Experimental

Value

Spatial scale of results

Season to decades

Time to conduct analysis Site
Data needs 4t05
Skill or training required 1
Technological resources 4105
Financial resources 4t05

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

Examples: growth chambers, experimental fields.




Analogues: Drought, Floods

egetation Health
Surface:Condition
2 Mag20 w0

Stress  Favorable

Africa vegetation health (VT - index)
Vegetation health: Red — stressed, Green — fair,

(C) Source: NOAA/NESDIS



Analogues: Drought

Wheat yield in Spain
100% - _

< @ high
S 80% - B medium
Q0 H low
> 60% -
©
£ 40% |
O
©
9 20% -
DL-

0% -

All Dry Normal Wet




Analogues (space and time)

Example: existing climate in another area or in previous time

Value
Spatial scale of results Decades
Time to conduct analysis Site to region
Data needs 1to 2
Skill or training required 1t03
Technological resources 1t03
Financial resources 1to 2
Range for ranking: 1 (least amount) to 5 (most demanding).




Production Functions

Dryland Yield (kg ha-1)

Statistically-derived functions (Almeria — Wheat)

Yield

8000

* Dryland Yie

Irrigation demand

g

g

Irrigation (mm)
g

8

“ Imigation
® Predicted Values

o

® Predicted \ 450 <100 50 0 50 100 150

Yr PP Change (%)

(Source: Iglesias et al., 1999)



Production Functions

Example: derived with empirical data.

Value

Spatial scale of results

Season to decades

Time to conduct analysis Site to globe
Data needs 2to4
Skill or training required 3to5
Technological resources 3to5
Financial resources 2to4

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




Agroclimatic Indices

Length of the growing periods (reference climate, 1961-1990).
(IIASA-FAO, AEZ)
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Agroclimatic Indices

Value

Spatial scale of results

Season to decades

Time to conduct analysis Site to globe
Data needs 1t03
Skill or training required 2to3
Technological resources 2t0 3
Financial resources 1t03

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

Example: FAQO, etc.




Crop Models

—
=

Based on

Understanding of plants, soil, weather, & N »

management PN $

Carbon\
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Models — Advantages

B Models are assisting tools; -stakeholder interaction
IS essential

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

a) Improve planning and decision-making

b) Assistin applying lessons learned to policy
Issues

B Models permit integration across scales, sectors
and users.
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B Models need to be calibrated and validated to
represent reality

B Models need data and technical expertise

B 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 5

Technological resources 4105
Financial resources 4t05

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

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

N
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Economic Models

B Consider both producers and consumers of
agricultural goods (supply and demand)

B Economic measures of interest include:
a) How do prices respond to production amounts?

b) How is income maximized with different
production and consumption opportunities?




Economic Models (continued)

B Microeconomic: Farm
B Macroeconomic: Regional economies

B All: Crop yield is a primary input (demand is the other
primary input)

B Economic models should be built bottom-up.




Farm Models — Differences

Small holder farmer

Commercial farmer

Strategy of production

Stabilize food production

Maximize income

Risk

Malnutrition and migration

Debt and cessation of
activity

Source of risk

Weather

Weather, markets and
policies

Non-structural risk -
avoidance mechanisms

Virtually nonexistent

Insurance, credit,
legislation

Inputs and farm assets

Very low

Very significant

Price of food crops

Local for primary crops and partially
global for industrial crops, with some
interference by governments

Global with some
interference of policies




Agricultural Trade Models

‘ YYVYYY
Climate I Climate impact

model

response relations

\

Froduction M——»| Demand

B, T

SCenario

Global Food System
(Basic Linked System)

!

Wiorld market

Trade

(o)
‘\‘a@ (Source: Parry et al., 1999)



Social Sciences Tools

B Surveys and interviews

B Allow the direct input of stakeholders (demand-driven
science), provide expert judgement in a rigorous way.




Surveys and Interviews

* Development of
adaptation options
with stakeholders.




Surveys of Stakeholders: Example - Designing Adaptation Options

Stakeholder Adaptation Adaptation Adaptation
group (including | Level 1 Level 2 Level 3
women)
Small-holder Tactical advice on Management of Education on
farmers or changes in crop risk in water water-saving
farmers' groups calendar and water | availability practices and
needs (quantity and changes in crop
frequency) choices
Commercial Tactical advice on Investment in Private sector
farmers improving cash irrigation participation in
return for water and | technology; risk- development of
land units sharing (e.g. agro-businesses
insurance)
Resource Education on Integrated Alternatives for the
Managers alternatives for land | resource use of natural

and water
management

management for
water and land

resources and
infrastructure




Economic and Social Tools

Examples: Farm, econometric, I/O, national economies, BLS, ...

Value

Spatial scale of results

Yearly to centuries

Time to conduct analysis

Site to region

Data needs 4to5
Skill or training required 3}

Technological resources 4105
Financial resources 4to5

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




Integrators: Geographic Information Systems (GIS)

Ecological-Economic Analysis

AEZ
Climate impact
response relations
Froduction ——| Demand
T BLS

SRES *
I ¢

Trade

Global Food Systam
(Basic Linked System)

!

Warld market




Integrators: GIS

Example: .... All possible applications ....

Value
Spatial scale of results Monthly to centuries
Time to conduct analysis Region
Data needs 3}
Skill or training required 3}
Technological resources )
Financial resources 3}

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




Conclusions

B The merits of each approach vary according to the
level of impact being studied, and they may
frequently be mutually supportive

B For example, simple agroclimatic indices often
provide the necessary information on how crops
respond to varying rainfall and temperature in wide
geographical areas; crop-specific models are used
to test alternative management that can in turn be
used as a component for an economic model that
analyses regional vulnerability or national
adaptation strategies

B Therefore, a mix of approaches is often the most

Fe\Narrlinn
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Datasets

B Data are required data to define climatic, nonclimatic

environmental, and socioe-conomic baselines and

scenarios

B Data are limited

B Discussion on supporting databases and data sources




IPCC Working Group 1: “A Collective Picture of a Warming World”

Global Te:rupei"atufe
8 (meteorological stations)
O 4
=
g
g 2 -
- [7
2 '
£ , e i
g g s Wl
g -y Ao
£ N
:,.' ----- Aunual Mean
i —— 5-year Mean
Temperature Change 1970 - 2000 (C)
1920 1940 1960 1980 200t
Year 1.7 0 05 1 3 no data
Valencia - Annual T(C) 1900-2000 Valencia - Dec-Feb T(C) 1900-2000 Valencia - Jun-Aug T(C) 1900-2000
20 26
19 25 |
18 - 24 |
17 23
16 22
15 ‘ ‘ ‘ ‘ ‘ 8 ‘ ‘ ‘ . . . 21 w w w w w w
1880 1900 1920 1940 1960 1980 2000 2020 1880 1900 1920 1940 1960 1980 2000 2020 1880 1900 1920 1940 1960 1980 2000 2020

(Source of data: GISS/NASA)
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Climate
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FAOCLIM

p—

| FAOCLIM 2 - World-Wide Agroclimatic Data Base

Food and Agriculture Organization
of the United Natic

F
ﬂ Environment and Natural Resources Service - Agrometeorology Group
I X

Mext »




Annual Precipitation1901-1995

Valladolid - Annual Precipitation (mm)

Trends

20%

50% e
® 100% ®
® 200% @

Increasing Decreasing-

(Source: NOAA, NCDC)



Global Land Cover Classification

1: Eergreen needle leaf forests 7: Wooed gralands/shrubs

2: Evergreen broad leaf forests 8: Closed bushlands or shrublands
3: Deciduous needle leaf forests 9: Open shrublands
4: Deciduous broad leaf forests 10: Grasses
5: Mixed forests 11: Croplands
6: Woodlands 12: Bare
13: Mosses and lichens
W\ (Souce: De Fries et al., 1998)



Population
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Soils: FAO

Fluvizals, Glayzals, Aucrizals,Alizals, . .
O Cambimlﬁ[FL!; O Flinthossls [4C] [ Luvizels,Cambisalz[LY] B Andosols (AN Bl =hiting Sands
O Leptosols[LF] B Plinthosols(PT] [ PodeslsHistezol (P2 [ E::‘i:j;f,'?bf_]‘""b'”'ﬂ' O] Waterbeodics
B vertizalz (¥R O GI"‘!{:DI;' Hiztozols B Mitosols, Andosolz[(NT) [0 Fastanczems,

Fluvizalz[GL) Saloneta [k

O Gypsisols, Calcizols [(G7] O Arenosols [(AF) [ Histosols,Gleysolz[HE) O Planosols[FL)
= g‘::;T:;‘i’Féi_T]hﬂf°=°m5-[| Cambizols (M) [] Glaciers [ Lixisals[L3)
@ Podacluvisols, [ Zalenchaks, O Regosols,Cambizels[RE) O Feratesols,Acrisals,

Luvizalz[PO) Soloneta(SC) Mitazolz[FF]




FAO and the World Bank

Agricultural GDP as share of total GDP

Fao food summit.shp
10

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

[ 30 to 40%
I more than 40%




FAO

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

<— Countries facing exceptional food emergencies
due to the drought August 2001




USGS, FEWS, USAID

*FEWS NET in cooperation with USGS
and US AID

» Botswana — village flood watch

= Carbon sequestration

=  Environmental monitoring and

information system

= Land cover performance

» Madagascar conservation

» Rift Valley fever

= Sahel land use

= Sustainable tree crops




Projected Change in Annual Temperature and Precipitation for
the 2050s

Hadley Scenario - T Change 2

050 Hadley Scenario - PP Change 2050

I .
e =

- ! — - [

Canadian Scenario - T Change 205

Canadian Scenario - PP Change 2050

e -

MICvIpAuull viialliyc | /o)
_ S
50 30 20 10 0 -10 -20 -30 -50
The projected change in annual temperature and precipitation for the 2050s compared to the
present day, for two genaral circulation models (GCMs)GCMs, when the climate models are
driven with an increase in greenhouse gas concentrations defined by the IPCC “business-
as-usual” scenario.




Data:

Scales, Sources, Reliability

350

250

150

lirrg Area (ha x 1000)

50

Irrigation Area Tunisia (1970 - 1998)

/_\/_

-

1970

1975 1980 1985 1990 1995
Year

— FAO Data — USDA ERS Data




B \What components of the farming system are
particularly vulnerable and may thus require
special attention?

B Can the water/irrigation systems meet the stress of
changes in water supply/demand?

B Will climate significantly affect domestic
agriculture?

B How can land use and land tenure aspects
concerning poor people be taken into
consideration?




Practical Applications: DSSAT

Question: What components of the farming system are particularly
vulnerable, and may thus require crop models such as the Decision
Support System for Agrotechnology Transfer (DSSAT)?

RSSAT Decision Support System
pmnseses  {or Agrotechnology Transter

@ICASA

International Consortium for Agricultural
Systems Applications




Practical Applications: DSSAT

1. Overview and previous examples of previous use

2. Guided use of the model




Decision Support System for Agrotechnology Transfer (DSSAT)

Components Description
Databases Weather, soil, genetics, pests, experiments, economics
Models Crop models (maize, wheat, rice, barley, sorghum, millet,

soybean, peanut, dry bean, potato, cassava, etc.)

Supporting software Graphics, weather, pests, soil, genetics, experiments,
economics
Applications Validation, sensitivity analysis, seasonal strategy, crop rotations




Input Requirements

B \Weather: Dally precipitation, maximum and
minimum temperatures, solar radiation

B Soil: Soil texture and soil water measurements

B Management: planting date, variety, row spacing,
irrigation and nitrogen (N) fertilizer amounts and
dates, if any

B Crop data: dates of anthesis and maturity, biomass
and yield, measurements on growth and Leaf Area
Index (LAI).




Crop Model Validation

Simulated Wheat Yield with the 1961-90 Climate

Water-Limited Water Non-Limited

W heat grain yield (kgdfhal

200 - 2000
2000 - 2000
2000 - 4000
4000 - S000

I s000- 6000

B : cooo
[Jrnedata
Site Validation SEVILLA ZAMORA
Obs Sim Obs Sim
Planting (DOY) 325 325 305 305
Anthesis (DOY) 108 110 135 137
Phys. Maturity (DOY) 149 150 175 176
Rainfed Yield (kg ha-1) 6013 6769 6250 6821
Y .
W\ ) (Source: Iglesias et al., 1999)



Examples

B Can optimal management be an adaptation option for

maize production in Zimbabwe?

B Can adaptation be achieved by optimizing crop

varieties?

B Does the start of the rainy season affect maize yield in

Kasungu, Central Malawi?




Can Optimal Management be an Adaptation Option for Maize
Production in Zimbabwe?

Agroclimatic zones

[] insermiee

f’fﬂj\f'”‘! I tamianmmans

| Eamrske

t{é’l

(Source: Muchena, 1994)
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Impacts: Zimbabwe

Gueru Banket Chisumbanje
Gwerl . Banket : Chisumbanjs
J -4
1 5 7l "]
. o = | o = |
3 — W 37 =l 3
= < | | =
- T | i) =
/A o 2= < -
|W ’\.J:i i‘:
4] s L = - Eoy —r
GIss GFDL UKMO GISS GFDL UKMO Glss CEDL UKMO

T
| ""| Clirmaze change

Clirnaza changes with
direst (O, effects

Impacts of climate change: CERES-Maize model

¢ y (Source: Muchena, 1994)
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Adaptation: Zimbabwe

Adaptation strategies in Gueru: CERES-Maize model

jAEEpEenp - (e Increased inputs and
L i Improve management:
-0 | ' i
2 o a) Fertilizer
g ~207 . L
o I b) Fertilizer and irrigation.
& -30- 5
)
40—
Base yield = 3.72 t ha™!
=50
LIK M Cr VKM K MO
SCRnario SCENAND  Scenrio plus
writhout plus fertilicer
AaERpTACion fertilizer  plds iFrzation
gi@} (Source: Muchena, 1994)



Can Adaptation be Achieved by Optimizing Crop Varieties?

Crop Coefficients Corn

. Juvenile phase (growing degree
days base 8° C from emergence to
end of the juvenile phase)

. Photoperiod sensitivity
= Grain filling duration (growing

degree days base 8 from silking to
physiological maturity)

= Potential kernel number
. Potential kernel weight (growth
rate).
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Does the Start of the Rainy Season Affect Maize Yield in Kasungu, Central
Malawi?

SIMULATED MEAN MAIZE YIELDS (t/ha)
1.83 1.38 0.95

160
NORMAL  LATE RAINS
150 . RAINS

140

130 .
120 . "y
110 . u . "

100 - .

NUMBER OF GROWING DAYS

90

80
315 325 335 345 355

DAY OF YEAR, START OF RAINS




Practical Applications: Worked Examples

1. Effect of management (nitrogen and irrigation) in
wet and dry sites (Florida, USA, and Syria)

2. Effect of climate change on wet and dry sites:

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

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




Application 1. Management




Weather

Syria Florida, USA
SR (MJ m? day") 19.3 16.5
T Max (° C) 23.0 27 .4
T Min (° C) 8.5 14.5
Precipitation (mm) 276.4 1364.3
Rain days (num) 55.7 114.8




Input Files Needed

B \Neather
H Soils
B Cultivars

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




B DSSAT35.EXE ﬂﬂ

DECISION SUPPORT SYSTEM FOR AGROTECHHOLOGY TRANSFER

DATA MODELS ANALYSES TOOLS SETUP-QUIT

Background_
Experiment
Genotype
lleather
Soil

Pest
Economic

Institutes,. sites,. and researchers; fields; and codes for data.




Examine the Data Files

‘& Command Prompt - dazald
£ Gearc e

Weather file

= = SATIE0ILNEOILE .50
SRALO 158 HEDIUHM SANDY LOAH
LAT LY

Soil file

S 0 G B

SANDY
ZE GEMOTYFE COEFFI

T!u:- P values for the varieties wuced in expesriments I EWE EHHE SHPX SHKE
TUFGABZAL were wecalibeated to obtain a better Fit For wve 3
fof the model.
?Ti:t‘ PEA For this is tl - B 5 # 1in PHASEI
AT 1 lit?l !mﬂ L 3

1

t—falter B
I

Egggt 30.0 6.900 cHC 0 8354 10,08 Genotype file (definition of cultivars)
[BEEEJJ: . g 6 B25.4 10.08
I BEBE1 i | £ E 8.60
I BEEEL 5 5 i 4 18.868
I BBBE1 5 i 18.48

1 BEEAL . .8 8 4 18.88
I BREEL 3 .




B3 DSSAT35.EXE ﬂﬂ

MODELS ANALYSES

B Background
# Experiment
G Genotype

L

C Cereals

Barley
Maize
Millet
Rice
Sorghum
heat

Access the maize model,. and associated output and input files.




L
W
J
J
J
J
J
J
J
J
J
J
J

BN DSSAT35.EXE

FILE NAME

CHGRO?88_.5PE
CSSIM?8A._CUL
CSSIM?8A.5PE
GAGRO?8A.CUL
GAGRO?8A.ECO
GHAGRO?88.5PE
MLCER?88.CUL
MLCER?8H8.5PE
MZCER?88.CUL
MZCER?88.5PE
PNGRO?88.CUL
PNGRO?88_ECO

General File Manager — GEMOTYPE COEFFICIENT
— Files In Directory: C:ADESATISGEMOTYFPE -

FILE HEADIHNG

CHICKPEA SPECIES COEFFICIENTS — CRGRO?88 MODEL
CASSAUA GENOTYPE COEFFICIENTS — CSSIM?868 MODEL
CASSAUA SPECIES COEFICIENTS — CS5IM?88 MODEL
BAHIA GENOTYPE COEFFICIENTS — CRGRO988 MODEL
BAHIA ECOTYPE COEFFICIENTS — CRGRO?88 MODEL
BAHIA SPECIES COEFICIENTS — CRGRO?8A MODEL
MILLET GENOTYPE COEFFICIENTIS — GECER9?88 MODEL
MILLET SPECIES COEFFICIENTS — GECER?88 MODEL
MAIZE GENOTYPE COEFFICIENTS — GECER?88 MODEL
MAIZE SPECIES COEFFICIENTS — GECER?88 MODEL
PEANUT GENOTYPE COEFFICIENIS — CRGHO988 MODEL
PEANUT ECOTYPE COEFFICIENTS — CRGRO988 MODEL




BN DSSAT35.EXE ﬂ ﬂ

File Edit Search Windows

[N ]l———————————————— C:~DSSAT35~GENOTYPE~MZCER98H . CUL
=*MATIZE GEMOTYPE COEFFICIENTS - GECER?88 MODEL
'

*The P1 values for the varieties used in experiments IBUWAS3IA1 and
*UFGABZ2A1 were recalibrated to obtain a better fit for version 3
*of the model. After converting from 2.1 to 3.8 the varieties
*TBAA3S5,. IBABG6H,. and IBBAA63 showed an earlier simulated flowering
*date. To correct this. the P1 values were recalibrated.

*The reason for this is that there was an error in PHASEI in
tversion 2.1 that had TLHO=IFIZ{CUMDIT~21.+6.>» rather than
'TLNO=IFIA<SUMDIT-21.+6.2>; see p. 74 of Jones & Hiniry.

:—Halter Bowen, 22 DEC 1994.

*All G2 values were increased by a factor of 1.1 for Ritchie's
:change to RUE —Walter,. 28 DEC 1994

' DEFINITIONS
' _—— i ——— _—— e e = — — = —
Identification code or numbher for a specific cultivar
Hame of cultivar
Ecotype code or this cultivar,. points to the Ecotype in the
ECO file (currently not used>.

F2 Save F3 Open Alt-F3 Close F5 Zoom Fb6 Mext F18 Menu




B DSSAT3S.EXE

MODELS ANALYSES

Background
Experiment
Genotype
Weather

L List~-Edit
U Utilities

List of weather data files. or viewsedit individual files.

(o]«




B DSSAT3S.EXE ﬂﬂ

lleather File Manager (WFM>

— Files In Al1ll Installed Divectopies -
FILEHAME SITE NHAME LAT

AARAAB2A1 .UTH BREDA .SYRIA

ALCLS681 .WUTH CLANTON.AL

ALCLS781 _WTH CLANTON.AL

ALCL5881 .UTH CLANTON.AL

ALCLS781 _UTH CLANTON.AL

AUCE?YAAL .WTH AUCE

AUCR.CLI CROSSUILLE.ALABAMA .U
CCPA.CLI PALMIRA .UALLE . COLOMB
CCPA881 .UTH PALMIRA .VALLE . COLOME
CCPAY?81 _UTH PALMIRA .UALLE . COLOMB
CCPABAAL _UTH PALMIRA .UALLE . COLOMB
CCPAB16A1 .UTH PALMIRA .VALLE . COLOMB

— File Location: C:“DSSAT3IS-HWEATHER -




B DSSAT35.EXE ﬂ ﬂ

File Edit Search UWindows

[l ]l————————————————— C:=~DSSAT3ISS~UWEATHER~AARAAS2A1 _WUTH

=#WJEATHER : Breda.Syria

@ IHSI LAT LONG ELEU Tau AMP REFHT WHWDHT

AAAA 35.2A a.8a
SRAD THAX THIH
4.8 L 3.8

=
I
[ |
2

[N
[N

[
|

ok ke ke

[y
[y

[

ol o D L (50 (5 1 ) L [N T e O ) T
o
05 ) (551 LM b= 50 G0 L = 50 O B3 G (5 L1 50
] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ]
B0 LM =] L (50 (50 (50 L I3 11 00 O o (D) O
|
LM o (5 (5 P B0 e Y e () ) () O
LM T 0 N LM = s S (5 50 LM () B A A AP
NN EE SR
] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ]
NMAEREEREEERIREERR

[

o Gad [ G0 TR L O 35D = B w0 00 Ll = L O

H'l [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ]

[

F2 Save F3 Open Alt—-F3 Close F5 Zoom Fb6 Mext Fi8 Menu







BN DSSAT35.EXE

-[o]x

File Station Imports/Export Generate HAnalyze Options Quit 16:31:-39
W i
——mean monthly values—— Total HNumbher Mean Angstrom coef. :
SRAD THAX THIN rain of wet SUNH A B
Mon <MJ/m<>» CoCD COCD Cmm2> days x> Y—int> <sloped

1
8
8
3
2
5
5
5
2
o
3

. 1 1 ©1 § § § § ® 1
=l el

1







B DSSAT35.EXE

MODELS ANALYSES TOOLS

Cereals

B Barley
[y |
P
R
S

l

C Create
I Inputs
8 Simulate
0 Qutputs
G Graphics

Lizt and review experiment input files; update sublist

SETUP-QUIT

uzed by models.

REE




B DSSAT35.EXE ﬂﬂ

Experiment File Manager (EFM>
— Files In Directory: C:SDSSATISSMAIZE -
FILE HNAME CG UNU HNAME LCL HNAME EXPERIMENT FACTORCS > ~NAME

AAAABZA1 .M MAI CLIMATE CHANGE ADAPT EXFP FLORI
AABBRZ28A1 .M MAI CLIMATE CHANGE ADAPT EXP SYRIA
EBPLB5A1 . EBPLE5A1 MAIZE RESPONSE TO MUCUMA GREEW
FLSCB181.H FL5C8181 CERES MA H # IRRIG.,. S5.C.

IBWAS3H1 .M IBUAB3IA1 H & UAR WAPIO,. IBSHAT EXP.1983

UFGABZ2A1 . UFGARZA1 NIT X IRR. GAINESUILLE ZN=31




BN DSSAT35.EXE

-[o]x

File Edit Search Windows

—————————————————— C:~DSSAT35NMATZEN
=*EXP.DETAILS: MAIZE CLIMATE CHANGE ADAPT

ANA IGLESIAS

EADDRESS

UNIVERSIDAD POLITECHNICA DE MADRID
BSITE

UARIOUS

*TREATMENTE: == @ ——
0 C THAME. . ... .o e e i ii e n
A @ BAINFED LOW NITROGEN
A A RAINFED HIGH MITROGEM
A B IRRIGATED LOW NITROGEN
B @ IRRIGATED HIGH NITROGEN

TIUARS
BC CR INGENMO CMAME
1 MZ 1BAA3S McCurdy 84aa
i
F3 Open Alt—-F3 Close F5 Zoom Fb Mext




B3 DSSAT3S.EXE

-[o]x

File Edit Search

BC CR INGENO CHAME
1 MZ IBAA3S5 McCurdy

=*F]ELDS
L ID_FIELD WSTA....
1 AAARBBAZ AAAR

CONDITIONS
ICDAT ICRT
82856 1848
SH20

H.886

A.086

H.886

A.886

A.876

A.876

A.138

Uindows

C:~DESBATISMAI ZE~AABEB2A1 . MZA

84aa

FLSA FLOB FLDT
A DRABA

ICND ICRN ICRE
H 1.8 1.88

SHO3

B.6

t—F3 Close F5 Zoom

FLDI» FLDS FLST §

LTA SLDP
29 188
AREA .SLENW
A.8 (5
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The Experiment File Can Also Be Using a Text Editor (Notepad)
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B3 DSSAT3S.EXE ﬂﬂ

B Barley

M

P C Create

R I Inputs

5 8 Simulate
1

0 Outputs
G Graphics

Choosze experiments, change inputs if required. and then simulate.
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B DSSAT3S5.EXE
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BN DSSAT35 EXE




BN DSSAT3S5.EXE




B DSSAT35.EXE

MODELS ANALYSES

Cereals

B Barley

M
P
R
5
L

C Create
I Inputs
2 Bimulate
0 Outputs
G Graphics

Graphic display of output

_[o]x
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Retrieve Output Files for Analysis

B C:/DSSAT35/MAIZE/SUMMARY.OUT
B C:/DSSAT35/MAIZE/WATER.OUT

B C:/DSSAT35/MAIZE/OVERVIEW.OUT
B C:/DSSAT35/MAIZE/GROWTH.OUT

B C:/DSSAT35/MAIZE/NITROGEN.OUT

B These are DOS text files, can be imported into




Analyse and Present Results

Management: Maize Yield Florida and Syria

12000

10000

8000 -

6000 - W Florida
B Syria

Grain Yield (kg/ha)
N
o
o
o

2000

Rainfed Low N Rainfed HighN  Irrig Low N Irrig High N




Application 2. Sensitivity to Climate




B3 DSSAT3S.EXE ﬂﬂ

MODELS AMALYSES
Cereals

B Barley

M

P C Create

R I Inputs

5 8 Simulate
1

0 Outputs
G Graphics

Choosze experiments, change inputs if required. then simulate.
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Analyze Results . . .

Climate Change: Maize Yield Florida
2500

2000 -

1500 -

1000 -

Grain Yield (kg/ha)

500 -

Florida Base Florida -50% pp




Application 3. Adaptation




(Using Irrigation Models (e.g. CROPWAT)

AGL

CROPWAT is a decision support system for irrigation
planning and management.

CROPWAT

FE Cropw al 4 Windows

Eﬂhﬂﬂﬁuidwiﬁiﬂaﬁrqﬂnsmﬂmrnmwuﬂ:

O T lr) ) ) ) s )

<http://www.clac.edu.eg> <http://lwww.fao.org/ag/agl/aglw/cropwat.htm>

Can the water/irrigation systems meet the stress of
changes in water supply/demand?

v”’c“%i
\V v
\{\44‘!]’/

—



Worked Examples

Calculate ETo
Calculate crop water requirements

3. Calculate irrigation requirements for several crops in a
farm




Start CROPWAT ...

_ﬂ CropWat 4 Windows

File InputData Schedule Tables Graphs  SaweReport  Cphions  Window  Help

NERODEDEFEENRE

#Exilr?e.l lﬂ’))l

SEE

| v

4
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Retrieve Climate File . . .

Fetrieving Climatic Data

7|

File name: Folders: | 0K I
EURMOOL.PEM o cropwatwheclimate
) Cancel
: RURMOOLEEM. - = -
(= CROPWATW I ebwork. .
= clirmate

Lizt files of wpe: Cirives:

|Climate Files [*PEM] =] |Bc

0O
(}CY{L’"

(
Y




Examine Temperature . . .

Zi CropWat 4 Windows
File InputData Schedule Tables Graphs  SaveReport  Options  Window  Help

NERENECE

Climate Data Graph

Max._, Avg., and Min. Temperatures [deg. C]

1 2 3 4 5 & 7 g 9 10 11 12

Bedraw |

— ltems
o
Avg Temp.

v Max. & Min.
Temperatures
r

Air Humidity

-

Wind 5peed
-

Daily Sunshine
r

ETo

I¥ Show ETo
Distribution

Print.._. I Cloze I

| v




Examine ETO . ..

2l CropWat 4 Windows

File InputData Schedule Tables Graphs  SaveReport

Opkions  Windomw  Help

a=e =8 (2]

NEENELERE R

Climate Data Graph

Reference EvapoT ranspiration [mm/d]

8
i -]
6
s| A
‘ ~1
3
2
1
1 2 3 4 5 & 7 8 9 10 11 12
Month
Bedraw | Print._.

~ ltems

o
Avg Temp.
¥ Hax. & Hin.

r
Air Humidity

I

Wind Speed
~

Daily Sunzhine
o

ETo

¥ Show ETo
Digtribution

| Cloze I




Calculate ETO . . .

] CropWat 4 Windows
File InputData 3Schedule Tables Graphs  SaweReport  Options  Window  Help

HEED=EORIERNREERRRE

REE

Calculation Methods

ETo | Rainfall | EffectiveRan |

— ETo Equation

— ETo Distribution Model

f+ Fit a Curve to Monthly Averages

Save... | (1] %

Scheduling
Angstrom's Coefficients
{+ Penman-Monteith a= Il].25
Defaults |
b= Il].5l]
" Fit a Parabola to Three-Month Averages
" Linear Distribution at the Ends of the Months
{~ Take Monthly Averages as Daily Yalues
Cancel




Examine Rainfall . . .

Zid CropWat 4 Windows
File InputData  Schedule Tables Graphs  SaveReport  Ophions  window  Help

NEREONEDIE

REE

Total And Effective Rainfall Graph ﬂ
Total And Effective Rainfall [mm/d)
Bedraw |
4.00
150 Print___ |
3.00
v Show Rain

2.50 Diztnibution
< Legend
1.50 ] | |
1.00 Total Rain
0.50 O

Effective Rain




Retrieve Crop Parameters . . .

Retrieving Crop Data

e

UE.

Cancel

M etwarl. .

File hame: Folders:
MAIZE CRO c:\cropwatwherops
GRASSW.CRO - = ot
GROMDMUT.CRO
MAZECRD | e
MANGD.CRO
MILLET.CRO |
P4STURE.CRO
PEPPER.CRO
POTATO.CRO hd
Lizt files of wpe: Cirpves:
CropFiles \CRO) | |EHc




View Progress of Inputs . . .

il CropWat 4 Windows
File InputDats  Schedule Tables Graphs  SaveReport  Options  Window  Help

NEROEIEINEENREP

&) FlE) (&)

REE

¥ Data Status

BEE

Data Item File Hame | CwR | Sche
Climate CACROPWATWACLIMATEAKURNOOL.PEM Optional Opti
ETo CACROPWATWACLIMATEAKURNOOL.PEM Yes Y
Rainfall CACROPWATWACLIMATEAKURNOOL.CRM Optional Opti
Crop CACROPWATWACROPS\MAIZE.CRO Optional Opti
Cropping Pattern [No Data] Yes

Sail [Mo Data] Mo
Scheduling Criteria [Set] Mo

Can Calculate How? Mo

4

e

* The following data is required for calculating the Crop Water
Requirements:

- Climate OR ETo data
- Crop data and crop planting date OR cropping pattern data

® The following data is required for calculating Irrigation Schedules:
- Climate OR ETo data

- Crop data and crop planting date OR cropping pattern data
- Soil data

- Scheduling criteria




Define and View Crop Areas Selected . . .

2l CropWat 4 Windows
File InputData Schedule Tables Graphs  SaveRepart  Options  Window  Help

Cropping Pattern Graph

Cropping Pattern Graph [% of Area Planted]

90
80

0
60

Bedraw

_pant...|

Print.._.

— Options
f+ Crop pattemn
{” Total area
" Both

~ Legend
Hold down the
right mouse
button to find
out the crop




Define Irrigation Method . . .

Zil CropWat 4 Windows dElﬂ

File InputData Schedule Tables Graphs SaveReport Options  window Help

EllERDEOENRERINE A E]

Calculation Methods ﬂ

ETo | Rainfl | EffectiveRsn | Scheduling

— Scheduling Criteria
— Application Timing
IIlrigate Wwhen a Specified X of Readily Soil Moizture Depletion Occurs ;I

[loo (=)

— Application Depths
IHeliII to a Specified % of Readily Available Soil Moisture ;I

|1 oo (4]

— Start of Scheduling
IFirst Planting Date of Each Crop ;I

[ [
Save. .. | 1.4 | Cancel I

4
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Input Data Completed . . .

Zid CropWat 4 Windows ﬂﬂ

File InputData Schedule Tables Graphs SaveReport Options ‘Window Help

BaEeES (& 0=
¥4 Data Status j_|ﬂ

Data ltem File Name | CWhH | Sche «
Climate C:ACROPWATWACLIMATEAKURNOOL.PEM Optional Opti
ETo CACROPWATWACLIMATEAKURNOOL.PEM Yes Yo
Rainfall C:ACROPWATWACLIMATEAKURNOOL.CRM Optional Opti
Crop C:ACROPWATWA\CROPS\CABBAGE CRO Optional Opti
Cropping Pattern CACROPWATWACHDPSVANA . CPT Yes

Soil CACROPWATWASDILSAMEDIUM. S0 Ho

Scheduling Criteria [Set] Ho

Can Calculate How? Yes

4

™ The following data is required for calculating the Crop Water
Requirements:

- Climate OR ETo data

- Crop data and crop planting date OR cropping pattern data

™ The following data is required for calculating Irrigation Schedules:
- Climate OR ETo data

- Crop data and crop planting date OR cropping pattern data
- Soil data

- Scheduling criteria




Calculate Irrigation Demand . . .

il CropWat 4 Windows

File InputData Schedule Tables Graphs SaveReport  Cptions  wWindow Help

NERONEEENEE

el 5] ]

~[afx

Crop Water Requirements Graph

CwR & I'WR for Areas Planted [mm/d]

Bediaw

_ it |

Print___

Legend

ETo

CWR [ETm)

VI

Irrigation Req.




Calculate Irrigation Schedule . . .

2l CropWat 4 Windows
File InputData Schedule Tables Graphs  SaweReport

NaEeES (& 1= T

Cptions  window  Help

~[ef

Irrigation Scheduling Graph

Irmgation Scheduling Graph [Soil Moizture Deficit in mm)

MAIZE_ (Grain: ~
1]
[Block #1 =]
20 [ Draw Ower
40 — Legend
60 |
Lozt Irrigation
g0
100 SMD
120 RAM
140 TAM
1 '2"'3 4'585 6 7' '8 9 1011 12
Month
RBedraw I Print... | Cloze I




View Results . . .

il CropWat 4 Windows ﬂﬂ

File InputData 3Schedule Tables Graphs SaveReport Cptions  Window Help

B sz e8] (&) [0 [=]5] [0 ]=Rx]E] Elw] =)
Crop Water Requirements Table ﬂ
[MAIZE [Grain) =] Time Step (Days) o [ Update | Repot... |
| [All Blocks] ﬂ Irrigation Efficiency [%]: |70 Cloze |
ETo Crop Area | Crop Kc | CWR [ETm]) Total Rain Effect. Rain Irmg. Req. FwfS -
Date [mm/period] %] [mm/period) | [(mmfpenod] | (mm/period] | [(mm/period] | [(Ifs/ha) |
15/3 64.05 50.00 0.15 9.61 0.00 0.00 9.61 [ -
2543 66.51 50.00 0.15 9.98 1.58 1.55 8.42 014
474 68.58 50.00 017 11.45 218 218 9.27 015
14/4 0.1 h0.00 0.27 18.84 342 336 15.48 0.26
2474 71.39 50.00 0.38 27.18 812 4.90 22.28 0.37
4/5 72.09 50.00 0.49 35.55 7.05 6.57 28.98 0.48
14/5 72.32 h0.00 0.59 42 58 9.07 824 3434 0.57
24/5 72.07 50.00 0.60 43.24 11.09 983 334 0.565
3/6 71.37 50.00 0.60 42 82 13.06 11.30 31.52 0.52
13/6 7024 50.00 0.60 4214 14.95 12.66 29.49 0.49
23/6 68.71 h0.00 0.58 40.03 16.75 13.88 26.15 0.43
37 66.82 50.00 0.48 31.93 18.42 14.99 16.93 0.28
1|3."|? 64.63 50.00 0.36 23.34 19.93 15.98 7.37 012 -
4 3




Will climate significantly affect
domestic agriculture”? — model
integration; GIS integration




Integration of Agriculture and Other Sectors

B The following discussion on how to integrate the V&A
methods and tools into comprehensive assessments

relevant to policy used these examples:
a) Agriculture — land use, water use (Egypt)
b) Agriculture — socio-economic issues (Mediterranean)

c) Agriculture — water (Global)




Integrated Assessment in Egypt

Aim:

Analysis of no regret options for the future

Current vulnerability:
* Dependence on the Nile as the primary water source

« Large traditional agricultural base

» Long coastline already undergoing both intensifying development and

erosion

* Problems derived from population increase

» Agriculture entirely based on irrigation (water from the Nile, and to lesser

degree from groundwater)

» Soil conditions and water quality deteriorating

(Source: Strzepek et al., 1999)




Integrated Assessment in Egypt

B Methods:
a) Scenario development

b) Vulnerability evaluation using
agronomic, economic, and water

allocation models

B Results: Future vulnerability:

a) Significant decreases in crop yield

{©) and agronomic water use efficienc
N 4

—



Adaptation: Limits of Current Technology

2002

Area (1000ha)

Population (1000)

Population 2030 (1000)

Population in agriculture (% of total)
Population in rural areas (% of total)
Population in rural areas 2030

(% of total)

Agricultural Area (% of total)
Irrigation area (% of agricultural)
W heat Yield (kg/ha) (World = 2,678)

Agricultural Imports (million $)
Agricultural Exports (million$)
Fertiliser Consumption (kg/ha)

Crop Drought Insurance

Agricultural Subsidies

Agriculture, value added (% of GDP)
GDP Per capita (US$) UN derived
from purchasing power parity (PPP)

Egypt

100,145
70,507
109,111
395

57

46

3
100

3,688
774
392

No
Low
17

4,000

Morocco

44,655
30,072
42,505
35
43

29

69
4
1,716

1,740
811
12

No
Low
14

3,900

Spain

50,599
40,977
39,951
7

22

15

58
12
2,836

12,953
16,452
74

Yes
High
4

21,200

Tunisia

16,361
9,728
12,351
24

33

22

55
4
3,853

1,022
391
12

No
Low
12

6,800

(Source: Data: FAOSTAT)




Adaptation

B On-farm adaptation: Use of alternative existing
varieties and optimization of the timing of planting
may improve yield levels or water use (no cost). In

Egypt this is a very limited option.

B Essential changes in resource management
(crops, water and land) would lead not only to
adaptation to climate change but also to the overall

improvement of the agricultural systems (no regret

¢
&
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|
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Socioeconomic Issues

M Policy, stakeholders
B Technology.

X
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Understanding the Stakeholder Linkages and Decision Process

Small Farmers (80%)

Extension Service

Regional Policy Makers Project

Technical Policy Makers

Decisions

Central Policy Maker National

(Ministry of agriculture) commissions

V&A Assessment




Policy Decisions

=Adaptation is, in part, a Irrigation Area: 2000 and 2010
. ’ ’ 4000
political process, and 2000
information on options 2010
reflects different views 3000
Source: EEA,

about the long-term future
of resources, economies,
and societies.

CEDEX
2000 -

Irrig Area (ha x 1000

1000 ~

France  Spain Italy Greece  Portugal

=5

s

‘((_L

(Source: Downing, 2001)



National Strategy on Water Management: Tunisia

Current and projected water demand (%)

1996 2030
Drinking 11.5
Irrigation 83.7 73.5
Tourism 0.7 1.5
Industrial 4.1 7.3

= Resources management:

= Mobilization, storage (over 1,000 hill
reservoirs in 10 years) and transfer of the resources

= Use of the nonconventional resources: saline and wastewater for irrigation
(95,400 and 7,600 ha)

= Desalinization
=  Demand management:

= Water saving in irrigation (up to 60% government subsidies), industry, and other
uses.

0O
b“t{‘"
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Crop Liberalization: Egypt

* The recent Egyptian policy of crop liberalization is

giving farmers the possibility of adapting to more

suitable crops in each area;




Drought Management in the Mediterranean

M Disaster management
could be an effective

adaptation option

B Decreasing drought

4 20“3 I" e~ ‘-:jj,‘— ]
200754/

vulnerability is a “win-
win” adaptation

option.




Water for Agriculture

B \WATER is a fundamental requirement for agriculture.
That requirement is certain to increase along with the
growth of population and living standards, especially in
view of the prospect of a warmer climate imposed by

the enhanced greenhouse effect.




GISS Temperature Change 2050

Population (millions)
2020

1600

SCENARIOS
Population, Development,
Technology

SCENARIOS
GCMs
variability

v
CLIMATE CERES
Precip., Crop water
Temp. > demand
Solar Rad. I
|

GISS Precipitation Change 2050

Infilh'nﬁnnl

hrnindinaker




Methods

Monthly
i climate
c:ijrgge (9 water
i regions)
(14 sites) REGIONAL
DATABASES
y ") )
Process '
models
CERES
SOYGRO
Y Y
Yields Empirical
Irrigation model
Phenology CROPWAT
PET, ETc
Kc l
CLIMATE Net irrigation
CHANGE all crops
EFFECTS
Phenology
CcO2 N _
Kc “ Yy database

Crop areas
Irrig. efficiency

Crop yields, water demands and
nitrogen leaching are estimated with
process-based crop models (calibrated
and validated). The ratios (Kc) between
simulated and actual crop (ET) are used
to estimate regional water demand with
CROPWAT, and are then adjusted by a
regional irrigation efficiency.
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Working with Different Models: Consistency, Scales, Calibration

Harbin (China)
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Grand Island (Nebraska)
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Projections Using the Suite of Models

B Changes in run-off, water demands, and water system

reliability

B Actual changes in crop yield based on consistent

projections of changes in water supply and demand

B Changes in environmental stress due to human use of

water resources

B Changes in water quality.




