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Motivation: Dietary shifts and afforestation under the 2 °C Target
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Hasegawa, et al. 2018).
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Research gap and question

What has been studied for China?
« Environmental benefits of dietary shifts and afforestation (e.qg. Y. Guo, et al,,
2022; M. Ren, et al., 2023; L. Zhang, et al., 2022)

What is missing in studies on China?
« Interplay of dietary shifts and afforestation in the land system with the
decarbonisation of the energy system in a Paris Agreement 2°C target

« Food security and economic aspects of dietary shifts and afforestation under
the 2 °C target

To what extent do China’s dietary shift and afforestation contribute
to the feasibility of the 2 °C target?
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Integrated environmental-economic modelling framework based
on applied general equilibrium (AGE) models

= Database:
v" Dollar-based value: GTAP V10 Region- and sector-
. specific environmental
v' Quantity-based value: FAOSTAT impact database
‘/ RegIO N-an d sector-s peC|f| C Assumption 2: Dollar-based environmental
. I . d b impact intensities by sectors are derived by
environmental Im pa ct database dividing the cumulative environmental impacts
- . within each sector by the total economic value Assegsments of
Ba se yea r: 20 14 of that sector in each region. environmental
impacts ____________
A . \
« China’s dietary shift A 18-sector AGE Environmental impact + Global warming | Eﬁ&?grn:;ﬁltgle :
« China’s afforestation model calibrated by —————— intensities by sectors ——— potential (GWP) —— impacts on nati onal:
+ 2 °C climate target the GTAP database in each region i 1mp !

I (regional) scales
\

+ Acidification

potential (AP)
i « Eutrophication
Production, !
consumption, and trade potential (EP)
portfolio changes

Assumption 1: Factor endowments
(i.e., capital, labour, land) are mobile
between different sectors but
immobile among regions.
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Regional coverage: 4 regions

= China
= China’s main food and feed trading partners (MTP, including Brazil, the United

States, and Canada)
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Sectoral aggregation: 18 sectors

" 6 crop sectors: cereal grains, vegetables & fruits, roots & tubers, oilseeds &
pulses, sugar crops, non-food crops

" 3 livestock sectors: non-ruminant meat, dairy products, ruminant meat
" 1 forestry sector

" 8 non-agricultural sectors: cereal bran, alcoholic pulp, oil cake, compound
feed, processed food, nitrogen fertiliser, phosphorous fertiliser, non-food
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Linking AGE with a Global Timber Model (GTM)

GTM is a partial equilibrium, dynamic optimization model of
the global timber market and carbon stocks with the differentiation
of forests by type and age. (Sohngen and Mendelsohn, 2007)

" The forestry and the AGE models are linked through calibration of
the forest carbon sequestration component of the AGE model.

- To ensure that for the same carbon tax (e.q. $27%$/t CO2-eqg) two models give the same
forest carbon sequestration response.

= The calibration adjusts the incremental annual carbon intensity of forests by running the
AGE model to mimic forestry model assumptions.

(A. Golub, et al. 2013)
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Forestry carbon stock (FCS) as outputs

Net GHGs = Total GHGs - Total FCS Extensive & FCS as
intensive margin outputs
FCS can be increased by Forestry
* increasing the carbon intensity of forestry
(intensive margin) ¢-Db
- modified management and aging with Capital Labour Forest land-
constant forest land P biomass composite
* expanding forest land (extensive margin) CES
- more forest land with constant carbon intensity Forest land Forest biomass
(own use)
WAGENINGEN (A. Golub, et al. 2009)
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Land allocation: Constant elasticity of
transformation (CET) function

The land owner allocates a fixed Land

amount of land across uses given a CET elasticity = -0.25
set of land rents in order to /\

maximise total land rental revenue. ) .
Agricultural land Accessible forest land

CET elasticity: the elasticity of supply to a
given use of land in response to a change in
its rental rate

CET elasticity = -0.5

Cropland Pastureland

CET elasticity = -1.0

Cereal Vegetables Roots & Oilseeds Sugar Non-food Dairy Ruminant
grains & fruits tubers & pulses crops crops products meat
WAGENINGEN (T. Hertel, et al. 2009)
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Scenarios

CLIMATE
ACTION

D

Scenarios

S1: Food
scenario

S2: Land
scenario

S3: Climate
scenario

S4: Combined
scenario
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Descriptions

China’s dietary shift towards a less animal-based diet, closing 20% of the
gap between current food consumption and the Chinese Dietary Guidelines
2022 in line with SDG 2.1 (safe, nutritious and sufficient food), SDG target 2.2
(end all forms of malnutrition), and SDG 2.c.1 (food price anomalies).

China’s afforestation policy based on China’s National Forest Management Plan
(2016-2050) in line with SDG 15.1.1 (forest area as a proportion of total land
area) and SDG 15.2 (increase afforestation and reforestation).

— To expand forest land in China by 23 Mha (equivalent to 4% of China’s
agricultural land) by 2030

A global uniform carbon tax with carbon tax revenue recycling aligned with
the 2 °C climate target set by the Paris Agreement in line with SDG 13.2.2 (total
greenhouse gas emissions). — To reduce net total GHG emissions in China
and its main food and feed trading partners by 25% by 2030

Combining food, land, and climate scenarios.

Method and data
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China’s dietary shift (S1) with less meat and more dairy leads to an additional

14 Mha of agricultural land use abroad

China’s dietary shift:

. Oilseeds & pulses (+10%)
. Vegetables & fruits (+6%)
. Dairy products (+52%)

Changes in food availability in $1
(kcal capita! day)

1000
500 -
D 1
-168
-500
-1000
China Brazil United States ~ Canada
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120

60

-120

Cropland use:
. China: -0.06% (-0.08 Ma)
. MTP: -0.38% (-0.98 Mha)

Changes in cropland use change in §1 (Mha)

T T —— T — T — T T
-0.08 -0.004 097  0.002 _qgg
China Brazil United Canda Total

States

400

200

-200

-400

Pastureland use:
. China: -0.9% (-3 Mha)
. MTP: +3.3% (+15 Mha)

Changes in pastureland use change in S1 (Mha

11
0.05 15 0.0
| D |
-3
China Brazil United Canda Total
States

Non-food crops

= Sugar crops

= Roots & tubers

Vegetables & fruits

= Oilseeds & pulses

= Cereal grains

= Ruminant meat
Dairy products
» Non-ruminant meat

= Net changes
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Deforestation in China’s trading partners exceeds the carbon
sequestration from afforestation on freed-up land under China’s
dietary shift (S1)

With deforestation

Changes in land use in S$1 (Mha)

Changes in land-use change greenhouse gases emissions in S1 (Tg CO;-eq)

» Cereal grains Canada: 543
Canda +0.3 T COreq r
i B a7 A P B
. o e O 4 e & e R
Oilseeds & pulses ﬂ s A P - s

United States I Vegetables & fruits ; v ) j4 1 prar
1 = Roots & tubers United States: ; d AT ¢ China:

+342 Tg COz-eq -53 Tg CO,-eq
Brazil = Sugar crops %

Non-food crops
Brazil:
China |

Dairy products +1Tg COseq
4 = Ruminant meat '\& Total: +291 Tg COz-eq
Total
® Forest land
-400 -200 0 200 400
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China’s dietary shift (S1) causes 364 Tg CO2-eq of emission

leakage, more than tripling the domestic mitigation

GHG emissions from crop:
* China: -1.7% (-6 Tg CO,-eq)
* MTP: +1.3% (+2 Tg CO,-eq)

Changes in emissions of greenhouse gases
from crop in 81 (Tg CO,-eq)

GHG emissions from livestock:
* China: -18.3% (-59 Tg CO,-eq)
* MTP: +2.5% (+19 Tg CO,-eq)

Changes in emissions of greenhouse gases
from livestock in 51 (Tg CO;-eq)

Changes in economy-wide emissions
of greenhouse gases in $1 (Tg CO,-eq)

150 800 600
Non-food crops
= Ruminant meat
= Sugar crops
75 | gar crop 400 300 |
" Roots & tubers Dairy products
0004 2 0.0003
0 s #=— " Vegetables & fruits 0 0
: v 4
= Oilseeds & pulses ® Non-ruminant meat
75 | -400 - -300
= Cereal grains
* Net emissions
* Net emissions
-150 -800 -600
China Brazil United Canda Total China Brazil United  Canda Total China
States States
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Brazil

United
States

Canda

Total

Economy-wide GHG emissions:
* China: -0.8% (-93 Tg CO,-eq)
* MTP: +4.6% (+364 Tg CO,-eq)

= Non-food

u Fertiliser

= Processed food

= Food by-products
Compound feed
Land use change

= Livestock

m Crop

= Net emissions
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China’s afforestation policy (S2) expands food production
overseas, resulting in 16 Mha of additional agricultural land use

Forest land use: Cropland use: Pastureland use:
China: +20% (+23 Ma) «  China: -0.42% (-0.55 Mha) «  China: -5.63% (-22 Mha)
MTP: -3.43% (-16Mha) . MTP : -0.46% (-1.20 Mha) . MTP: +3.85% (+17 Mha)
Changes in forest land use change in S2 (Mha) Changes in cropland use change in S2 (Mha) Changes in pastureland use change in S2 (Mha Non-food crops
60 120 400
= Sugar crops
= Roots & tubers
30 F o3 60 - 200 -

Vegetables & fruits
0
2 v N = Cereal grains

13 = Ruminant meat
30 | 60 | 200 + Dairy products
» Non-ruminant meat
= Net changes
60 -120 -400
. Chi Brazil United  Cand Total China Brazil United Canda Total China Brazil United Canda Total
ina razi SP alis anda ota States States
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Deforestation in China’s trading partners exceeds the carbon
sequestration from China’s afforestation policy (52)

Changes in land use in S2 (Mha)

Canda
United States ]
Brazi

China .
Total q|

-400 -200 0 200
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With deforestation

Changes in land-use change greenh gases ions in S2 (Tg CO,-eq)
» Cereal grains Canada: 230
+10 Tg CO2-0q s ) l
= Oilseeds & pulses F T asiimeas )
3 v, el S -352
Vegetables & fruits o e ~
= Roots & tubers Uhiited States: b #  China:
+330 Tg COzeq : ; \ N A . ' -352Tg COseq
= Sugar crops o DL A 9 5

Non-food crops
Brazil:
+66 Tg COy-eq

v

- Total: +55 Tg CO;-eq

Dairy products
= Ruminant meat

= Forest land

Results
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China’s afforestation policy (S2) causes 424 Tg CO2-eq of
emission leakage, largely offsetting the domestic reduction

GHG emissions from crop: GHG emissions from livestock: Economy-wide GHG emissions:
* China: -4.9% (-18 Tg CO,-eq) * China: -9.2% (-30 Tg CO,-eq) * China: -3.4% (-374 Tg CO,-eq)
* MTP: +1.3% (+2 Tg CO,-eq) * MTP: +2.5% (+19 Tg CO,-eq) * MTP: +5.3% (+424 Tg CO,-eq)

Changes in emissions of greenhouse gases Changes in emissions of greenhouse gases Changes in economy-wide emissions

from crop in S2 (Tg CO,-eq) from livestock in S2 (Tg CO,-eq) 600 of greenhouse gases in 52 (Tg CO,-eq)
21
00 600 u Non-food
Non-food crops
= Ruminant meat u Fertiliser
= Sugar crops
100 9 P 300 = Processed food
m = Roots & tubers Dairy products ® Food by-products
3
0 T— - 4 - Vegetables & fruits 0 Compound feed
- -0.7 0.1 -
18 -16 ) Land use change
= Oilseeds & pulses = Non-ruminant meat
= Livestock
100 . -300 |
m Cereal grains Lol = Crop
* Net emissions -374
* Net emissions * Net emissions
-200 -600 -600 : - -
China Brazil  United Canda Total China Brazil  United Canda Total China Brazii  United Canda  Total
States States States
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Non-food sector is the largest contributor for greenhouse gases
reduction under the 2 °C target (S3)

6000

3000

-3000

-6000

Changes in economy-wide emissions
of greenhouse gases in S3 (Tg CO,-eq)

43 $/t CO,-eq

'3408 NOI’I-fOOd

-4752

China Brazil United Canda Total
States
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= Non-food

m Fertiliser

= Processed food

® Food by-products
Compound feed
Land use change

= Livestock

m Crop

* Net emissions

-188 Tg CO,-eq

No deforestation

Changes in land-use change greenhouse gases emissions in S3 (Tg CO,-eq)

Canada: 70
-113 Tg COz-eq o
5% =, AR I-760
¥ iz
- ‘
United States: ¢ BN %“gg eq

-760 Tg CO,-eq

Brazil: '

\. Total: 1131 Tg CO,-eq
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2 °C target with carbon tax revenue recycling (S3) reduces
population at risk of hunger by 65 million people

Changes in cereals affordability $3 (%) Changes in population at risk of hunger in §3 (million people)
Canada: -226% p37
-229% B = R o |
g I T T T e T - - Y :,:«," ] s
d -275% vy e -102
- ’ ¥
) AT Uy 7 _ iy China:
UI"IJt_Esz g::tes. AR £y vy & -102 million people
Brazil: e = oy s o
99801 =Y 9t o Jor Brazil: -
226% ™) | ' '- +37 million people ) o
- ' - Total: -65 million people
Fol > > o ~ AT i o -
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2 °C target with carbon tax revenue recycling (S3) causes $204

billion gross domestic product (GDP) losses

Changes in sectoral value-added in S3 ($ billion)
1400

700 +

-700 r

-185

-1400
China United Canada

States

Brazil Total
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® Non-food

m Fertiliser

u Processed food

= Food by-products
Compound feed

= Forestry

» Livestock

= Crop

= Net changes

Changes in gross domestic product (GDP) in $3 (%)

Canada:
-0.4% 0%
- 7 = - - e - >
) SESNE, o
- : . (,f - e
L -+ &, Frhr =y
T e - W
E
United States: ! e . A A g C:g;
-0.1% Lty s A 0 %
Brazil:
-0.4% M
Total:

N .1.2% ($-204 billion)
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Land-use emission leakages from China’s dietary shift and

afforestation necessitate more stringent mitigation in non-food
sectors to meet the 2 °C target (54)

6000

3000 r

-3000 |

-6000

Changes in economy-wide emissions
of greenhouse gases in S4 (Tg CO,-eq)

= Non-food

m Fertiliser

® Processed food

® Food by-products
Compound feed
Land use change

m Livestock

= Crop

¢ Net emissions

59 $/t CO,-eq
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—
[
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Non-food
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With deforestation

Changes in land-use change greenhouse gases emissions in S4 (Tg CO,-eq)

Canada:

485
-103 Tg COz-eq e I

S -693

United States: N q 3 China:
+485 Tg CO5-eq g = 1 o s (e " -475 Ta COyeq

- Total: -786 Tg CO,-eq

oY
»

Brazil:
-693 Tg COs-eq
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Land-use emission leakages from China’s dietary shift and

afforestation amplify food insecurity under the 2 °C target (S4)

S3: -65 million people
S4: additional 145 million people

Changes in cereals affordability in S4 (%) Changes in population at risk of hunger in 54 (million people)
-299%
-361% -4
. China:
United States: g "B, { ' S e -261% i - [ N
Brazil: - i - o’ Brazil:
-299% s, > ; ' +2 million people
N _ ' Total: +79 million people
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China:

i +77 million people
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Land-use emission leakages from China’s dietary shift and

afforestation amplify economic losses under the 2 °C target (S4)

Changes in sectoral value-added in 54 ($ billion)
1400

u Non-food
m Fertiliser
» Processed food

® Food by-products

Compound feed

700 - I
-8 . -8

-20
-700 - -278

= Forestry
w Livestock
= Crop

-242
* Net changes

-1400

China Brazil United Canada Total
States
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S3: $204 billion
S4: additional $74 billion

Changes in gross domestic product (GDP) in S4 (%)

-0.9% - I
. -.::wg“ =1 __..J -6.4%
. ﬁ "
o : China:
United States: - -6.4%
-0.2% ey :
o
Brazil: f .L.-\‘? _.-r %
-0.6% 8 b3
. Total:
< -1.6% ($-278 billion)
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Conclusions

® China’s dietary shift with less meat and more dairy leads to an additional
14 Mha of agricultural land use abroad and causes 364 Tg COz2-eq of
emission leakage, more than tripling the domestic mitigation.

" China’s afforestation policy expands food production overseas, resulting
in 16 Mha of additional agricultural land use and 424 Tg CO2-eq of emission
leakage, largely offsetting the domestic reduction.

" These emission leakages, primarily driven by land-use change,
necessitate more stringent mitigation in non-food sectors to meet the 2 °C
target.

" Without coordinated global action, these unilateral measures amplify
pressures on carbon tax (36%), food price (65%), the population at
risk of hunger (145 million people), and economic losses ($74 billion).
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Thank youl

Questions?

Contact me via
weitong.long@wur.nl
http://weitonglong.com/

@WeitonglLong

m linkedin.com/in/weitong-long-422714106
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