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Abstract 

In 2015, the 193 member states of the United Nations agreed on a plan to achieve 17 sustainable 

development goals by 2030. This paper introduces a framework for identifying economy-wide 

interventions to progress towards economy-related sustainable development goals. The framework is 

based on dynamic economy-wide simulation using computable general equilibrium, and artificial 

intelligence search. We demonstrate the framework for Egypt, a middle-income African country. The 

case study results reveal that hybrid economy-wide intervention policies into government poverty 

reduction programs, producer taxes/subsidies, and income taxes can reduce income inequalities and 

greenhouse gas emissions while maintaining at least the baseline growth in Gross Domestic Product. 

Keywords: Computable general equilibrium; multi-objective search; Africa; IFPRI standard CGE 

model 

1. Introduction 

The world is facing several pressures that could intensify if business as usual economic, social, 

and environmental practices continue. Under a medium-variant projection, the global population is 

expected to reach around 9.7 billion in 2050 compared to 7.7 billion in  2019, with sub-Saharan Africa 

expected to contribute around half of this growth 1. This rapid increase in population, along with 

economic development, urbanization, and changes in lifestyles, will increase demands for services, 

increase anthropogenic impacts, and push the planet rapidly towards planetary boundaries 2,3. In 2019, 

around 23% of the world population lived in multidimensional poverty and under high inequalities 

within societies, with 57.5% of the sub-Saharan African population in multidimensional poverty 4. 

The unfolding climate change is another threat to natural and social systems 5–10. Tackling these 
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challenges and other social, economic, and environmental pressures has prompted global initiatives 

such as the Sustainable Development Goals (SDGs) 11. 

At the 2015 United Nations Sustainable Development Summit, the 193 United Nations member 

states formally adopted the SDGs to be achieved by 2030 12. The 2030 agenda for sustainable 

development includes 17 goals and 169 targets that cut across social, economic, and environmental 

sustainability dimensions 12. The SDGs have five focus areas: people, planet, prosperity, peace, and 

partnership, or the “five Ps,” aiming at eradicating poverty, hunger, and inequalities, providing 

sustainable services (e.g., health, education, water, energy, and sanitation), promoting peace and 

justice, limiting environment damage, and combating climate change. 

The uniqueness of countries and regions should be recognized and considered when designing 

national policies for sustainable development 13,14. Often it falls on governments to devise and 

coordinate a national response to progress towards sustainable development, but what processes can 

be used to strategically select structural changes that would impact most economic sectors? Ideally, 

policy-makers and stakeholders would craft combinations of policies that aim for synergies and 

manage trade-offs between different goals 15,16. For instance, climate mitigation and adaptation 

actions could have short-term trade-offs with other SDGs, such as poverty reduction and economic 

growth, although tackling climate change would have a long-term positive impact on 16 of the SDGs 

17. The actions needed to achieve the SDGs are further complicated by the multiple disciplines, 

sectors, actors, and levels that need to be involved in sustainability decision-making. Fragmented 

decisions on policy interventions would likely result in frictions and trade-offs between the SDGs. 

Such trade-offs and conflicts can be minimized or even avoided through comprehensive, inclusive 

dialogue considering various policy instruments that can be used to progress toward the SDGs. 

Interdependencies highlight the need for a coordinated and strategic multi-dimensional analysis and 

design of national policies. 

2. Study contribution 

This study introduces a new framework for designing national policies to progress toward the 

SDGs. The framework combines computer-based national-scale economy-wide sustainability 

performance simulation with Artificial Intelligence (AI) to search for efficient national economic 

policy portfolios that maximize synergies and minimize trade-offs between sustainable development 

goals and targets. Two AI algorithm types are used: a multi-objective evolutionary algorithm (to 

search for efficient policy portfolios) and a machine learning algorithm (to understand the 

effectiveness of different policy levers in achieving the SDGs). We demonstrate the framework on 

Egypt, a middle-income country with the second-highest CO2 emissions in Africa, by unraveling the 
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trade-offs and synergies resulting from government economic interventions aimed at advancing some 

SDGs. In this application of the framework, we use a dynamic Computable General Equilibrium 

(CGE) model of Egypt’s economy to simulate the country’s performance in achieving targets related 

to SDG1 (no poverty), SDG8 (decent work and economic growth), SDG10 (reduced inequalities), 

and SDG13 (climate action). We then link the CGE model to AI algorithms to search for efficient 

national policy portfolios. 

Based on 1.8 million 15-year dynamic simulations, five policy portfolios were selected to 

highlight the tradeoffs and synergies in achieving the SDGs considered. The selected policy portfolios 

show that aiming to achieve the highest GDP growth results in only a slight improvement in income 

inequalities, whereas targeting low inequality results in an accumulated GDP value close to the 

baseline. Achieving the highest GDP growth involves a 50% reduction in the total amount of 

government transfers to households, over 100% increases in income taxes on households, and around 

50% reduction in subsidies on petroleum commodities. Results also show a tradeoff between rural 

and urban income. Reducing income inequalities requires increasing government transfers to 

households by 440%, channeling most government transfers to poor urban households, and increasing 

income taxes on rich households. Sustainability performance under a low emission portfolio shows a 

reduction in overall and urban inequalities, a reduction in rural income, an increase in urban income, 

and a slight improvement in GDP performance compared to the baseline. The low emission portfolio 

involves an increase in government transfers to poor urban households, thanks to resources available 

to the government as a result of cutting down energy subsides. Targeting a low emission portfolio 

involves reducing subsidies on petroleum commodities by around 90%. Results reveal that policy 

portfolios based on a combination of government poverty reduction programs, producer 

taxes/subsidies, sales taxes, and income taxes can reduce income inequalities and greenhouse gas 

emissions while maintaining at least the baseline growth in GDP. 

3. References 

1. United Nations. World population prospects 2019: Highlights. United Nations, Department 

of Economic and Social Affairs, Population Division 

https://population.un.org/wpp/Publications/Files/WPP2019_Highlights.pdf (2019). 

2. Steffen, Richardson, Rockström, Cornell, Fetzer, Bennett, Biggs, Carpenter, De Vries, De 

Wit, Folke, Gerten, Heinke, Mace, Persson, Ramanathan, Reyers & Sörlin. Planetary 

boundaries: Guiding human development on a changing planet. Science 347, (2015). 

3. Nash, Cvitanovic, Fulton, Halpern, Milner-Gulland, Watson & Blanchard. Planetary 

boundaries for a blue planet. Nature Ecology and Evolution 1, 1625–1634 (2017). 

4. United Nations Development Programme and Oxford Poverty and Human Development 

Initiative. Global Multidimensional Poverty Index 2019: Illuminating Inequalities. 

http://hdr.undp.org/sites/default/files/mpi_2019_publication.pdf (2019). 

5. Reichstein, Riede & Frank. More floods, fires and cyclones — plan for domino effects on 



 

 4 

sustainability goals. Nature 592, 347–349 (2021). 

6. DeConto, Pollard, Alley, Velicogna, Gasson, Gomez, Sadai, Condron, Gilford, Ashe, Kopp, 

Li & Dutton. The Paris Climate Agreement and future sea-level rise from Antarctica. Nature 

593, 83–89 (2021). 

7. Intergovernmental Panel on Climate Change. Climate change and water. 

https://www.ipcc.ch/meetings/session28/doc13.pdf (2008). 

8. Elagib, Al Zayed, Saad, Mahmood, Basheer & Fink. Debilitating floods in the Sahel are 

becoming frequent. Journal of Hydrology 599, 126362 (2021). 

9. Siam & Eltahir. Climate change enhances interannual variability of the Nile river flow. 

Nature Climate Change 7, 350–354 (2017). 

10. World Health Organization. Climate change and health. (2008). 

11. United Nations. The future we want: Outcome document of the United Nations Conference 

on Sustainable Development. Rio+20 United Nations Conference on Sustainable 

Development (2012). 

12. United Nations General Assembly. Transforming our world: the 2030 Agenda for 

Sustainable Development. United Nations (2015). 

13. United Nations General Assembly. Resolution adopted by the General Assembly on 27 July 

2012. United Nations (2012). 

14. Zheng, Wang, Hoekstra, Krol, Zhang, Guo, Sanwal, Sun, Zhu, Zhang, Lounsbury, Pan, 

Guan, Hertwich & Wang. Consideration of culture is vital if we are to achieve the 

Sustainable Development Goals. One Earth 4, 307–319 (2021). 

15. Sachs, Schmidt-Traub, Mazzucato, Messner, Nakicenovic & Rockström. Six 

Transformations to achieve the Sustainable Development Goals. Nature Sustainability 2, 

805–814 (2019). 

16. Stafford-Smith, Griggs, Gaffney, Ullah, Reyers, Kanie, Stigson, Shrivastava, Leach & 

O’Connell. Integration: the key to implementing the Sustainable Development Goals. 

Sustainability Science 12, 911–919 (2017). 

17. Fuso Nerini, Sovacool, Hughes, Cozzi, Cosgrave, Howells, Tavoni, Tomei, Zerriffi & 

Milligan. Connecting climate action with other Sustainable Development Goals. Nature 

Sustainability 2, 674–680 (2019). 

 


