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Fig. 1 Temporal dynamics and global structural composition of
Atlantic salmon and rainbow trout aquaculture production in
Norway, Chile, the UK, Canada, and China from 2003 to 2023
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Fig. 2 Temporal dynamics of greenhouse gas (GHG) emissions from Atlantic salmon and rainbow trout aquaculture in Norway, Chile, the

UK, Canada, and China from 2003 to 2023
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Fig. 3 Temporal dynamics of N,O emissions from Atlantic salmon and rainbow trout aquaculture in Norway, Chile, the UK, Canada, and

China from 2003 to 2023
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a. N,O emissions from Atlantic salmon aquaculture in Norway, Chile, the UK, and Canada; b. N,O emissions from Atlantic salmon aquacul-

ture in China; ¢. N,O emissions from rainbow trout aquaculture in Norway, Chile, the UK and Canada; d. N,O emissions from rainbow trout

aquaculture in China; N,O emissions are expressed as CO, equivalents (Tg CO,-eq), representing annual aquaculture-related emissions
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Fig. 4 Stage-wise changes in average greenhouse gas (GHG) emissions from Atlantic salmon and rainbow trout aquaculture in five coun-

tries (2003—2023)
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a. average GHG emissions from Atlantic salmon aquaculture in Norway, Chile, the UK, and Canada; b. average GHG emissions from

Atlantic salmon aquaculture in China; c. average GHG emissions from rainbow trout aquaculture in Norway, Chile, the UK, and Canada;

d. average GHG emissions from rainbow trout aquaculture in China; Stage-wise averages were calculated based on period-wise statistics
from 2003 to 2023. GHG emissions are expressed as CO, equivalents (Tg CO,-eq)
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Fig. 5 Stage-wise changes in average N,O from Atlantic salmon and rainbow trout aquaculture in five countries (2003—2023)
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N,O emissions from rainbow trout aquaculture in China; Stage-wise averages were calculated based on period-wise statistics from 2003 to

2023. N,O emissions are expressed as CO, equivalents (Tg CO,-eq)
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lents (Gg CO,-eq)
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a. Norway; b. Chile; c. UK; d. Canada; e. China; The GHG and N,O emissions from Atlantic salmon aquaculture shown in the figure were
calculated separately as the corresponding total emissions for each region over the period 2003—2023 divided by 21 years; emissions of
GHG and N,O are expressed as CO, equivalents (CO,-eq)
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Fig. 7 Mean emissions of greenhouse gases (GHG) and N,O from major rainbow trout production regions in five countries during

2003—2023
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a. Norway; b. Chile; c. UK; d. Canada; e. China; The GHG and N,O emissions from rainbow trout aquaculture shown in the figure were
calculated separately as the corresponding total emissions for each region over the period 2003—2023 divided by 21 years; emissions of

GHG and N,O are expressed as CO, equivalents (CO,-eq)
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CROSS-NATIONAL COMPARISON AND TEMPORAL DYNAMICS OF
GREENHOUSE GAS EMISSIONS IN ATLANTIC SALMON AND
RAINBOW TROUT AQUACULTURE (2003—2023)

CHEN Ya-Na', ZHOU Yan-Gen’, HUANG Ming’, HUANG Zhi-Tao’, TAN Jin-Xiao,
DONG Shuang-Lin’, TIAN Xiang-Li’ and REN Yi-Chao'

(1. School of Marine Science and Engineering, Qingdao Agricultural University, Qingdao 266237, China; 2. Key Laboratory of
Mariculture of Ministry of Education, Ocean University of China, Qingdao 266003, China; 3. College of Life and
Environmental Sciences, Huangshan University, Huangshan 245041, China; 4. Norwegian Institute for
Water Research (NIVA), Bergen 5006, Norway)

Abstract: In this study, we developed a harmonized emission factor-based assessment framework, coupled with estab-
lished emission models, to quantify and compare GHG emissions from Atlantic salmon and rainbow trout aquaculture
in Norway, Chile, the United Kingdom, Canada, and China over the period 2003—2023, expressed in carbon dioxide
equivalents. We analyzed temporal dynamics, cross-country contrasts, and spatial aggregation characteristics of emis-
sions. Across the five countries, total salmonid production increased from 1.27 to 2.71 million tons (114%), whereas
aggregate GHG emissions grew at a markedly slower pace (85%). Notably, nitrous oxide (N,O) emissions declined by
36.8%, underscoring the significant role of improved feed efficiency and advances in farming technology in achieving
emission reductions. At the species level, rainbow trout consistently exhibited lower emission intensities than Atlantic
salmon. National dynamics diverged substantially: Norway showed a sustained reduction in emission intensity driven
by efficiency gains; Chile displayed interannual variability associated with marine environmental conditions; the United
Kingdom and Canada maintained relatively stable emission profiles; and China achieved progressive intensity reduc-
tions through optimization of production systems and technological upgrading. Spatially analysis further revealed
significant clustering of salmonid-related GHG emissions, with hotspots concentrated along Norway’s western coast,
southern Chile (Los Lagos Region and Aysén Region), north-west Scotland, British Columbia, and the north-western
plateau regions of China, underscoring the close coupling between farming intensity and regional ecological carrying
capacity. Collectively, these findings elucidate the evolving spatiotemporal structure of greenhouse gas emissions in
global salmonid aquaculture and demonstrate a partial decoupling of emission growth from production expansion. This
work provides a robust quantitative basis for advancing low-carbon development pathways and designing region-
specific mitigation strategies for cold-water salmonid aquaculture.

Key words: Greenhouse gas; Salmonid aquaculture; Spatiotemporal patterns; Cross-national assessment; Emission
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Appendix S1  Full names of the main production areas for Atlantic salmon and rainbow trout used in this study

7 %1No. Z Country 77X (£ FK) Main production areas (full name) 4 '5 Abbreviation
1 R ENorway Fr B B35 55 Troms og Finnmark TF
2 i E Norway i /K 2% Nordland NOR
3 B Norway TG H % Trondelag TRD
4 R ENorway BRE—E& Wk /R Mere og Romsdal MR
5 #BE Norway F = Vestland VLD
6 P E Norway %' n>% Rogaland ROG
7 P Norway Bl A% 18R Agder AGD
8 B Norway HABAL Ovrige fylker OTH
9 I FChile Fif=5 - JE KX La Araucania Region ARA
10 % F|Chile LR KX Aysén Region AYS
11 % F|Chile L BLEL BLK X Biobio Region BIO
12 | Chile VAKX Los Rios Region LRI
13 I FChile W KIX Los Lagos Region LLA
14 % F|Chile I 5,38 K X Maule Region MAU
15 % F|Chile #7118 KX Magallanes Region MAG
16 e EUK(LATF A% Z H X S 32) PEd67= X North west NW
17 UK (LA 2 X A ) Wi Je #f & Orkney ORK
18 BEE UK (LAT3 % 22 Hh X 2 ) %452 Shetland SHE
19 PEFE UK (A5 22 X D9 ) PR [X. South West SW
20 e UK (LATR M 22X D ) FaFREE ) Western Isles WI
21 Jn# K Canada 4125 > 5 i A $ 2 Newfoundland and Labrador NL
22 Jin% K Canada H AMEH 57, New Brunswick NB
23 JNZE K Canada A EfiEF46 P British Columbia BC
24 Jn%KCanada HriRLE Nova Scotia NS
25 Jn% K Canada Bl /R AF 5 Alberta AB
26 Jn# K Canada 22 KM Ontario ON
27 Jn%KCanada % Wi )il Saskatchewan SK
28 JIZE K Canada 5 JEFLE Manitoba MB
29 JNZE K Canada LT Quebec QC
30 ' [E China Jt 5 Beijing BJ
31 71 [€ China K Tianjin TJ
32 1 [El China it Hebei HEB
33 ' [E China 117G Shanxi SX
34 1 [E China P 5 15 Inner Mongolia NMG
35 71 [E China 1L F*Liaoning LN
36 1 [ China # MJilin L
37 # [E China ¥ Heilongjiang HLJ
38 1 [E China YL.75Jiangsu JS
39 1 [ China Wil Zhejiang VA
40 1 [E China % {# Anhui AH
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7 %1No. Z Country 77X (£ FK) Main production areas (full name) 4 '5 Abbreviation
41 rF [E China @ £ Fujian FJ
42 1 €| China YL PliJiangxi X
43 H [El China 111 Z<Shandong SD
44 1 [E China 77 B Henan HEN
45 1 [E China 11 Hunan HUN
46 71 [E|China |~ % Guangdong GD
47 1 [E China I~ PtiGuangxi GX
48 1 €| China ¥ FdHainan HN
49 H [E China # KChongqing CQ
50 1 [E China V0)1[Sichuan SC
51 1 [ China 51 Guizhou GZ
52 71 [E| China 2 F Yunnan YN
53 /1 [ China P Xizang XZ
54 1 €| China [k 76 Shaanxi SX1
55 1 [E China HifGansu GS
56 1 [E China ¥ Qinghai QH
57 1 € China 7 5 Ningxia NX

58 1 [E China #TiEXinjiang XJ
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