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Effects of climate change also on

system shifts

- Livestock may become more
important with shortening of growing

season
- (Seasonal) migration may become
more important

Fig. 3 - Transition zones in the mixed rainfed arid-semiarid
system, in which the Reliable Crop Growing Days (RCGD)
falls below 90 between 2000 and 2050, as projected using
the HadCM32 model and the A1FI scenario.

Jones and Thornton, 2009
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Effects of climate change also on

system shifts

- Livestock may become more
important with shortening of growing
season

- (Seasonal) migration may become
more important

- Extreme events: droughts wiping out
entire herds

livestock price

grain price

available forage

number of livestock

Toulmin 1994
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IPCC WG2 ‘Food Security’ chapter coverage

450
400 +
350
300
250 |~
200 +
150
100
0 *r’/ | I,/
Food security text Food security figs
etc Howden, 2014

® Crop

B Livestock




Climate change effects on

:n'il P The Agricultural
) i‘ Modellntercompansop .
AG L MIP S livestock systems

IPCC WG2 ‘Regional’ chapter coverage

160 -

140

L

120 -

100

80 -

60 - m Crop

® Livestock

40 -

20 -

0 | I |

Howden, 2014



Climate data
Historical (1980-2010):

Mid century (2040-2070):

20 GCMs

Projected changes in
temperature,
precipitation

Modelling framework

Crop Model
APSIM, DSSAT

Crop management:
fertilizer, rotation,
varieties,...

Effects on on-farm

crop production

Livestock model
LivSim

On-farm feed production;
rangeland biomass

Effects on livestock
production (milk, off-
take, mortality rates)

Economic model
TOA-MD

Household characteristics
Agricultural production
Prices, costs

Economic effects of
climate change and
adaptations
on entire farms

All households
(n=160)

Economic impacts
Heterogeneous populations
Types of households



Crop Model
Climate data —> APSIM /DSSAT

Livestock model \ Household

LivSim \ information

Herd size and

Grazing land model composition
Effects on livestock Crops and field sizes
Effects on grazing land production (milk, off-take,
biomass availability mortality rates) Livestock management
information
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Economic model
TOA-MD

Economic effects of climate
change and adaptations
on entire farms



Crop Model
Climate data —> APSIM /DSSAT

Livestock model \ Household

LivSim \ information

Herd size and

Grazing land model composition
Effects on livestock Crops and field sizes
Effects on grazing land production (milk, off-take,
biomass availability mortality rates) Livestock management
information

Things to note
1. Dashed arrow from climate to
livestock

v

Economic model
TOA-MD

Economic effects of climate
change and adaptations
on entire farms



Crop Model
Climate data —> APSIM /DSSAT

Livestock model
LivSim

Grazing land model

N\

Effects on livestock
production (milk, off-take,
mortality rates)

Effects on grazing land
biomass availability

Things to note

2. Estimating grazing intake W
grazing land area, stocking density, _
rangeland/pasture productivity Economic model

TOA-MD

- Rangeland model

- Grass production in APSIM/DSSAT
- Rainfall use efficiency

- Average availability

on entire farms

Economic effects of climate
change and adaptations

Household
information
Herd size and
composition
Crops and field sizes

Livestock management
information



Climate data

Grazing land model

Effects on grazing land
biomass availability

Things to note

3. Crop model outputs
- Crop residues

- Forages

Household info on field sizes

Crop Model
APSIM /DSSAT

Household

\ information
Herd size and
composition

Crops and field sizes

Livestock model
LivSim

Effects on livestock
production (milk, off-take,

mortality rates) Livestock management

information

v

Economic model
TOA-MD

Economic effects of climate
change and adaptations
on entire farms



Things to note
4. Household information

Crop Model
Climate data —> APSIM /DSSAT

Livestock model \

LivSim

Grazing land model

Household

information
Herd size and
composition

Effects on livestock

Effects on grazing land production (milk, off-take,
biomass availability mortality rates)

v

Crops and field sizes N Economic model
Ir?|t|al herd size and composition TOA-MD
Livestock management

Economic effects of climate

change and adaptations
on entire farms

Crops and field sizes

Livestock management
information
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LivSim structure and functioning

Settings
Herd management
Simulationtime

Inputs
Herd composition
Feed quantity
Feed quality

Parameters

Breed characteristics

\

J

[

Cow

Potential
Growth and Intake

\'4

Herd

A4

Nutritive requirements
maintenance
growth
walking
gestation

. lactation

\

Herd
management

Actual
Growth and Intake

\

Outputs
Milk
Calves
Manure

Based on production
ecology principles

Monthly time step

Individual animals in a herd
are modelled

Greenhouse gas emissions
added as output
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Household ID Cattle holding Total cropland (ha) Maize area (ha)

Maize Stover Yield (kg DM/ha)

43101 0 0.40
43102 5 1.00
43103 0 5.00
43104 4 0.70
43105 0 1.10
43106 0 2.25
43107 5 1.00
43108 0 3.00
43109 1 6.00
43110 4 3.50

NV

1 3 &5 7 9 1 13 156 17 19 21 23 25 27 29

0.40
0.97
240
0.70
0.60
2.25
0.70
2.40
2.90
1.50

== Current Climate 1

== Current climate 2

Example
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Household ID Cattle holding Total cropland (ha) Maize area (ha)

Maize Stover Yield (kg DM/ha)

43101 0 0.40
43102 5 1.00
43103 0 5.00
43104 4 0.70
43105 0 1.10
43106 0 2.25
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== Current Climate 1
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=== Future Climate 1

=== Future Climate 2

Example
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Monthly milk production (kg)

Body weight (kg)
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Scenarios

1. Current climate

2. Future climate

3. Future climate with “incremental improvement package”
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 Livestock model comparison, sensitivity
analysis

* Direct T effect not yet included

* Uncertainty in feed availability estimates
for extensive systems

« Data availability for model calibration,
model setup and input data

* Weak modelling capabilities in the region

24
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