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Figure S1. Monthly regional NH3 emissions (gN.m−2.yr−1). The CAMEO emissions from

Beaudor et al. (2023) and this study accounting for natural and agricultural emissions aggregated

with other sources are represented by the dotted and solid blue lines respectively (CMIP+GMD,

CMIP+CMIP). The agricultural sector of CEDS aggregated with other sources is represented by

pink solid lines (CEDS+), respectively. The IASIinv product is shown in black (IASIinv). The

agricultural emissions from FANv2 aggregated with other sources are shown in green solid lines

(FAN+). Other sources include biomass burning from (van der Werf et al., 2017) and industrial

and waste sectors from CEDS (Hoesly et al., 2018). The region boundary coordinates are given as

follows in degree : Eq. Africa = [-30N,47N,-14E,18E], Mid-US = [-125N,-75N,20E,50E], Europe

= [-15N,40N,35E,60E], S. America = [-70N,-35N,-40E,5E], India = [65N,92N,3E,35E], China =

[95N,128N,16E,52E]
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Figure S2. Evolution of the livestock production (million tDM/yr) for the different SSPs of

the IAMs framework from 2010 to 2050. SSP5-Baseline here corresponds to SSP5-8.5 used in

the text. Data provided in the IIASA database (Riahi et al., 2017).

Regional abbreviations ’REF’ accounts for Reforming Economies of Eastern Europe and the

Former Soviet Union.
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Figure S3. Gridded factors fSSPi(2010→y) to obtain the future livestock distributions under the

three selected scenarios for year 2020, 2030, 2050 and 2100
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Figure S4. Future livestock distributions under the three selected scenarios for years 2020,

2030, 2050, and 2100 (Heads.km−2.yr−1).

December 20, 2023, 7:43pm



: X - 7

200 250 300 350 400 450 500
Livestock production (million t DM/yr)

40

50

60

70

80

90

To
ta

l N
H3

 e
m

iss
io

ns
 (M

t N
H3

/y
r)

Models (SSP2-4.5)
AIM/CGE
0.02 * x + 51.1
GCAM4
0.32 * x + -12.9
IMAGE
0.16 * x + 25.6
MESSAGE-GLOBIOM
-0.02 * x + 58.0
REMIND-MAGPIE
0.06 * x + 29.1

Figure S5. Total (unharmonized) emissions (Mt NH3.yr−1) evolution with livestock produc-

tion (million t DM.yr−1) simulated by the different IAMs under SSP2-4.5 over 2005-2100. The

regression function is indicated in the legend for each model (IIASA database).

December 20, 2023, 7:43pm



X - 8 :

2 3 4 5 6 7
Air temperature change (K)

0

10

20

30

40

%
 o

f c
ha

ng
e

Total agri NH3 emissions
[CO2] SSP

[482] 4-34
[594] 2-45
[1000] 5-85

2 3 4 5 6 7
Air temperature change (K)

%
 o

f c
ha

ng
e

SOIL NH3 emissions

2 3 4 5 6 7
Air temperature change (K)

0

10

20

30

40

%
 o

f c
ha

ng
e

Manag. NPP

2 3 4 5 6 7
Air temperature change (K)

%
 o

f c
ha

ng
e

SOIL NH4+

0.00

0.10

0.20

0.30

0.40

0.00

0.10

0.20

0.30

0.40

0.00

0.10

0.20

0.30

0.40

Ra
in

 ra
te

 c
ha

ng
e 

(m
m

/d
ay

)

0.00

0.10

0.20

0.30

0.40

Ra
in

 ra
te

 c
ha

ng
e 

(m
m

/d
ay

)

Figure S6. Simulated change in the global mean total agricultural emissions (top left panel),

soil emissions (top right panel), grassland and cropland NPP (bottom left), and soil ammonium

(bottom right) with temperature and rain rate under the considered SSPs (cross: SSP4-3.4;

circle: SSP2-4.5; diamond: SSP5-8.5) for 2080-2100 period. Please note that the different CO2

levels (in ppm) associated with the SSPs are written into brackets in the legend. The changes

are calculated between the simulations where the climate is changing for the future and where

the climate is taken for the present day.
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Figure S7. Agricultural N input during the historical period (2005-2014, first column) and

absolute differences with the future period (2091-2100) N input under the three SSPs (second,

third and last columns) by CAMEO under future climate over Africa (a) and Asia (b). The

first row corresponds to the manure applied simulated by CAMEO, and the second row is the

fertilizer rate coming from LUH2.Units are in gN.m−2.yr−1.
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Figure S8. Same as S7.
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Figure S9. Agricultural Ninput during present-day (2005-2014, first column) and absolute

differences with future (2091-2100) Ninput under the three SSPs (second, third and last columns)

by CAMEO under future climate. First row corresponds to the manure applied simulated by

CAMEO and second row is the fertilizer rate coming from Input4MIP. Units are in gN.m−2.yr−1
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Figure S10. Agricultural emissions in the historical period (2005-2014, first column) and

absolute differences between future (2091-2100) and historical emissions under the three SSPs

(second, third and last columns) from the harmonized CMIP6 emissions IAMs. Units are in

gN.m−2.yr−1
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