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e Outline

Introduction

Part I: Introduction
- the importance of water resources
KLUM-W - concepts of land use modeling
Part Il: KLUM-W
- concepts of KLUM / KLUM-W
- evaluation of the stand-alone version of KLUM
GTAP-W - initial analyses with KLUM-W @ Global-FASOM
Part lll: GTAP-W
- description of GTAP-W
- scenarios of water efficiency assessments
application and results
Part IV: Conclusions
- summary and first insights

Conclusion

f@ Universitat Hamburg
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Water availability and use

Introduction

water

KLUM-W

GTAP-W

Conclusion

The main users are agriculture, industry and domestic
water use

About 70% of water resources are used in agriculture

Unfortunately, water resources are unevenly spread over
the globe

In some regions water resources are seriously under
pressure

This tendency is likely to worsen

Increase the import of water-intensive products to arid
areas to relieve water stress

Seek improvements in the efficiency of irrigation systems
and water consumption

f@ Universitat Hamburg
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Climate change assessment

Introduction
water

land use

KLUM-W
concepts
KLUM

KLUM-W@
Global-FASOM

GTAP-W
description
scenarios
results
Conclusion

summary

’/ Universitit Hamburg

exogenous land use
scenarios
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Global land use modeling

Introduction

land use

KLUM-W

GTAP-W

Conclusion

H{@ Universitat Hamburg

Global models tend to be disciplinary:
emphasis on geography (based on land suitability,
interested in spatial patterns)
emphasis on economy (based on profit maximization,
interested in effect on economy)
Some integrated approaches
- comprehensive: Not appropriate for coupling purposes

- empirical / rule-based: Neglecting economic motivation
and dynamic market feedbacks

rarely consider irrigation cost and water scarcity
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KLUM — KLUM-W

Introduction | |njtial objective of KLUM:

» design a land use model that is complex enough to

KLUM-W describe essential economic and geographic aspects of
concepts land use decisions

GTAP-W

and simple enough to enable online coupling
and global long-term projections

Need for an extension of KLUM:

Conclusion

@ Universitat Hamburg

» no distinction between rainfed and irrigated yields
» no consideration of management options and related cost

» unconstrained water availability
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Introduction

» effects of changing water availability and
irrigation cost on global crop distribution

KLUM-W
coneeps [ 3 role of energy use in irrigation
R » possible implications for water balance and
' sustainability
| = integration of irrigation water use to improve
Conclusion

the projection of actual cropping decisions and
research in the context of global change

Hf@ Universitat Hamburg
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Introduction
/I— ,/’/A\L
concepts N N\
SUSTAINABILITY ? |
— o
/ /J
// //
GTAP-W y
S 4
O N U
| KLUM-W | e S
\v/ \\ %[\\ / N
/ S / '/ INTEGRATED ASSESSMENT:
P \ ~. a Interdependencies /,
Conclusion crop allocation  iMmigation wateruse  irrigation energy use . Impacts
allocation allocation . Feedbacks /
S~

'ﬁ Universitat Hamburg
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R Realization

Introduction « derive the crop allocation from a profit function

» data used for validation:
crop prices, yields, harvested areas of 35 years (1966-2000)*

KLUM-W L : .o : )
crop irrigation water demands, rainfed/irrigated yield ratios**
concepts . o
energy prices
labor cost™***
« model characteristics:
GTAP-W .
temporal resolution: years
spatial resolution: countries (regions)
- 182 countries, 16 world regions
Conclusion agricultural commodities: food crops

- 20 crop aggregates (about 120 individual crops)

four irrigation methods; choice between four energy sources

* (FAOSTAT 2004 & World Development Indicators 2003)
** (Observed data yet unpublished)
*** (EIA 2006 & GTZ 2005)

(
{ i it **** (World Devel t Indicators 2006 & IMF 2007
@ Universitat Hamburg (World Development Indicators )
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Mathematical formulation

Introduction

KLUM-W

concepts

GTAP-W

Conclusion

ﬂA Z pkak,mglok,mg,im - Ck,rng,im N Zvar[ pkak,mglok,mg,im - Ck,rng,im
,mg,im k,mg,im
_ expected profit risk adjustment
with (variance of expected profit)
Ck,mg,im = f ( Pk mg.im , capital cost, g im » O&M costy o i, , further cost, ., )

mm) | Maximize profit s.t. use no more land than available
s.t. use no more water than available

1, - profit from crop production per country
P, : priceof cropk

Q. mg - Productivity [yieldin tons/1000 ha] by management of crop k
Pr.mgim - ShAreof land by management and irrigation method allocated to crop k

y . risk adjustment factor

@ Universitat Hamburg
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ikl Implementation
Introduction
KLUM-W testing and validation of the KLUM/KLUM-W
concepts stand-alone version
GTAP-W integration into the Global-FASOM modeling
framework
Conclusion

coupling with GTAP for application in scenario
assessments

Hf@ Universitat Hamburg
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Crop patterns

Introduction

KLUM-W

KLUM

GTAP-W

Conclusion

Prevailing crops
[ ] Wheat g
[ ] Cereal grains nec

I Paddy rice
Il Sugar cane/beat

Hl Oil seeds . - .
I Plant-based fibres
I Vegetables and fruits
I Crops nec

I No Data

g@ Universitat Hamburg
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— Individual
Introduction
KLUM-W
KLUM
GTAP-W
percentage deviationﬂ_@_ﬂ{“ﬁ J
simulated from observed mean
Bl <-100
. I 100 - -60
Conclusion I -60 - -30
[ ]-30--10
[ ]-10-+10
+10 - +30
[ ]+30-+60
I +60 - +100
B >+100
[ ] Not planted
I No Data

Area share >= 10%

Universitat Hamburg
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i KLUM-W @ Global-FASOM

Introduction

Generated data and computation routines on irrigation by KLUM-W have been
linked with Global-FASOM (Forest and Agricultural Sector Optimization Model)
to obtain first results on the relation between land scarcity, crop prices,
kLum-w | trade, irrigation cost and water-use intensity.

Fraction of Irrigated Land

North America —+H—
KLUM-W@ > Western Europe

Global-FASOM N ) Central Eastern Europe —¥—
0.5 Former Soviet Union —&—

Planned Asia and China —ill—
GTAP-W South Asia —€—
0.4 r Other Pacific Asia —®—
Middle East North Africa —=—
Latin America Caribbean —#—
0.3 T SubSaharan Africa —<—
Global Average —%—

Conclusion

0] S 10 15 20 25 30 35

Il and Reduction (in 9)

Results from the modeling framework Global FASOM / KLUM-W:
Relation between land scarcity and irrigation intensity
@ Universitat Hamburg
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Modeling framework GTAP-W

Introduction

e GTAP-W (v2) is a standard static CGE model
calibrated for 2001 using agriculture and water
KLUM-W data from IMPACT

e 16 regions
e 22 sectors (7 agricultural sectors)
GTAP-W

description | o 6 primary factors (rainfed land, irrigated land,
irrigation, labor, capital and natural resources)

Conclusion

e new production structure: separation of rainfed
and irrigated agriculture

e substitution possibilities between irrigation and
other primary factors

Universitat Hamburg
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Mean irrigation efficiency

Introduction

KLUM-W

GTAP-W

description

Conclusion

Irrigation efficiency

3.00

250 +

2.00 -

1.50 +

100 +H |

0.50 +

0.00

usa can weu jpk anz cee fsu mde cam sam sas sea chi naf ssa sis

GTAP-W Regions

@ Universitat Hamburg

Red: Water stressed regions
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Scenarios

Introduction

KLUM-W

GTAP-W

scenarios

Conclusion

Scenario 1:
enhanced irrigation efficiency in all water stressed
regions including developed regions

- water stressed (all regions)

Scenario 2:
enhanced irrigation efficiency in all water stressed
developing regions

- water stressed (developing regions)

Scenario 3:
enhanced irrigation efficiency in all regions including
non-water stressed regions

- all regions

f@ Universitat Hamburg
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Change in production

Introduction

KLUM-W

GTAP-W

results

Conclusion

|
4

Wheat production (% change

120

100 -

80 -

60 -

40 -

20 -

O,

20% ¢

40 -

B Change in irrigated production O Change in total production

Scenario 3: all regions

N oF *
E & &£ 0

@ Universitat Hamburg
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Introduction
O Water stressed (all regions) B Water stressed (developing regions) O All regions
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wheat production
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Change in irrigation (2)

Introduction

KLUM-W

GTAP-W

results

Conclusion

Irrigation used in wheat production (% change
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@ Universitat Hamburg
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Change in regional welfare (1)

Introduction

KLUM-W

GTAP-W

results

Conclusion

O Water stressed (all regions) B Water stressed (developing regions) O All regions

4500 -
4000 -
3500 -
3000 -
2500 -
2000 -
1500 -
1000 -
500 -
0 -
-500 - =usa can weu*
-1000 -

Equivalent variation ($ US million

@ Universitat Hamburg
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Bk | Change in regional welfare (2)
Introduction
7000 -+
KLUM-W = 6000 -
.0
E 5000 -
)
-
& 4000
GTAP-W g 3000 1
§
> 2000 -
-
results §
Conclusion -g 1000 1 |_|
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O T T ‘V_:-_
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-1000 -

E@ Universitat Hamburg
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i Conclusion

Introduction

e in a global context, economists have long
ighored water use for methodological and data
KLUM-W reasons

e KLUM-W and GTAP-W are an attempt to close
this gap

GTAP-W . ..
o domestic policies to conserve water have

ramifications for international trade

conclusion [ ® National policies are interconnected and should
summary not be set in ignorance of other countries’
water policies

Hf@ Universitat Hamburg
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