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Quantifying food security and mitigation risks
consequential to climate change impacts on

crop yields
ISIMIP/PROCLIAS workshop 2023

Hermen Luchtenbelt - PBL
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> Global crop productivity
BaCkg round likely to be impacted under
climate change
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Ensemble end-of-century crop productivity response (Jagermeyr et. al, . .
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Background

- SDG 2: By 2030, end hunger and ensure
access by all people, in particular the
poor and people in vulnerable situations,
including infants, to safe, nutritious and
sufficient food all year round

- SDG 13: Take urgent action to combat

climate change and its impacts 13 nr

- Paris agreement: avoid dangerous

climate change by limiting global @
warming to well below 2°C and pursuing
efforts to limit it to 1.5°C
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Integrated Assessment Model IMAGE

- Model framework

" Interaction between the human
and earth system

" Stehfest et. al, 2014
- MAGNET: agro-economy
- TIMER/fair: climate and energy

Drivers

(Population, economy, policies, technology, lifestyle, resources)

Agriculture and land u:

Human system

5

se

Agricultural economy

Forest Land-use
allocation

Energy supply and demand

* e

Earth system

Atmosphere and Oceans

Atmospheric composition
and climate
Nutrients
CCCCCC
Impacts

IMAGE Land and Climate

gt Flood risks
ersi|

Land Ecosystem
degradation services

ource: PBL 2014
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Integrated Assessment Model IMAGE

- Model framework
" |Interaction between the human

and earth SyStem Crop type IMAGE LPJmL mapping
Wheat Wheat productivity changes directly applied
a MAGNET agFO-eCOnomy Rice Rice productivity changes directly applied
Maize Maize productivity changes directly applied

- TIMER/fair: climate and energy

Tropical Cereals (millet, sorghum) | Modified corn yields where only half of the
negative effects are applied due to better

- Crop mapping following drought tolerance
Other temperate cereals (rye, Modified wheat yields where only half of the
(J anssens et a I . 2 O 2 O) an d barley) negative effects are applied due to better
. drought tolerance
( M u I Ie I & RO be rtSO N , 2 O 1 4) Soybeans Soybean productivity changes directly applied

Pulses (field peas), temperate oil | C,crops are represented by the average of three

“ TO convert fOU ' MMa | N Cro pS to crops (rapeseed, sunflower), modelled C, crops (wheat, rice and soybean)

tropical oil crops (groundnuts),
temperate roots & tubers,

- Mitigation policies: Limit GW tropical roots & tubers, sugar
crops, oil & palm frui
well below 2°C
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Model selection

Climate Crop model
model (GCM) (GGCM)
RCP26 Mri-esm2-0 Promet
- To get a good representation | rceze Mri-esm2-0  Crover
of the different climate-crop Ukesm1-0-  Simplace-
. . ] Lintul5
* two pessimistic, optimistic model |rcp2e Ukesm1-0-l  Crover
and average climate-crop model |gcp2s Mpi-esm-1-2-  Dssat-pythia
combinations are used (from hr
.. RCP85 Ukesm1-0-I Acea
Jagermeyr et. al, 2021)
RCP85 Ukesm1-0-II Simplace-
Lintul5
Gfdl-esm4 Epic-iiasa
Mri-esm2-0 Epic-iiasa
RCP85 Ipsl-cm6a-Ir Pepic
RCP85 Gfdl-esm4 Dssat-pythia
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Scenario setup

Climate

model (GCM)

Crop model
(GGCM)

Socio-
economics

Climate
Policy-
target

° TO get a gOOd representatlon RCP26 Mri-esm2-0 Promet SSP2 2.6
Of the dl.ﬁ:erent C|Imate—CI‘Op RCP26 Mri-esm2-0 Crover SSP2 2.6
" 1 . Uk 1-0-1 Simpl - SSP2 2.6
combinations: o e
* two pessimistic, optimistic Mri-esm2-0- Lpiml >oP2 26
mode| and average Climate-crop RCP26 Ukesm1-0-II Crover SSP2 2.6
model combinations are used RCP26 Eflpi-esm-l-z- Dssat-pythia ~ SSP2 2.6
r
> Socio-economics: SSP2 for all |*™ Uesmi-0ill - Acea 55P2 26
v 7 RCP85 Uk 1-0-1 Si I - SSP2 2.6
scenario’s == intuls
. L. . . Gfdl-esm4 Epic-iiasa SSP2 2.6
> Cllmate m|t|gat|0'n pOIICy Mri-esm2-0 Epic-iiasa SSP2 2.6
based on RCP26 RCP85 Ipsl-cm6a-Ir Pepic SSP2 2.6
- TO Ilmlt GW We” beIOW 20C RCP85 Gfdl-esm4 Dssat-pythia SSP2 2.6
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Preliminary results
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Impacts on agricultural production

* Increase in global
cropland area by almost
10% in the pessimistic

. Crop area Crop yields scenarios (RCP 8.5)

1000 1

Crop area and yields in 2085%*

950 -
900 -

850 1

800 1

mg/km?2

750 -

® MR-PR & UK-AC
¥ IP-PR & MR-AC
MR-EP & GF-EP
GF-LP & MR-CY
# UK-CR & IP-PE
& MR-CY & [P-PD
600 e N T Mo climate change impacts

RCP126 RCP585 RCP126 RCP585

700 -
650 -

*average of 2070-2100
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Impacts on agricultural production

Change in cropland area by region
2085 - RCP85

OPT1 -64 -52

OPT2

=25

AVG1

million ha

- —25

AVG2

- -50

PES1

-100

PES2

-125

Increase in global
cropland area by almost
10% in the pessimistic
scenarios (RCP 8.5)
Regional impacts:

* Asia highest impacts
on total cropland
area: difference up to
200 million
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Food security

1.6 1

1.4+

1.2

1.0

Crop prices (Wheat)

million

320 1

300 +

People undernourished

280 -

260 -

220~

200 -

180~

160 -

RCP126 RCP585

kcal/cap/year

Impacts on food security indicators in 2085
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Calorie demand

31501

31251

3100

w
o
~
U

w
o
Ul
o

3025

3000 1

2975 1

RCP585

Higher level of food
insecurity only in
pessimistic models

On average decreasing
undernourishment
compared to no CC

MR-PR & UK-AC

IP-PR. & MR-AC

MR-EP & GF-EP

GF-LP & MR-CY

UK-CR & IP-PE

MR-CY & IP-PD

No climate change impacts
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Change in undernourishment (2085) - RCP85

40

OPT1

OPT2

AVG1

AVG2

PES1

PES2

-13

21

14

19

e

Million

-30

-40

Higher level of food
insecurity only in
pessimistic models

On average decreasing
undernourishment
compared to no CC

Middle east and northern
Africa impacted most,
also difference between
models greatest.
 Food security targets
affected by crop yield
Impacts
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. e Set of ‘optimistic’ and
M |t|gat|0n ta 'g ets some ‘average’ models
show an increase in
energy from biomass and
renewable energy shares

Energy from biomass compared to
no CC (2085) - RCP85

OPT1 3 - .
: Biomass energy
10.0 %_
OPT2 1 220
S 210 A
AVG1 2
% E" 200
AVG2 0 B
190
o]
PEST1 1 B 180 ® MR-PR & UK-AC
¥ IP-PR & MR-AC
.................. .*................. MR.EP & GF.EP
e 170 —Ah—— GF-LP & MR-CY
# UK-CR & IP-PE
PES?2 1 # MRCY&IPPD
-5.0 RCP1 26 RC P585 ----- No climate change impacts
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Mitigation targets

1.86

1.84

1.82

1.80

1.78

1.76

Temperature change

RCP126

RCP585
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MR-PR & UK-AC
IP-PR & MR-AC
MR-EP & GF-EP
GF-LP & MR-CY
UK-CR & IP-PE
MR-CY & P-PD

=+ No climate change impacts

Set of ‘optimistic’ and
some ‘average’ models
show an increase in
energy from biomass and
renewable energy shares

Temperature difference

can be up to 0.1 degrees

for RCP85 productivity

impacts, and 0.07

degrees for RCP26

* Mitigation efforts

may not align with
policy target!
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Conclusion

> Large uncertainty in crop productivity responses affect IAM model
simulation results

> Mitigation and food security policies may fall short:

- SDG 2: Pessimistic model combinations show that global hunger might
InCrease in some regions, as Crop prices increase

- SDG 13: There is a difference of 0.1 degrees
" Which can be quite significant in reaching mitigation targets
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CO2 emissions
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CH4 emissions
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Primary energy share - 1971

: ; : : : : Regions
. World
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Ukesm1-0-11 Acea

Mri-esm2-0 Acea

Gfdl-esm4 Epic-iiasa

Mri-esm2-0 cygma1p74

Ipsl-cm6a-Ir Pepic

Ipsl-cm6a-Ir Pdssat

Change in Calorie demand (2070-2100)

200.55

230.14

252.49 103.91 243.93 211.43 142.91

-127.89 -269.62

600

=200

-200
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Change in Biomass Energy (2070-2100)

Ukesm1-0-1l Acea

Mri-esm2-0 Acea

Gfdl-esm4 Epic-iiasa

Mri-esm2-0 cygma1p74

Ipsl-cm6a-Ir Pepic

Ipsl-cm6a-Ir Pdssat
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—-20
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Mitigation targets

Change in Renewable energy share (2070-2100)

Ukesm1-0-1l Acea

30

Mri-esm2-0 Acea

20

Gfdl-esm4 Epic-iiasa

%

Mri-esm2-0 cygma1p74

Ipsl-cm6a-Ir Pepic

Ipsl-cm6a-Ir Pdssat
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Req| | | t
Optimistic Average Pessimistic
Ukesml-0-II1 Acea Mri-esm2-0 Acea Gfdl-esm4 Epic- Mri-esm2-0 Ipsl-cm6a-1r Pepic Ipsl-cm6a-lr Pdssat
iiasa malp74
Cropland 4-12.5 -17.2 9.4 -18.0 -21.8| {-25.5 -26.7 -10.5 -21.2 -23.3| 4 86 6.1 -53 -4.6 -5.6 | /9M888 %1 87 6 179 181 54 141 -1.2|{99 145 67 144 0.7
Non-energy crops{ 2.9 -0.1 65 96 41| {41 22 73 123 -06 411 05 40 29 -13|{65 -42 64 -1.7 11 4117 25 50 64 -16({-33 10 -26 -49 -1.9
Crop price {-19.7 -15.8 -15.9 -30.6 -23.4| {-25.3 -22.1 -18.5 -37.2 -17.0| 4{-10.2 -84 -8.2 -144 -13|{ 1.9 94 03 10.8 2.4 116.1 22.9 207 . 215|{ 5.8 129 12.1 381 125
Food Demand 4 3.8 3.0 27 36 28 446 41 36 46 33 4 1.5 1.0 1.5 1.4 20 1|{ 08 -05 -02 -03 04 4-13 -1.2 -17 -25 -10(4 02 -01 -12 -1.1 -0.0
Risk of Hunger {-36.0 -19.1 -19.6 -32.8 -25.5 -23.5 -26.0 [E=HOESN -30.9 4-16.4 -8.2 -13.0 -15.1 -19.6|{ 2.8 3.7 -2.0 16.0 -4.9 4301 84 210 443 110({ 72 17 13.8 25.0 1.6
1 o5 EEEE 0 19| 448 106 69 104 26 {-11 36 05 1.7 -01|]-67 -104 -9.8 -7. .
Forest1 0.5 79 7.0 80 19 6.7 Bl0as 9.8 7.4 05 {-34 75 -11.0 -103 02 || 51 .55 .86 -10.8 -0.3
Bi 1435 4.8 232 425.7 9.2 164 1'5 8.3 8.6 426 |{34.5 -15.7 6.4 -10.8 23.6
ioenergy demand - 1363 -7.7 56 -16.1 1467 23 -104 -16.5 15.9
S0 -4, ; . : 434 -49 00 16 22 412 -16 00 04 09 |d-0. 0. : 0.1 i
Pastured{ 1.8 4.0 00 13 23 05 -03 00 -01 05 111 15 00 04 07|] 05 06 o0 05 o4
T T T T T 1 ) T T T T T T T T T T T T L
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