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CceS The LandSHIFT model

Model drivers and model parameters (macro level

Socio-economy Agricultural Production
Total population number Production of n crop types
Environmental policy Crop production under irrigation
Regional planning Number of ruminants

Impact of tech-change on crop yields

~_~

Model output
LUC-Module Time series:
= Cro
= Settlement . p Grazing Maps (Micro level)
% UETRO cultivation GRASS
e ( ) (AGRO) ( ) J\ Land-use type
@) Population density
()] Livestock density
e
£
6 Crop yields Grah?;:imd Statistics (Macro level)
M Loss of natural land
Productivity-Module Area statistics
Landscape and zoning State variables
Terrain slope Land use type
Conservation areas Population density

Micro level input data

(Schaldach et al., 2011)
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CESR Spatial model integration

Macro level

(countries, districts) Model drivers, e.g.

- Population
- Crop production

Micro level

(Raster 1 km — 5’) change




CESR Land-use activity ,Crop cultivation® V%055

Model drivers on
macro level

Input data on
micro level

- Terrain slope
- Infrastructure
- Conservation area

v

Crop production (t)
Yield increases (t)

Suitability evaluation (t)

suit:iwi o xﬁcj
i=1 j=1

A

Spatial allocation (t)

,Multi-Objective Land Allocation“ heuristic

4

A

Crop yields (t)

Spatial crop distribution
Land-use pattern (t)

(LPJImL)

Feedback on suitability

and allocation (t+1)




CES Scenario analysis Africa

Plausible descriptions of how the future may unfold... scenarios until 2050
from the UNEP Global Environmental Outlook 4

Markets First

Faith in markets and their advances for economy
but also for social and environmental improvements.

Population: 800 Mio - 1900 Mio

GDP/cap: 702 $- 3300 $

Food availability: 2460 kcal/day - 3476 kcal/day
Climate: dT = 2.2 K; CO, = 563 ppmv

Sustainability First

Emphasis on environmental and social concerns.
Population: 800 Mio - 1400 Mio

GDP/cap: 702 $ - 4300 $

Food availability: 2460 kcal/day - 4108 kcal/day
Climate: dT = 1.7 K; CO, = 478 ppmv
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Quantitative scenarios

Sequence of different simulation models

A
models

Quantitative scenario
drivers (IFs, IMAGE)

Agricultural production

and trade

Population
GDP

IMPACT
model

Land use

change

Crop production
Yield changes
Livestock number

Population, Climate Change

LandSHIFT/LPImL

UNIKASSEL
VERSITAT

Land use
maps



KASSEL

UNII
VERSITAT

- Water bodies
- Forest

l:l Savanna, Shrubland
|:] Barren land

I:l Cropland

- Rangeland/Pasture

- Set aside

|:| Tropical woodlands

- Urban land
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Expansion of agriculture

Markets First 2050
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Sustainability First 2050

2000 2050
[1000 km?] Markets First Sustainability First
Cropland 2121 2855 2967
Grazing 7079 8231 8147

- New grazing land
- New cropland



CES Loss of forest habitat

Markets First 2050 Sustainability First 2050
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New land use on deforested cell Area of change 2000-2050 ( 1000 km?) S

Market First Sustainability First j
Urban 41,586 32,400 |
Grazing 232,496 224,727
Cropland 577,039 603,016
(Total deforested area) 851,121 860,152
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CESR Scenario analysis Middle East

« GLOWA Jordan River Project

- Water scarce region

- Drylands with high degradation risk
« Strong population pressure

« Objective: Water management
strategies under climate change
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3. Model applications
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CES GLOWA Jordan River scenarios

Multilateral sharing

of water
A
“Poverty & Peace”: “Willingness & Ability” :
Recession / Economic growth /
multi-lateral water sharing multi-lateral water sharing
Recession < P  Economic growth
“Suffering of the Weak & the ) )
Environment” : Modest Hopes” :
Recession / Economic growth /
unilateral dividing of water unilateral dividing of water
\ 4

Unilateral dividing
of water
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Linguistic
statements in

storylines

From storylines to models

Translation
Key
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Numerical
model inputs

“Population growth

“Fuzzy Sets”

is medium”
Median

08 f+---—-———————- A
Sl AL Centerof gravity
.E- ) {Ka.'n'l'ra}
Boadoco 4 e
E Min Max

0.2 1 --3-———z2 - - - - -~ — === === - ——— -

l:l ] 1 ] ] 1 ] 1 ] 1 1 ] 1 ] 1 ]
o 2 3

change of population [% per year]

Population growth
= 2 % per year

“Fuzzy membership function”

Objective translation:
linguistic statement “medium increase
of population™ = model input

Alcamo (2008)



CESR Numerical model input

Population and income development up to 2050

Per capita income growth relative to 2000:
Regional average

Population (Mill. persons): Region
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Wegetable production: Region (1000 tons)
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Production based on scenarios of Millenium
Ecosystem Assessment + FAO data scaled with
GLOWA JR population scenario

Land cover change (in %)
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(Koch, 2010)



CES Calculated land-use change patterns
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R. Schaldach and J. Koch
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CESR Stocking density

MH 2050s PP 2050s

Stocking density (LU/km2)
B High : 31

L Llow: 0

SWE 2050s WA 2050s

R. Schaldach and J. Koch
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Sensitivity analysis =
Climate Change — Impact on area and irrigation
1100 35%
1050 30%
AlOOU 25%
% 950 20%§
= 900 — 15%
850 +— — — 10%
800 T T 5%

Values only for Jordan and PA

35_ECHAMS
M Irrigated Area 2050s

35_HADCM3 37_ECHAMS 37_HADCM3

Increase Irrigated Area

Increase Irri Wat Req

R. Schaldach and J. Koch
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CESR Summary and conclusion

« Deforestation is one aspect of land-use change and must
be seen as the result of different drivers.

o Spatially explicit models such as LandSHIFT integrate
socio-economic and environmental drivers to simulate
land-use changes.

 The two examples illustrate how these models can be
applied in context of a scenario analysis.

 Models might help to identify causes of deforestation and
land-use change and are valuable tools to visualize
effects of scenario assumptions.



