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Introduction - Climate change and Agriculture

“...adaptation is a fundamental and ongoing
activity in the agricultural sector™

“Human-induced climate change is expected to
push these managed ecosystems beyond their
natural climatic boundaries”?

— ——
Leibniz é’ o 3
Association

P 1 K



v
)
hi ;_ u_‘-.,._

Ad a.ptatao N

%m\\ T e s
Ly . {

v Ty ok '- I'\. -. ','_1 .-'J:l. '-:-"‘- e _.-

ﬁ* L o é";“eiFhih:-tﬁ?-*;u

- Moser & Ekstrom ...changes in
i social-ecological systems in
~ response to actual and expected

Farm scale: Management practices (e.g.,
Irrigation*°, climate-resilient cultivars®,
modification planting dates’, nitrogen input>,
others®)

Land-use scale: Change of production patterns
(e.g., transformation between land-use types’,
shift in crops cultivated and cultivation sites,
investments in R&D!?, changes in trade flows*?)
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: cllmate change goals alone, and
fipay or. may not succeed...




Introduction - Previous studies and contribution
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What is our contribution?

e Evaluated the individual and combined effect of multiple adaptation strategies using
MAgPIE (Model of Agricultural Production and its Impact on the Environment).

* Used the latest multi-model crop yield impact data generated with CMIPé.
* Included CO: fertilization effects.
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Modeling chain, scenarios and analyses

Socio-economic

Scenarios: — assumptions

SSP1-RCP2.6 (SSP1-NoCC)
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Harmonized GGCM crop yields median values show only
slight losses due to climate change but high uncertainty

/°There is a large disagreement on the global and regional magnitude \
and direction of CC impacts on yields.
* Uncertainty increases with emissions and time. Maize and Soybean had
the highest variance.
 Median change in aggregated yields for RCP8.5, at the end of the
\ century, is around -4%. /

. — m—" R

3
H”l\
II”V

D



Global results - Projections where yields grow lead to
reduced input requirements
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o * Climate change impacts on yields are
buffered through rainfed cropland
patterns and TC adjustments.
! e Overproduction if the system did not
Eﬁ adapt to climate change in optimistic
i

cropland
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previously reported.

Kprojections.

' KLower needed cropland expansion than \

effects

® GFDL-ESM4 A |IPSL-CM6A-LR
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Fig. 2 Global land-use adaptation responses in the MAgPIE model under SSP1-RCP2.6 (low emissions) and SSP5-RCP8.5 (high emissions) scenarios.
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Regional results - large disparity in the projected regional

distribution of impacts

CYGMA1p74-UKESM1-0-LL LPJmML-MRI-ESM2-0 PROMET-MRI-ESM2-0
Irrigated area 26 9 112 o I16 2454 301103 33 | 44 0 (16 4 1 |-6 O -14/-20 ;lq 10| (581 0 |16 & 2015 o -18fa7|-17 35768 -4 [-19| Difference
| compared
Rainfed area{88{14|21 9 3 (17 9 36| 3 |27 1 |26 15 21 16/-3 3 (8|9 55‘3 3 -1 4|9 0 ||EEN27-11 -2 (-10013| 1 12| 4 (-2 -1 2 18] 3 SSP5-NoCC
0,
%
TCi1|24|e 5/8[8 1 4|8 - 051|038 -1[21-1/1|3-1||4|0|0 B|2|3 5 4|8[4 -6 -1|8|4 (%)
Cro | | l 100
OP |1 (424 6|7 [47 1 6|24 1221»'\»3‘3-'\121-60-6-3-3440-1-2-1-211-110
production
L'VES‘O.Ck-16-33-7110-3210 . - 0 -33/0 52 10@lof%6 o0 |[@MH6 o 20804 1|1/0f@8 o060
production || B I ol | | | 0
; : L ..
Irrigated yields -6 | 3 |32 -31/-40|-25 -38 -481-23/-32| - |-49| - - -19-17/-22| 7 | -1 4 |-1|-8 3 [82|-5 -2 ||-5[45| 2 -20/-5|5 1 -11(32| 0 1 [-44}-12| 1
[ \
Rainfed yields - 20(-28-25 -1 | & |-227116-23 28 |- ‘ -10/-49 - 5 0f18|-7|5 2(7|3 1|4 |4 1 |[[@8ESW10 8 (18] -1|-6 12|-1|3 11| 5 [28] 6 I -100
i L9 . L . ...
NSRS AT A SRR AR, R R RIS B2 B RER
O RN AR Y @ Ty NN, T TR O RS N AR Y @ P oo®
P Q@@o 5‘?&&?‘1’\\ & L QQ@O §V@b\q"° & O (\be'o SR RS )?*é\&q‘)(\ & rovbc_:
. &) 4] ) 3 (%) . &) : 9
& SE ST P STE TS SOES
é\- \0 \,(b - RN \,’b TN '\boo N \0 \:b N %QQ
O <</\\ N N NS <<)\’ N
oty ok oty
A e L
= <09 L O

Fig. 3 Regional relative difference of adaptation-related variables estimated by MAgPIE in the year 2100 for three different GCM-GGCM
combinations, compared to the SSP5-NoCC scenario {without climate impacts).

Regions with gains in rainfed
yields see less benefit from
irrigating land.

Interdependence between
livestock production and
competition for land.

Expansion of production within
regions with low land and crop
production costs in scenarios with
overall losses in yields.

* For optimistic projections, less cropland and TC are needed. Adaptation is also
important for a more cost-efficient and less intensified production system.
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Regional results - Climate impacts are experienced mostly
at the local level
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Fig. 5 Shift (in percentage points) of allocation of cropland among
different crop types for the SSP5-RCP8.5 scenario, three different GCM-
GGCM combinations and compared to the baseline sceneario SSP5-NoCC
(no climate impacts) in 2100.
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* Crop mixes changes driven by the changes in maize
yields in North America.

 The Sahel, Equatorial Africa, and the
Mediterranean are particularly sensitive to the

changes in yields.
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Adaptation costs range from positive to negative values
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Fig. 7 Details of Climate change-driven adaptation costs for crop production.
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Concluding remarks

Mncluding CO:z2 fertilization effects results in lower global \
cropland expansion, intensification, and cost than previously
reported.

* A high level of uncertainty remains at global and local regional
scales. This highlights the importance of increasing and
improving the flexibility of the food system.

* Costs depend more on regional dynamics (climate and

\socioeconomic-related adjustments) than global ones. /
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Thank you!



References

1. McCarl, BA et al. (2007) Adaptation Options for Agriculture, Forestry and Fisheries. A
Report to the UNFCCC Secretariat Financial and Technical Support Division.

2.Parry, M. L. et al. (2009). Assessing the costs of adaptation to climate change: a review
of the UNFCCC and other recent estimates.

3. Moser, S. C., & Ekstrom, J. A. (2010). A framework to diagnose barriers to climate
change adaptation. Proceedings of the national academy of sciences, 107(51), 22026-
22031.

4. Minoli, S. et al. (2019). Global Response Patterns of Major Rainfed Crops to Adaptation
by Maintaining Current Growing Periods and Irrigation. Earth’s Future 7, 1464-1480.

5.Lin, T. S. et al. (2021). Worldwide Maize and Soybean Yield Response to Environmental
and Management Factors Over the 20th and 21st Centuries. J. Geophys. Res.
Biogeosci. 126,e2021JG006304.

6.Zabel, F. et al. (2021). Large potential for crop production adaptation depends on
available future varieties. Glob. Change Biol. 27, 3870-3882.

7.Franke, J. A. et al. (2021). Agricultural breadbaskets shift poleward given ‘,Z%#Mapt)ye[1 ~

farmer behavior under climate change. Glob. Change Biol. 28, 167-181. {wm =====

sssssssssss

14



References

8. Jagermeyr, J. et al. (2016). Integrated crop water management might sustainably halve
the global food gap. Environ. Res. Lett. 11, 025002.

9.Rickards, L. & Howden, S. M. (2012). Transformational adaptation: Agriculture and
climate change. Crop Pasture Sci. 63, 240-250.

10.Reilly, J. et al. (1996). Agriculture in a changing climate: impacts and adaptation.
In Climate change 1995; Impacts, adaptations and mitigation of climate change:
scientific-technical analyses., 427-467 Cambridge University Press, Cambridge (UK).

11.Smit, B. & Skinner, M. W. (2002). Adaptation options in agriculture to climate change: A
typology. Mitigation Adapt. Strat. Glob. Change 7, 85-114.

12.Huang, H., von Lampe, M. & van Tongeren, F. (2011). Climate change and trade in
agriculture. Food Policy 36, S9-5S13.

13.Nelson, G. C. et al. (2014). Climate change effects on agriculture: Economic responses to
biophysical shocks. Proc. Natl. Acad. Sci. USA. 111, 3274-3279.

Association



Methodology - Pre-processing of data and analyses

GHG concentration pathways
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Global effects

Effects of adaptation to global
supply-demand. Postprocessing
calculation of production using
55Px-MoCC's LUP and TC, with RCP
Y. (Eq.3)

=

Regional
Adaptation

.

Regional differences in LUP,
MY, TC, 55R, P between 55Px-
RCPy and 55Px-NoCC.

Adaptation costs

Difference in production costs
between 55Px-RCPy and 55Px-
MNoCC (with exogenous food
demand).
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Details Scenarios

Table 1 Assumptions made in MAgPIE for Shared Socioeconomic Pathways SSP1 (Sustainability) and SSP5 (Fossil-Fueled

development).

Scenario Setting

SSP1 (Sustainability)

SSP5 (Fossil-Fueled development)

Population’!

GDP’?
Food Scenario?®

Trade liberalization (% freely
located in more competitive
regions)

Land protection and afforestation
policies

Depreciation rate for capital
Bioenergy demand, emissions
budget and carbon price’3

Global population grows slowly and peaks in 2050

Rather rapid income growth
Healthy and low meat diets, reduced food waste

Reaches 20% for livestock and secondary products, and 30%
for all other traded commodities in 2050, until 2100

Compatible with the Paris Agreement and the Nationally
Determined Contributions (NDCs)

5%

GHG emissions tax emissions and bioenergy demand
consistent with an SSP1-RCP2.6 scenario and an emissions
budget of 1300 GtCO2 (below 2.0°C) in 2100

Global population grows slowly and peaks in
2050

Fast income growth and development

Unhealthy and high meat consumption diets, high
shares of food waste

Reaches 20% for livestock and secondary
products, and 30% for all other traded
commoeodities in 2050, until 2100

Current National Policies Implemented (NPIs)

5%
Slow incorporation of a uniform carbon price




Self-sufficiency
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Fig. 4 Aggregated self-sufficiency ratio of traded agricultural products and their relative pereentual change compared with the SSP5-NoCC scenario.
Values are plotted by world region for the year 2100 under the most divergent scenarios in 55P5-RCPBS, and LPIJmL-MRI-ESM2-0. a 55P5-NoCC self-
sufficiency ratio, b LPJmL-MRI-ESM2-0, ¢ CYGMATp74-UKESM1-0-LL, d PROMET-MRI-ESM2-0 represent the difference in percentage points of the self-
sufficiency ratio between the S5P5-RCPB.5 simulations and SSP5-NoCC. .
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Postprocessing calculation of effects of not adapting

Priy = Z Yiw,kry*Ciwkry*TCiy * Hmhined effects
i,w,kr
bl ) efteelample)
GGEN1  SSPxRipy - NgedNoce
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Regional input yields
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Regional production
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