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Air pollution concentrations and sources
•  �&�R�Q�F�H�Q�W�U�D�W�L�R�Q�V���R�I���V�P�D�O�O���S�D�U�W�L�F�O�H�V���I�U�H�T�X�H�Q�W�O�\���H�[�F�H�H�G���� ��
�� �:�R�U�O�G���+�H�D�O�W�K���2�U�J�D�Q�L�]�D�W�L�R�Q���O�L�P�L�W�V���L�Q���V�R�X�W�K�H�U�Q���:�H�V�W���� ��
�� �$�I�U�L�F�D�Q���F�L�W�L�H�V��

• �� �$�Q�Q�X�D�O���F�R�Q�F�H�Q�W�U�D�W�L�R�Q���R�I���J�D�V�H�R�X�V���S�R�O�O�X�W�D�Q�W�V���G�R���Q�R�W���� ��
�� �F�X�U�U�H�Q�W�O�\���H�[�F�H�H�G���D�L�U���T�X�D�O�L�W�\���J�X�L�G�H�O�L�Q�H�V���E�X�W���V�K�R�U�W���� ��
�� �W�H�U�P���S�H�D�N�V���P�D�\��

• �� �&�R�Q�F�H�Q�W�U�D�W�L�R�Q�V���R�I���V�P�D�O�O���S�D�U�W�L�F�O�H�V���D�U�H���K�L�J�K�H�V�W���L�Q���W�K�H�� 
�� �G�U�\���V�H�D�V�R�Q����

• �� �'�X�U�L�Q�J���W�K�H���U�D�L�Q�\�����V�X�P�P�H�U�����V�H�D�V�R�Q�����V�P�R�N�H���I�U�R�P�����U�H�V���� ��
�� �L�Q���&�H�Q�W�U�D�O���$�I�U�L�F�D���P�D�N�H���D���V�X�E�V�W�D�Q�W�L�D�O���F�R�Q�W�U�L�E�X�W�L�R�Q���W�R���D�L�U���� ��
�� �S�R�O�O�X�W�L�R�Q���L�Q���V�R�X�W�K�H�U�Q���:�H�V�W���$�I�U�L�F�D��

Health impacts
•  �7�K�H���K�L�J�K���S�D�U�W�L�F�O�H���F�R�Q�F�H�Q�W�U�D�W�L�R�Q�V���L�Q���V�R�X�W�K�H�U�Q���:�H�V�W���� ��
�� �$�I�U�L�F�D�Q���F�L�W�L�H�V���S�U�H�V�H�Q�W���V�X�E�V�W�D�Q�W�L�D�O���U�L�V�N�V���W�R���S�X�E�O�L�F���K�H�D�O�W�K���� ��
�� �D�Q�G���L�Q�W�H�Q�V�L�I�\���F�R�P�P�R�Q���P�H�G�L�F�D�O���S�U�R�E�O�H�P�V��

• �� �7�K�H���S�R�O�O�X�W�L�R�Q���L�P�S�D�F�W���L�V���V�W�U�R�Q�J�H�V�W���L�Q���W�K�H���U�D�L�Q�\���V�H�D�V�R�Q���D�Q�G����
�� �G�H�S�H�Q�G�V���R�Q���S�R�O�O�X�W�L�R�Q���V�R�X�U�F�H��

• �� �'�R�P�H�V�W�L�F�����U�H�V���D�S�S�H�D�U���W�R���E�H���W�K�H���P�R�V�W���V�L�J�Q�L���F�D�Q�W���K�H�D�O�W�K���� ��
�� �U�L�V�N���G�X�H���W�R���H�[�W�U�H�P�H���F�R�Q�F�H�Q�W�U�D�W�L�R�Q���O�H�Y�H�O�V��

• �� �0�R�U�H���D�H�U�R�V�R�O���R�E�V�H�U�Y�D�W�L�R�Q�V�����L�Q�F�U�H�D�V�H�G���D�F�F�H�V�V���W�R���K�H�D�O�W�K���� ��
�� �V�W�D�W�L�V�W�L�F�V���D�Q�G���D�V�V�R�F�L�D�W�H�G���V�R�F�L�R�H�F�R�Q�R�P�L�F���G�D�W�D���D�U�H���Q�H�H�G�H�G��

Emissions
•  �6�W�D�Q�G�D�U�G���J�O�R�E�D�O���H�V�W�L�P�D�W�H�V���R�I���K�X�P�D�Q���H�P�L�V�V�L�R�Q�V���D�U�H���� ��
�� �V�L�J�Q�L���F�D�Q�W�O�\���X�Q�G�H�U�H�V�W�L�P�D�W�H�G���I�R�U���V�R�X�W�K�H�U�Q���:�H�V�W���$�I�U�L�F�D��

•  �(�P�L�V�V�L�R�Q�V���R�I���S�D�U�W�L�F�O�H�V���D�Q�G���R�U�J�D�Q�L�F���J�D�V�H�V���I�U�R�P���Y�H�K�L�F�O�H�V���L�Q����
�� �V�R�X�W�K�H�U�Q���:�H�V�W���$�I�U�L�F�D�Q���F�L�W�L�H�V���D�U�H���K�L�J�K�H�U���W�K�D�Q���W�K�R�V�H���L�Q���� ��
�� �R�W�K�H�U���O�R�F�D�W�L�R�Q�V��

• �%�X�U�Q�L�Q�J���V�H�H�P�L�Q�J�O�\���V�L�P�L�O�D�U���P�D�W�H�U�L�D�O�V���P�D�\���O�H�D�G���W�R���Y�H�U�\���� ��
�� �G�L�I�I�H�U�H�Q�W���H�P�L�V�V�L�R�Q�V��

•  �7�K�H���X�Q�G�H�U�H�V�W�L�P�D�W�H���L�Q���V�R�X�W�K�H�U�Q���:�H�V�W���$�I�U�L�F�D�Q���H�P�L�V�V�L�R�Q�V���� ��
�� �O�L�N�H�O�\���O�H�D�G�V���W�R���D�Q���X�Q�G�H�U�D�S�S�U�H�F�L�D�W�L�R�Q���R�I���W�K�H���L�P�S�D�F�W�V���R�I�� 
�� �D�L�U���S�R�O�O�X�W�L�R�Q��  

Pollution impacts on weather and climate

•  �$���I�X�U�W�K�H�U���L�Q�F�U�H�D�V�H���L�Q���P�D�Q�P�D�G�H���S�R�O�O�X�W�L�R�Q���L�Q���V�R�X�W�K�H�U�Q���� ��
�� �:�H�V�W���$�I�U�L�F�D���Z�L�O�O���K�D�Y�H���D���V�P�D�O�O���H�I�I�H�F�W���R�Q���F�O�R�X�G���S�U�R�S�H�U�W�L�H�V���� ��
�� �G�X�H���W�R���W�K�H���D�O�U�H�D�G�\���K�L�J�K���D�H�U�R�V�R�O���E�X�U�G�H�Q��

•  �$�Q���L�Q�F�U�H�D�V�H�G���D�H�U�R�V�R�O���D�P�R�X�Q�W���D�Q�G���R�U���V�K�L�I�W���W�R���P�R�U�H���� ��
�� �Z�D�W�H�U���O�R�Y�L�Q�J���S�D�U�W�L�F�O�H�V���Z�L�O�O���U�H�G�X�F�H���W�K�H���D�P�R�X�Q�W���R�I���� ��
�� �V�X�Q�O�L�J�K�W���U�H�D�F�K�L�Q�J���W�K�H���(�D�U�W�K�è�V���V�X�U�I�D�F�H�����L�P�S�D�F�W�L�Q�J���R�Q���W�K�H���� ��
�� �F�L�U�F�X�O�D�W�L�R�Q�����F�O�R�X�G�V���D�Q�G���S�R�V�V�L�E�O�\���U�D�L�Q�I�D�O�O��

• �0�R�U�H���U�H�V�H�D�U�F�K���L�V���Q�H�H�G�H�G���W�R���E�H�W�W�H�U���T�X�D�Q�W�L�I�\���W�K�H���L�P�S�D�F�W�V���� ��
�� �R�I���D�Q�W�K�U�R�S�R�J�H�Q�L�F���S�D�U�W�L�F�O�H�V���L�Q���V�R�X�W�K�H�U�Q���:�H�V�W���$�I�U�L�F�D��

Long-term outlook
•  �7�H�P�S�H�U�D�W�X�U�H�V���R�Y�H�U���:�H�V�W���$�I�U�L�F�D���D�U�H���S�U�R�M�H�F�W�H�G���W�R���U�L�V�H���E�\�� 
�� �����W�R���R�Y�H�U�����r�&���E�\�������������G�H�S�H�Q�G�L�Q�J���R�Q���J�H�R�J�U�D�S�K�L�F�D�O���� ��
�� �O�R�F�D�W�L�R�Q�����H�P�L�V�V�L�R�Q���V�F�H�Q�D�U�L�R���D�Q�G���P�R�G�H�O���X�V�H�G��

• �(�Y�H�Q���W�K�H���V�L�J�Q���R�I���I�X�W�X�U�H���F�K�D�Q�J�H�V���L�Q���U�D�L�Q�I�D�O�O���U�H�P�D�L�Q�V�� 
�� �K�L�J�K�O�\���X�Q�F�H�U�W�D�L�Q��

• �3�R�O�O�X�W�L�R�Q���H�[�S�R�V�X�U�H���L�Q���W�K�H���I�X�W�X�U�H���Z�L�O�O���E�H���L�Q���X�H�Q�F�H�G���E�\���� ��
�� �O�R�F�D�O���D�Q�G���U�H�P�R�W�H���D�Q�W�K�U�R�S�R�J�H�Q�L�F���H�P�L�V�V�L�R�Q�V���D�Q�G���D�O�W�H�U�H�G���� ��
�� �S�D�W�W�H�U�Q�V���R�I���W�U�D�Q�V�S�R�U�W���D�Q�G���G�X�V�W���H�P�L�V�V�L�R�Q�V��

Observations and models
• �$�Q���D�G�H�T�X�D�W�H���D�L�U���T�X�D�O�L�W�\���P�R�Q�L�W�R�U�L�Q�J���V�\�V�W�H�P���L�V���D�E�V�H�Q�W���L�Q���� ��
�� �V�R�X�W�K�H�U�Q���:�H�V�W���$�I�U�L�F�D��

• �7�K�H���P�H�W�H�R�U�R�O�R�J�L�F�D�O���V�W�D�W�L�R�Q���Q�H�W�Z�R�U�N���L�V���V�S�D�U�V�H���D�Q�G���� ��
�� �H�[�L�V�W�L�Q�J���G�D�W�D���D�U�H���Q�R�W���D�O�Z�D�\�V���D�Y�D�L�O�D�E�O�H���I�R�U���U�H�V�H�D�U�F�K��

• �6�D�W�H�O�O�L�W�H���R�E�V�H�U�Y�D�W�L�R�Q�V���S�U�R�Y�L�G�H���D���Z�H�D�O�W�K���R�I���L�Q�I�R�U�P�D�W�L�R�Q���� ��
�� �E�X�W���Q�H�H�G���P�R�U�H���Y�D�O�L�G�D�W�L�Q�J��

• �&�R�P�S�X�W�H�U���P�R�G�H�O�V���V�W�L�O�O���V�W�U�X�J�J�O�H���W�R���U�H�D�O�L�V�W�L�F�D�O�O�\���U�H�S�U�H�V�H�Q�W������
�� �W�K�H���F�R�P�S�O�H�[���D�W�P�R�V�S�K�H�U�L�F���G�\�Q�D�P�L�F�V���D�Q�G���F�K�H�P�L�V�W�U�\���L�Q���� ��
�� �:�H�V�W���$�I�U�L�F�D��
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Key Findings
�7�K�H���(�8���I�X�Q�G�H�G���S�U�R�M�H�F�W���'�\�Q�D�P�L�F�V���$�H�U�R�V�R�O���&�K�H�P�L�V�W�U�\���&�O�R�X�G���,�Q�W�H�U�D�F�W�L�R�Q�V���L�Q��
�:�H�V�W���$�I�U�L�F�D�����'�$�&�&�,�:�$�����S�U�R�G�X�F�H�G���W�K�H���P�R�V�W���F�R�P�S�U�H�K�H�Q�V�L�Y�H���R�E�V�H�U�Y�D�W�L�R�Q�D�O��
�G�D�W�D�V�H�W���R�I���W�K�H���D�W�P�R�V�S�K�H�U�H���R�Y�H�U���V�R�X�W�K�H�U�Q���:�H�V�W���$�I�U�L�F�D���W�R���G�D�W�H�����$�Q�D�O�\�V�L�Q�J���W�K�L�V��
�G�D�W�D�V�H�W���L�Q���F�R�P�E�L�Q�D�W�L�R�Q���Z�L�W�K���U�H�V�X�O�W�V���R�I���Q�X�P�H�U�L�F�D�O���P�R�G�H�O�O�L�Q�J���K�D�V���O�H�G���W�R���W�K�H��
�I�R�O�O�R�Z�L�Q�J���F�R�Q�F�O�X�V�L�R�Q�V��
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Implications for policy

Improve air quality

•  �5�H�G�X�F�H���H�P�L�V�V�L�R�Q�V���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���G�R�P�H�V�W�L�F���E�X�U�Q�L�Q�J�����$�O�W�H�U�Q�D�W�L�Y�H���I�X�H�O�V���D�Q�G���V�W�R�Y�H�V���X�V�L�Q�J���� ��
�� �J�D�V���R�U���H�O�H�F�W�U�L�F�L�W�\���Z�R�X�O�G���K�H�O�S���W�R���D�F�K�L�H�Y�H���W�K�L�V�����K�W�W�S�������F�O�H�D�Q�F�R�R�N�V�W�R�Y�H�V���R�U�J������

•  �5�H�G�X�F�H���E�L�R�P�D�V�V���E�X�U�Q�L�Q�J���O�R�F�D�O�O�\���L�Q���:�H�V�W���$�I�U�L�F�D���D�Q�G���Z�R�U�N���Z�L�W�K���&�H�Q�W�U�D�O���$�I�U�L�F�D�Q���F�R�X�Q�W�U�L�H�V���� ��
�� �W�R���U�H�G�X�F�H���W�K�H�L�U���H�Q�R�U�P�R�X�V�����U�H���H�P�L�V�V�L�R�Q�V��

•  �(�V�W�D�E�O�L�V�K���U�H�J�X�O�D�W�L�R�Q�V���W�R���U�H�G�X�F�H���W�K�H���V�X�O�I�X�U���F�R�Q�W�H�Q�W���R�I���I�X�H�O�V���D�Q�G���W�R���P�R�G�H�U�Q�L�]�H���W�K�H�����H�H�W���R�I���� ��
�� �W�Z�R���Z�K�H�H�O�����I�R�X�U���Z�K�H�H�O���D�Q�G���K�H�D�Y�\���J�R�R�G�V���Y�H�K�L�F�O�H�V��

•  �:�R�U�N���Z�L�W�K���6�D�K�H�O�L�D�Q���F�R�X�Q�W�U�L�H�V���W�R���U�H�G�X�F�H���O�D�Q�G���G�H�J�U�D�G�D�W�L�R�Q���D�Q�G���W�K�X�V���G�X�V�W���H�P�L�V�V�L�R�Q����

Improve emission inventories

•  �,�P�S�U�R�Y�H���D�F�F�H�V�V���W�R���U�H�O�L�D�E�O�H���V�R�F�L�R���H�F�R�Q�R�P�L�F���G�D�W�D���I�R�U���F�R�X�Q�W�U�L�H�V�����U�H�J�L�R�Q�V���D�Q�G���F�L�W�L�H�V����

•  �(�Q�F�R�X�U�D�J�H���V�W�X�G�L�H�V���R�Q���U�H�J�L�R�Q�D�O�O�\���V�S�H�F�L���F���H�P�L�V�V�L�R�Q�V���I�D�F�W�R�U�V���I�R�U���D�F�W�L�Y�L�W�L�H�V���V�X�F�K���D�V���Z�D�V�W�H���� ��
�� �E�X�U�Q�L�Q�J�����W�U�D�Q�V�S�R�U�W���D�Q�G���G�R�P�H�V�W�L�F���F�R�P�E�X�V�W�L�R�Q����

 
Improve observations

•  �,�Q�V�W�D�O�O���Q�H�W�Z�R�U�N�V���I�R�U���O�R�Q�J���W�H�U�P���P�H�D�V�X�U�H�P�H�Q�W�V���R�I���D�L�U���S�R�O�O�X�W�D�Q�W�V���I�R�F�X�V�L�Q�J���R�Q���F�L�W�L�H�V���D�Q�G���� ��
�� �V�X�E�X�U�E�D�Q���D�U�H�D�V����

•  �6�X�V�W�D�L�Q���D�Q�G���H�[�S�D�Q�G���Q�H�W�Z�R�U�N�V���I�R�U���R�E�V�H�U�Y�D�W�L�R�Q�V���R�I���P�H�W�H�R�U�R�O�R�J�L�F�D�O���G�D�W�D�����H���J�����V�X�U�I�D�F�H���� ��
�� �V�W�D�W�L�R�Q�V���D�Q�G���Z�H�D�W�K�H�U���E�D�O�O�R�R�Q�V�������L�Q�F�O�X�G�L�Q�J���D�Q���D�G�H�T�X�D�W�H���V�D�P�S�O�L�Q�J���R�I���W�K�H���G�D�L�O�\���F�\�F�O�H����

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

Support research and capacity building

•  �)�X�Q�G���D�Q�G���V�X�S�S�R�U�W���I�R�O�O�R�Z���X�S���U�H�V�H�D�U�F�K���D�F�W�L�Y�L�W�L�H�V���L�Q���$�I�U�L�F�D���D�Q�G���(�X�U�R�S�H���W�R���Z�R�U�N���R�Q���W�K�H���P�D�Q�\����
�� �R�S�H�Q���T�X�H�V�W�L�R�Q�V���O�H�I�W���D�W���W�K�H���H�Q�G���R�I���'�$�&�&�,�:�$����

•  �6�X�S�S�R�U�W���E�X�L�O�G�L�Q�J���F�D�S�D�F�L�W�\���L�Q���Z�H�D�W�K�H�U�����F�O�L�P�D�W�H���D�Q�G���D�L�U���S�R�O�O�X�W�L�R�Q���V�F�L�H�Q�F�H���L�Q���$�I�U�L�F�D��

•  �6�X�S�S�R�U�W���L�P�S�U�R�Y�H�P�H�Q�W�V���R�I���F�R�P�S�X�W�H�U���P�R�G�H�O�V���D�Q�G���V�D�W�H�O�O�L�W�H���G�D�W�D�V�H�W�V���I�R�U���:�H�V�W���$�I�U�L�F�D����
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Introduction

Over the last 2 years DACCIWA 
scientists have been analysing data 

collected over West Africa from 
���H�O�G���S�U�R�J�U�D�P�P�H�V���D�Q�G���V�D�W�H�O�O�L�W�H�V����

This document outlines their initial 
policy relevant conclusions.

Figure 1. Yellow dots indicate 
location of the DACCIWA partners 
and collaborators. Shading shows 
countries involved in the project.  

�)�X�Q�G�H�G���E�\���õ���������0���I�U�R�P���W�K�H���(�X�U�R�S�H�D�Q���&�R�P�P�L�V�V�L�R�Q�è�V���)�U�D�P�H�Z�R�U�N������
�S�U�R�J�U�D�P�P�H���W�K�H���'�\�Q�D�P�L�F�V���$�H�U�R�V�R�O���&�K�H�P�L�V�W�U�\���&�O�R�X�G���,�Q�W�H�U�D�F�W�L�R�Q�V���L�Q�� 
�:�H�V�W���$�I�U�L�F�D�����'�$�&�&�,�:�$�����S�U�R�M�H�F�W���L�Q�Y�H�V�W�L�J�D�W�H�G���W�K�H���S�U�R�F�H�V�V�H�V���F�R�Q�W�U�R�O�O�L�Q�J���D�L�U��
�S�R�O�O�X�W�L�R�Q�����D�W�P�R�V�S�K�H�U�L�F���F�R�P�S�R�V�L�W�L�R�Q�����Z�H�D�W�K�H�U���D�Q�G���F�O�L�P�D�W�H���R�Y�H�U���V�R�X�W�K�H�U�Q��
�:�H�V�W���$�I�U�L�F�D���D�Q�G���W�K�H�L�U���L�Q���X�H�Q�F�H���R�Q���K�H�D�O�W�K��

�7�K�H�����H�O�G���F�D�P�S�D�L�J�Q�V
�$���P�D�M�R�U���F�R�P�S�R�Q�H�Q�W���R�I���W�K�H���S�U�R�M�H�F�W���Z�D�V���W�K�H���F�R�O�O�H�F�W�L�R�Q���R�I���Q�H�Z���P�H�D�V�X�U�H�P�H�Q�W�V���R�I��
�W�K�H���D�W�P�R�V�S�K�H�U�H���R�Y�H�U���W�K�L�V���R�E�V�H�U�Y�D�W�L�R�Q���V�S�D�U�V�H���U�H�J�L�R�Q����

Figure 2. Location of measurement sites during the DACCIWA campaigns in 2016. Air Quality 
(AQ) sites measured the concentration of air pollutants. Supersites measured a range of 
meteorological and chemical parameters. Meteorological balloon sondes were released from 
11 sites, partly in collaboration with West African weather services. Three research aircraft were 
based in Lomé (Togo) and sampled inside the red triangle. 

�'�X�U�L�Q�J���-�X�Q�H���-�X�O�\�������������H�[�W�H�Q�V�L�Y�H��
�P�H�D�V�X�U�H�P�H�Q�W�V���Z�H�U�H���P�D�G�H���I�U�R�P���W�K�U�H�H��
�V�X�U�I�D�F�H���P�H�W�H�R�U�R�O�R�J�L�F�D�O���V�X�S�H�U�V�L�W�H�V�����H�O�H�Y�H�Q��
�P�H�W�H�R�U�R�O�R�J�L�F�D�O���E�D�O�O�R�R�Q���O�D�X�Q�F�K���V�L�W�H�V���D�Q�G��
�W�K�U�H�H���U�H�V�H�D�U�F�K���D�L�U�F�U�D�I�W�����)�L�J�X�U�H�����������,�Q��
�D�G�G�L�W�L�R�Q�����P�H�D�V�X�U�H�P�H�Q�W�V���R�I���X�U�E�D�Q���S�R�O�O�X�W�L�R�Q��
�Z�H�U�H���P�D�G�H���I�U�R�P�������D�L�U���T�X�D�O�L�W�\���V�L�W�H�V���E�H�W�Z�H�H�Q��
�����������D�Q�G����������������

The project had partner and 
collaborator institutions from 
Benin, Côte d’Ivoire, France, 
Germany, Ghana, Nigeria, 
Switzerland, Togo and the  
United Kingdom.

The project website  
http://www.dacciwa.eu hosts 
information about the project. 
The observational dataset is 

available from http://baobab.

sedoo.fr/DACCIWA
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Figure 4. Monthly mean concentration of PM2.5 observed from Abidjan and Cotonou. 
Dotted line indicates WHO annual standard, dashed line WHO 24 hour standard.

WHO 24 Hour Mean LimitWHO Annual Mean Limit

Air pollution  
concentrations and sources
�$�L�U���S�R�O�O�X�W�L�R�Q���L�V���D���N�H�\���J�O�R�E�D�O���U�L�V�N���Z�L�W�K���W�K�H���:�R�U�O�G���+�H�D�O�W�K���2�U�J�D�Q�L�V�D�W�L�R�Q�����:�+�2����
�H�V�W�L�P�D�W�L�Q�J�������P�L�O�O�L�R�Q���S�H�R�S�O�H���D���\�H�D�U���G�\�L�Q�J���S�U�H�P�D�W�X�U�H�O�\���I�U�R�P���E�U�H�D�W�K�L�Q�J���S�R�O�O�X�W�H�G��
�D�L�U�����'�$�&�&�,�:�$���P�D�G�H���R�E�V�H�U�Y�D�W�L�R�Q�V���I�U�R�P���W�K�H���J�U�R�X�Q�G���D�Q�G���I�U�R�P���W�K�H���D�L�U�����W�R���P�H�D�V�X�U�H��
�W�K�H���F�R�Q�F�H�Q�W�U�D�W�L�R�Q�V���D�Q�G���V�R�X�U�F�H�V���R�I���D�L�U���S�R�O�O�X�W�D�Q�W�V����

Concentrations of small particles frequently 
exceed WHO limits in southern West 
African cities.

�0�H�D�V�X�U�H�P�H�Q�W�V���R�I���V�P�D�O�O���S�D�U�W�L�F�O�H�V���V�X�V�S�H�Q�G�H�G���L�Q���W�K�H���D�L�U�����N�Q�R�Z�Q��
�D�V���3�0�����������Z�H�U�H���P�D�G�H���L�Q���W�K�H���F�L�W�L�H�V���R�I���$�E�L�G�M�D�Q���D�Q�G���&�R�W�R�Q�R�X��
�>�'�M�R�V�V�R�X���H�W���D�O�������������@�����7�K�H���V�L�W�H�V���Z�H�U�H���F�O�R�V�H���W�R���P�D�M�R�U���V�R�X�U�F�H�V��
�R�I���D�L�U���S�R�O�O�X�W�L�R�Q�����Z�D�V�W�H���E�X�U�Q�L�Q�J���D�W���D���O�R�F�D�O���O�D�Q�G���O�O���V�L�W�H�����P�R�W�R�U��
�Y�H�K�L�F�O�H�V���D�Q�G���G�R�P�H�V�W�L�F�����U�H�V���I�R�U���F�R�R�N�L�Q�J�����$�O�O���V�L�W�H�V���V�K�R�Z���3�0��������
�F�R�Q�F�H�Q�W�U�D�W�L�R�Q�V���D�O�P�R�V�W���F�R�Q�W�L�Q�X�R�X�V�O�\���D�E�R�Y�H���������w�J���P���������W�K�H��
�:�+�2���D�Q�Q�X�D�O���O�L�P�L�W�����D�Q�G���U�H�J�X�O�D�U�O�\���D�E�R�Y�H���������w�J���P���������:�+�2��������
�K�R�X�U���O�L�P�L�W�������)�L�J�X�U�H�����������7�K�H�V�H���F�R�Q�F�H�Q�W�U�D�W�L�R�Q�V���D�U�H���K�L�J�K�H�U���W�K�D�Q��
�W�K�R�V�H���W�\�S�L�F�D�O���I�R�U���(�X�U�R�S�H�D�Q���F�L�W�L�H�V���E�X�W���D�U�H���O�H�V�V���W�K�D�Q���W�K�R�V�H���L�Q���$�V�L�D��

Annual concentration of gaseous pollutants 
do currently not exceed air quality guidelines 
but short term peaks may.

�/�R�Q�J���W�H�U�P���R�E�V�H�U�Y�D�W�L�R�Q�V���G�R���Q�R�W���H�[�L�V�W���I�R�U���J�D�V�H�R�X�V��
�S�R�O�O�X�W�D�Q�W�V�����R�]�R�Q�H���2�������Q�L�W�U�R�J�H�Q���G�L�R�[�L�G�H���1�2�������V�X�O�I�X�U���G�L�R�[�L�G�H��
�6�2�������L�Q���V�R�X�W�K�H�U�Q���:�H�V�W���$�I�U�L�F�D�Q���F�L�W�L�H�V�����)�R�U���'�$�&�&�,�:�$���E�L��
�P�R�Q�W�K�O�\���V�X�U�I�D�F�H���R�E�V�H�U�Y�D�W�L�R�Q�V���Z�H�U�H���P�D�G�H���G�X�U�L�Q�J������������
�����������D�W���W�K�H���I�R�X�U���D�L�U���T�X�D�O�L�W�\���P�H�D�V�X�U�H�P�H�Q�W���V�L�W�H�V���D�V���Z�H�O�O���D�V��
�W�K�H���D�L�U�E�R�U�Q�H���R�E�V�H�U�Y�D�W�L�R�Q�V���G�X�U�L�Q�J���W�K�H���V�X�P�P�H�U���R�I��������������
�7�K�H�V�H���S�R�O�O�X�W�D�Q�W�V���G�L�G���Q�R�W���H�[�F�H�H�G���:�+�2���O�L�P�L�W�V���>�%�D�K�L�Q�R���H�W���D�O����
���������@�����+�R�Z�H�Y�H�U�����L�W���V�H�H�P�V���O�L�N�H�O�\���W�K�D�W���1�2�����H�[�F�H�H�G�D�Q�F�H���F�R�X�O�G��
�R�F�F�X�U���R�Q���V�S�H�F�L���F���G�D�\�V����

Concentrations of small particles are 
highest in the dry season.

�7�K�H���K�L�J�K�H�V�W���P�R�Q�W�K�O�\���3�0���������F�R�Q�F�H�Q�W�U�D�W�L�R�Q�V���D�U�H���V�H�H�Q���L�Q���W�K�H��
�G�U�\�����Z�L�Q�W�H�U�����V�H�D�V�R�Q�����)�L�J�X�U�H�����������7�K�L�V���L�V���G�X�H���W�R���D���F�R�P�E�L�Q�D�W�L�R�Q��
�R�I���H�Q�K�D�Q�F�H�G���G�H�V�H�U�W���G�X�V�W���I�U�R�P���W�K�H���6�D�K�D�U�D���D�Q�G���V�P�R�N�H���I�U�R�P��
�W�K�H���E�X�U�Q�L�Q�J���R�I���V�D�Y�D�Q�Q�D�K�������D�J�U�L�F�X�O�W�X�U�D�O���O�D�Q�G���Z�L�W�K�L�Q���V�R�X�W�K�H�U�Q��
�:�H�V�W���$�I�U�L�F�D���R�Q���W�R�S���R�I���W�K�H���O�R�F�D�O���K�X�P�D�Q���S�R�O�O�X�W�L�R�Q�����/�R�F�D�O��
�Z�R�R�G���E�X�U�Q�L�Q�J���H�P�L�V�V�L�R�Q�V���P�D�[�L�P�L�]�H���L�Q���W�K�H���U�D�L�Q�\�����V�X�P�P�H�U��
�V�H�D�V�R�Q�����G�X�H���W�R���O�H�V�V���H�I���F�L�H�Q�W���E�X�U�Q�L�Q�J���R�I���Z�H�W���Z�R�R�G�����7�K�H���V�D�P�H��
�V�H�D�V�R�Q�D�O�L�W�\���Z�D�V���V�H�H�Q���I�R�U���R�W�K�H�U���S�R�O�O�X�W�D�Q�W�V���V�X�F�K���D�V���1�2��.

During the rainy (summer) season, smoke 
�I�U�R�P�����U�H�V���L�Q���&�H�Q�W�U�D�O���$�I�U�L�F�D���P�D�N�H���D���V�X�E�V�W�D�Q�W�L�D�O��
contribution to air pollution in southern 
West Africa.

�&�K�D�Q�J�H�V���L�Q���W�K�H���F�L�U�F�X�O�D�W�L�R�Q���D�Q�G���U�D�L�Q�I�D�O�O���L�Q���W�K�H���Z�H�W�����V�X�P�P�H�U����
�V�H�D�V�R�Q�����U�H�G�X�F�H���W�K�H���L�P�S�D�F�W���R�I���G�H�V�H�U�W���G�X�V�W���D�Q�G���O�R�F�D�O���D�J�U�L�F�X�O�W�X�U�D�O��
�D�Q�G���V�D�Y�D�Q�Q�D�K�����U�H�V�����+�R�Z�H�Y�H�U�����V�P�R�N�H���I�U�R�P���V�D�Y�D�Q�Q�D�K���D�Q�G��
�D�J�U�L�F�X�O�W�X�U�D�O���E�X�U�Q�L�Q�J���L�Q���&�H�Q�W�U�D�O���$�I�U�L�F�D���F�D�Q���E�H���E�O�R�Z�Q���W�K�R�X�V�D�Q�G�V��
�R�I���N�L�O�R�P�H�W�H�U�V���W�R���W�K�H���F�R�D�V�W���R�I���V�R�X�W�K�H�U�Q���:�H�V�W���$�I�U�L�F�D�����)�L�J�X�U�H����������
�5�H�P�D�U�N�D�E�O�\�����L�Q���W�K�H�V�H���P�R�Q�W�K�V�������å���������R�I���W�K�H���S�D�U�W�L�F�O�H���P�D�V�V���L�V��
�S�U�R�G�X�F�H�G���I�U�R�P���W�K�H�V�H���&�H�Q�W�U�D�O���$�I�U�L�F�D�Q�����U�H�V���D�Q�G���W�U�D�Q�V�S�R�U�W�H�G��
�L�Q�W�R���W�K�H���U�H�J�L�R�Q��

Figure 5. Absolute (left) and fractional (right) contribution of Central African
agricultural and savannah burning, to June and July mean surface small particles 
concentrations, derived using the GEOS-Chem chemistry transport model. Over the 
coast of southern West Africa 25%-50% of the small particles come from �res in 
Central Africa. 

Air pollution in southern West 

African cities has a complex mix 

of sources which changes over 

the year, but is often above WHO 

levels with implications for 

human health.

WHO Annual Mean Limit

Abidjan Waste Burning Site

Cotonou Traffic Site

Abidjan Traffic Site

Figure 3. Observations of PM2.5 collected by the 
DACCIWA project from four sites in West Africa together 
with equivalent measurements made in Europe and Asia. 
Abidjan domestic burning site is indicative of an indoor 
site other sites represent the outdoor concentration.  
Dotted line indicates WHO annual standard, dashed line 
WHO 24 hour standard. Data from non-African cities 
comes from http://www.who.int/phe/health_topics/ 
outdoorair/databases/cities/en/. 
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Health Impacts
�+�L�J�K���F�R�Q�F�H�Q�W�U�D�W�L�R�Q�V���R�I���D�H�U�R�V�R�O�V���K�D�Y�H���D�Q���D�G�Y�H�U�V�H���L�P�S�D�F�W���R�Q���K�H�D�O�W�K���W�K�U�R�X�J�K��
�L�Q�F�U�H�D�V�H�G���U�H�V�S�L�U�D�W�R�U�\�����F�D�U�G�L�D�F���D�Q�G���G�H�U�P�D�W�R�O�R�J�L�F�D�O���L�O�O�Q�H�V�V�����$���K�D�O�Y�L�Q�J���R�I���D�L�U��
�S�R�O�O�X�W�L�R�Q���H�P�L�V�V�L�R�Q�V���L�Q���$�I�U�L�F�D���F�R�X�O�G���U�H�G�X�F�H���D�L�U���T�X�D�O�L�W�\���G�H�D�W�K�V���E�\���D���W�K�L�U�G��
�>�/�L�R�X�V�V�H���H�W���D�O���������������@�����'�$�&�&�,�:�$���I�R�F�X�V�H�G���R�Q���W�K�H���F�L�W�L�H�V���R�I���$�E�L�G�M�D�Q���D�Q�G���&�R�W�R�Q�R�X��
�D�Q�G���I�R�U���W�K�H�����U�V�W���W�L�P�H���L�Q�Y�H�V�W�L�J�D�W�H�G���K�R�Z���W�K�H���O�R�F�D�O���S�R�S�X�O�D�W�L�R�Q���L�V���L�P�S�D�F�W�H�G��

The high particle concentrations in southern 
West African cities present substantial 
risks to public health and intensify common 
medical problems.

�8�V�L�Q�J���W�K�H���Q�X�P�E�H�U���R�I���P�H�G�L�F�D�O���Y�L�V�L�W�V���D�V���D���S�U�R�[�\���I�R�U���D�G�Y�H�U�V�H��
�K�H�D�O�W�K���R�X�W�F�R�P�H�V�����O�R�Q�J���W�H�U�P���U�H�O�D�W�L�Y�H���U�L�V�N���Y�D�O�X�H�V���Z�H�U�H��
�F�D�O�F�X�O�D�W�H�G���I�R�U���H�D�F�K���P�X�Q�L�F�L�S�D�O�L�W�\���L�Q���$�E�L�G�M�D�Q�����7�K�L�V���G�H�V�F�U�L�E�H�V��
�W�K�H���U�H�O�D�W�L�R�Q�V�K�L�S���E�H�W�Z�H�H�Q���O�R�Q�J���W�H�U�P���H�[�S�R�V�X�U�H���W�R���3�0����������
�D�Q�G���U�H�V�S�L�U�D�W�R�U�\�����F�D�U�G�L�D�F���D�Q�G���G�H�U�P�D�W�R�O�R�J�L�F���K�H�D�O�W�K�����D�V���Z�H�O�O��
�D�V���H�P�H�U�J�H�Q�F�\���U�R�R�P���P�R�U�W�D�O�L�W�\�����:�H���H�V�W�L�P�D�W�H���W�K�H���Q�X�P�E�H�U���R�I��

�Y�L�V�L�W�V���W�R���W�K�H���H�P�H�U�J�H�Q�F�\���U�R�R�P���F�R�X�O�G���E�H���U�H�G�X�F�H�G���E�\�����å�������I�R�U��
�U�H�V�S�L�U�D�W�R�U�\���R�U���F�D�U�G�L�D�F���L�V�V�X�H�V���D�Q�G���W�K�D�W���X�S���W�R���������R�I���H�P�H�U�J�H�Q�F�\��
�U�R�R�P���P�R�U�W�D�O�L�W�L�H�V���F�R�X�O�G���E�H���D�Y�R�L�G�H�G���Z�L�W�K���D���U�H�G�X�F�W�L�R�Q���R�I���3�0��������
�F�R�Q�F�H�Q�W�U�D�W�L�R�Q�V���W�R���W�K�H���:�+�2���U�H�F�R�P�P�H�Q�G�H�G���O�L�P�L�W���R�I��������µ�J���P����.

 

The pollution impact is strongest in the rainy 
season and depends on pollution source.

�$�Q�D�O�\�V�H�V���I�R�U���D�O�O���W�K�U�H�H���P�H�D�V�X�U�L�Q�J���V�L�W�H�V���L�Q���$�E�L�G�M�D�Q���V�K�R�Z��
�V�L�J�Q�L���F�D�Q�W���F�R�U�U�H�O�D�W�L�R�Q�V���E�H�W�Z�H�H�Q���W�K�H���Q�X�P�E�H�U���R�I���K�R�V�S�L�W�D�O��
�Y�L�V�L�W�V���D�Q�G���3�0���������F�R�Q�F�H�Q�W�U�D�W�L�R�Q�V�����S�U�L�P�D�U�L�O�\���G�X�U�L�Q�J���W�K�H���U�D�L�Q�\��

Figure 6. Food preparation produces large quantities of smoke and particulate 
matter. These �res in Yopougon, Abidjan, Côte d’Ivoire are responsible for the highest 
pollutant concentrations measured, yet primarily a�ect women and children. 

Figure 7. A women brings her infant into see the doctor at the Soeur Catherine 
Medical Center in Yopougon, Abidjan, Côte d’Ivoire.

���V�X�P�P�H�U�����V�H�D�V�R�Q�����7�K�L�V���V�X�J�J�H�V�W�V���W�K�D�W���K�X�P�L�G�L�W�\���P�D�\���S�O�D�\��
�D���V�L�J�Q�L���F�D�Q�W���U�R�O�H���L�Q���W�K�H���L�Q�W�H�U�D�F�W�L�R�Q���E�H�W�Z�H�H�Q���S�D�U�W�L�F�X�O�D�W�H��
�P�D�W�W�H�U���D�Q�G���K�H�D�O�W�K�����S�R�V�V�L�E�O�\���W�K�U�R�X�J�K���K�H�O�S�L�Q�J���E�U�L�Q�J���S�R�O�O�X�W�D�Q�W�V��
�L�Q�W�R���W�K�H���O�X�Q�J�V�����7�K�H���D�V�V�R�F�L�D�W�L�R�Q�V���Z�H���V�H�H���E�H�W�Z�H�H�Q���S�D�U�W�L�F�X�O�D�W�H��
�P�D�W�W�H�U���D�Q�G���K�H�D�O�W�K���R�X�W�F�R�P�H�V���G�L�I�I�H�U���I�R�U���H�D�F�K���P�H�W�U�R�S�R�O�L�W�D�Q��
�D�U�H�D�����V�X�J�J�H�V�W�L�Q�J���Q�R�W���R�Q�O�\���W�K�H���F�R�Q�F�H�Q�W�U�D�W�L�R�Q���O�H�Y�H�O�V�����E�X�W���D�O�V�R��
�W�K�H���V�R�X�U�F�H���R�I���3�0���������V�K�R�X�O�G���E�H���W�D�N�H�Q���L�Q�W�R���F�R�Q�V�L�G�H�U�D�W�L�R�Q��
�Z�K�H�Q���D�G�G�U�H�V�V�L�Q�J���D�L�U���T�X�D�O�L�W�\���L�P�S�D�F�W�V���R�Q���K�H�D�O�W�K����

�7�K�H�V�H���D�U�H���W�K�H�����U�V�W���K�H�D�O�W�K���U�H�V�H�D�U�F�K���U�H�V�X�O�W�V���I�R�U���$�E�L�G�M�D�Q��
�V�K�R�Z�L�Q�J���W�K�H���D�V�V�R�F�L�D�W�L�R�Q�V���E�H�W�Z�H�H�Q���3�0���������D�Q�G���H�P�H�U�J�H�Q�F�\��
�U�R�R�P���Y�L�V�L�W�V���I�R�U���U�H�V�S�L�U�D�W�R�U�\���D�Q�G���F�D�U�G�L�D�F���S�U�R�E�O�H�P�V�����a������
�L�Q�F�U�H�D�V�H���L�Q���U�L�V�N�������D�V���Z�H�O�O���D�V���H�P�H�U�J�H�Q�F�\���U�R�R�P���P�R�U�W�D�O�L�W�\�� 
���a�������L�Q�F�U�H�D�V�H���L�Q���U�L�V�N�����D�Q�G���U�H�V�S�L�U�D�W�R�U�\���Y�L�V�L�W�V���W�R���R�X�W�S�D�W�L�H�Q�W�� 
�K�H�D�O�W�K���F�H�Q�W�U�H�V���� 

�'�R�P�H�V�W�L�F�����U�H�V���D�S�S�H�D�U���W�R���E�H���W�K�H���P�R�V�W��
�V�L�J�Q�L���F�D�Q�W���K�H�D�O�W�K���U�L�V�N���G�X�H���W�R���H�[�W�U�H�P�H��
concentration levels. 

�'�X�H���W�R���W�K�H���H�[�W�U�H�P�H���F�R�Q�F�H�Q�W�U�D�W�L�R�Q���O�H�Y�H�O�V�����V�H�H���S�U�H�Y�L�R�X�V��
�V�H�F�W�L�R�Q�����G�R�P�H�V�W�L�F�����U�H�V���D�U�H���D���K�X�J�H���K�H�D�O�W�K���U�L�V�N�����Z�K�L�O�H���W�K�H���U�L�V�N�V��
�I�U�R�P���K�H�D�Y�\���W�U�D�I���F���R�U���Z�D�V�W�H���E�X�U�Q�L�Q�J���Z�H�U�H���O�H�V�V���H�[�W�U�H�P�H�����$�V��
�W�K�L�V���V�W�X�G�\���I�R�F�X�V�H�G���P�R�U�H���J�H�Q�H�U�D�O�O�\���R�Q���W�K�H���L�Q�K�D�E�L�W�D�Q�W�V���R�I���W�K�H��
�Q�H�L�J�K�E�R�X�U�K�R�R�G�V���D�U�R�X�Q�G���W�K�H���'�$�&�&�,�:�$���P�H�D�V�X�U�L�Q�J���V�L�W�H�V����
�U�D�W�K�H�U���W�K�D�Q���V�S�H�F�L���F�D�O�O�\���R�Q���E�X�V���G�U�L�Y�H�U�V�����S�H�R�S�O�H���Z�R�U�N�L�Q�J���L�Q��
�I�R�R�G���S�U�H�S�D�U�D�W�L�R�Q���R�U���D�W���W�K�H���O�D�Q�G���O�O���V�L�W�H�����R�X�U���U�H�V�X�O�W�V���P�D�\���E�H��
�R�E�V�F�X�U�L�Q�J���W�K�H���V�H�U�L�R�X�V���U�L�V�N���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���O�R�Q�J���S�H�U�L�R�G�V���R�I��
�W�L�P�H���Q�H�D�U���D���V�L�J�Q�L���F�D�Q�W���H�P�L�V�V�L�R�Q���V�R�X�U�F�H����

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

�'�X�H���W�R���W�K�H���H�[�W�U�H�P�H���F�R�Q�F�H�Q�W�U�D�W�L�R�Q���O�H�Y�H�O�V���G�R�P�H�V�W�L�F�����U�H�V��
�D�U�H���D���K�X�J�H���K�H�D�O�W�K���U�L�V�N�����Z�K�L�O�H���W�K�H���U�L�V�N�V���I�U�R�P���K�H�D�Y�\���W�U�D�I���F���R�U��
waste burning were less extreme. 

�3�H�U�V�R�Q�D�O���H�[�S�R�V�X�U�H���P�H�D�V�X�U�H�P�H�Q�W�V���R�Q���G�L�I�I�H�U�H�Q�W���J�U�R�X�S�V���R�I��
�W�K�H���S�H�R�S�O�H���D�U�R�X�Q�G���W�K�H�V�H���V�L�W�H�V���V�K�R�Z�H�G���W�K�D�W���W�K�H���K�H�D�O�W�K���U�L�V�N��
�Z�D�V���K�L�J�K�H�V�W���I�R�U���F�K�L�O�G�U�H�Q���L�Q���Z�D�V�W�H���E�X�U�Q�L�Q�J���V�L�W�H�V���G�X�H���W�R���K�H�D�Y�\��
�P�H�W�D�O�V�����Z�K�H�U�H�D�V���I�R�U���Z�R�P�H�Q���W�K�H���U�L�V�N���Z�D�V���K�L�J�K�H�V�W���L�Q���W�K�H��
�G�R�P�H�V�W�L�F���E�X�U�Q�L�Q�J���V�L�W�H���L�Q���V�X�P�P�H�U���G�X�H���W�R���R�U�J�D�Q�L�F���P�D�W�W�H�U����

�6�R�F�L�R�O�R�J�L�F�D�O���V�W�X�G�L�H�V���K�D�Y�H���V�K�R�Z�Q���V�L�J�Q�L���F�D�Q�W���G�L�I�I�H�U�H�Q�F�H�V��
�E�H�W�Z�H�H�Q���W�K�H���R�F�F�X�S�D�W�L�R�Q�D�O���V�W�D�W�X�V���R�I���L�Q�G�L�Y�L�G�X�D�O�V���D�Q�G���W�K�H�L�U��
�Y�X�O�Q�H�U�D�E�L�O�L�W�\���W�R���D�L�U���S�R�O�O�X�W�L�R�Q���L�Q���W�K�H���I�R�X�U���D�L�U���T�X�D�O�L�W�\���V�L�W�H�V��

More aerosol observations, increased 
access to health statistics and associated 
socioeconomic data are needed.

�7�K�L�V���V�W�X�G�\���S�U�H�V�H�Q�W�V���W�K�H�����U�V�W���U�H�V�X�O�W�V���R�I���D�Q���H�S�L�G�H�P�L�R�O�R�J�L�F�D�O��
�V�W�X�G�\���R�Q���F�D�U�G�L�R�U�H�V�S�L�U�D�W�R�U�\���L�P�S�D�F�W�V���R�I���D�L�U���S�R�O�O�X�W�L�R�Q���L�Q���W�K�H��
�*�X�L�Q�H�D���&�R�D�V�W�D�O���U�H�J�L�R�Q���X�V�L�Q�J���O�R�F�D�O���P�H�D�V�X�U�H�P�H�Q�W�V�����:�H��
�V�X�V�S�H�F�W���W�K�D�W���D���O�D�U�J�H�U�����P�R�U�H���V�L�J�Q�L���F�D�Q�W���H�I�I�H�F�W���Z�R�X�O�G���E�H��
�R�E�V�H�U�Y�H�G���Z�L�W�K���P�R�U�H���G�H�W�D�L�O�H�G���G�D�W�D�����%�R�W�K���G�H�W�D�L�O�H�G���K�H�D�O�W�K��
�V�W�D�W�L�V�W�L�F�V���D�Q�G���F�R�Q�W�L�Q�X�R�X�V�����U�H�S�H�D�W�H�G���S�R�O�O�X�W�D�Q�W���P�H�D�V�X�U�H�P�H�Q�W�V��
�D�U�H���Q�H�F�H�V�V�D�U�\���W�R���L�P�S�U�R�Y�H���H�S�L�G�H�P�L�R�O�R�J�L�F�D�O���U�H�V�X�O�W�V���D�Q�G���S�U�R�Y�L�G�H��
�D���G�H�H�S�H�U���X�Q�G�H�U�V�W�D�Q�G�L�Q�J���R�I���K�H�D�O�W�K���L�P�S�D�F�W�V���R�Q���X�U�E�D�Q�����W�U�R�S�L�F�D�O��
�P�H�W�U�R�S�R�O�L�W�D�Q���D�U�H�D�V�����,�Q�F�O�X�G�L�Q�J���V�R�F�L�R�H�F�R�Q�R�P�L�F���L�Q�I�R�U�P�D�W�L�R�Q��
�P�D�\���D�O�V�R���S�U�R�Y�L�G�H���D���O�H�Y�H�U���W�R���I�X�U�W�K�H�U���X�Q�G�H�U�V�W�D�Q�G���W�K�H���G�D�W�D�����D�V��
�Q�R�W���D�O�O���L�Q�K�D�E�L�W�D�Q�W�V���D�U�H���H�T�X�D�O�O�\���O�L�N�H�O�\���W�R���Y�L�V�L�W���D���G�R�F�W�R�U��
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Emissions
�7�R���S�U�R�G�X�F�H���X�V�H�I�X�O���D�L�U���S�R�O�O�X�W�L�R�Q���F�R�Q�W�U�R�O���V�W�U�D�W�H�J�L�H�V�����H�V�W�L�P�D�W�H�V���Q�H�H�G���W�R���E�H���P�D�G�H��
�R�I���W�K�H���P�D�J�Q�L�W�X�G�H���R�I���W�K�H���G�L�I�I�H�U�H�Q�W���H�P�L�V�V�L�R�Q���V�R�X�U�F�H�V�����'�$�&�&�,�:�$���F�D�O�F�X�O�D�W�H�G��
�Q�H�Z���H�P�L�V�V�L�R�Q�V���I�R�U���$�I�U�L�F�D�����H�Y�D�O�X�D�W�H�G���W�K�H�P���D�J�D�L�Q�V�W���V�W�D�Q�G�D�U�G���L�Q�W�H�U�Q�D�W�L�R�Q�D�O��
�H�P�L�V�V�L�R�Q�V���D�Q�G���D�J�D�L�Q�V�W���O�R�F�D�O���R�E�V�H�U�Y�D�W�L�R�Q�V��

Standard global estimates of human 
�H�P�L�V�V�L�R�Q�V���D�U�H���V�L�J�Q�L���F�D�Q�W�O�\���X�Q�G�H�U�H�V�W�L�P�D�W�H�G��
for southern West Africa.

�7�K�H���(�'�*�$�5���G�D�W�D�V�H�W���>�&�U�L�S�S�D���H�W���D�O���������������@���L�V���W�K�H���J�O�R�E�D�O��
�V�W�D�Q�G�D�U�G���I�R�U���D�L�U���S�R�O�O�X�W�D�Q�W���H�P�L�V�V�L�R�Q�V�����,�W���F�D�Q���E�H���L�Q�D�F�F�X�U�D�W�H����
�H�V�S�H�F�L�D�O�O�\���L�Q���U�H�J�L�R�Q�V���Z�K�L�F�K���K�D�Y�H���Q�R�W���E�H�H�Q���H�[�W�H�Q�V�L�Y�H�O�\��
�V�W�X�G�L�H�G�����'�$�&�&�,�:�$���F�R�Q�V�W�U�X�F�W�H�G���Q�H�Z���H�P�L�V�V�L�R�Q�V���>�.�H�L�W�D���H�W��
�D�O���������������@���Z�K�L�F�K���X�V�H�G���$�I�U�L�F�D���V�S�H�F�L���F���L�Q�I�R�U�P�D�W�L�R�Q�����)�L�J�X�U�H������
�V�K�R�Z�V���D���F�R�P�S�D�U�L�V�R�Q���E�H�W�Z�H�H�Q���W�K�H���P�D�V�V���R�I���N�H�\���D�L�U���S�R�O�O�X�W�D�Q�W�V��
�H�P�L�W�W�H�G���R�Y�H�U���V�R�X�W�K�H�U�Q���:�H�V�W���$�I�U�L�F�D���E�\���W�K�H���(�'�*�$�5���D�Q�G��
�'�$�&�&�,�:�$���L�Q�Y�H�Q�W�R�U�L�H�V�����W�R�J�H�W�K�H�U���Z�L�W�K���D�Q���H�P�L�V�V�L�R�Q�V��
�G�D�W�D�V�H�W���W�K�D�W���H�[�S�O�R�L�W�V���W�K�H���'�$�&�&�,�:�$���R�E�V�H�U�Y�D�W�L�R�Q�V���W�R��
�R�S�W�L�P�L�]�H���W�K�H���H�P�L�V�V�L�R�Q�V�����)�R�U���P�D�Q�\���V�S�H�F�L�H�V���W�K�H���(�'�*�$�5���G�D�W�D��
�X�Q�G�H�U�H�V�W�L�P�D�W�H���W�K�H���H�P�L�V�V�L�R�Q�V���L�Q���W�K�H���U�H�J�L�R�Q��

Emissions of particles and organic gases from 
vehicles in southern West African cities are 
higher than those in other locations. 

�'�$�&�&�,�:�$���P�D�G�H���G�L�U�H�F�W���P�H�D�V�X�U�H�P�H�Q�W�V���R�I���W�K�H���S�D�U�W�L�F�O�H�V��
�D�Q�G���R�U�J�D�Q�L�F���J�D�V�H�V���H�P�L�V�V�L�R�Q�V���I�U�R�P���L�Q�G�L�Y�L�G�X�D�O���Y�H�K�L�F�O�H�V���L�Q��
�&�¶�W�H���G�è�,�Y�R�L�U�H���>�.�H�L�W�D���H�W���D�O���������������@�����7�K�H�\���Z�H�U�H���V�L�J�Q�L���F�D�Q�W�O�\��
�K�L�J�K�H�U���W�K�D�Q���K�D�G���E�H�H�Q���D�V�V�X�P�H�G���I�R�U���W�K�H���U�H�J�L�R�Q�����)�L�J�X�U�H�����������2�O�G��
�J�D�V�R�O�L�Q�H���Y�H�K�L�F�O�H�V���D�U�H���P�R�U�H���S�R�O�O�X�W�L�Q�J�����I�D�F�W�R�U���R�I���D���W�K�R�X�V�D�Q�G����
�W�K�D�Q���Q�H�Z���Y�H�K�L�F�O�H�V�����2�O�G�H�U���G�L�H�V�H�O���Y�H�K�L�F�O�H�V���Z�H�U�H���R�Q�O�\���D���I�D�F�W�R�U��
�R�I�����Y�H���Z�R�U�V�H�����1�H�Z���I�R�X�U���V�W�U�R�N�H���H�Q�J�L�Q�H�V���K�D�Y�H���V�L�J�Q�L���F�D�Q�W�O�\��
�O�R�Z�H�U���H�P�L�V�V�L�R�Q�V���W�K�D�Q���Q�H�Z���W�Z�R���V�W�U�R�N�H���H�Q�J�L�Q�H�V��

Burning seemingly similar materials may 
lead to very different emissions. 

�.�H�L�W�D���H�W���D�O�����>���������@���I�R�X�Q�G���W�K�D�W���W�K�H���H�P�L�V�V�L�R�Q�V���R�I���S�D�U�W�L�F�O�H�V��
�I�U�R�P���G�R�P�H�V�W�L�F�����U�H�V���G�H�S�H�Q�G���V�W�U�R�Q�J�O�\���R�Q���W�K�H���W�\�S�H���R�I���Z�R�R�G��
�E�X�U�Q�W�����+�H�Y�H�D���Z�R�R�G���Z�D�V���I�R�X�Q�G���W�R���E�H���W�K�H���O�D�U�J�H�V�W���H�P�L�W�W�H�U����
�7�K�H���P�D�Q�X�I�D�F�W�X�U�H���R�I���F�K�D�U�F�R�D�O���L�V���D���E�L�J���V�R�X�U�F�H���R�I���S�D�U�W�L�F�O�H�V����
�D�Q�G���H�P�L�V�V�L�R�Q�V���I�U�R�P���Z�D�V�W�H���E�X�U�Q�L�Q�J���D�U�H���K�L�J�K���D�Q�G���R�I�I�H�U���D���U�L�V�N��
�W�R���K�H�D�O�W�K��

The underestimate in southern West 
African emissions likely leads to an under 
appreciation of the impacts of air pollution. 

�$�V���J�O�R�E�D�O���H�V�W�L�P�D�W�H�V���R�I���W�K�H���K�X�P�D�Q���K�H�D�O�W�K���L�P�S�D�F�W���R�I���S�R�O�O�X�W�D�Q�W�V��
�R�I�W�H�Q���X�V�H���W�K�H���(�'�*�$�5���H�P�L�V�V�L�R�Q�V�����W�K�H�V�H���H�V�W�L�P�D�W�H�V���Z�L�O�O���O�L�N�H�O�\��
�X�Q�G�H�U�H�V�W�L�P�D�W�H���W�K�H���L�P�S�D�F�W���R�I���3�0���������R�Q���K�X�P�D�Q���K�H�D�O�W�K���L�Q��
�V�R�X�W�K�H�U�Q���:�H�V�W���$�I�U�L�F�D�����7�K�L�V���P�D�\���L�Q���X�H�Q�F�H���J�O�R�E�D�O���K�H�D�O�W�K��
�F�K�R�L�F�H�V����

NO SO2

OC BC

CO

EDGAR Emissions

DACCIWA Emissions

Enhanced DACCIWA
Emissions

Figure 8. Comparison of average annual emission of CO, NO, SO2, Organic Carbon and Black Carbon 
from southern West Africa as calculated by the EDGAR and DACCIWA emissions inventories together 
with an enhanced DACCIWA emissions datasets which exploits the DACCIWA observations to optimize 
the DACCIWA emissions inventory.

Figure 9. Mass of organic compound emitted by 
the transport sector from Côte d’Ivoire estimated 
by the EDGAR emissions (left) and by the DACCIWA 
project (right). There is a 50 fold underestimate 
in the emissions inventory for these compounds. 
Figure taken from [Keita et al., 2018].

Standard global estimates  

of human emissions are 

�V�L�J�Q�L���F�D�Q�W�O�\���X�Q�G�H�U�H�V�W�L�P�D�W�H�G��

for southern West Africa. 
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Pollution impacts on 
weather and climate
�$���N�H�\���X�Q�F�H�U�W�D�L�Q�W�\���L�Q���R�X�U���D�V�V�H�V�V�P�H�Q�W���R�I���I�X�W�X�U�H���F�O�L�P�D�W�H���F�K�D�Q�J�H���L�V���K�R�Z���D�H�U�R�V�R�O���å
�W�L�Q�\���S�D�U�W�L�F�O�H�V���L�Q���W�K�H���D�L�U���å���L�Q�W�H�U�D�F�W���Z�L�W�K���W�K�H���D�W�P�R�V�S�K�H�U�H�����V�S�H�F�L���F�D�O�O�\���E�\���V�F�D�W�W�H�U�L�Q�J��
�R�U���D�E�V�R�U�E�L�Q�J���V�X�Q�O�L�J�K�W���H�L�W�K�H�U���W�K�H�P�V�H�O�Y�H�V���R�U���W�K�U�R�X�J�K���W�K�H�L�U���L�Q���X�H�Q�F�H���R�Q���F�O�R�X�G��
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A further increase in manmade pollution 
in southern West Africa will have a small 
effect on cloud properties due to the 
already high aerosol burden.
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An increased aerosol amount and/or shift 
to more water-loving particles will reduce 
the amount of sunlight reaching the Earth’s 
surface, impacting on the circulation, clouds 
and possibly rainfall.
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More research is needed to better quantify 
the impacts of anthropogenic particles in 
southern West Africa.

�'�$�&�&�,�:�$���K�D�V���G�H�P�R�Q�V�W�U�D�W�H�G���W�K�D�W���L�Q�W�H�U�D�F�W�L�R�Q�V���E�H�W�Z�H�H�Q��
�D�H�U�R�V�R�O���S�D�U�W�L�F�O�H�V�����F�O�R�X�G�V�����S�U�H�F�L�S�L�W�D�W�L�R�Q���D�Q�G���V�X�Q�O�L�J�K�W���R�Y�H�U��
�V�R�X�W�K�H�U�Q���:�H�V�W���$�I�U�L�F�D���D�U�H���F�R�P�S�O�H�[�����6�H�Y�H�U�D�O���Q�H�Z���S�U�R�F�H�V�V�H�V��
�K�D�Y�H���E�H�H�Q���G�L�V�F�R�Y�H�U�H�G���V�X�F�K���D�V���W�K�H���F�R�D�V�W�D�O���I�U�R�Q�W���D�Q�G���W�K�H��
�U�H�O�H�Y�D�Q�F�H���R�I���Z�D�W�H�U���X�S�W�D�N�H�����<�H�W�����P�D�Q�\���G�H�W�D�L�O�V���D�U�H���X�Q�F�O�H�D�U�����I�R�U��
�H�[�D�P�S�O�H���K�R�Z���O�D�U�J�H�U���G�U�R�S�V���I�D�O�O�L�Q�J���W�K�U�R�X�J�K���W�K�H���F�O�R�X�G���I�U�R�P���L�W�V��
�W�R�S���U�H�G�L�V�W�U�L�E�X�W�H���F�O�R�X�G���Z�D�W�H�U���D�Q�G���W�K�X�V���F�K�D�Q�J�H���F�O�R�X�G���O�L�I�H�W�L�P�H��
�>�'�H�D�U�G�H�Q���H�W���D�O���������������@�����+�L�J�K���V�H�Q�V�L�W�L�Y�L�W�L�H�V���D�Q�G���F�R�P�S�H�Q�V�D�W�L�Q�J��
�H�I�I�H�F�W�V�����W�R�J�H�W�K�H�U���Z�L�W�K���Y�D�U�L�D�W�L�R�Q�V���Z�L�W�K���G�L�V�W�D�Q�F�H���I�U�R�P���W�K�H��
�F�R�D�V�W���D�Q�G���W�L�P�H���R�I���G�D�\�����P�D�N�H���D���T�X�D�Q�W�L�W�D�W�L�Y�H���D�Q�D�O�\�V�L�V���Y�H�U�\��
�F�K�D�O�O�H�Q�J�L�Q�J�����6�X�E�V�W�D�Q�W�L�D�O���X�Q�F�H�U�W�D�L�Q�W�L�H�V���U�H�P�D�L�Q���G�X�H���W�R���E�R�W�K��
�O�L�P�L�W�H�G���R�E�V�H�U�Y�D�W�L�R�Q�D�O���G�D�W�D���å���H�Y�H�Q���D�I�W�H�U���W�K�H���'�$�&�&�,�:�$��
���H�O�G���F�D�P�S�D�L�J�Q�V���å���D�Q�G���O�D�U�J�H���G�L�I�I�H�U�H�Q�F�H�V���E�H�W�Z�H�H�Q���F�R�P�S�X�W�H�U��
�P�R�G�H�O�V���R�I���G�L�I�I�H�U�H�Q�W���U�H�V�R�O�X�W�L�R�Q���D�Q�G���F�R�P�S�O�H�[�L�W�\����

Figure 10. Total column liquid water across West Africa from the Met O�ce Uni�ed 
Model for the 4th June 2016 using four di�erent aerosol concentrations. Only the 100 
cm-3 simulation representing very clean conditions shows appreciable di�erences in 
atmospheric liquid water content compared to the others. Typical concentrations of 
aerosol over West Africa are 500–1000 cm-3.
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Figure 11. South–north vertical transects through southern West Africa illustrating impacts of pollution on clouds and precipitation (right) and the coastal front, a daily feature 
that moves inland during the evening and night (left). In the polluted case (bottom) the front is delayed relative to the clean case (top), which is related to reduced surface heating 
leading to a shallower and less warm layer over land and weaker in�ow of cool maritime air. With respect to clouds reduced heating during the day leads to a delayed transition 
from shallow layer-clouds to deeper (potentially raining) clouds.
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Temperatures over West Africa are 
projected to rise by 1 to over 3°C by 2050 
depending on geographical location, 
emission scenario and model used.
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Figure 13. Change in June to September average rainfall for Africa in 2080–2099 
with respect to 1986–2005. Left: SRES A1B scenario (CMIP3, 24 models); right: 
RCP4.5 scenario (CMIP5, 39 models). Precipitation changes are normalized by the 
global annual mean surface air temperature changes in each scenario. Light/dense 
hatching denotes where more than 66%/90% of models (or members) have the 
same sign with the ensemble mean changes. Taken from IPCC Fifth Assessment 
Report (IPCC 2013, Figure 14.23).

Figure 14. Multi-seasonal mean surface PM2.5 concentrations averaged over 
southern West Africa for December–February (left) and June–August (right). “low” 
and “high” refers to di�erent scenarios of local emissions of air pollutants which 
remain highly uncertain.

Even the sign of future changes in rainfall 
remains highly uncertain.
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Pollution exposure in the future will 
�E�H���L�Q���X�H�Q�F�H�G���E�\���O�R�F�D�O���D�Q�G���U�H�P�R�W�H��
anthropogenic emissions and altered 
patterns of transport and dust emissions.
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Figure 12. Increase in summer (June to August) near surface 
temperature between the present day and 2050 from a climate model 
under di�erent assumptions. Blue, red, and magenta lines indicate 
simulations assuming a scenario with high emissions of climate gases; 
the green line is a low emission scenario. The blue, red and magenta 
lines indicate di�erent assumptions about sea-surface temperatures, 
cloud-aerosol interactions and vegetation 
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Figure 15. Meteorological sondes available to international meteorological services 
for inclusion into weather forecasts on 7th November 2018 at 12 UTC. Africa stands 
out as a continent with poor data coverage. Figure provided by European Centre for 
Medium-Range Weather Forecasts (ECMWF). 

An adequate air quality monitoring system 
is absent in southern West Africa.
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The meteorological station network is 
sparse and existing data are not always 
available for research.
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Satellite observations provide a wealth of 
information but need more validating. 
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Computer models still struggle to 
realistically represent the complex 
atmospheric dynamics and chemistry in 
West Africa.
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Figure 16. Daily rainfall measured on 10 June 2016, 0900 UTC by the Kumasi rain 
gauge network (coloured dots) and estimated by the satellite product “Integrated 
Multisatellite Retrievals for GPM” (IMERG, Version 5). The rain gauge network has 
been fully operational since December 2015 and is maintained by the Kwame 
Nkrumah University of Science and Technology (KNUST).

Figure17. North–south distribution of rainfall averaged from 8°W to 8°E in July 
2006. Shown are satellite-based observations (black) and simulations with the ICON 
model currently operational at the German Weather Service in high-resolution (red) 
and somewhat lower resolution (green). All curves are smoothed for better visibility. 
Figure adapted from Kni�ka et al. [2018]). 

A lack of observations of meteorology and air pollution 
in Africa holds back understanding. 
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