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Modeling Aquaculture Suitability in a Climate Change Future
By Amy Leigh Mackintosh, Griffin Goldstein Hill, Mark John Costello, Alexander Jueterbock, and Jorge Assis

INTRODUCTION
Aquaculture has become the primary supplier of fish for 
human consumption, with production increasing every 
year since 1990 (FAO, 2020). At the same time, up to 
89% of the world’s capture fisheries are fully exploited, 
overexploited, or collapsed. While some fisheries may 
have increased yields due to climate change in the short 
term, global fisheries catch is projected to fall by 10% by 
2050 (Barange et  al., 2014; Ramos Martins et  al., 2021). 
However, the security of aquaculture production will 
depend on how future climate change affects productive 
regions as species’ optimal climatic conditions shift pole-
ward (Chaudhary et al., 2021). This makes the forecasting 
of climate impacts on key aquaculture species a top prior-
ity in order to facilitate adaptation of this industry. 

Simple climate metrics can provide valuable informa-
tion on the potential impacts of climate change on bio-
diversity in the future. One such metric, climate velocity, 
uses an environmental variable, typically temperature, to 
track the rate and direction of climate change over time 
(Loarie et  al., 2009). This approach can be scaled up to 
incorporate the dissimilarity in multiple biologically mean-
ingful variables that define species’ fundamental niches, 
from today’s climate conditions to those projected under 
future scenarios of climate change. This enables the iden-
tification of the direction and distance a species must relo-
cate to inhabit a climate that is analogous to its current 
conditions. Climate dissimilarity is a metric that drives the 
climate analog approach, which identifies other locations 
with similar climates to a current location across time and 
geographic space. Climate dissimilarities and their analogs 
can be determined with or without species distribution 
data by relying primarily on the selection (and data avail-
ability) of the environmental variables most relevant to a 
location, species, or group of species.

This paper aims to illustrate the potential of climate 
dissimilarity analyses for projecting future impacts on 
marine environments, specifically demonstrating how this 
approach may be used as a tool for managing aquaculture 
adaptations to climate change.

CLIMATE ANALOGS IN ACTION
In the wild, marine species are moving in pursuit of favor-
able environmental conditions (Chaudhary et  al., 2021). 
However, aquaculture farms have less freedom, especially 
across country borders. This makes it important to identify 
areas where large climatic shifts are likely in order to miti-
gate losses and to seize emerging opportunities. 

Determining where climate analogs favorable to aqua-
culture will be located under future climate change will 
enable advance planning of its development (Figure 1). For 
example, at location A, where example species Atlantic cod 
Gadus morhua is currently farmed, there may be a decrease 
in production of that species as the environment changes 
over time. Location B may develop an analogous climate 
that is similar to the present-day climate at location A. 
However, the climate suitability for an additional exam-
ple species, the Atlantic salmon Salmo salar, could decline 
at location B over time, and salmon farms in this region 
would exhibit a loss in production should they keep farm-
ing Atlantic salmon. Location C, which is currently able to 
support Atlantic salmon aquaculture, although perhaps 
not at maximum production due to low temperatures, 
will be analogous to B in the future, resulting in increased 
production and profitability at that location in the future. 
However, decreased climate suitability may affect the 
aquaculture productivity in that region, negatively impact-
ing the long-term profitability of these farms. As Figure 1 
illustrates, current favorable climates will shift poleward, 
leaving polar and equatorial species subject to larger dis-
ruptions. Tropical regions already hosting the warmest 
environments may develop climates that are significantly 
dissimilar from a production perspective compared to the 
present day. Opportunities may arise as climate change 
could facilitate the expansion of tropical aquaculture 
into the subtropics and cold- temperate aquaculture into 
polar latitudes. 

The reliance of aquaculture species and facilities on 
climate conditions creates a compelling case for pro-
active management and adaptation of aquaculture, which 
requires robust forecasts of climate impacts. To address 
this need, statistical approaches and metrics must be 
adaptable to diverse species groups and have regional 
resolution, while remaining applicable globally. Early iden-
tification of areas likely to undergo the biggest swings in 
aquaculture suitability, for the better or worse, is a critical 
step toward enabling the maximum adaptive potential of 
aquaculture as an industry.

CONCLUSION
Estimates of future climate dissimilarities may be a valu-
able approach for predicting optimal locations for aqua-
culture under different climate change scenarios. Future 
exposure to climate change could be estimated for large 
groups of species on a global scale using group-specific 
environmental variables with biological relevance, beyond 
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FIGURE 1. A conceptual diagram of how determining climate analogs can be used as a decision- 
making tool in aquaculture uses Atlantic salmon Salmo salar and Atlantic cod Gadus morhua along 
the Norwegian coast as examples. 

temperature conditions, in order to improve the accu-
racy of projections (Ramos Martins et al., 2021). Knowing 
the distances and directions that aquaculture farms and 
native populations must travel to track favorable climatic 
conditions aids planning for the future, as recommended 
by the Intergovernmental Panel on Climate Change 
(Pörtner et al., 2022). 

Several challenges and unanswered questions exist in 
the pursuit of accurate global aquaculture suitability mod-
els. Global distribution data that describe the native and 
introduced locations of aquaculture species are readily 
available, but the global distribution of aquaculture facili-
ties is not. Engineering of aquaculture facilities, farm prac-
tices, and selective breeding may moderate the impacts 
of climatic changes and aid climate adaptation, but it may 
result in increased costs and decreasing profits, depend-
ing on local conditions and market prices.

REFERENCES
Barange, M., G. Merino, J.L. Blanchard, J. Scholtens, J. Harle, E.H. Allison, 

J.I. Allen, J. Holt, and S. Jennings. 2014. Impacts of climate change 
on marine ecosystem production in societies dependent on fish-
eries. Nature Climate Change 4:211–216, https://doi.org/10.1038/
nclimate2119.

Chaudhary, C., A.J. Richardson, D.S. Schoeman, and M.J. Costello. 2021. 
Global warming is causing a more pronounced dip in marine species 
richness around the equator. Proceedings of the National Academy 
of Sciences of the United States of America 118(15):e2015094118, 
https://doi.org/10.1073/pnas.2015094118.

FAO (Food and Agriculture Organization of the United Nations). 2020. 
The State of World Fisheries and Aquaculture 2020. FAO, 244 pp., 
https://doi.org/10.4060/ca9229en.

Loarie, S.R., P.B. Duffy, H. Hamilton, G.P. Asner, C.B. Field, and 
D.D. Ackerly. 2009. The velocity of climate change. Nature 
462(7276):1,052–1,055, https://doi.org/10.1038/nature08649.

Pörtner, H.-O., D.C. Roberts, H. Adams, I. Adelekan, C. Adler, R. Adrian, 
P. Aldunce, E. Ali, R. Ara Begum, B. Bednar-Friedl, and others. 2022. 
Technical summary. Pp. 37–118 in Climate Change 2022: Impacts, 
Adaptation and Vulnerability. Contribution of Working Group II to the 
Sixth Assessment Report of the Intergovernmental Panel on Climate 
Change. H.-O. Pörtner, D.C. Roberts, E.S. Poloczanska, K. Mintenbeck, 
M. Tignor, A. Alegría, and others, eds, Cambridge University Press, 
Cambridge, UK, and New York, NY, USA.

Ramos Martins, M., J. Assis, and D. Abecasis. 2021. Biologically meaning-
ful distribution models highlight the benefits of the Paris Agreement 
for demersal fishing targets in the North Atlantic Ocean. Global 
Ecology and Biogeography 30(8):1,643–1,656, https://doi.org/10.1111/
geb.13327. 

ACKNOWLEDGMENTS
This study was supported by the Foundation for Science and Technology 
(FCT) of Portugal through projects UID/Multi/04326/2020 and PTDC/BIA-
CBI/6515/2020 and the transitional norm DL57/2016/CP1361/CT0035.

ARTICLE DOI. https://doi.org/10.5670/oceanog.2023.s1.10

https://doi.org/10.1038/nclimate2119
https://doi.org/10.1038/nclimate2119
https://doi.org/10.1073/pnas.2015094118
https://doi.org/10.4060/ca9229en
https://doi.org/10.1038/nature08649
https://doi.org/10.1111/geb.13327
https://doi.org/10.1111/geb.13327
https://doi.org/10.5670/oceanog.2023.s1.10


Frontiers in Ocean Observing – https://doi.org/10.5670/oceanog.2023.s1c

AUTHORS
Amy Leigh Mackintosh (amy.mackintosh@nord.no), Griffin Goldstein Hill, 
Mark John Costello, and Alexander Jueterbock, Faculty of Biosciences and 
Aquaculture, Nord University, Bodø, Norway. Jorge Assis, Centre of Marine Sciences, 
CCMAR, University of Algarve, Faro, Portugal.

ARTICLE CITATION
Mackintosh, A.L., G.G. Hill, M.J. Costello, A. Jueterbock, and J. Assis. 2023. Modeling 
aquaculture suitability in a climate change future. In Frontiers in Ocean Observing: 
Emerging Technologies for Understanding and Managing a Changing Ocean. E.S. Kappel, 
V. Cullen, M.J. Costello, L. Galgani, C. Gordó-Vilaseca, A. Govindarajan, S. Kouhi, 
C. Lavin, L. McCartin, J.D. Müller, B. Pirenne, T. Tanhua, Q. Zhao, and S. Zhao, eds, 
Oceanography 36(Supplement 1):34–35, https://doi.org/10.5670/oceanog.2023.s1.10.

COPYRIGHT & USAGE
This is an open access article made available under the terms of the Creative 
Commons Attribution 4.0 International License (https://creativecommons.org/ 
licenses/ by/4.0/), which permits use, sharing, adaptation, distribution, and repro-
duction in any medium or format as long as users cite the materials appropriately, 
provide a link to the Creative Commons license, and indicate the changes that were 
made to the original content.

https://doi.org/10.5670/oceanog.2023.s1
mailto:amy.mackintosh%40nord.no?subject=
https://doi.org/10.5670/oceanog.2023.s1.10
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

