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Abstract 

We study the effects of the African Continental Free Trade Area on climate change adaptation and 
mitigation. We also estimate the consequent effects on African economic prospects and food 
security. We apply a global CGE model that incorporates with several representative concentration 
pathways on its baseline. 
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1 INTRODUCTION 
The African Continental Free Trade Area (AfCFTA) launched at the beginning of 2021, making it the 
largest free trade area in the world by both members and population. The agreement will contribute 
to a further integration of the African economies, helping them better exploit their economic 
potential. An array of economic modelling studies has assessed the economic impacts of the 
agreement, and they indicate overall positive effects on economic activity, consumer welfare and 
increased trade between African nations (e.g. Mevel and Karingi, 2012, 2013; Jensen and Sandrey, 
2015; World Bank, 2020; Fusacchia et al., 2021; Simola et al., 2021). Nevertheless, the 
environmental aspects of the agreement remain little studied, and greening of the agreement gains 
increasing policy interest (e.g. van der Ven and Signé, 2021). 

Deepening integration notwithstanding, global warming poses increasingly alarming threats to 
economic development in Africa. Especially the mid-latitude nations, which Africa has many, are 
enduring a disproportionate share of the negative consequences of climate change such as droughts 
and extreme weather events. Climate change can significantly affect global trade patterns because 
climate conditions are a major determinant of regional production possibilities. This is especially true 
in Africa, where a relatively high share of value added comes from industries that climate directly 
affects such as agriculture and forestry. Furthermore, agriculture remains an important industry due 
to Africa’s persistent food security challenges. For instance, a recent assessment by the FAO (2021) 
predicts that the African food security situation will deteriorate by 2030. Modelling studies have 
predicted both slower productivity growth and higher prices in agriculture due to global warming 
(Nelson et al., 2014), which makes the goal of hunger eradication harder to achieve.1 The high 
                                                           
1 Hasegawa et al. (2021) estimated that extreme climate events alone could increase the population facing 
hunger by 11-36% by 2050 worldwide. 



 

 

dependence on agricultural income and already high prevalence of hunger and malnutrition make 
climate change impacts particularly worrying in African countries.2 

Studies have also shown that freer trade can help in adapting to climate change (e.g. Baldos and 
Hertel, 2015; Janssens et al 2020). Freer trade enables countries to access larger output and 
consumption bundles, which helps to mitigate the negative impacts of global warming. In more 
dynamic terms, freer trade gives countries a better access to foreign investments and new 
technologies that can help in both climate change mitigation and adaptation. On the other hand, 
higher income levels induced by freer trade mean increased consumption, which can generate more 
emissions and thus contribute to further warming of climate. Furthermore, as shown by Hasegawa 
et al. (2015), mitigation policies are costly and can locally even undermine food security because of 
negative income effects. The assessment of the net effects is a complicated task and requires using 
comprehensive modelling techniques. 

In this study, we examine whether African countries can improve their climate resilience by engaging 
in freer trade. Effectively we compare a set of alternative climate change projections in hypothetical 
trade liberalization scenarios. The projections are based on general circulation model (GCM) 
predictions on agricultural yields in various representative concentration pathways (RCP). The 
predictions take into account the fossil fuel emission pathways and the CO2 fertilization effect. We 
also examine various strategies of trade liberalizations and their comparative merits in various 
climate change scenarios. In addition to already agreed tariff reductions, we can identify tariff lines, 
which can be targeted for further reductions in order to help the adaptation to climate change.  

For the analysis, we use the MAGNET model that is a recursive dynamic CGE model of the global 
economy (Woltjer et al., 2014). The model is based on the GTAP model and database, and it has a 
recursive dynamic structure for assessing long-term adjustment paths. MAGNET model has a host of 
modules that enables the evaluation of environmental impacts of various policy changes. In 
particular, we exploit the footprints module that estimates a variety of environmental footprints of 
economic activity. In addition, we exploit nutrition module that gives estimates of various nutritional 
outcomes, e.g. prevalence of hunger. Therefore, we can examine the mitigating effects of free trade 
on both climate change adaptation and food security. 

Our study seeks to answer these questions: 

1. How much can economic integration mitigate the harmful effects of climate change in 
Africa? 

2. Do more ambitious trade liberalization targets on particular sectors yield additional 
adaptation gains? 

3. How much the achieved adaptation can contribute to hunger prevention? 

The study is structured as follows. Section 2 reviews the literature and section 3 describes the 
method used in the study. Section 4 outlays the main results while section 5 discusses them in more 
detail. Section 6 concludes. 

                                                           
2 Seekell et al. (2017) found that Africa, despite its high biophysical capacity, has low food system resilience on 
average due to low production diversity and susceptibility to trade shocks. 



 

 

2 PREVIOUS STUDIES 
The AfCFTA and preceding hypothetical African FTAs have been studied in several papers as ex ante 
evaluations. They indicate positive prospects for GDP and intra-African trade. For instance, an early 
study by Mevel and Karingi 2012 showed a moderate GDP increase and a significant boost for intra-
African trade. A follow-up study (Mevel and Karingi, 2013) showed that agricultural production is 
likely to increase on average, but not uniformly across African countries. They also found that the 
non-tariff measure (NTM) reductions constitute a major part of total gains while tariff reduction 
have a marginal effect. Subsequent studies (e.g. Jensen and Sandrey, 2015; Vanzetti et al., 2018; 
Saygili et al., 2018; Bouët and Odjo, 2019; Abrego et al., 2019; African Development Bank, 2019; 
World Bank, 2020; Simola et al., 2021; Fusacchia et al, 2022) have confirmed the pattern. Fusacchia 
et al. (2022) added the global value chain perspective on the CGE approach, which allowed them to 
assess the resiliency of African food value chains. Their results indicate increased resiliency due to 
the AfCFTA albeit with substantial regional variation. 

The empirical link between temperature changes and economic outcomes is robust for developing 
countries. Newell et al. (2021) studied an array of econometric models and found that temperature 
increases by 2100 generate 1-3% losses in GDP levels, but no statistically significant effects on GDP 
growth rates. The effect was strongest on poor countries GDP and agricultural output, but not 
significant for rich countries nor non-agricultural sectors. Studies with various impact assessment 
models (IAMs) yield similar results (e.g. Rose et al., 2017). Abidoye and Odusola (2015) studied 
specifically African countries and they found that 1° temperature increase causes a 0.67% reduction 
in GDP growth. The study also finds that the largest economies of the continent, Nigeria and South 
Africa, mitigate the effects, which indicates a potential of economic integration for mitigating the 
climate effects in Africa. 

Earlier studies have confirmed the strong connection of African economies and agricultural sectors 
to climate variables. For instance, Barrios et al. (2010) find that insufficient rainfall explains 15-40% 
of the GDP gap between Africa and rest of the developing world. Schlenker and Lobell (2010) predict 
that by mid-century the main stable crop yields decrease by 8-22% due to temperature increases. 
However, Hasegawa et al. (2016) find that the coarse grains consumed in Africa do not have large 
negative yield effects due to increased temperatures, which helps to mitigate climate related 
increase in undernourishment in Africa. 

 

3 METHOD 
We employ a global recursively dynamic CGE model because it is well suited for ex ante analysis of a 
policy that affects the whole economy and is explicit on its sectoral changes. The recursive dynamics 
add realism in the analysis as it integrates baseline projections with explicit trade policy schedules. 
The model we use is the Modular Applied GeNeral Equilibrium Tool (MAGNET) (Woltjer et al. 2014), 
based on the GTAP model version 7 (Corong et al., 2017) and database version 10 (Aguiar et al. 
2019). MAGNET has several modules that extend the basic GTAP setting, including recursive 
dynamics. The present analysis uses modules that endogenize the demand for natural resources, 
and land use between agriculture and forestry, and calculate several macroeconomic indicators of 
food security, and environmental footprint indicators. 



 

 

Due to a variety in African economies, we aimed for as much detail on regional and sectoral levels as 
feasible. The database includes 40 regions, of which 32 are African countries or composite regions, 
and 40 tradable commodities that coincide with the production sectors. It is detailed on agri-food 
industries, and there are 12 commodities in primary food production (agriculture and fisheries) and 
9 commodities in processed foods (including animal feed). The detailed lists of regional and sectoral 
dimensions are included in the appendix. 

The simulations run at five-year time steps over the 2020-2050 period to cover the implementation 
of the AfCFTA from the launch in 2020 to the envisioned full implementation in 2035, and a 
reasonable medium-term climate effects after the full implementation. Due to the long time-horizon 
in AfCFTA’s implementation, the macroeconomic closure rule allows production structures and trade 
patterns to adjust according to changes in trade policies. The closure rule assumes that investments 
are allocated to regions according to the rates of return until the expected rates of return converge. 
Investments for each region are therefore determined endogenously, whereas the savings are fixed 
by the regional savings-to-income ratio. Trade balance accommodates the difference between 
savings and investment so that the regional current account balances. 

The model baseline builds upon the well-established global Shared Socioeconomic Pathways (SSP) of 
which we employ SSP2 (Fricko et al. 2017), the middle-of-the-road projection. In addition to the 
baseline of the SSP2, we run the alternative SSPs (SSP1, SSP3, SSP4 and SSP5) in order to estimate 
the AfCFTA’s effects in a wider array of future pathways. The baseline includes the following 
exogenous components: population and GDP growth by region (according to SSPs), factor demand 
by region and by endowment category (skilled and unskilled labour, capital, and natural resources) 
and productivity of land by region and by agricultural sector. The trajectory of capital use follows 
directly from the GDP projection, so that the capital has the same growth rate as the GDP. The 
overall labour supply follows the population growth, and the proportions between skilled and 
unskilled labour are derived from educational projections in the Wittgenstein Centre’s data on global 
educational attainment (Goujon et al. 2016). Land productivity projections are based on the yield 
projections of the Integrated Model to Assess the Global Environment (IMAGE) model. They are 
applied on land according to agricultural sector and they vary by crop and region. 

The baseline starts from the most recent GTAP base year 2014. To base our analysis on data as 
recent as possible, the baseline is modified as follows:  

 adjust the database to the most recent tariff and NTMs data using the Altertax procedure 
suggested by Malcolm (1998); 

 update the database to year 2020 as a historic simulation with the latest IMF’s World 
Economic Outlook (IMF 2021) data for the observed population and GDP growths. 

The initial tariff rates are calculated from the MAcMap (International Trade Centre, 2020) data at 
HS6 level. The NTMs on trade in goods come from World Bank (2019) data based on methodologies 
described in Kee et al. (2009), and Kee and Nicita (2016) and NTMs on trade in services has been 
taken from Jafari and Tarr (2017). Tariffs and NTMs are applied bilaterally, and they are aggregated 
from the HS6 level to the model’s commodity level. 

The policy scenarios consider tariff cuts separately and in combination with NTMs reductions. At the 
moment of writing the modalities of the tariff cuts were already known, but the actual offers were 
neither completed for all countries nor published (Lunenborg 2019). Therefore, we assume that 



 

 

countries choose their tariff cuts so that the remaining tariffs maximize the remaining tariff 
revenues.3 

4 RESULTS 
 

5 DISCUSSION 
 

6 CONCLUSION 
 

  

                                                           
3 The preceding study (Simola et al., 2021) assessed several alternative strategies for tariff reductions. We 
apply here only the tariff revenue maximization in order to keep the amount of simulations manageable, and 
maintain clarity in communication of the results. In addition, the differences between different strategies were 
small at the macro level. We also report only results that combine tariff cuts and NTM reductions. 



 

 

References 

Abidoye, B. O., & Odusola, A. F. (2015). Climate change and economic growth in Africa: an 
econometric analysis. Journal of African Economies, 24(2), 277-301. 
doi:https://doi.org/10.1093/jae/eju033 

Abrego, L., Amado, M., Gursoy, T., Nicholls, G. P., & Perez-Saiz, H. (2019). The African Continental 
Free Trade Agreement: Welfare Gains Estimates from a General Equilibrium Model. IMF 
Working Papers(124), pág. 32. Obtenido de 
https://www.imf.org/en/Publications/WP/Issues/2019/06/07/The-African-Continental-Free-
Trade-Agreement-Welfare-Gains-Estimates-from-a-General-46881 

African Development Bank. (2019). Integration for Africa's Economic Prosperity. Abidja: African 
Development Bank Group. Obtenido de 
https://www.afdb.org/fileadmin/uploads/afdb/Documents/Publications/2019AEO/AEO_201
9-EN-CHAP3.pdf 

Baldos, U. L., & Hertel, T. W. (2015). The role of international trade in managing food security risks 
from climate change. Food Security, 7(2), 275-290. doi:https://doi.org/10.1007/s12571-015-
0435-z 

Barrios, S., Bertinelli, L., & Strobl, E. (2010). Trends in rainfall and economic growth in Africa: a 
neglected cause of the African growth tragedy. The Review of Economics and Statistics, 
92(2), 360-366. doi:https://doi.org/10.1162/rest.2010.11212 

Bouët, A., & Odjo, S. P. (2019). Africa Agriculture Trade Monitor. Washington, DC: International Food 
Policy Research Institute. doi:https://doi.org/10.2499/9780896296909 

Corong, E., Hertel, T., McDougall, R., Tsigas, M., & van der Mensbrugghe, D. (2017). The standard 
GTAP model, version 7. Journal of Global Economic Analysis, 2(1), 1-119. 
doi:https://doi.org/10.21642/JGEA.020101AF 

FAO. (2021). The state of food security and nutrition in the world. Rome: Food and Agriculture 
Organization of the United Nations. Obtenido de 
https://www.fao.org/3/cb4474en/online/cb4474en.html 

Fricko, O., Havlik, P., Rogelj, J., Klimont, Z., Gusti, M., Johnson, N., . . . Riahi, K. (2017). The marker 
quantification of the Shared Socioeconomic Pathway 2: A middle-of-the-road scenario for 
the 21st century. Global Environmental Change, 42, 251-267. 
doi:https://doi.org/10.1016/j.gloenvcha.2016.06.004 

Fusacchia, I., Balié, J., & Salvatici, L. (2022). The AfCFTA impact on agricultural and food trade: a 
value added perspective. European Review of Agricultural Economics, 49(1), 237-284. 
doi:https://doi.org/10.1093/erae/jbab046 

Goujon, A., Samir, K., Speringer, M., Barakat, B., Potancoková, M., Eder, J., . . . Lutz, W. (2016). A 
harmonized dataset on global educational attainment between 1970 and 2060  – An 
analytical window into recent trends and future prospects in human capital development. 
Journal of Demographic Economics, 82(3), 315-363. 
doi:https://doi.org/10.1017/dem.2016.10 



 

 

Hasegawa, T., Fujimori, S., Shin, Y., Tanaka, A., Takahashi, K., & Masui, T. (2015). Consequence of 
climate mitigation on the risk of hunger. Environmental Science & Technology, 49, 7245-
7253. doi:https://doi.org/10.1021/es5051748 

Hasegawa, T., Fujimori, S., Takahashi, K., Yokohata, T., & Masui, T. (2016). Economic implications of 
climate change impacts on human health through undernourishment. Climatic Change, 136, 
189-202. doi:https://doi.org/10.1007/s10584-016-1606-4 

Hasegawa, T., Sakurai, G., Fujimori, S., Takahashi, K., Hijioka, Y., & Masui, T. (2021). Extreme climate 
events increase risk of global food insecurity and adaptation needs. Nature Food, 2, 587-595. 
doi:https://doi.org/10.1038/s43016-021-00335-4 

IMF. (2921). World Economic Outlook Database: October 2021 Edition. Obtenido de World Economic 
and Financial Surveys: https://www.imf.org/en/Publications/WEO/weo-
database/2021/October 

International Trade Centre. (s.f.). Market Access Map. Recuperado el 20 de April de 2020, de 
https://www.macmap.org 

Jafari, Y., & Tarr, D. G. (2017). Estimates of ad valorem estimates of barriers against foreign suppliers 
of services in eleven services sectors and 103 countries. World Economy, 40(3), 544-573. doi: 
https://doi.org/10.1111/twec.12329 

Janssens, C., Havlík, P., Krisztin, T., Baker, J., Frank, S., Hasegawa, T., . . . Maertens, M. (2020). Global 
hunger and climate change adaptation through international trade. Nature Climate Change, 
10(9), 829-835. doi:https://doi.org/10.1038/s41558-020-0847-4 

Jensen, H., & Sandrey, R. (2015). The continental free trade area - a GTAP assessment. Stellenbosch: 
Trade Law Centre. Obtenido de https://www.tralac.org/publications/article/7287-the-
continental-free-trade-area-a-gtap-assessment.html 

Kee, H., & Nicita, A. (2016). Trade frauds, trade elasticities and non-tariff measures. Washington, DC: 
World Bank. Obtenido de https://thedocs.worldbank.org/en/doc/315201480958601753-
0050022016/original/3KEEpaper.pdf 

Kee, H., Nicita, A., & Olarreaga, M. (2009). Estimating trade restrictiveness indices. The Economic 
Journal, 119(534), 172-199. doi:https://doi.org/10.1111/j.1468-0297.2008.02209.x 

Lunenborg, P. (2019). 'Phase 1B' of the African Continental Free Trade Area (AfCFTA) negotiations. 
Geneva: South Centre. Obtenido de https://www.southcentre.int/wp-
content/uploads/2019/06/PB63_Phase-1B-of-the-AfCFTA-negotiations_EN-1.pdf 

Malcolm, G. (1998). Modeling Country Risk and Capital Flows in GTAP. GTAP Technical Papers(13). 
Obtenido de 
https://www.gtap.agecon.purdue.edu/resources/res_display.asp?RecordID=316 

Mevel, S., & Karingi, S. (2012). Deepening regional integration in Africa: A computable general 
equilibrium assessment of the establishment of a continental free trade area followed by a 
customs union. 7th African Economic Conference, (pág. 51). Kigali, Rwanda. Obtenido de 
https://aec.afdb.org/sites/default/files/2019/12/04/deepening_regional_integration_in_afri
ca_a_computable_general_equilibrium_assessment_of_the_establishment_of_a_continent
al_free_trade_area_followed_by_a_continental_customs_union.pdf 



 

 

Mevel, S., & Karingi, S. (2013). Towards a continental free trade area in Africa: a CGE modelling 
assessment with a focus on agriculture. En D. Cheong, M. Jensen, & R. Peters, Shared 
harvests: agriculture, trade and employment (págs. 281-324). Geneva: International Labour 
Organization & United Nations Conference on Trade and Development. Obtenido de 
https://unctad.org/system/files/official-document/ditctncd2013d2_en.pdf 

Nelson, G. C., Valin, H., Sands, R. D., Havlík, P., Ahammad, H., Deryng, D., . . . Willenbockel, D. (2014). 
Climate change effects on agriculture: Economic responses to biophysical shocks. PNAS, 
111(9), 3274-3279. doi:https://doi.org/10.1073/pnas.1222465110 

Newell, R. G., Prest, B. C., & Sexton, S. E. (2021). The GDP-Temperature relationship: Implications for 
climate change damages. Journal of Environmental Economics and Management, 108, 
102445. doi:https://doi.org/10.1016/j.jeem.2021.102445 

Rose, S. K., Diaz, D. B., & Blanford, G. J. (2017). Understanding the social cost of carbon: a model 
diagnostic and inter-comparison study. Climate Change Economics, 8(2), 1750009. 
doi:https://doi.org/10.1142/S2010007817500099 

Saygili, M., Peters, R., & Knebel, C. (2018). African Continental Free Trade Area: Challenges and 
Opportunities of Tarff Reductions. UNCTAD Research Paper(15), pág. 23. Obtenido de 
https://www.tralac.org/images/docs/12686/african-cfta-challenges-and-opportunities-of-
tariff-reductions-unctad-february-2018.pdf 

Schlenker, W., & Lobell, D. B. (2010). Robust negative impacts of climate change on African 
agriculture. Environmental Research Letters, 5, 014010. doi:https://doi.org/10.1088/1748-
9326/5/1/014010 

Seekell, D., Carr, J., Dell'Angelo, J., D'Odorico, P., Fader, M., Gephart, J., . . . Tavoni, A. (2017). 
Resilience in the global food system. Environmental Research Letters, 12(2), 025010. 
doi:https://doi.org/10.1088/1748-9326/aa5730 

Simola, A., Boysen, O., Ferrari, E., Nechifor, V., & Boulanger, P. (2021). Potential effects of the African 
Continental Free Trade Area (AfCFTA) on African agri-food sectors and food security. 
Luxembourg: Publications Office of the European Union. Obtenido de 
https://datam.jrc.ec.europa.eu/datam/mashup/AFCFTA/index.html 

van der Ven, C., & Signé, L. (2021). Greening the AfCFTA. Brookings Institution. Africa Growth 
Initiative. Obtenido de https://www.brookings.edu/wp-content/uploads/2021/09/21.09.15-
Greening-the-AfCFTA.pdf 

Vanzetti, D., Peters, R., & Knebel, C. (2018). Non-tariff measures: lifting CFTA and ACP trade to the 
next level. UNCTAD Research Reports(14), pág. 18. Obtenido de 
https://www.tralac.org/images/docs/12675/non-tariff-measures-lifting-cfta-and-acp-trade-
to-the-next-level-unctad-research-paper-february-2018.pdf 

Woltjer, G., Kuiper, M., Kavallari, A., van Meijl, H., Powell, J., Rutten, M., . . . Tabeau, A. (2014). The 
MAGNET model - module description. LEI Report, 14(57), pág. 146. Obtenido de 
https://research.wur.nl/en/publications/the-magnet-model-module-description 

World Bank. (2019). Ad Valorem Equivalent of Non-Tariff Measures. Recuperado el 3 de July de 2020, 
de The World Bank Data Catalog: 
https://datacatalog.worldbank.org/search/dataset/0040437 



 

 

World Bank. (2020). The African Continental Free Trade Area: Economic and distributional effects. 
Washington, DC: The World Bank. Obtenido de 
https://openknowledge.worldbank.org/handle/10986/34139 

 


