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Executive Summary
Water scarcity, a pressing global concern impacting both the environment and human well-being, un-
derscores the importance of effective water resource management. The United Nations’ Sustainable
Development Goal 6 emphasizes the need to ensure water availability and sustainable management.
Central to the water-management is the control of dams in river basins, posing complex decision-
making challenges, often considered wicked problems. Many-Objective Optimization, applied in mod-
eling water systems, addresses conflicting objectives but becomes more intricate when considering
Distributive Justice principles. Distributive Justice aims to equitably distribute resources among society
members, crucial in water distribution for reservoir management. While currently Distributive Justice in
modeling is mostly applied A Posteriori, this study focuses on incorporating these principles of Distribu-
tive Justice A Priori and assessing their impacts on trade-offs and decision-making processes within
Many-Objective Optimization. The research seeks to answer the fundamental question:

òHow to incorporate Distributive Justice Principles within Many-Objective Optimization Modeling?ò

Sub-questions delve into diverse perspectives on Distributive Justice principles, their translation into
mathematical models, observed trade-offs, and a comparison of A Priori and A Posteriori integration.

Diverse perspectives within Distributive Justice exist and are explored in this study, introducing key
ethical frameworks—Utilitarianism, Egalitarianism, and Prioritarianism. Utilitarianism prioritizes max-
imizing overall happiness or well-being but faces critiques for potential injustices in distribution and
challenges in defining the currency for justice. Egalitarianism advocates for equal distribution of goods,
yet debates persist on defining the baseline for equality, and the leveling down principle questions its
impact on societal well-being. Prioritarianism emphasizes the needs of the least advantaged, utilizing
a transformation function, with critiques centering on neglecting other justice aspects and challenges
in parameter choices. Each framework offers a distinct lens on just distribution, catering to varied soci-
etal values, and understanding their implications is vital for informed policy optimization decisions. This
study adopts a consequentialist approach to translate these Distributive Justice theories into rankings
of consequences. The Social Welfare Framework is introduced as a tool for policy assessment. em-
phasizing the importance of understanding these ethical principles for policymakers.

The ethical frameworks set the stage for empirical application. The methodology employed in this study
centers around the Evolutionary Multi-Objective Direct Policy Search framework, specifically focusing
on reservoir management optimization within the Eastern Nile River Basin. EMODPS integrates a non-
linear approximating network as a policy function into a simulation model, refining parameters through
Multi-Objective Evolutionary Algorithm runs. The Epsilon Non-dominated Sorting Genetic Algorithm-
II is chosen as the MOEA due to its effectiveness in handling many-objective optimization problems.
The study aims to compare A Priori with A Posteriori results, assessing the impact of incorporating
distributive justice principles in optimization outcomes. The experimental setup to achieve this involves
running optimizations for a reference problem formulation and three distributive justice principle formu-
lations based on the previous mentioned Utilitarian, Egalitarian, Prioritarian frameworks. The reference
problem formulation consists of the following six deficit objectives that ought to be minimzed with their
respectitive objective function 1) Egypt Average Yearly Irrigation Demand Deficit, 2) Egypt 90th Per-
centile Worst Demand Deficit, 3) Egypt HAD Level Deficit, 4) Sudan Average Yearly Irrigation Demand
Deficit, 5) Sudan 90th Percentile Worst Demand Deficit, and 6) Egypt Hydropower Demand Deficit.
Distributive Justice is evaluated using added problem formulations of which the direction of preference
is maximization for the first two and minimization for the final of the following objectives 7) Utilitarian,
8) Prioritarian, and 9) Egalitarian.
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Executive Summary 3

The Reference Experiment reveals trade-off patterns among original objectives, showcasing the com-
plexities in balancing conflicting interests. A Posteriori evaluation using the Distributive Justice Princi-
ples identifies nuanced optimal policies. A Priori integration of these fairness formulations results in dis-
tinctive Pareto approximate sets, influencing the trade-offs observed. Utilitarian integration marginally
increases overall system performance, while Egalitarian integration expands the solution space, demon-
strating potential for compromise solutions. Prioritarian integration prompts trade-offs, indicating chal-
lenges in reconciling distributive justice principles. An A Posteriori Prioritarian evaluation shows clearly
which solutions that seem favorable in the reference setting, are highly unfavorable from a Prioritarian
point of view. Integrating the principle A Priori did show unexpected behavior of the solutions scoring
lower on average for the Prioritarian objective when optimized using that same Prioritarian problem for-
mulation. A comprehensive exploration of the 10th percentile solutions highlights divergent preferences.

The study is aware of limitations affecting the robustness of its findings. The incommensurability of
objectives in the simulation model, like Egypt’s irrigation deficit and Ethiopia’s hydropower deficit, chal-
lenges the justification of prioritization due to the lack of a common scale for comparison. Sensitivity
issues arise with Atkinson social welfare functions, especially for Prioritarianism, as they require non-
negative well-being values and exhibit anomalies near zero thresholds. Aggregating welfare within a
single group may exclude disadvantaged subgroups in the Social Welfare Framework. The simulation
model lacks considerations for flooding and oversimplifies irrigation districts in Sudan. Additionally, the
study does not integrate the Equality of Opportunity Theory. Addressing these limitations is crucial for
a more comprehensive understanding of water resource management decision-making. Nevertheless,
the incorporation of Distributive Justice principles, both A Priori and A Posteriori, showcases its distinct
potential to positively influence the relevance and depth of results in Many-objective Optimization stud-
ies.

Showcasing this significantly contributes to the field of Many-objective Optimization, thereby expand-
ing the conventional Many-objective Optimization framework. The exploration of ethical views within
Many-Objective Optimization sheds light on how and when incorporating different principles influence
the Pareto approximate set and trade-off landscapes, contributing to the broader discourse on ethical
considerations in optimization. The societal relevance is emphasized through the study’s focus on the
Eastern Nile River Basin, where trade-offs and conflicts between Distributive Justice principles and
original objectives carry implications for marginalized communities. Future directions could involve
exploring other principles of distributive justice, considering covariance for result interpretation, and
developing a framework for the effective use and communication of the additional information obtained
through the incorporation of distributive justice principles A Priori in decision-making processes.
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�Z�L�W�K �D �O�D�U�J�H �Q�X�P�E�H�U �R�I �R�E�M�H�F�W�L�Y�H�V�� �S�U�R�Y�L�G�L�Q�J �D �Z�D�\ �W�R �H�I�I�H�F�W�L�Y�H�O�\ �F�R�P�S�D�U�H �D�Q�G �U�D�Q�N �V�R�O�X�W�L�R�Q�V �L�Q �W�K�H
�R�E�M�H�F�W�L�Y�H �V�S�D�F�H��

�%�U�L�H�I �'�H�V�F�U�L�S�W�L�R�Q �R�I�0���1�6�*�$�,�,
�7�K�H�0���1�6�*�$�,�,�� �D �J�H�Q�H�W�L�F �D�O�J�R�U�L�W�K�P �L�Q�F�R�U�S�R�U�D�W�L�Q�J �V�H�O�H�F�W�L�R�Q�� �F�U�R�V�V�R�Y�H�U�� �D�Q�G �P�X�W�D�W�L�R�Q �R�S�H�U�D�W�R�U�V ���.�R�O�O�D�W
�D�Q�G �5�H�H�G���������� ���-�D�Q�V�H�Q �H�W �D�O������������ ���� �L�Q�L�W�L�D�W�H�V �Z�L�W�K �D �S�R�S�X�O�D�W�L�R�Q �R�I �S�R�W�H�Q�W�L�D�O �V�R�O�X�W�L�R�Q�V�� �7�K�U�R�X�J�K �L�W�H�U�D��
�W�L�Y�H �V�H�O�H�F�W�L�R�Q�� �D �P�D�W�L�Q�J �S�R�R�O �L�V �I�R�U�P�H�G�� �Z�L�W�K �H�D�F�K �V�R�O�X�W�L�R�Q �U�H�S�U�H�V�H�Q�W�H�G �E�\ �S�D�U�D�P�H�W�H�U�V �D�Q�G �H�Y�D�O�X�D�W�H�G
�X�V�L�Q�J �D �I�L�W�Q�H�V�V �I�X�Q�F�W�L�R�Q�� �*�H�Q�H�W�L�F �R�S�H�U�D�W�R�U�V �F�U�H�D�W�H �Q�H�Z �V�R�O�X�W�L�R�Q�V �I�U�R�P �W�K�H �F�X�U�U�H�Q�W �S�R�S�X�O�D�W�L�R�Q�� �Z�L�W�K �W�K�H
�S�U�R�F�H�V�V �U�H�S�H�D�W�L�Q�J �X�Q�W�L�O �P�H�H�W�L�Q�J �D �V�S�H�F�L�I�L�H�G �F�U�L�W�H�U�L�R�Q�� �1�R�W�D�E�O�\�� �0���G�R�P�L�Q�D�Q�F�H�� �D �F�R�Q�F�H�S�W �F�R�Q�V�L�G�H�U�L�Q�J
�D �V�R�O�X�W�L�R�Q �V�X�S�H�U�L�R�U �L�I �L�W �L�V �H�T�X�D�O �R�U �V�X�S�H�U�L�R�U �L�Q �D�O�O �R�E�M�H�F�W�L�Y�H�V �D�Q�G �E�H�W�W�H�U �E�\ �D�W �O�H�D�V�W �D �I�D�F�W�R�U �R�I �0 �L�Q �D�W
�O�H�D�V�W �R�Q�H �R�E�M�H�F�W�L�Y�H�� �H�Q�K�D�Q�F�H�V �F�R�P�S�X�W�D�W�L�R�Q�D�O �H�I�I�L�F�L�H�Q�F�\ ���'�H�E �D�Q�G �-�D�L�Q���������� ���� �$�S�S�H�Q�G�L�[�$�����S�U�R�Y�L�G�H�V
�D �F�R�P�S�U�H�K�H�Q�V�L�Y�H�0���1�6�*�$�,�,�G�H�V�F�U�L�S�W�L�R�Q�� �L�O�O�X�V�W�U�D�W�H�G �L�Q �)�L�J�X�U�H�$������ �V�K�R�Z�F�D�V�L�Q�J �F�U�R�V�V�R�Y�H�U�� �P�X�W�D�W�L�R�Q�� �D�Q�G
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�R�E�M�H�F�W�L�Y�H �R�S�W�L�P�L�]�D�W�L�R�Q�� �Z�L�O�O �E�H �H�P�S�O�R�\�H�G�� �6�H�F�W�L�R�Q�����������L�Q �W�K�H �(�[�S�H�U�L�P�H�Q�W�D�O �6�H�W�X�S �F�R�Q�W�D�L�Q�V �W�K�H �L�P�S�O�H��
�P�H�Q�W�D�W�L�R�Q �S�O�D�Q �Z�L�W�K �W�K�H �F�R�Q�I�L�J�X�U�D�W�L�R�Q�V �R�I �W�K�H �U�H�T�X�L�U�H�G �D�O�J�R�U�L�W�K�P �S�D�U�D�P�H�W�H�U�V �D�V �W�K�H �Q�X�P�E�H�U �R�I �I�X�Q�F�W�L�R�Q
�H�Y�D�O�X�D�W�L�R�Q�V�� �S�R�S�X�O�D�W�L�R�Q �V�L�]�H�� �F�U�R�V�V�R�Y�H�U �� �D�Q�G �P�R�U�H�� �,�W �L�V �L�P�S�R�U�W�D�Q�W �W�R �Q�R�W�H �W�K�D�W �L�Q�F�R�U�S�R�U�D�W�L�Q�J �W�K�H �S�U�L�Q��
�F�L�S�O�H�V �R�I �G�L�V�W�U�L�E�X�W�L�Y�H �M�X�V�W�L�F�H �$ �3�U�L�R�U�L �L�Q�W�R �W�K�H �V�W�X�G�\ �Q�H�F�H�V�V�L�W�D�W�H�V �W�K�H �W�U�D�Q�V�O�D�W�L�R�Q �R�I �W�K�H�V�H �S�U�L�Q�F�L�S�O�H�V �L�Q�W�R
�P�D�W�K�H�P�D�W�L�F�D�O �W�H�U�P�V �W�K�D�W �F�D�Q �E�H �L�Q�W�H�J�U�D�W�H�G �L�Q�W�R �W�K�H �D�O�J�R�U�L�W�K�P�� �7�K�L�V �P�D�\ �H�Q�W�D�L�O �W�K�H �I�R�U�P�X�O�D�W�L�R�Q �R�I �R�E�M�H�F��
�W�L�Y�H �I�X�Q�F�W�L�R�Q�V �R�U �W�K�H �D�G�G�L�W�L�R�Q �R�I �F�R�Q�V�W�U�D�L�Q�W�V �W�R �W�K�H �D�O�J�R�U�L�W�K�P�� �7�K�L�V �V�W�H�S �L�V �L�P�S�H�U�D�W�L�Y�H �D�V �L�W �H�Q�V�X�U�H�V �W�K�D�W
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�S�U�L�Q�F�L�S�O�H�V �R�I �G�L�V�W�U�L�E�X�W�L�Y�H �M�X�V�W�L�F�H�� �W�K�H�U�H�E�\ �U�H�Q�G�H�U�L�Q�J �W�K�H�P �I�D�L�U �D�Q�G �M�X�V�W�� �6�H�F�W�L�R�Q������ �Z�L�O�O �G�L�Y�H �Z�L�O�O �V�K�R�Z
�Z�K�D�W �P�D�W�K�H�P�D�W�L�F�D�O �I�R�U�P�X�O�D�W�L�R�Q�V �D�U�H �G�H�H�P�H�G �I�L�W��
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�W�K�H �Z�R�U�O�G���6�D�L�G�� �������� ���� �7�K�L�V �H�V�V�H�Q�W�L�D�O �Z�D�W�H�U�Z�D�\ �L�V �D �O�L�I�H�O�L�Q�H �W�K�U�R�X�J�K �Q�R�U�W�K�H�D�V�W �$�I�U�L�F�D �I�R�U �L�W�V �U�L�S�D�U�L�D�Q
�F�R�X�Q�W�U�L�H�V�� �7�K�H �H�O�H�Y�H�Q �Q�D�W�L�R�Q�V �G�H�S�H�Q�G �R�Q �W�K�H �U�H�F�R�X�U�V�H �I�R�U �K�\�G�U�R���S�R�Z�H�U�� �P�X�Q�L�F�L�S�D�O�� �L�Q�G�X�V�W�U�L�D�O�� �D�Q�G �D�J�U�L��
�F�X�O�W�X�U�D�O �F�R�Q�V�X�P�S�W�L�R�Q ���1�%�,�� �������� ���� �7�K�H�U�H �K�D�Y�H �E�H�H�Q �G�H�E�D�W�H�V �I�R�U �\�H�D�U�V �R�Y�H�U �W�K�H �U�L�J�K�W �W�R �H�[�W�U�D�F�W �Z�D�W�H�U
�I�U�R�P �W�K�H �1�L�O�H�� �3�R�O�L�W�L�F�D�O �W�H�Q�V�L�R�Q�V �D�U�H �S�D�U�W�L�F�X�O�D�U�O�\ �S�D�O�S�D�E�O�H �L�Q �W�K�H �H�D�V�W�H�U�Q �S�D�U�W �R�I �W�K�H �E�D�V�L�Q�� �V�L�Q�F�H �I�U�R�P �D�O�O
�S�O�D�\�H�U�V �(�J�\�S�W �K�D�V �H�[�S�O�R�L�W�H�G �W�K�H �Z�D�W�H�U �W�K�H �P�R�V�W ���6�Z�D�L�Q���������� �����7�K�H�*�U�D�Q�G �(�W�K�L�R�S�L�D�Q �5�H�Q�D�L�V�V�D�Q�F�H �'�D�P
���*�(�5�' ���� �(�W�K�L�R�S�L�D�¶�V �+�\�G�U�R���S�R�Z�H�U �S�U�R�M�H�F�W �Z�K�L�F�K �V�W�D�U�W�H�G �L�Q ���������� �K�D�V �L�Q�F�U�H�D�V�L�Q�J�O�\ �F�K�D�O�O�H�Q�J�H�G �(�J�\�S�W�¶�V
�Z�D�W�H�U �K�H�J�H�P�R�Q�\�� �W�K�R�X�J�K �(�W�K�L�R�S�L�D �F�O�D�L�P�V �L�W�V �D�L�P �L�V �W�R �X�Q�O�R�F�N �K�\�G�U�R���S�R�Z�H�U �S�R�W�H�Q�W�L�D�O ���1�H�J�P �H�W �D�O������������ ����
�7�K�H�*�(�5�' �K�D�V �E�U�R�X�J�K�W �S�R�O�L�W�L�F�D�O �D�Q�G �W�H�F�K�Q�L�F�D�O �F�R�P�S�O�H�[�L�W�L�H�V �W�R �W�K�H �P�D�Q�D�J�H�P�H�Q�W �R�I �W�K�H �1�L�O�H �V�\�V�W�H�P �D�Q�G
�K�D�V �U�D�L�V�H�G �F�R�Q�F�H�U�Q�V �D�P�R�Q�J �G�R�Z�Q�V�W�U�H�D�P �F�R�X�Q�W�U�L�H�V �D�E�R�X�W �W�K�H�L�U �Z�D�W�H�U �V�H�F�X�U�L�W�\��

�7�K�H �U�L�Y�H�U �L�V �N�Q�R�Z�Q �I�R�U �L�W�V �Z�D�W�H�U �L�Q�I�O�R�Z �Y�D�U�L�D�E�L�O�L�W�\�� �P�D�U�N�H�G �E�\ �I�U�H�T�X�H�Q�W �G�U�R�X�J�K�W �D�Q�G �I�O�R�R�G �H�Y�H�Q�W�V�� �7�K�H
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