ecological Principles of Yield Levels

co,
Potential yield Defining factors  Radiation

Temperature

Crop features

. . . Water (Rainfall,
Attainable yield Limiting factors Irrigation)

Water- and nutrient limited Nutrients (N,P,K)

Production level (t/ha)
Source: Van Ittersum and Rabbinge, 1997




Soil Water Balance Terms: Root Zone

transpiration irrigation
| rainfall

—— i
S, B i A e o s

percolation Red crosses:
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Source: Allen, et. Al., 1998
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Water Limited
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Nutrient Limited
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Management is the Most Important Factor

crop models ool

Defining factors Radiation
Temperature

Crop features

Potential yield

c
9
©
= i i e Water (Rainfall,
‘B Attainable yield Limiting factors Irrigation)
S Water- and nutrient limited Nutrients (N,P,K)
O growth
= increasi. .
-8 measures
o Weeds
. : Pests
Actual yield Reducing factors Diseases

Pollutants/salt
crop protection
MEERES

Production level (t/ha)

Source: van Ittersum and Rabbinge, 1997




Slmple Calculations (Wheat) (after van Keulen; Driessen)

» Growing season 90 days, with a grain filling period of 30 days.
a) Given a growth rate of 200 kg DM/day/ha potential yield is 6000 kg/ha:
* Note process is temperature-driven, so higher temperatures would
reduce the season (i.e. grain filling period) and hence the potential
production.
» Assume 500 mm rainfall only 250 mm is transpired by the crop.

a) So 2,500,000 mm3/ha is used by the crop, assuming a WUE of 200
(kg water/ kg DM) a total biomass production of 12500 kg DM is
produced.

* For wheat, assume belowground (roots) to be 15% of total biomass.
Above ground biomass is then 10,625.

» With an Harvest Index (weight ratio of harvested product of total
above ground plant) of 0.4 a grain yield of 4250 kg/ha can be
achieved.

b) 500 mm is semi-arid, in an area with 800 mm rainfall and 50% is used
by the crop.

* Thus 400 mm would result in yields of 6800 kg/ha, if 60% or 480
mm is used yield could go up to 8160 kg/ha.




Slmple calculations (Wheat) (after van Keulen; Driessen)

« Nitrogen (N) from soil organic matter:

a) With a top soil of 15 cm and a bulk density of 1500 kg soil/m3 for an
hectare you have 2,250,000 kg soil. With an organic matter content of
1% you have 22,500 kg organic matter. Assuming that organic matter
contains 58% organic carbon (C) we get 13051 kg organic C for the
topsoil per hectare.

b) Assuming a C/N ratio of 10, we have 1305 kg N.

c) With a decomposition rate of 2% per year we have an N released of
26.1 kg.

d) Assuming that for each 55 kg grain (wheat) 1 kg N is required we can
reach a nutrient-limited production of 1435 kg/ha.

e) Note that 1% soil organic matter is low, assuming 2% we would be
able to get yields of 2870 kg/ha.

f)  All numbers have ranges and can be determined/measured.




Models — Advantages

* Models are assisting tools; stakeholder interaction is
essential

« Models allow us to ask “what if” questions, the relative
benefit of alternative management can be highlighted:

a) Improve planning and decision-making

b) Assist in applying lessons learned to policy issues

Models permit integration across scales, sectors, and
users.
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Models — Limitations

* Models need to be calibrated and validated to
represent reality

 Models need data and technical expertise

 Models alone do not provide an answer;
stakeholder interaction is essential.




Crop Models

Value
Spatial scale of results Daily to centuries
Time to conduct analysis Site to region
Data needs 4t05
Skill or training required 3
Technological resources 4105
Financial resources 4105

Range for ranking: is 1 (least amount) to 5 (most demanding).

Examples: CROPWAT, CERES, SOYGRO, APSIM, WOFOST, etc.
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Conclusions

« Common sense is important when using models

* If possible, go back to basics and also use “cigar box”
calculations

« Crop models do not calculate actual production levels.




HOW CAN WE ESTIMATE CROP
PRODUCTION FUNCTIONS?




Outline

« Data issues
« Selection of variables: specification of the model

« Selection of the specific functional relationship:
estimation

« Diagnosis of the results: validation of the model




Datasets

« A set of observed or simulated data representing the

variables we want to analyse

« Types of datasets: time series, cross-section

« data, panel data, spatial data

« Data are required data to define climatic, nonclimatic

environmental and socioeconomic baselines and
scenarios

Data are limited

Discussion on supporting databases and data
sources




IPCC Working Group 1: “A Collective

Picture of a Warming World”
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FAOCLIM

[

| FAQOCLIM 2 - World-Wide Agroclimatic Data Base

of the United Nations
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FAO and the World Bank

Agricultural GDP as share of total GDP

Fao food summit.shp
[ Jo

[ ]less than 10%
[ ]10to 30%

] 30 to 40%
B more than 40%




Population
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FAOSTAT

Food aid received from external sources 2000

Fao food summit shp
none
less than 2 kg
B 2 to 18 kg
B more than 18 kg

% . O Countries facing
exceptional food
emergencies due to the
drought August 2001




Data: Scales, Sources, Reliability

Irrigation Area Tunisia (1970 - 1998)
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Selection of Variables

Economic

Water

Management

Geographic

Climate

Type of variable | Name Definition Unit Source of Data
Y Crop yield at a site in yeart T/ha MARM
Gross added value of K€ current
GAV, MARM and INE
agriculture a site in year t prices
. Total employment of
Economic ) o Labour Force Survey
L, agricultural sector at a site in 1000 People
(LFS). INE
year t
Base year:
P, Farm product price index INE
2000=100
Net water needs of crops in the Planning Hydrographic
Irrig; mm / month
ith month in year t Office - CHEBRO
Water
Total precipitation in the ith
Prec; mm/month |AEMET
month/ 3 month period in year t
Managment Mac; Machinery in year t N° FAO
T; Irrigated area by crop type ha MARM
) Dummy variables indicating 0-600, 601-1000
) Altitude, INE
Geographic and more than 1000 meters
Dummy variables indicating the 3 main areas
Area_ebroy
of the basin: Northern, Central and Low Ebro
Maximum temperature in the
T_Max; |ith month /3 month periodin |°C AEMET
year t
) Average temperature in the ith
Climate
T_Mean; |month /3 month period in year |°C AEMET
t
No. of days with temperatures below 0° C in
Fry AEMET

the ith month/ 3 month period in year t

Source: Quiroga,
Iglesias, 2011




Crop yields (1992-2008)

Moldova
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What to Estimate...

y :

N A relationship between
s p °° a set of observed or
" 2 . simulated dots(x,y)
S For example:
b Y=a+xb




Ordinary Least Squares

* Because squared values are always positive,
we use the "ordinary least squares" method for

the calculation

« Toselect “a” and “b” such that minimize the sum of
squared residuals. This allow to avoid the compensation
among positive and negative values

« We use specific software (E-views, R, STATA,SPSS,...)




Interpretation of the Estimation

0, =a+fE, +u,

Dependent Variable: Q
Method: Least Squares

Variable Coefficient Std. Error t-Statistic Prob.
C 3.268859 0.123597 26.44769 0.0000
E ~ 0.519333, 0.138008 3.763072 0.0024
R-squared 0524367 Mean dependent var 3.335333
Adjusted R-squared 0.484550 S.D. dependent var 0.659901
S.E. of regression 0473775 F-statistic 14.16071
Sum squared resid 2.918019 Prob(F-statistic) 0.002368

Where Q= production; E=employment




Coefficients

« Each of the coefficients represent the effect of the
explanatory variable on the dependent variable (Y).

* The estimated value for “b” indicates the variation that
occurs on the dependent variable (Y) when the
explanatory variable (X) vary in a unit and the rest
remain constant.

* |n the example on the previous slide: An increase of
a unit in employment produces an increase of
0.52 units in production.




Practical Application

1. Estimating statistical functions of yield response for
some crops in Spain

2. Evaluate climate change effects

3. Adaptation: Changes in management to improve yield
under climate change




LOCAL CASE STUDY
Climate, technological and
management variables

Burgos, Cérdoba, Murcia & La
Rioja

.| Grapes | Burgos, Cordoba, Murcia & La
Rioja

Cordoba, Murcia & La Rioja

| Orange | Valencia, Murcia & Cérdoba

Barley Valladolid




How Does Drought Affect Yield for Grapes?

Crop/Site

Variables

Ljung-Box

White test
R2

InR,,

Tmeoct
Tmedjf
Plutfeb
Plutaug

Dro

Grapes / Cordoba
Estimation P-value
0.2553 (0.0316)
-0.1162 (0.0000)
0.0781 (0.0155)
-0.0043 (0.0000)
0.0130 (0.0148)
-0.2101 (0.0046)
-0.7094 (0.0005)
0.6293 (0.428)
2.3256 (0.313)
2.3476 (0.503)
3.1141 (0.539)
0.6028 (0.8089)
0.84

Regression Model Estimation

Mac
Tmedec
Plutfeb
Plutsep

Tmaxmay

Grapes / La Rioja

Estimation P-value
0.0025 (0.0000)
-0.0488 (0.0442)
0.0055 (0.0263)
-0.0022 (0.0496)
0.0748 (0.0000)
0.2939 (0.588)
0.3180 (0.853)
0.7825 (0.854)
0.8015 (0.938)
1.3900 (0.2230)
0.73
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Estimating Climatic Risk

YIELD CUMULATIVE DISTRIBUTION FUNCTION

Cereals

— Valladolid
— Burgos
——La Rioja
— Cordoba

— Murcia

standarized yields




GENERAL EQUILIBRIUM
MODELS

Market mechanisms:
GTAP model

RE



Computable General Equilibrium

* The market impact estimates and their associated direct
economic effects are introduced into a computable
general equilibrium (CGE) model, modelling
individually most EU countries.

 This framework captures not only the direct effects of a
particular climate impact but also the indirect effects in
the rest of the economy.

« The CGE model ultimately translates the climate
change scenarios into consumer welfare and GDP
changes, compared to the baseline scenario without
climate change.

{f‘h‘-\
\
N 7

7
¢,
1©
\



General equilibrium theory

« General equilibrium theory is a branch of theoretical
neoclassical economics.

* |t seeks to explain the behaviour of supply, demand and
prices in a whole economy with several or many markets,
by seeking to prove that equilibrium prices for goods exist
and that all prices are at equilibrium, hence general
equilibrium, in contrast to partial equilibrium.

* As with all models, this is an abstraction from a real
economy, but it is a useful model, both by considering
equilibrium prices as long-term prices, and by considering
actual prices as deviations from equilibrium.

« A CGE model is based on trade relationships between
countries globally (this is a theoretical model based on
economic theory).
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Computable General Equilibrium Models: GTAP

« GTAP is a global database representing the world
economy in one year (2004) including a representation
of the most important economic sectors.

« Countries are linked through trade flows, market prices
and commercial flows. It considers balanced markets
without excesses of supply or demand.

« Changes in relative prices result in effects in the general
equilibrium and change economic flows.

é”@“%
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Eile Copy View Version Tools Help
5 Title RunGTAP | Version | Closure | Shocks Solve Results

i)s://www.gtag.___ .gecortw.purdue.edu'_/

Global Trade Analysis Project




GTAP DATABASE

113 world regions

57 sectors

Factors: land, labour, capital and

natural resources




GTAP DATABASE

e e e

Old sector Mew sector Old sector description
1 pdr 1 Food Paddy rice

2 wht 1 Food Wheat

3 gro 1 Food Cereal grains nec

4 vf 1 Food Vegetables, frut, nuts

5 osd 1 Food Qil seeds

6ch 1 Food Sugar cane, sugar beet

7 pfb 1 Food Plant-based fibers

8 ocr 1 Food Crops nec

9 ctl 1 Food Cattle sheep goats,horses
10 oap 1 Food Animal products nec

11 rmk 1 Food Raw milk

12 wol 1 Food Woaol, silk-worm cocoons

Food represents agricultural sector




GTAP DATABASE

Region Countries

USA USA

MEUR France, Portugal, Spain, Italy, Macedonia, Servia, Slovenia, Albania,
Bosnia Herzegobina, Croatia, Cyprus Greece

NEUR Norway, Finland, Sweden, German, Austria, Ireland, UK, Belgium,
Denmark, Finland, Luxemburg, Netherlands, Switzerland

EEUR Czech Republic, Estonia, Latvia, Lithuania, Poland, Slovakia, Romania,
Hungary, Bulgaria

FSU Belarus, Ukraine, Azerbijan, Moldova, Georgia, Russia, Armenia,
Tajikistan, Turmekistan, Uzbekistan, Kazakhastan

KOSAU South Africa, Republic of Korea, Australia

CAJANZ Japan, New Zealand, Canada

NAF Argelia, Tunisia, Libya, Moroco, Egypt

MDE Turkey, Israel, Jordan, Lebanon, Syria, Iran, Iraq, Saudi Arabia, Kuwait,
Oman, United Arab Emirates, Yemen

SSA Eritrea, Guinea, Benin, Burkina Faso, Gambia, Ghana, Guinea-Bissau,
Ivory Coast, Liberia, Nigeria, Mauritania, Mali, Central Africa Republic,
Angola, Togo, Cameroon, Rep. Dem. Congo, Rep Congo, Equat. Guinea,
Senegal, Niger, Sudan, Sierra Leone, Chad, Kenya, Ethiopia, Tanzania,
Burundi, Mozambique, Rwanda, Zambia, Botswana, Gabon, Malawi,
Djibouti, Somalia, Zimbawe, Lesotho, Namibia, Uganda, Zimbawe,
Madagascar

SASIA Afganistan, Nepal, India, Sri Lanka, Pakistan, Bangladesh

CHINA China, Taiwan

EASIA Mongolia, Indonesia, Papua New Guinea, Malaysia, Cambodia, Laos,
Myanmar, Thailand, Philipines, Vietnam, Korea Democ. Peoples Rep.

LACA Mexico, Nicaragua, Belice, Costa Rica, Cuba, Dominican Republic, El

Salvador, Guatemala, Guyana, Haiti, Honduras, Argentina, Uruguay,
Jamaica, Nicaragua, Panama, Puerto Rico, Suriname, Colombia,
Ecuador, Venezuela, Peru, Bolivia, Brazil, Paraguay, Chile




Climate-change Induced Changes in GDP % (US $ constant, 2004)
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CHANGES IN LAND
PRODUCTIVITY




Reasons for Concern

Confidence
level

Possible
effect

Optimal location of crops (zones)

Crop productivity

Irrigation requirements

Soil salinity and erosion

medium

Damage by extremes

medium

Environmental degradation

medium

Pests and diseases

medium

Source: Iglesias, et al., 2011




http://www.climatecost.cc/

climate policy in 2n inteprated dizasgresated framework |

ClimateCost

Site under construction

I
‘and Publications 7FWP Partner Projects Prﬂj‘m
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ClimateCost (the Full Costs of Climate Change) is a major research project on the economics Download Docurnt
of climate change, funded from the European Community's Seventh Framework Programme.

The objective of the project is to advance knowledge in three areas: ClimateCost Project E
s Long-term targets and mitigation policies.
* Costs of inaction (the economic effects of climate change). )
Project Funders:
+ Costs and benefits of adaptation.

The projects is addressing these objectives through seven tasks:

1. Identify and develop consistent scenarios for climate change and socic-economic
development, including mitigation scenarios.

2. Quantify in physical terms, and value as economic costs, the effects of future climate




Issues: Discount Rate, Sustainability and Uncertainty
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ClimateCrop model

o ﬂ Crop Output: Database of simulated
models crop responses to climate, |
Agro- : (DSSAT) environment, and adaptive :
climatic \_ oI oII_._ management 4
¢ regions ) A T S S S St \
! ! ﬂ Agricultural - Oytput: Land productivity and :
: Output: | ] production ' \ater demand estimated |
| Agro- : : functions functions |
l climatic R -
| regionsthat | o= ====ssso oo oo oo ST T \
| include : n Climate Output: Land prodgctmty and
| climate, , . change water dgmand gstlmates :
: farm types, : : analysis respopdlng to climate and farm |
I irrigated | ‘O a_df p_tl\ie_m_a Ea_g e_rrlef to_ 4
: areas, : S
. adaptive | B Climate Output: Land productivity and |
I capacity 1 change water demand estimates l
'\ ,' I policy responding to climate and policy :
A it v . analysis (environmental and energy)




Understanding Global Uncertainty, Land and Water (Iglesias et al., 2011)

Stations (1141) and agroclimatic zones (73)
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A1B.BCM2_1_M.2080

A1B.CNCM3_1_M.2080
A1B.DMIEH5 4 M.2080
A1B.EGMAM_1_M.2080
A1B.EGMAM_2 M.2080
A1B.EGMAM_3 M.2080

A1B.HADGEM 1_M.2080

A1B.INGVSX_1_M.2080
A1B.IPCM4_1 M.2080
A1B.MPEH5 1 M.2080
A1B.MPEH5 2 M.2080
A1B.MPEH5 3 M.2080

A1B 1
A1B 2
A1B 3
A1B 4
A1B 5
A1B 6
A1B_7
A1B 8
A1B 9

A1B_10

A1B_11

A1B_12

E1.CNCM33_2 M.2080
E1.DMICM3_1_M.2080
E1.DMICM3_2 M.2080
E1.EGMAM2_ 2 M.2080
E1.EGMAM2_3 M.2080

E1.HADCM3C 1 M.2080
E1.HADGEM2 1 M.2080

E1.INGVCE_1_M.2080

E1.IPCM4v2 1 M.2080
E1.IPCM4v2 2 M.2080
E1.IPCM4v2 3 M.2080
E1.MPEH5C_1_M.2080

E1.MPEH5C_2 M.2080
E1.MPEH5C_3 M.2080

E1 1
E1 2
E1 3
E1 4
E1 5
E1 6
E1.7
E1 8
E1 9
E1 10
E1 11
E1 12
E1 13
E1 14



ScenarioAlB 1

Temp change (C)
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ScenarioAlB 1

Agricultural productuivity changes (% of baseline)
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Changes in land productivity

HadCM3 A2 HadCM3 B2

Scenario yield changes from baseline (%)

BT [ | N
60 -15-10 -5 0 5 10 15 B0

Source: Iglesias et al., 2012
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Complexity: need to
understand local
vulnerabilities




PESETA project

Crop yield changes under the HadCM3HIRHAM A2 scenario [%] Crop yield changes under the ECHAMA/ RCAZ A2 scenarios [%]

Crop yield changes under the HadCM3/HIRHAM A2 scenario
and for the ECHAM4/ RCA3 A2 scenario for the 2080s




United Nations Framework Convention on Climate Change

Starting an experiment using
DSSAT

<)



Questions to Ask Yourself

Do you think the models/tools presented can be
useful for your needs?

What are the main entry barriers you find to
begin to use some ot the tools?

Make an initial plan of your objectives, and how
can be achieved with the tools we have
disscussed.

94



Practical Application of DSSAT

 Effect of management (nitrogen and irrigation)

 Effect of climate change on wet and dry sites

a) Sensitivity analysis to changes in temperature and
precipitation (thresholds) levels




Input Requirements for DSSAT

« Daily weather (Tmin, Tmax, Precipitation and Solar
Radiation)

* Soil texture

« Management (planting date, variety, row spacing,
irrigation and nitrogen (N) fertilizer amounts and dates)

« DSSAT libraries and examples

Additional validation requirements:

a) Crop dates of flowering and maturity, biomass and
yield.
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Input Files Needed

Weather

Soils

Cultivars

Management files (*.MZX files) plus description of the
experiment.




Weather

(wuw) uonendidaid
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(Yy) uonesnp Jsejos
(D) @4nyesadwa )

Cahul
Ceadir-Lunge
Comrat
Stefan Voda
Leova

Southern

Tiraspol
Chisinau
Baltata
Codrii
Dubasa
Cornest
Bravicea
Falesti
Balti
Ribnita c
Camen o
Soroca <
Briceni e

B Monthly Total Precip (mm)
M Avg Mean Temp (C)
B Avg Max Temp (C)

Avg Solar Duration (h)

ermn — = Central
=1 Avg Min Temp (C)
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Modelling Crop Responses to Changes in Climate and Management DSSAT

5 T TN M N 5 T T M N
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Open DSSAT ...

L+ DSSATv4 Version 4.0.1.0
File Data Model

JT_"INEWvl‘b 2k |BW‘I'|IL
|r_-_;- DSSATv4

Analysis  Help

e Analysis

iy Data

mental

Accessories
Liilities
Reference
ey Shortcuts
205743 -




Examine the Data Files ...

| B DSSATv4 - Daily

Tools Models T E ] | 2 | | 6} |

Analyziz

Data [ 2 MB35401 wTH

€~ | [ me3mswTH
Weather LT TERE2EE ] W TH
[ ) MB35701 W Th

1 DIB35801 WTH .
SNGLEE5901 WTH SOlIS

Crop Management Data

i

ﬁ Generated

0B37401.WTH

MB37501.WTH

B37601. %/ TH

Z2| MB377WTH

- [z 01B37801.WTH
4

% *WEATHER DATAE : 01kb3

Rotatienal Analysis @ INSI LAT LONE ELEV TAV AMP REFHT WNDHT
J0le2 33.300 -24.300 300 -53.0 -5%5.0 -53.0 -33.0
@DATE SRAD TMAX TMIN RARTHN DEWE WIND DLR

Graphical Display -8 Genstics \ -] 2] B3
! Emt””m'cs -.[] ) 01B38101.WTH
m -~ Pests SN 01836201 WTH
y ] ZTNRE3E301 wTH
Soil Data L ] BT TH .
D4 e Weather file
] ] D1B36E01 WTH
[ ] D1B36701 WTH
: -] | D1B36A01 WTH i
Experimental Data [ ) 01B38901WTH GenOtype flle
[ ] D1B37001 WTH . ngn
.jf}\ [ 4] DIE37101WTH (Deflnltlon of
. [ ] D1B37201 WTH .
cather Data [ ) mE37300WTH CUltlvarS)
[
[
[
O

Seasonal Analysis

53001 1.7 5.1 -1.0 0.0

53002z 0.0 3.% 0.8 0.0

Accessories 5300% 0.0 4.8 2.0 0.5
Utilities 53004 0.2 2.8 -0.3 a.a
— 53005 0.0 7.4 1.4 0.0




Examine the Cultivar file

= Genetics

=@ Cereals
7 Barley
[ Maize
T Millet
¥ Rice
T Sorghum
"‘ Wheat
Legumes
Root Crops
Oil Crops
Vegetables
Fiber
Forages
Fruit Crops

_ WVarious

‘ Economics
¥ Pests

\E5, MZCERO40.CUL

[] & MZCERD40.ECO

(] &8 MZCERD40.SPE

(] & MZCER980.CUL
1% MZCER380.CUL.OLD
-] B MZCERS80.SPE

o L -

Identification code or number for a specific cultivar

Ecotype ccde or this cultivar, points to the Ecotype in the

ECO file (currently not used).

Thermal time from seedling emergence to the end of the juvenile
phase (expressed in degree days above a base temperature of 82C)
during which the plant is not responsive to changes in

COEFF DEF[INITIONS
VARE
VAR-NAME Name of cultivar
ECO$
Pl
photoperiod.
P2

Extent to which develcocpment (expressed as days) is delayed for
each hour increase in photoperiod above the longest photoperiod




Examine the Cultivar File ...

I_I= DS5SA TV Version 4.0.1.0

File Data Model Analysis Help

[Tnew ~| & & | @A+

D5S5SATv4 - Maize Genotype Data

Wiew File

(- ¢ Models
i Analysiz
Eli [ ata

Crop Management Crata

qu. ----- D Clirnate
e T Generated

EI . Genetics
== . Eereala

Graphical Display

ErE - | EA|E

v E5 MZCERD40.CUL
[ |55 MZCERD40.ECO
[] 55 MZCERO40.5PE
[] &5 MZCER980.CUL
117 MZCERS80.CUL.OLD
[] |55 MZCERS80.5PE




Examine the Cultivar File ...

I MZCERD40.CUL - Bloc de notas

Archive Edicién  Formate  Ver Ayuda
*MAIZE CULTIVAR COEFFICIENTS: GECERO40 MODEL
I

'The P1 values for the varieties used in experiments IBWAS301 and
'"UFGA8201 were recalibrated to obtain a better fit for version 3
'of the model. After converting from 2.1 to 3.0 the varieties
'TE0035, IBD060, and IB0O063 showed an earlier simulated flowering
'date. To correct this, the Pl values were recalibrated.

'The reason for this is that there was an error in PHASEI 1in
'version 2.1 that had TLNO=IFIX{CUMDTT/21.+6.) rather than
'TLNO=IFIX{SUMDTT/21.+6.); see p. 74 of Jones & Kiniry.

'-walter Bowen, 22 DEC 1994.

I

1A11 G2 values were increased by a factor of 1.1 for Ritchie’s
'change to RUE -walter, 28 DEC 1994
I

COEFF DEFINITIONS
VAR# Identification code or number for a specific cultivar
VAR-NAME Name of cultivar
ECO# Ecot¥pe code or this cultivar, points to the Ecotype in the
ECo Tile (currently not used).
Fl Thermal time from seedling emergence to the end of the juvenile

I

I

I

I

I

I

!

! phase (expressed in degree days above a base temperature of 8oC)
! during which the plant is not responsive to changes in

! photoperiod.

I p2 Extent to which development (expressed as da¥s) is delayed for
! each hour increase in photoperiod above the longest photoperiod
! at which development proceeds at a maximum rate (which is

! considered to be 12.5% hours).
I

I

I

I

I

I

I

I

I

I

I

I

I

I

PS5 Thermal time from silking to physiological maturity (expressed
in degree days above a base temperature of 8oC).
G2 Maximum possible number of kernels per plant.
G3 Kernel fil1ling rate during the linear grain filling stage and
under optimum conditions %mg/day).
PHINT Phylochron interval; the interval in thermal time (degree days)
between successive Teaf tip appearances.
PIO Pioneer
AS ASEFGW {Monsanto)
DK pekalb (Monsanto)
LH Holden (Monsanto)
c,/LoL Land of Lakes
BVAR# VENAME.......... ECO# P1 p2 P5 G2 G3 PHINT
! 1 2 3 4 b 5]
PCO0O01 2500-2600 GDD IB0001 160.0 0.750 780.0 7530.0 8.50 49,00
PC0002 2600-2650 GDD IB0001 185.0 0.750 850.0 800.0 8.50 49.00
PC0O002 2650-2700 GDD IB0001 212.0 0.750 850.0 B800.0 8.50 49.00
PC0O004 2700-2750 GDD IB0001 240.0 0.750 850.0 B800.0 8.50 49.00
PC0O005 2750-2800 GDD IB0001 260.0 0.750 850.0 B00.0 8.50 49.00




Examine the Weather File ...

B 01B35301.WTH - Bloc de notas

Archivoe Edicien  Formate  Ver Ayuda
*WEATHER DATA : 01b3

@ INSI LAT LONG ELEV TAV AMP REEFHT WNDHT
W RE 33.300 -B84.300 300 -99.0 -99.0 -99.0 -99.0

@DATE SRAD TMAX TMIN RAIN DEWP WIND PAR
53001 1.7 9.1 -1.0 0.0
53002 0.0 3.9 0.8 0.0
53003 0.0 4.8 2.0 0.5
33004 0.2 2.8 -0.3 0.0
33003 0.0 7.4 1.4 0.0
33006 6.2 11.3 0.4 0.0
33007 e.4 10.0 -1.2 0.0
53008 0.0 5.5 1.5 0.0
53009 0.0 6.0 2.1 0.0
53010 0.0 10.1 5.7 0.0
53011 5.9 10.5 5.5 0.0
53012 0.0 7.3 5.6 0.0
53013 0.0 8.3 3.5 0.0
33014 0.0 9.6 5.2 0.0
53015 0.0 /.8 4.5 13.1
53016 0.0 5.8 2.7 0.3
53017 0.0 5.5 0.9 5.4
53018 0.0 5.2 0.9 0.7
53019 4.9 4.5 -3.6 0.0
53020 0.0 4.9 1.3 0.0




Program to Generate Weather Data ...




Modelling Crop Responses to Changes in Climate and Management DSSAT

————————————————————————————————————————————————————————————————————

' Databases | Models | Applications :
sol validation
. ST sensitivity |
: experiments & analysis
; genetics t | |
i mahagemen ‘-\crop rotation |
. economics (sequence)
i spatial
pests | | analysis |



Program to Generate the Experiments ...

XBuild

Version: 4.01.0

Developed by:

Agricultural and Biological Engineering Department The
University of Florida

Central Lab for Agricultural Climate Eqypt Ministry of
Agriculture and Land Reclamation

Department of Biological and Agricultural Engineering
University of Georgia

International Consortium for Agricultural System Applications

Creating Crop Management Files for Documenting
Experiments and Simulating Crop Growth and Yield

e LINIVERSITY OF
% FLORIDA
IFAS

- -

:I m x| The University uf Georgia
5, r

il

ICASA

Supported by USDA-FAS Project: integrated Grop Managemoant lnformation Systom




The Experiment File can also be Edited Using a Text Editor (Notepad) ...

3 DSSATw4 Version 4.0.1.0

File Data Model Analysis Help
[ TiNew ~ | & & | @AEn + | ol
DSSATv4 - Maize

=-§d Cereals

nfi
i

m- 117 MOLTMZ15.M2Zx
w117 MOLTMZ16.M2Zx
w117 MOLTMZ17.M2x
w117 MOLTMZ18MZx
w117 MOL2MZ11. MZx

= _
q % ff;;fm - O MOLZMZ12.MZx,
- -7 MOL2MZ13 M2

Crop Management Data

Graphical Display S ;egttdrges 5 D1 MOL2MZ14MZX
- Dﬁlclérclprlzps DE‘ MOLZMZ15 M2

m -k Yegetables DE‘ MOLZMZ16MZ

_' Fiber bl [ MOL2MZ17. M2

Soil Data k2 Forsges - C10 MOL2MZ18. M2
-3 Fruit Crops DE‘ MOLSMZTT.MZ

o B Various bl I MOL3MZ12.MZX

.1 Analysis - [ MOL3MZ13MZX

Experimental Data 51 Data -1 MOL3MZ14.MZx

- 117 MOLIMZ15.MZx
- 117 MOLIMZ16MZx
-fﬁ\ - L1 MOL3MZ17.M2
- 117 MOLIMZ18 M2
-1 51429501 M2
IZIl'E} 514Z9601 M2
Tl d TES THZ00 M2
Dl‘E‘;\ UFGAB201MZx

B i L B [

Weather Data




Moldova World Bank Using DSSAT

-

MOLDOWA
ENOTES

MOLDOWVA WORLD BANK STUDY, 2010

*TREATMENTS
BN

[N

FRERERRRERRRRRRRRRRRRED

[Te) v Rl s WV, FER NN
OOoOo0000000000000000

OO0 000000000000

*CULTIVARS
BC CR

C TNAME
04BR
1650
0aCA
15RI
0leaA
13FAa
03BR
11co
12pu0
09Co
02BA
08CH
18TI
14LE
17sT
10Co
07CE
0 05CA

INGEMNO CMNAME

1 MZ 990002 medium

*FIELDS

01BA0001
028A0001
03BROOCOL
04BRO0OL
05CAQ001
06CAQ00L
07CEQOOL
0BCHOOOL
09Co0001
10Co0001
11co000l
12pu0001
13FAQ001
14LEQOQOL
15rRI00O0L
16500001
175710001
18TI0001

=]
(o) Rl TE RSN ol o

ID _FIELD

W5TA. ...
01BA5301
02BA5301
03BR53301
04BR5301
05CA5301
06aCA5301
O7CES301
08CH53301
09C0o5301
10Co5301
11co5301
12pu5301
13FA5301
14LES301
15RIS301
16505301
17575301
18TI5301

Lo e e e e e o e e e e [

FL
4
16
G
15
1
13
3
11
12
9
2
8
18
14
17
10
?

2 e

SA

o0

COoOo00000000000000

Type of varlety
Where? Weather, soil

FLSA
-99
-99
-99
-99
-99
-99
-99
-99
-99
-99
-99
-99
-99
-99
-99
-99
-99
-99

FLOB

CO000O0000000000000

FLDT
DROOCO
DROOCO
DROOCO
DROOCO
DROOCO
DROOCO
DROOCO
DROOCO
DROOCO
DROOCO
DROOCO
DROOCO
DROOCO
DROOCO
DROOCO
DROOCO
DROOCO
DROOCO

FLDD

CO000O0000000000000

IC MF MI

FRERRRRERRRERRRRRRR R

PR R R R R R R R R R

FLDS

o0

o000 00000000000

COoO0D000000000000000
FRERERR R R R

FL5T
Qo000
Qo000
Qo000
Qo000
Qo000
Qo000
Qo000
Qo000
Q0000
Q0000
Q0000
Q0000
Q0000
Q0000
Q0000
Q0000
Q0000
Qo000

FRERERR R R R
[slalalslelalalalalalalelelelelele]el

SLTX
-99
-99
-99
-99
-99
-99
-99
-99
-99
-99
-99
-99
-99
-99
-99
-99
-99
-99

COoOo0000000000000000

COoOo0000000000000000

SLDFP

a0
a0
a0
a0
a0
a0
a0
a0
a0
a0
a0
a0
a0
a0
a0
a0
a0
a0

MF MR MC MT ME MH 5SM

o0

COoO0D000000000000
FRERERR R R R

ID_S0OIL

IBMLOOOS90
IBMLOOOS90
IBMLOOOS90
IBMLOOOS90
IBMLOOOS90
IBMLOOOS90
IBMLOOOS90
IBMLOOOS90
IBMLOOOS90
IBMLOOOS90
IBMLOOOS90
IBMLOOOS90
IBMLOOOS90
IBMLOOOS90
IBMLOOOS90
IBMLOOOS90
IBMLOOOS90
IBMLOOOS90

7~
(€)
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—

bl

*INIT

WYURINUTRVIN W

TAL
PCR
MZ

ICEL

5
15
30
45
a0
90

CONDITIONS
ICDAT ICRT
53120 1200
SH20 SMH4
0.262 0.5
0.262 0.5
0.262 0.5
0.262 0.2
0.262 0.2
0.261 0.2

Initial conditions

ICND
-99
SNO3

NUJW#LP#
mmmwhmm

ICRN
1.00

ICRE
1.00

Moldova World Bank Using DSSAT

Planting details (date, depth, density)

HPLANTING DETAILS
@P PDATE EDATE FRPOP FPOE FLME FLDS PLRS FLRD FLDP PLWT PAGE FPEMNW FLFH
1 53130 -499 5.0 5.0 S R O 5.5 -4949 -99 -99.0 -99.0
B@F FDATE FMC D FaCD FDEP FaMM FAaMP FAME FamMC FAMO FOCD

1 53120 FEQOOL -499 15 0 0 ] 0

~RESIDUES AnD oTHER oraanic materzaLs Fertilizers organlc (type, date, depth, amount)
R RDATE RCOD RAMT RESHN RESF RESK. RIMNP RDEP

1 53120 Re001l 1000 1.10 -4949 -949 qu _15

~environvental wonzrzcarzons NV Modifications
B@E QDATE EDAY ERAD EM.AS EMIN ERATIN ECO2 EDEW EWIMND

1 53001 A 0.0 A 0.0 A Q0.0 A 0.0M 1.0 A O a Q0.0 A 0.0

«smuLatIon controLs Oimulation controls
BN GEMERAL MNYERS NREFPS START SDATE RSEED SMAME. @ & v i i d d i f v s s mmmmnms

1 GE 1 S 53120 2150 mzZ
EN QOPTIONS WATER NITRO 5YMBI PHOSP POTAS DISES

1 op A hd M M M M

BN METHODS WTHER IMNCON LIGHT EVAPO INFIL PHOTO

1 ME M M E 24 5 C

BN MANAGEMENT P%;NT IRRIG FGHR RESID HARWVS

1 ma 24 R !‘IHI!F M M

EN QUTPUTS FMNAME OWYWEW 5 = ROPT GROUT CAQUT WAOUT NIOUT MIOUT DIOUT LONG
1 ou A hd i 5 M M hd M M M M

<: @ AUTOMATIC MAMAGEMENT :>
AST PHZ20OL PHZ20U PHZ20D PS5TMX PSTMN

1 PL 100 150 40 100 30 40 10

BN IRRIGATIOM IMDEFP ITHEL ITHRU IROFF IMETH IRAMT IREFF

1 IR 50 80 100 Gs000 IROOL 10 1.00

EN NITROGEM MNMDEP MNMTHR MAMNT WNCODE NAODFF

1 NI 15 20 10 FEQQOL Gs000

BN RESIDUES RIFCWM RTIME RIDEF

1l RE 100 1 20

@M HARWEST HFRST HLAST HPCNP HPCHMR

1 Ha 4] 365 100 0

o X
¢ (C: N
v v
%5. Ay



To Run the Model

[} DSSATv4 Version 4.0.1.0 |L|_E”_x__|
Fie Data Model @Analysis Help Run the crop models

‘ Hf—L]Hm '| ‘b & |_]aﬂu g als
| - DSSATv4 - Rice

7 B AEmETL@Y R
7 .Eiri:lsb = M Experimerts A
o> - = @ DTSPE502RIX 3
m f-_'i M:::: = ﬁ/ Treatments
Crop Management Data = Rice 3 I (3 [1] 0-D-0NPK 4
.'-_—"'F Sorghum i [3 [2] 38 kg ha-1 of applied N '
& <ol | I (@ (3] 75 kg ha1 o applied N |
m 3 _ [ [41113kghal of applied N~
h Hmt i 5 [ [ (51150 kg ha-1 of applied N
;I il Crops - [ [3 (61188 kg ha-1 of applied N
;I @ Vegetables o 158 Esperimental Data
& Fiber = M= IRMZBE01.RIX
5B Foages = & Treatments
:I = FruitErnps i E'B’ (1] Control O N
L ol voes @Il | | OB ESkNusn g
11:33:42 AM Run the crop models y

—

(;—E@
e

<



To Run the Model (continued)

Lt DSSATv4 Version 4.0.1.0
File Data Model Analysis  Help

= 1 Modek Rl - RV

=-@ Pi’?:le = 7 Experiments - |
L3 Barey =¥ DTSFE502RIX

. i 8 DSSATv4 Simulation
Crop Managenent Diata

Model |.-'-‘-.nalysis|
%ﬂ_ - Crop |HiCE -
i [HSFJTE::TH iy Expeiment ||HMZBED1 Rl= - D

- -

o [1] 0-0-0 KPE, A

[2] 38 kg ha-1 of applied M

el [3] 75 kg ha-1 of applied M = Froperties

% i Tk et el ®

& [] [51190 kg ha-1 of applied M B + Select Al

r [] [6]1188 kg ha-1 of applied M
. g [1] Cortrol O M @ Unselect 41
(1 [2135 kg M az wreal2/318 0T vy '@ Bun Model
1Z2:42:56 FM BEEEESSE:E E! [~ Run sensitivity analpsiz

DTSPE502 R |




To Run the Model (continued)

Fle Data Model Anabvds Hep
UMNew = | T 4 - il

i ‘“ = Model: -+ C:\DSSAT4\DSCSMO4D. EXE
= i Coreds

_ " Barky
a_' !-’ 7 AT ] LKl FLO MAI LOFWD SBEELDW HALIM LIHE CEL  FEYW 1IHWUF
K dap dap kysha kgsha mim niF Nl v Ry ha
_ 1 62 SR 57AA 2486 495 62 1R9 @ 56
Modsl | frajsis | = :,:_ 91 - 6z :-«::: : ::f :::1 _“H I
: i 53 BE 13 782 I 154 &5 g
Ciop Fice . : 54 86 11359 6268 13 35 152 112 3
Experimes) | IARZEE00. A
w| 1] 0400 WP
Wl |21 38 kg hal ol &
¥ [ 75 kg hal ol e
Feament | 11413 by ol of
[]
1 |6] 188 kg ha-1 of appied H

[51 150 kg ha-1 of e J

W] 1] Conirad 01 H :
i Flun Mode!

T 121 3B kg M o pea 23R 0T oF
I Runzeashivip anakhss

‘nrsﬁe'iua Rt

(=1 L
OTSPRSHE R -...

DT erso Des

X Cance |




View the Results ...

}+ DSSATv4 Version 4.0.1.0

File Data Model Analysis Help

JTjNew '|% [k |Bun '|'L

iert Data

--|j Sorghum
|_‘T Wheat
Legumes
Root Crops
0il Crops
Wegetables
Fiber
Forages

Fruit Crops

Sail Data

: Analysis
erimental Data : Diata

Ratational

Accessoties
Litilties

Reference
My Shortcuts

[ MOLIMZ16.00v
[ MOLMZ16.05T
[ MOL3MZ16.05U
[ MOLIMZ1E.05W
[ MOL3MZ17.0ET
[ MOLIMZ17.0EY
[ MOLIMZ17.00v
-] MOL3MZ17.05T
[y MOL3MZ17.05U
[ MOLIMZ17.05W
[ MOL3MZ18.0ET
[y MOL3MZ18.0EY
[ MOLaMZ18.00v
[ MOL3MZ18.08T
- [ MOL3MZ18.050
-1 MOLIMZ18.05W
D Soiv/atBalouT

-] TESTMZO0.0ET
- []y TESTMZOD.OEY

Plot the
results

.OSU

Summary

*EUMMARY

IIDENTIFIERS

[c] DITHNO TRMO Df Of C#f
A 1 1 o 0
z 2 1 0 0
3 3 1 0 0
4 4 1 0 0O
5 & 1 0 0
& & 1 0 0O

TESTHZOOME BASE CLIMATE

............................................. DATES s o
THAM FNAM ZDAT TDAT AT,
04ER BASE M2 O4BROO0L 15953120 1353130 15E2Z

1630 EASE M2

ol

ol 1esS00001 1853120 1353130 13532
OeCA EASE MZ D

e

I

]

QECADOOL 1253120 1253130 19532
15RTO0O01 1253120 1553130 19532
0lBAOOOL 1253120 1953130 19531
13FA0001 1953120 1953130 19531

15RI EASE M2
O1BA EASE M2
13FA BASE ME




View the Results continued

Browse for Files

) Cowpea
) Cropl
) Crop2

() Dybean
) Econarmic

(7)) FabaBean
) Fallow
) Genatype
) Images
) |Maize

g

+-|.7) Documentation

=1 MAIZE [OLD EXF FILES

| >

|

%] MOL3MZ1805U
®] MOLIMZ12.054W
%] Seitw/atBal OUT
%] TESTMZ00.0ET
%] TESTMZ00.0EY
%] TESTMZ00.00v
|®] TESTMZOO.05R
ba] TESTMZ00.05T

B

TESTMZ00.050U

=B

=] TESTMZ00.054W
@ “Warning. DT

TESTMZ00.05L

oy

ﬂ Cancel




Choose the variables to plot

Seasonal Analysis : C:ADSSAT4\WMaizeXTESTMZ00. 0SL

File Help
|2 =
Analysiz Biophysical Analyziz
- . =
g Anthesiz date A~ = i
i[l'l'l [] Byproduct kgtha =~ @ Wiew Summary Data
Biiiay al [] Tops M katha &

E Eﬁz upvtkfsrﬁa — Plot Parameters

= [l Drainage mm Gaph Type
[[] Sowing vt katha i

Economic D ET tatal mm = F B oes-Flat

Grain N kasha = Cumulative Function Plot I Plot
S E::;:: g::[:lrit " Meanarance Plat
[] Harvest date
[] Har vield kgtha - 04BFR BASE MZ D =
[] Mat yield kg'ha 1650 BASE MZ D pe
[ weight g unit OBCA BASE MZ D 4
[ Iig apps # 15RI BASE MZ D 3
Irrig rm 0184 BASE MZ D -
[ Maturity date 13F4 BASE MZ D
[] M fized kath 03ER BASE MZ D
[] MAPPLICATION # 11C0O BASE MZ D
st o , ||mmusso g

[ TatM anm katha
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Modelling Crop responses to Changes in Climate and Management DSSAT

————————————————————————————————————————————————————————————————————

\----------f---------—’

| databases | models | applications
E soll validation

. weather sensitivity

: experiments & analysis

| genetics t _

| managemen crop rotation
. economics (sequence)
| spatial
pests | . analysis



Sensitivity analysis

AU SR
analysis

J?jNew vlﬁ. 13 |ﬁun -
| i1 DSSATv4 - Maize

= ; Models

Cereals
¥ Barley
[ Maize

Bt (B E

-7 MOL3MZ15.MZX ~

-7 MOL3MZ16 M2

-7 MOL3MZ17 M2

7 MOL3MZ18.MZx

-7 TESTMZO0.MZH

= Treatments

o B legumes |7 g [1]04ER BASE MZ D
----- [2]11650 BASE MZ D

E E;Etriips ----- [ [3 [3] 06CA BASE MZ D

o B Vegetables | [ [@ [4]15R1 BASE MZ D

..... Fiber [ [@ [5]01B& BASE MZ D

w-fd Foages | 7 [ [ [6]13FA BASE MZ D

ages | [ [ [7]03BR BASE MZ D
# i FuitCrops | [ (@ [2] 1100 BASE MZ D

(i

-2 Legumes

i Ell'aﬁzilous ----- [ [ 1311200 BASE MZ D
P S tewena | [ [ [10] 0300 BASE MZ D
_____ 5 coquence [ [11] 0284 BASE MZ D

st I S B [ [@ [12] 08CH BASE MZ D
q ot A [ @ [13]18TI BASE M2 D
----- [ [@F [14]14LE BASE MZ D

----- [} Sail
""" O g" [15] 175T BASE MZ D
g: \g;a;:z; ----- O] [ [16]10C0 BASE MZ D
w @ Economics | [ [@ [17107CE BASE MZ D
..... 5 fots L[ [18] 0504 BASE MZ D @
+*EXP_DETAILE: MOLDOWA M2 EASE CLIMATE -
*GENEERAL
RPEOPLE
T a = S s A. IGLESIAS
Accessories @ADDRESS
Litilitie= UPM, ESPAIN
RAEITE
Reference MOLDOVA
My Shortcuts ANOTES -




e CADSSATANDSCSMO40. EXE

MAMAGEMENT ~ SEMSITIVITY AMALYSIS

The options which follow relate to the initial
experiment and treatment you selected. These

default values allow vou to validate the simulation
rezultz. To evaluate alternative management strategies
or make tactical or strategical deciszions,. you can
modify or change the default values.

If you choose not to change any of the default values.
press the EMTER key in response to the guestions.




e C:ADSSATADSCSMO40.EXE

MANMAGEMENT .~ SENSITIVITY ANALYSIS OPTIONS

RETURH TO THE MAIN MENU

Simulation Timing
Crop

Cultivar

Heather

Soil

Initial Conditions
Planting

Harvest

a
1
2
3
4
5
b
7
8
9

Mitrogen
Phozphorus

Rezidue

Pests and Diseases
Field

b ek
S
] ]

APR 38 1953

MAIZE MZCERA48.5PE MZCERHA48.CUL
MEDIUM SEASON MAT = @
H4BR OBSERUED WHOD:=N
IBMLAAA9A -99

A% REPORTED

MAaY 18 1953 ROW SP: 15. PLANTS/mZ:
AT HARUEST MATURITY

5.88

Water and Irrigation .... OM REPORTED DATE<S>

AUTOMATIC N-FERTILIZER AP
N-A

NO RESIDUE APPLICATION
PEST & DISEASE INTERACTION MOT SIMULATED

HO N-FIa SIMUL.

Crop Process Options .... H2B:R HIT:Y N-FIK:N PEST:N PHOTO:C WTH:M ET:R

Output Control
SELECTION 7 [Default

L OUU:-Y SUM:Y¥ GROWTH:MN HZB:Y¥Y NIT:N PEST:N




e CAADSSATANDSCSMO40. EXE
MANAGEMENT ~ SENSITIUITY ANALYSIS OPTIONS

RETURN T0O THE MAIN MENU

Simulation Timing APR 3@ 1953

Crop MAIZE MZCERA48.5PE MZCERBA4Hd.CUL
Cultivap MEDIUM SEASON MAT = @

lleather HB4BR OBSERUVED WMOD:N

Soil I BMLAAA?78 29

Initial Conditions AS REPORTED

Planting MAY 168 1953 ROY SP: 15. PLANTS/m2: L.HA
Harvest AT HARUVEST MATURITY

later and Irrigation .... ON REPORTED DATE<S>

Mitrogen AUTOMATIC N-FERTILIZER AP NO N-FIX SIMUL.
Phosphorus MR

Rezidue MO RESIDUE APPLICATION

Pests and Dizeaszes PEST & DISEASE INTERACTION NOT STMULATED

Field

Crop Process Options .... H2B:R NIT:¥ N-FIK:N PEST:N PHOTO:C WTH:M ET:R
Output Control FREGQ: 5 OUU:¥ SUM:¥ GROWTH:M H28:%¥ NIT:MN PEST:N

SELECTION 7 [Default =

5
1
2
3
4
5
6
Fy
g
9

o
8~
n ]

[
(TL]
1

[y
(=p Wy |
[ ] 1

Pleasze enter Bun 1 name




Grain N at maturity <x) 1.7
Tops weight at anthesis (kg [dml‘ha 3314
Tops N at anthesis (kg-/ha> 44
Leaf number per stem, maturity 21.85
1 :  bhase ... Press ¢ ENTER »> key to continue

Maize YIELD : 354 kg/ha [DRY WEIGHT]

Do you want to run more simulations 7
Y or N7 [Default = "N"] ===

(@)
(C)

L N 4
DL




MANAGEMENT ~ SENSITIUITY ANALYSIS OPTIONS

. RETURN TO THE MAIN MENU

Simulation Timing APR 38 1953

. Crop MAIZE MZCERA4@.5PE MZCERA4@.CUL
. Cultivap MEDIUM SEASON MAT = @

Weather H4BR OBSERUED WMOD:N

Soil I BHLBBA?9A -99

Initial Conditions AS REPORTED

. Flanting MAY 18 1953 ROW SP: 15. PLANTS/m2: G5.00
. Harvest AT HARUVEST MATURITY

. Water and Irrigation .... OM REPORTED DATE(S>

. Nitrogen AUTOMATIC W-FERTILIZER AP NO N-FI¥ SIMUL.
. Phosphorus MR

. Residue NO RESIDUE APPLICATION

. Eqsiﬁ and Diseaszes PEST & DISEASE INTERACTION NOT SIMULATED

. Fie

. Crop Process Options .... H2B:BR MNIT:Y N-FIX:N PEST:N PHOTO:C WTH:M ET:R

SELECTION 7 [Default = B]\===> 4

]
1.
2
3
4.
L.
b.
?
g
7




or C:\DSSATAADSCSMO40. EXE

WEATHER DATA SELECTION AND MODIFICATION

. Return to Main Menu

. Recorded/Simulated Data [ OBSERUED DATA

. Weather Data Selection [ A4BR5381.UTH

. Weather Data Path [ C:xDESAT4\Weathers
. Enter Heather File Mame Interactive.[ B4BRG3IA1.UTH

. Weather Data Modification

SELECTION ? [ Default =8 { === §




o C:\DSSATAADSCSMO40. EXE

SELECT/REVISE WEATHER UARIABLES:

RETURN OFFSET MULT. UALUE
Photoperiod (Daylength) 0.88

Solar Radiation H.00

Maximum Temperature H.88

Minimum Temperature A.08

Rainfall H.00 .

Carhon Dioxide A.08 B8 330.08
Humidity {dew point> H.88 .88

Wind speed H.88 .88

Relative adjustments of C02 from a bhase value of 338. ppm.

PFD and Solar Radiation automatically changed together.

CHOICE ? £ Default = B >(===3 3




Select modification option. then enter amount:

NO CHANGE ¢{ ambhient conditions 2>
Additive Change ¢ 3.8 3 higher >
Subtractive Change ¢ 3.8 3 lower 2
Multiplicative Change ¢ 1.2 28x higher >
Consztant Ualue ¢ 188 constant of 168 >

<==z CHOICE? < Default =8 >




SELECTREVISE WEATHER UARIABLES:

RETURN OFFSET MULT. UALUE
Photoperiod (Daylengthl a.88 1.688
Solar Radiation A.6aa 1.88
Maximum Temperature L.HA4 1.688
Minimum Temperature L .04 1.688
Rainfall A4.48 1.88
Carbhon Dioxide A4.48 1.88 330.88
Humidity <dew point? d.88 1.688
Wind speed #.88 1.688

Relative adjustments of C02 from a base value of 338, ppm.

PFD and Solar Radiation automatically changed together.

CHOICE 7 < Default = A




View the Results ...

i+ DSSATy4 - Maize |
e @ ®
----- [l MOL3MZ16.00V ~
----- [l MOL3MZ16.05T B
----- [ MOL3MZ16.050
e [ MOL3MZ16.05w
I e S I = [y MOL3MZ17.0ET
m I e Dt I = [y MOL3MZ17.0EY
s Lo UES [ MOL3MZ17.00v
Graphical Display ) S © il kY I [y MOL3MZ17.05T
----- [y MOL3MZ17.050
----- [ MOL3MZ17.05%
----- [ MOL3MZ18.0ET

Crop Management Data

Root Crops

Oil Crops
YWegetables
Fiber

""" iy MOL3MZ18.0EY

Fosges | 16 MOLAMZ18 00V

v [1 MOL3MZ18.05T

[.]j Analsis Da MOL3MZ18.050

rimental Data rF Seasonal | [y MOL3MZ18.05w

[ F Sequence | [y SofwatBalOUT

(O Sequence L (1 TESTMZO0.0ET
7{}\ -9 [D:Iat: patial [y TESTMZO0.0EY . 0 S U
Wizather Data S .
west o8 Eerznes Summary
E:tr;':'m":S ----- [y warming OUT res u Its E

N I TESTMZ00.050
Genetics S
FEUMMART : TESTMZOOME BASE CLIMATE

FIDENT I IR . . o o ot e e e e e e DATES. . ...
@ BITHHO TENO R Of C# CR TNAM FHAM SDAT

Cictional oaiaic 1 1 1 0 0 MZ base 04BRO00L 1953120 19

ACCESSONEs E 1 1 0 0ME +5 04BRO00L 1953120 19
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View the Results ...

& TESTMZ00.0SU - Bloc de notas
frchivo  Edicidn Formato  Mer  Avuda

*STHMARY . TESTMZOOMZ BASE CLIMATE

DSSAT Cropping Svsten Hodel Ver. 4.

I TDENTIFIERS

DRY WEIGHTS
@  RUOWHC  TRENO RE& Of C¥ CR THAHM

FDAT ADAT MDAT HDAT DuWwAP CWAM HWAM HW!
1 1 1 0 0 MZI base 0D4BEO001 1953120 1953130 1953205 1953225 1953225 -99

04BROOO01 1953120 1953130 1953186 1953216 1953216 -99

3748 354 3k
2 1 1 0 0 HMZ+5

4184 1015 101

N
4 Y
V(C:V
5&; 44?

131



United Nations Framework Convention on Climate Change
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Climate Change, Agriculture, and Food Security

»Climate change is one stress among many
affecting agriculture and the population that

depends on it.
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Multiple Interactions, Vulnerability and Adaptation

Economic,
social,
emographic,

Mozambique, floods

Systems and
social
groups that
need to
adapt
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Multiple Interactions: Stakeholders Define Adaptation

Civil
stake-
hoIr




Multiple Interactions

B Climate change is one stress among many now
affecting agriculture and the population that

depends on it

a) Integration of results is essential to formulate

assessments relevant to policy
B Potential future consequences depend on:

a) The region and the agricultural system
[Where?]
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Where? Systems and Social Groups

Coffee production, Kenya




How Much? Climate and SRES Scenarios

HadCM2 model, 2050s

SRES Scenarios
Temperature change

SRES A2

Economic
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What Happens in Response to Change?

*Adaptive capacity (internal adaptation)
*Planned adaptation.




Limits to Adaptation

B Technological limits (e.g. crop tolerance to water-
logging or high temperature; water reutilization)

B Social limits (e.g. acceptance of biotechnology)

M Political limits (e.g. rural population stabilization
may not be optimal land-use planning)

B Cultural limits (e.g. acceptance of water price and
tariffs).




Differences Between Developed and Developing Countries

Potential change (%) in national cereal yields for the 2080s (compared with 1990) using
the HadCM3 GCM and SRES scenarios (Parry et al., 2004)

Scenario A1TFI A2a A2b A2c A2c B1a B2b
CO, (ppm) 810 709 709 709 527 561 561
World (%) -5 0 0 -1 -3 -2 -2
Developed (%) 3 8 6 7 3 6 5
Developing (%) -7 -2 -2 -3 -4 -3 -5
(I?)/e;/eloped — Developing) | 10 10 8 10 7 9 9
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Additional People at Risk of Hunger

Additional Millions of People

2020 2050 2080

I Unstabilised
[] Stabilised at 750ppmv
[ Stabilised at 550ppmv

Parry et al., 2004
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Additional People at Risk of Hunger (continued)

« Overall, the potential for additional people with risk
of hunger is greater with the “unstabilized”
scenario, although there are decadal variations.

a) In all decades, the “unstabilized” scenario
is the warmest

b) In the 2020s, the warming is beneficial for
aggregated crop production

c) In the 2080s, the warming exceeds the
threshold of optimal crop tolerance in many
low latitude regions with more people at
risk.
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Interaction and Integration: Water

Additional population under extreme stress of water shortage
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Conclusions

B Although global production appears stable, regional
differences in crop production are likely to grow
stronger through time, leading to a significant
polarization of effects with substantial increases in
prices and risk of hunger amongst the poorer nations

B Most serious effects are at the margins (vulnerable
regions and groups such as women and children).




Methods, Tools and Datasets

* The framework
 The choice of the research methods and tools
a) Demand-driven methods: responding to
stakeholders

b) Key characteristics, strengths, weaknesses
c) Examples

« Datasets: sources, scales, reliability




Frameworks

B Adaptation Policy Framework (APF), US Country
Studies, IPCC, seven steps

B All have the essential common elements:
a) Problem definition
b) Selection and testing of methods

c) Application of scenarios (climate and socio-

economic)

V@Qj Evaluation of vulnerability and adaptation
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Demand-Driven Methods

B Need quantitative estimates:
a) Models are assisting tools

b) Surveys are assisting tools for designing

adaptation options

B Key variables for agronomic and socio-economic
studies: crop production, land suitability, water

availability, farm income, ...




Quantitative Methods and Tools

Experimental

Analogues (spatial and temporal)
Production functions (statistically derived)
Agroclimatic indices

Crop simulation models (generic and crop-specific)

Economic models (farm, national, and regional) —
provide results that are relevant to policy

Social analysis tools (surveys and interviews) —
allow the direct input of stakeholders (demand-
driven science), provide expert judgement

B Integrators: GIS.



Experimental: Effect of Increased CO,
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I\Jear Phoéﬁx, Arizona,
scientists measured the growth
of whedt surrounded by
elevated levels of atmospheric
CO,: The study, called Free Air
Carbon Dioxide Enrichment
(FACE); is to measure CO,
effects on plants. At the time of
writing, it was the largest

_ experiment of this type ever
http://www.whitehouse.gov/media/gif/Figure4. gif undertaken
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