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Chapter 1 | General introduction

1.1 Background

1.1.1 Global change driving water scarcity
���Õ�“�>�˜���>�V�Ì�ˆ�Û�ˆ�Ì�ˆ�i�Ã���…�>�Û�i���L�i�i�˜���>�•�Ì�i�À�ˆ�˜�}���Ì�…�i���
�>�À�Ì�…�½�Ã���•�>�˜�`���Ã�Õ�À�v�>�V�i���Ì�…�À�œ�Õ�}�…�œ�Õ�Ì���Ì�…�i�����œ�•�œ�V�i�˜�i��

�­���•�i�ˆ�˜�����œ�•�`�i�Ü�ˆ�•�Ž���i�Ì���>�•�°���Ó�ä�£�£�®���>�˜�`���`�ˆ�Ã�V�Õ�Ã�Ã�ˆ�œ�˜�Ã���œ�˜���…�œ�Ü���•�>�˜�`�‡�Õ�Ã�i���V�…�>�˜�}�i�Ã���>�v�v�i�V�Ì���Ì�…�i��

�V�•�ˆ�“�>�Ì�i���`�>�Ì�i���L�>�V�Ž���“�œ�À�i���Ì�…�>�˜���Ì�Ü�œ���“�ˆ�•�•�i�˜�˜�ˆ�>���­�	�œ�˜�>�˜���Ó�ä�£�È�®�°�����ˆ�Ã�Ì�œ�À�ˆ�V�>�•���œ�L�Ã�i�À�Û�>�Ì�ˆ�œ�˜�Ã��

�˜�œ�Ì�i�`�� �Ì�…�>�Ì�� �`�i�v�œ�À�i�Ã�Ì�>�Ì�ˆ�œ�˜�� �i�Ý�«�œ�Ã�i�`�� �Ì�…�i�� �}�À�œ�Õ�˜�`�]�� �V�>�Õ�Ã�ˆ�˜�}�� �`�>�Þ�Ì�ˆ�“�i�� �Ü�>�À�“�ˆ�˜�}�� �>�˜�`��

�À�i�`�Õ�V�i�`�� �À�>�ˆ�˜�v�>�•�•�°�� ���œ�Ü�i�Û�i�À�]�� �Ã�Õ�V�…�� �œ�L�Ã�i�À�Û�>�Ì�ˆ�œ�˜�Ã�� �•�>�V�Ž�i�`�� �À�œ�L�Õ�Ã�Ì�� �`�œ�V�Õ�“�i�˜�Ì�>�Ì�ˆ�œ�˜�� �>�˜�`��

�œ�v�Ì�i�˜�� �À�i�•�ˆ�i�`�� �œ�˜�� �>�˜�i�V�`�œ�Ì�>�•�� �i�Û�ˆ�`�i�˜�V�i�� �­�	�œ�˜�>�˜�� �Ó�ä�£�È�®�°�� ���œ�`�i�À�˜�� �Ã�V�ˆ�i�˜�V�i�Ã�� �>�•�•�œ�Ü�� �Õ�Ã�� �Ì�œ��

study changes in climate and land use using model simulations and isotope data 

�­�i�°�}�°�]�����i�À�“�œ�`�Þ���i�Ì���>�•�°�]���Ó�ä�£�Ó�Æ�����•�i�ˆ�˜�����œ�•�`�i�Ü�ˆ�•�Ž���i�Ì���>�•�°�]���Ó�ä�£�£�®�°

�/�…�i���œ�˜�Ã�i�Ì���œ�v���Ì�…�i�����˜�`�Õ�Ã�Ì�À�ˆ�>�•���,�i�Û�œ�•�Õ�Ì�ˆ�œ�˜���ˆ�˜���Ì�…�i���£�n�ä�ä�Ã���“�>�À�Ž�i�`���>���Ã�ˆ�}�˜�ˆ�w�V�>�˜�Ì���ˆ�˜�V�À�i�>�Ã�i��

�ˆ�˜�� �…�Õ�“�>�˜�� �ˆ�˜�y�Õ�i�˜�V�i�� �œ�˜�� �Ì�…�i�� �V�•�ˆ�“�>�Ì�i�]�� �>�Ã�� �v�œ�Ã�Ã�ˆ�•�� �v�Õ�i�•�� �V�œ�“�L�Õ�Ã�Ì�ˆ�œ�˜�� �•�i�`�� �Ì�œ�� �>�� �`�À�>�Ã�Ì�ˆ�V��

increase in CO2 �i�“�ˆ�Ã�Ã�ˆ�œ�˜�Ã���­�-�Ì�i�v�v�i�˜���i�Ì���>�•�°���Ó�ä�£�£�®�°���‚�•�œ�˜�}�Ã�ˆ�`�i���Ì�…�i�Ã�i���V�>�À�L�œ�˜���i�“�ˆ�Ã�Ã�ˆ�œ�˜�Ã�]��

�`�i�v�œ�À�i�Ã�Ì�>�Ì�ˆ�œ�˜���…�>�`���L�i�i�˜���Ü�i�•�•���i�Ã�Ì�>�L�•�ˆ�Ã�…�i�`���­���>�«�•�>�˜���i�Ì���>�•�°���Ó�ä�ä�™�®�]���•�œ�ˆ�˜�Ì�•�Þ���`�À�ˆ�Û�ˆ�˜�}���V�•�ˆ�“�>�Ì�ˆ�V��

�V�…�>�˜�}�i�Ã�°�����œ�Ü�i�Û�i�À�]���Ì�…�i���À�œ�•�i���œ�v���
�"2 in global warming was mostly emphasized in the 

late 20th���V�i�˜�Ì�Õ�À�Þ���­� �>�Ì�ˆ�œ�˜�>�•���,�i�Ã�i�>�À�V�…���
�œ�Õ�˜�V�ˆ�•���£�™�Ç�™�®�°���/�…�i���v�œ�V�Õ�Ã���œ�˜���V�>�À�L�œ�˜���i�“�ˆ�Ã�Ã�ˆ�œ�˜�Ã��

shaped the future of climate science and policy in the decades that followed (Bony 

�i�Ì�� �>�•�°�� �Ó�ä�£�Î�®�°�� �‚�Ã�� �>�� �À�i�Ã�Õ�•�Ì�]�� �Ì�…�i�� �À�œ�•�i�� �œ�v�� �•�>�˜�`�‡�Õ�Ã�i�� �“�>�˜�>�}�i�“�i�˜�Ì�� �ˆ�˜�� �V�•�ˆ�“�>�Ì�i�� �“�ˆ�Ì�ˆ�}�>�Ì�ˆ�œ�˜��

�L�i�Þ�œ�˜�`���V�>�À�L�œ�˜���Ã�i�µ�Õ�i�Ã�Ì�À�>�Ì�ˆ�œ�˜���À�i�V�i�ˆ�Û�i�`���•�i�Ã�Ã���>�Ì�Ì�i�˜�Ì�ˆ�œ�˜���­���œ�˜�>�Ì�Ì�ˆ���i�Ì���>�•�°���Ó�ä�Ó�Ó�®�]���˜�œ�Ì���v�Õ�•�•�Þ��

�>�`�`�À�i�Ã�Ã�ˆ�˜�}���Ì�…�i���«�À�œ�L�•�i�“�°

�
�•�ˆ�“�>�Ì�i���V�…�>�˜�}�i���ˆ�Ã���œ�˜�i���œ�v���Ì�…�i���Õ�˜�`�i�À�•�Þ�ˆ�˜�}���`�À�ˆ�Û�i�À�Ã���œ�v���Ü�>�Ì�i�À���Ã�V�>�À�V�ˆ�Ì�Þ�°�����•�œ�L�>�•���Ü�>�À�“�ˆ�˜�}��

�…�>�Ã�� �•�i�`�� �Ì�œ�� �Ã�…�ˆ�v�Ì�Ã�� �ˆ�˜�� �>�Ì�“�œ�Ã�«�…�i�À�ˆ�V�� �Ì�i�“�«�i�À�>�Ì�Õ�À�i�Ã�� �>�˜�`�� �«�À�i�V�ˆ�«�ˆ�Ì�>�Ì�ˆ�œ�˜�� �«�>�Ì�Ì�i�À�˜�Ã�]�� �>�˜�`��

contributes to more frequent and severe extreme weather events such as droughts 

�>�˜�`���y�œ�œ�`�Ã���­�i�°�}�°�]���8�°�����Õ�>�˜�}���E���-�Ü�>�ˆ�˜�]���Ó�ä�Ó�Ó�Æ�����i�i�…�•���E���/�i�L�>�•�`�ˆ�]���Ó�ä�ä�{�®�°���/�…�i�Ã�i���V�…�>�˜�}�i�Ã��

�>�v�v�i�V�Ì�� �Ü�>�Ì�i�À�� �À�i�Ã�œ�Õ�À�V�i�Ã�� �>�˜�`�� �i�˜�…�>�˜�V�i�� �Ü�>�Ì�i�À�� �Ã�V�>�À�V�ˆ�Ì�Þ�� �>�V�À�œ�Ã�Ã�� �Ì�…�i�� �}�•�œ�L�i�]�� �>�v�v�i�V�Ì�ˆ�˜�}��

�i�V�œ�Ã�Þ�Ã�Ì�i�“�Ã�]�� �v�œ�œ�`�� �«�À�œ�`�Õ�V�Ì�ˆ�Û�ˆ�Ì�Þ�]�� �ˆ�˜�`�Õ�Ã�Ì�À�Þ�]�� �>�˜�`�� �Ì�…�i�� �•�ˆ�Û�ˆ�˜�}�� �i�˜�Û�ˆ�À�œ�˜�“�i�˜�Ì�� �­�-�V�…�i�Ü�i�� �i�Ì��

�>�•�°�� �Ó�ä�£�{�®�°�� �‚�� �Ã�i�V�œ�˜�`�� �`�À�ˆ�Û�i�À�� �œ�v�� �Ü�>�Ì�i�À�� �Ã�V�>�À�V�ˆ�Ì�Þ�� �ˆ�Ã�� �Õ�˜�Ã�Õ�Ã�Ì�>�ˆ�˜�>�L�•�i�� �•�>�˜�`�� �Õ�Ã�i�°�� ���>�˜�`�‡�Õ�Ã�i��

�«�À�>�V�Ì�ˆ�V�i�Ã�� �Ã�Õ�V�…�� �>�Ã�� �ˆ�˜�Ì�i�˜�Ã�ˆ�Û�i�� �>�}�À�ˆ�V�Õ�•�Ì�Õ�À�i�� �i�˜�…�>�˜�V�i�� �i�À�œ�Ã�ˆ�œ�˜�� �>�˜�`�� �`�À�Þ�ˆ�˜�}�� �­�9�>�˜�}�� �i�Ì�� �>�•�°��

�Ó�ä�Ó�{�®�°�����˜���>�`�`�ˆ�Ì�ˆ�œ�˜���Ì�œ���`�À�Þ�ˆ�˜�}�]���Ì�…�i���«�À�œ�•�i�V�Ì�i�`���«�œ�«�Õ�•�>�Ì�ˆ�œ�˜���}�À�œ�Ü�Ì�…���Ü�ˆ�•�•���ˆ�˜�V�À�i�>�Ã�i���Ü�>�Ì�i�À��

�`�i�“�>�˜�`�Ã���­�-�i�V�Ž�•�i�À���i�Ì���>�•�°���£�™�™�™�®�]���À�i�Ã�Õ�•�Ì�ˆ�˜�}���ˆ�˜���>���}�À�œ�Ü�ˆ�˜�}���Ü�>�Ì�i�À���}�>�«���­���i�ˆ�•�˜�Ã�i���i�Ì���>�•�°���Ó�ä�Ó�{�®�°��

�-�œ�•�Õ�Ì�ˆ�œ�˜�Ã���Ì�œ���w�•�•���Ì�…�ˆ�Ã���Ü�>�Ì�i�À���}�>�«���>�À�i���˜�i�i�`�i�`�°

1.1.2 Solutions to water scarcity?
�/�…�i�À�i�� �>�À�i�� �`�ˆ�v�v�i�À�i�˜�Ì�� �Ì�i�V�…�˜�ˆ�V�>�•�� �>�˜�`�� �˜�>�Ì�Õ�À�i�‡�L�>�Ã�i�`�� �Ã�œ�•�Õ�Ì�ˆ�œ�˜�Ã�� �Ì�œ�� �i�˜�…�>�˜�V�i�� �v�À�i�Ã�…�Ü�>�Ì�i�À��

�>�Û�>�ˆ�•�>�L�ˆ�•�ˆ�Ì�Þ���œ�˜���>���Ã�“�>�•�•���Ã�V�>�•�i�]���ˆ�°�i�°�]���v�œ�À���ˆ�˜�`�Õ�Ã�Ì�À�Þ���œ�À���>�}�À�ˆ�V�Õ�•�Ì�Õ�À�i���­���˜�Ì�i�À�}�œ�Û�i�À�˜�“�i�˜�Ì�>�•���*�>�˜�i�•��

�œ�˜���
�•�ˆ�“�>�Ì�i���
�…�>�˜�}�i���­���*�
�
�®���Ó�ä�Ó�Î�>�Æ���Û�>�˜���7�œ�i�Ã�ˆ�Ž���i�Ì���>�•�°���Ó�ä�Ó�Î�®�°���‚�•�Ì�…�œ�Õ�}�…���Ì�…�i�Ã�i���Ã�œ�•�Õ�Ì�ˆ�œ�˜�Ã��
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�V�>�˜���…�i�•�«���Ì�œ���ˆ�˜�V�À�i�>�Ã�i���Ü�>�Ì�i�À���>�Û�>�ˆ�•�>�L�ˆ�•�ˆ�Ì�Þ�]���Ì�…�i�Þ���`�œ���˜�œ�Ì���Ã�œ�•�Û�i���Ì�…�i���Õ�˜�`�i�À�•�Þ�ˆ�˜�}���ˆ�Ã�Ã�Õ�i�Ã���Ì�…�>�Ì��

�`�À�ˆ�Û�i���`�À�Þ�ˆ�˜�}���>�˜�`���}�•�œ�L�>�•���Ü�>�À�“�ˆ�˜�}�°���/�œ���Ã�œ�•�Û�i���Ì�…�i���}�•�œ�L�>�•���«�À�œ�L�•�i�“���œ�v���Ü�>�Ì�i�À���Ã�V�>�À�V�ˆ�Ì�Þ���>�˜�`��

�ˆ�˜�V�À�i�>�Ã�i���Ü�>�Ì�i�À���>�Û�>�ˆ�•�>�L�ˆ�•�ˆ�Ì�Þ���v�œ�À���•�>�À�}�i���i�V�œ�Ã�Þ�Ã�Ì�i�“�Ã�]���>�`�`�ˆ�Ì�ˆ�œ�˜�>�•���Ã�œ�•�Õ�Ì�ˆ�œ�˜�Ã���>�À�i���˜�i�V�i�Ã�Ã�>�À�Þ�°��

�‚�}�À�œ�v�œ�À�i�Ã�Ì�À�Þ���>�˜�`���À�i�}�À�i�i�˜�ˆ�˜�}���>�À�i���˜�>�Ì�Õ�À�i�‡�L�>�Ã�i�`���Ã�œ�•�Õ�Ì�ˆ�œ�˜�Ã���Ì�…�>�Ì���«�À�œ�“�œ�Ì�i���ˆ�˜�w�•�Ì�À�>�Ì�ˆ�œ�˜��

�Ì�œ���i�˜�…�>�˜�V�i���Ã�œ�ˆ�•���“�œ�ˆ�Ã�Ì�Õ�À�i���­�"�V�Ì�>�Û�ˆ�>���i�Ì���>�•�°���Ó�ä�Ó�Î�®�°���-�œ�“�i���Ã�Ì�Õ�`�ˆ�i�Ã���Ã�…�œ�Ü���Ì�…�>�Ì���À�i�}�À�i�i�˜�ˆ�˜�}��

�“�>�Þ�� �>�•�Ã�œ�� �V�œ�˜�Ì�À�ˆ�L�Õ�Ì�i�� �Ì�œ�� �À�i�}�ˆ�œ�˜�>�•�� �«�À�i�V�ˆ�«�ˆ�Ì�>�Ì�ˆ�œ�˜�� �­�i�°�}�°�]�� �
�>�œ�� �i�Ì�� �>�•�°�]�� �Ó�ä�Ó�{�Æ�� �/�ˆ�>�˜�� �i�Ì�� �>�•�°�]��

�Ó�ä�Ó�Ó�®�]���Ã�Õ�}�}�i�Ã�Ì�ˆ�˜�}���Ì�…�>�Ì���ˆ�Ì���“�>�Þ���L�i���>���Ã�œ�•�Õ�Ì�ˆ�œ�˜���Ì�œ���Ü�>�Ì�i�À���Ã�V�>�À�V�ˆ�Ì�Þ���œ�˜���>���À�i�}�ˆ�œ�˜�>�•���Ã�V�>�•�i�°��

�,�i�}�À�i�i�˜�ˆ�˜�}�� �ˆ�Ã�� �`�i�w�˜�i�`�� �…�i�À�i�� �>�Ã�� �i�V�œ�Ã�Þ�Ã�Ì�i�“�� �À�i�Ã�Ì�œ�À�>�Ì�ˆ�œ�˜�]�� �ˆ�˜�V�•�Õ�`�ˆ�˜�}�� �L�Õ�Ì�� �˜�œ�Ì�� �•�ˆ�“�ˆ�Ì�i�`��

�Ì�œ�� �v�œ�À�i�Ã�Ì�� �À�i�Ã�Ì�œ�À�>�Ì�ˆ�œ�˜�� �­�	�œ�Ý�� �£�°�£�®�°�� ���˜�� �>�`�`�ˆ�Ì�ˆ�œ�˜�� �Ì�œ�� �i�˜�…�>�˜�V�ˆ�˜�}�� �V�>�À�L�œ�˜�� �Ã�i�µ�Õ�i�Ã�Ì�À�>�Ì�ˆ�œ�˜�]��

�ˆ�“�«�À�œ�Û�ˆ�˜�}���L�ˆ�œ�`�ˆ�Û�i�À�Ã�ˆ�Ì�Þ�]���v�œ�œ�`���«�À�œ�`�Õ�V�Ì�ˆ�Û�ˆ�Ì�Þ���>�˜�`���•�ˆ�Û�i�•�ˆ�…�œ�œ�`�Ã�]���>�˜�`���L�Õ�ˆ�•�`�ˆ�˜�}���À�i�Ã�ˆ�•�ˆ�i�˜�V�i��

�v�œ�À�� �V�•�ˆ�“�>�Ì�i�� �V�…�>�˜�}�i�� �­�Õ�˜�i�«�°�œ�À�}�É�ˆ�˜�Ì�i�À�>�V�Ì�ˆ�Û�i�É�v�•�>�}�Ã�…�ˆ�«�‡�ˆ�˜�ˆ�Ì�ˆ�>�Ì�ˆ�Û�i�Ã�‡�L�œ�œ�Ã�Ì�ˆ�˜�}�‡�˜�>�Ì�Õ�À�i�‡
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1.2 Climatic effects of forests

1.2.1 Local cooling or warming?
Vegetation helps to compensate for the anthropogenic carbon emissions by 

capturing CO 2 for photosynthesis and storing it as biomass in vegetation and 
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Box 1.1 Regreening and forestation

�/�…�ˆ�Ã���Ì�…�i�Ã�ˆ�Ã���Õ�Ã�i�Ã���Ì�…�i���V�œ�˜�V�i�«�Ì���œ�v���À�i�}�À�i�i�˜�ˆ�˜�}���>�Ã���Ü�i�•�•���>�Ã���v�œ�À�i�Ã�Ì�>�Ì�ˆ�œ�˜�°��Regreening���ˆ�Ã���`�i�w�˜�i�`��
�…�i�À�i�� �>�Ã�� �i�V�œ�Ã�Þ�Ã�Ì�i�“�� �À�i�Ã�Ì�œ�À�>�Ì�ˆ�œ�˜�� �>�˜�`�� �ˆ�˜�V�•�Õ�`�i�Ã�]�� �L�Õ�Ì�� �ˆ�Ã�� �˜�œ�Ì�� �•�ˆ�“�ˆ�Ì�i�`�� �Ì�œ�]�� �v�œ�À�i�Ã�Ì�� �À�i�Ã�Ì�œ�À�>�Ì�ˆ�œ�˜�°��
Forestation ���ˆ�Ã���`�i�w�˜�i�`���>�Ã���>�˜���ˆ�˜�V�À�i�>�Ã�i���ˆ�˜���v�œ�À�i�Ã�Ì���V�œ�Û�i�À���>�˜�`���ˆ�˜�V�•�Õ�`�i�Ã���L�œ�Ì�…���À�i�v�œ�À�i�Ã�Ì�>�Ì�ˆ�œ�˜�]���Ü�…�ˆ�V�…��
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The context of Chapter 5 is the large amount of forestation efforts that aim to mitigate 
�V�•�ˆ�“�>�Ì�i���V�…�>�˜�}�i�]���>�˜�`���Ì�…�i�À�i�v�œ�À�i�]���v�œ�V�Õ�Ã�Ã�i�Ã���Ã�œ�•�i�•�Þ���œ�˜���v�œ�À�i�Ã�Ì�Ã�°
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���œ�Ü�i�Û�i�À�]�� �Ì�…�i�� �œ�Õ�Ì�V�œ�“�i�Ã�� �œ�v�� �Ì�…�i�Ã�i�� �«�À�œ�V�i�Ã�Ã�i�Ã�� �V�>�˜�� �Û�>�À�Þ�� �`�Õ�i�� �Ì�œ�� �`�ˆ�v�v�i�À�i�˜�V�i�Ã�� �ˆ�˜�� �Û�i�}�i�Ì�>�Ì�ˆ�œ�˜��
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�i�˜�i�À�}�Þ���V�>�˜���L�i���À�i�•�i�>�Ã�i�`���ˆ�˜�Ì�œ���Ì�…�i���>�Ì�“�œ�Ã�«�…�i�À�i���Ü�…�i�˜���Ì�…�i���Ü�>�Ì�i�À���Û�>�«�œ�À���V�œ�˜�`�i�˜�Ã�i�Ã�°

•	 �/�…�i���Ã�i�˜�Ã�ˆ�L�•�i���…�i�>�Ì���y�Õ�Ý���Ì�À�>�˜�Ã�v�i�À�Ã���…�i�>�Ì���v�À�œ�“���Ì�…�i���Ã�Õ�À�v�>�V�i���Ì�œ���Ì�…�i���>�Ì�“�œ�Ã�«�…�i�À�i���Ì�…�À�œ�Õ�}�…��

�V�œ�˜�Û�i�V�Ì�ˆ�œ�˜�]���`�ˆ�À�i�V�Ì�•�Þ���À�>�ˆ�Ã�ˆ�˜�}���•�œ�V�>�•���>�Ì�“�œ�Ã�«�…�i�À�ˆ�V���Ì�i�“�«�i�À�>�Ì�Õ�À�i�Ã�°

•	 �/�…�i���}�À�œ�Õ�˜�`���…�i�>�Ì���y�Õ�Ý���Ì�À�>�˜�Ã�v�i�À�Ã���…�i�>�Ì���ˆ�˜�Ì�œ���`�i�i�«�i�À���Ã�œ�ˆ�•���•�>�Þ�i�À�Ã���Û�ˆ�>���V�œ�˜�`�Õ�V�Ì�ˆ�œ�˜�°

�/�…�i�� �L�>�•�>�˜�V�i�� �L�i�Ì�Ü�i�i�˜�� �Ì�…�i�� �Ã�i�˜�Ã�ˆ�L�•�i�� �>�˜�`�� �•�>�Ì�i�˜�Ì�� �…�i�>�Ì�� �y�Õ�Ý�� �>�v�v�i�V�Ì�Ã�� �Ì�…�i�� �>�Ì�“�œ�Ã�«�…�i�À�ˆ�V��

�Ì�i�“�«�i�À�>�Ì�Õ�À�i�� �•�œ�V�>�•�•�Þ�°�� �7�…�i�À�i�>�Ã�� �Ì�…�i�� �Ã�i�˜�Ã�ˆ�L�•�i�� �…�i�>�Ì�� �y�Õ�Ý�� �V�œ�˜�Ì�À�ˆ�L�Õ�Ì�i�Ã�� �Ì�œ���Ü�>�À�“�ˆ�˜�}�]�� �Ì�…�i��

�•�>�Ì�i�˜�Ì�� �…�i�>�Ì�� �y�Õ�Ý�� �…�>�Ã�� �>�� �V�œ�œ�•�ˆ�˜�}�� �i�v�v�i�V�Ì�°�� �	�Þ�� �Ã�Õ�Ã�Ì�>�ˆ�˜�ˆ�˜�}�� �i�Û�>�«�œ�Ì�À�>�˜�Ã�«�ˆ�À�>�Ì�ˆ�œ�˜�� �­�ˆ�˜�V�•�Õ�`�ˆ�˜�}��

�L�œ�Ì�…���i�Û�>�«�œ�À�>�Ì�ˆ�œ�˜���>�˜�`���Ì�À�>�˜�Ã�«�ˆ�À�>�Ì�ˆ�œ�˜�®�]���Û�i�}�i�Ì�>�Ì�ˆ�œ�˜���ˆ�˜�V�À�i�>�Ã�i�Ã���Ì�…�i���•�>�Ì�i�˜�Ì���…�i�>�Ì���y�Õ�Ý���>�˜�`��

�À�i�`�Õ�V�i�Ã���Ì�…�i���i�˜�i�À�}�Þ���Ì�…�>�Ì���ˆ�Ã���>�Û�>�ˆ�•�>�L�•�i���Ì�œ���`�ˆ�À�i�V�Ì�•�Þ���Ü�>�À�“���Ì�…�i���>�Ì�“�œ�Ã�«�…�i�À�i���­�	�œ�˜�>�˜���Ó�ä�£�È�®�°��

�/�…�i�À�i�v�œ�À�i�]���Ì�…�À�œ�Õ�}�…���i�Û�>�«�œ�Ì�À�>�˜�Ã�«�ˆ�À�>�Ì�ˆ�œ�˜�]���Û�i�}�i�Ì�>�Ì�ˆ�œ�˜���…�>�Ã���>���V�œ�œ�•�ˆ�˜�}���i�v�v�i�V�Ì�°

The combination of these different factors determines whether forests contribute 

�Ì�œ���Ü�>�À�“�ˆ�˜�}���œ�À���V�œ�œ�•�ˆ�˜�}�°�����˜���L�œ�À�i�>�•���À�i�}�ˆ�œ�˜�Ã�]���L�i�Ì�Ü�i�i�˜���x�ä�c���>�˜�`���Ç�ä�c��� �]���v�œ�À�i�Ã�Ì�Ã���…�>�Û�i���>��

�˜�i�Ì���Ü�>�À�“�ˆ�˜�}���i�v�v�i�V�Ì���>�Ã���Ì�…�i���Ü�>�À�“�ˆ�˜�}�]���`�Õ�i���Ì�œ���Ì�…�i���`�>�À�Ž���V�œ�•�œ�Õ�À���œ�v���Ì�…�i���•�>�˜�`���Ã�Õ�À�v�>�V�i�]���ˆ�Ã��
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�Ã�Ì�À�œ�˜�}�i�À�� �Ì�…�>�˜�� �Ì�…�i�� �V�œ�œ�•�ˆ�˜�}�� �i�v�v�i�V�Ì�� �­�	�œ�˜�>�˜�� �Ó�ä�ä�n�®�°�� ���˜�� �Ì�…�i�� �Ì�À�œ�«�ˆ�V�Ã�� �v�œ�À�i�Ã�Ì�Ã�� �…�>�Û�i�� �>�� �˜�i�Ì��

�V�œ�œ�•�ˆ�˜�}���i�v�v�i�V�Ì���`�Õ�i���Ì�œ���Ì�…�i���•�>�À�}�i���À�>�Ì�i�Ã���œ�v���i�Û�>�«�œ�Ì�À�>�˜�Ã�«�ˆ�À�>�Ì�ˆ�œ�˜���­�	�œ�˜�>�˜���Ó�ä�ä�n�®�°���	�i�Ì�Ü�i�i�˜��

�Ì�…�i���Ì�À�œ�«�ˆ�V�Ã���>�˜�`���Ì�…�i���L�œ�À�i�>�•���À�i�}�ˆ�œ�˜�Ã�]���Ì�…�i���V�œ�œ�•�ˆ�˜�}���i�v�v�i�V�Ì���ˆ�Ã���Ü�i�>�Ž�i�À���Ì�…�>�˜���ˆ�˜���Ì�…�i���Ì�À�œ�«�ˆ�V�Ã��

�>�˜�`���Ì�…�i���Ü�>�À�“�ˆ�˜�}���i�v�v�i�V�Ì���ˆ�Ã���Ü�i�>�Ž�i�À���Ì�…�>�˜���ˆ�˜���Ì�…�i���L�œ�À�i�>�•���À�i�}�ˆ�œ�˜�Ã���­�	�œ�˜�>�˜���i�Ì���>�•�°���Ó�ä�Ó�{�®�°�����œ�À��

these temperate regions there is an intermediary effect that is dependent on soil 

�“�œ�ˆ�Ã�Ì�Õ�À�i���>�Û�>�ˆ�•�>�L�ˆ�•�ˆ�Ì�Þ���­�/�i�Õ�•�ˆ�˜�}���i�Ì���>�•�°���Ó�ä�£�ä�®���>�˜�`���v�œ�À�i�Ã�Ì���Ì�Þ�«�i���­� �>�Õ�`�Ì�Ã���i�Ì���>�•�°���Ó�ä�£�È�®�°��

1.2.2 Local drying or wetting?
Evapotranspiration links the surface energy budget to the hydrological cycle and 

�«�•�>�Þ�Ã���>���V�À�Õ�V�ˆ�>�•���À�œ�•�i���ˆ�˜���Ì�…�i���`�ˆ�Ã�Ì�À�ˆ�L�Õ�Ì�ˆ�œ�˜���œ�v���Ü�>�Ì�i�À���L�i�Ì�Ü�i�i�˜���Ì�…�i���Ã�œ�ˆ�•���>�˜�`���Ì�…�i���>�Ì�“�œ�Ã�«�…�i�À�i�°��

The cycling of water between land and atmosphere can be referred to as the 

�Ã�“�>�•�•�� �Ü�>�Ì�i�À�� �V�Þ�V�•�i�]�� �Ü�…�ˆ�V�…�� �Ì�>�Ž�i�Ã�� �«�•�>�V�i�� �Ü�ˆ�Ì�…�ˆ�˜�� �>�� �«�i�À�ˆ�œ�`�� �œ�v�� �`�>�Þ�Ã�� �œ�À�� �Ü�i�i�Ž�Ã�� �­�6�>�˜�� �`�i�À��

�
�˜�Ì���>�˜�`���-�>�Û�i�˜�ˆ�•�i���Ó�ä�£�£�®�°���/�…�ˆ�Ã���ˆ�Ã���“�Õ�V�…���Ã�…�œ�À�Ì�i�À���V�œ�“�«�>�À�i�`���Ì�œ���Ì�…�i���}�•�œ�L�>�•���Ü�>�Ì�i�À���V�Þ�V�•�i��

�Ì�…�>�Ì���V�>�˜���Ã�«�>�˜���Ì�…�œ�Õ�Ã�>�˜�`�Ã���œ�v���Þ�i�>�À�Ã���­�"�Ž�ˆ���>�˜�`�����>�˜�>�i���Ó�ä�ä�È�®�°�����˜���Ì�…�i���Ã�“�>�•�•���Ü�>�Ì�i�À���V�Þ�V�•�i�]��

the fraction of precipitation that is stored in the soil and used by vegetation for 

�i�Û�>�«�œ�Ì�À�>�˜�Ã�«�ˆ�À�>�Ì�ˆ�œ�˜�� �ˆ�Ã�� �V�>�•�•�i�`�� �Ì�…�i�� �}�À�i�i�˜�� �Ü�>�Ì�i�À�� �y�Õ�Ý�� �­�7�>�˜�}�‡�
�À�•�>�˜�`�Ã�Ã�œ�˜�� �i�Ì�� �>�•�°�� �Ó�ä�Ó�Ó�®�°��

�/�…�ˆ�Ã���y�Õ�Ý���«�•�>�Þ�Ã���>���V�À�Õ�V�ˆ�>�•���À�œ�•�i���ˆ�˜���“�>�˜�Þ���
�>�À�Ì�…���Ã�Þ�Ã�Ì�i�“���«�À�œ�V�i�Ã�Ã�i�Ã���­���•�i�i�Ã�œ�˜���i�Ì���>�•�°���Ó�ä�Ó�ä�®�°

�
�Û�>�«�œ�Ì�À�>�˜�Ã�«�ˆ�À�>�Ì�ˆ�œ�˜���ˆ�Ã���`�i�«�i�˜�`�i�˜�Ì���œ�˜���Ì�…�i���>�Û�>�ˆ�•�>�L�•�i���>�“�œ�Õ�˜�Ì���œ�v���i�˜�i�À�}�Þ���>�˜�`���Ü�>�Ì�i�À�°�����˜��

dry regions evapotranspiration may be limited by water availability and in very wet 

�À�i�}�ˆ�œ�˜�Ã���i�Û�>�«�œ�Ì�À�>�˜�Ã�«�ˆ�À�>�Ì�ˆ�œ�˜���“�>�Þ���L�i���•�ˆ�“�ˆ�Ì�i�`���L�Þ���i�˜�i�À�}�Þ���>�Û�>�ˆ�•�>�L�ˆ�•�ˆ�Ì�Þ���­�-�i�˜�i�Û�ˆ�À�>�Ì�˜�i���i�Ì���>�•�°��

�Ó�ä�£�ä�®�°�����˜���Ì�…�i�Ã�i���Ü�i�Ì���À�i�}�ˆ�œ�˜�Ã�]���Ì�…�i���`�>�À�Ž�i�˜�ˆ�˜�}���œ�v���Ì�…�i���•�>�˜�`���Ã�Õ�À�v�>�V�i���`�Õ�i���Ì�œ���À�i�}�À�i�i�˜�ˆ�˜�}��

�“�>�Þ���i�˜�…�>�˜�V�i���i�Û�>�«�œ�Ì�À�>�˜�Ã�«�ˆ�À�>�Ì�ˆ�œ�˜���­�	�œ�˜�>�˜���Ó�ä�ä�n�®�°�����Õ�À�Ì�…�i�À�“�œ�À�i�]���ˆ�˜���`�i�˜�Ã�i�•�Þ���Û�i�}�i�Ì�>�Ì�i�`��

regions energy may be limited due the shading effect that reduces the exposure of 

�Ì�…�i���Ã�œ�ˆ�•���Ì�œ���Ã�Õ�˜�•�ˆ�}�…�Ì���­�	�œ�˜�>�˜���Ó�ä�£�È�®�°�����˜���`�À�Þ���À�i�}�ˆ�œ�˜�Ã�]���`�i�i�«���À�œ�œ�Ì�Ã���V�>�˜���>�V�V�i�Ã�Ã���`�i�i�«���Ã�œ�ˆ�•��

�•�>�Þ�i�À�Ã���>�˜�`���i�˜�…�>�˜�V�i���ˆ�˜�w�•�Ì�À�>�Ì�ˆ�œ�˜�]���«�À�i�Ã�i�À�Û�ˆ�˜�}���i�Û�>�«�œ�Ì�À�>�˜�Ã�«�ˆ�À�>�Ì�ˆ�œ�˜���­�*�ˆ�i�À�À�i�Ì���i�Ì���>�•�°���Ó�ä�£�È�®�°��

���˜�� �À�i�}�ˆ�œ�˜�Ã�� �Ü�…�i�À�i�� �i�Û�>�«�œ�Ì�À�>�˜�Ã�«�ˆ�À�>�Ì�ˆ�œ�˜�� �ˆ�Ã�� �Ã�œ�ˆ�•�� �Ü�>�Ì�i�À�‡�•�ˆ�“�ˆ�Ì�i�`�]�� �V�…�>�˜�}�i�Ã�� �ˆ�˜�� �Û�i�}�i�Ì�>�Ì�ˆ�œ�˜��

have a larger hydrological impact than in more humid environments where 

�i�Û�>�«�œ�Ì�À�>�˜�Ã�«�ˆ�À�>�Ì�ˆ�œ�˜���ˆ�Ã���i�˜�i�À�}�Þ�‡�•�ˆ�“�ˆ�Ì�i�`���­���œ�Õ���i�Ì���>�•�°���Ó�ä�Ó�Î�®�°

���Õ�À�Ì�…�i�À�“�œ�À�i�]���Û�i�}�i�Ì�>�Ì�ˆ�œ�˜���V�œ�˜�Ì�À�ˆ�L�Õ�Ì�i�Ã���Ì�œ���Ì�…�i���ˆ�˜�w�•�Ì�À�>�Ì�ˆ�œ�˜���œ�v���À�>�ˆ�˜�Ü�>�Ì�i�À���>�Ã���ˆ�Ì���ˆ�“�«�À�œ�Û�i�Ã���Ã�œ�ˆ�•��

�Ã�Ì�À�Õ�V�Ì�Õ�À�i�]���Ì�i�Ý�Ì�Õ�À�i�]���>�˜�`���«�i�À�“�i�>�L�ˆ�•�ˆ�Ì�Þ�]���L�œ�Ì�…���Ì�…�À�œ�Õ�}�…���«�…�Þ�Ã�ˆ�V�>�•���>�˜�`���V�…�i�“�ˆ�V�>�•���«�À�œ�V�i�Ã�Ã�i�Ã��

�­�*�ˆ�˜�}�«�ˆ�˜�}���i�Ì���>�•�°���Ó�ä�£�Î�®�°���‚�`�`�ˆ�Ì�ˆ�œ�˜�>�•�•�Þ�]���«�>�À�Ì���œ�v���Ì�…�i���À�>�ˆ�˜�Ü�>�Ì�i�À���ˆ�Ã���ˆ�˜�Ì�i�À�V�i�«�Ì�i�`���L�Þ���•�i�>�Û�i�Ã�]��

�Ü�…�i�À�i���ˆ�Ì���V�>�˜���À�i�i�Û�>�«�œ�À�>�Ì�i���­�	�œ�˜�>�˜���Ó�ä�£�È�®�°���/�…�À�œ�Õ�}�…���ˆ�˜�w�•�Ì�À�>�Ì�ˆ�œ�˜���>�˜�`���ˆ�˜�Ì�i�À�V�i�«�Ì�ˆ�œ�˜���Ü�>�Ì�i�À��

�>�Û�>�ˆ�•�>�L�ˆ�•�ˆ�Ì�Þ�� �ˆ�˜�V�À�i�>�Ã�i�Ã�]�� �Ü�…�ˆ�V�…�� �ˆ�Ã�� �L�i�˜�i�w�V�ˆ�>�•�� �v�œ�À�� �i�Û�>�«�œ�Ì�À�>�˜�Ã�«�ˆ�À�>�Ì�ˆ�œ�˜�� �ˆ�˜�� �Ü�>�Ì�i�À�‡�•�ˆ�“�ˆ�Ì�i�`��

�À�i�}�ˆ�œ�˜�Ã���­�-�i�˜�i�Û�ˆ�À�>�Ì�˜�i���i�Ì���>�•�°���Ó�ä�£�ä�®�°���,�>�ˆ�˜�Ü�>�Ì�i�À���Ì�…�>�Ì���`�œ�i�Ã���˜�œ�Ì���ˆ�˜�w�•�Ì�À�>�Ì�i���œ�À���`�œ�i�Ã���˜�œ�Ì���}�i�Ì��

�ˆ�˜�Ì�i�À�V�i�«�Ì�i�`���À�Õ�˜�Ã���œ�v�v���Ì�œ���ˆ�˜�w�•�Ì�À�>�Ì�i���i�•�Ã�i�Ü�…�i�À�i���œ�À���i�˜�`�Ã���Õ�«���ˆ�˜���œ�«�i�˜���Ü�>�Ì�i�À���Ü�…�i�À�i���ˆ�Ì���ˆ�Ã���˜�œ��

�•�œ�˜�}�i�À���>�Û�>�ˆ�•�>�L�•�i���v�œ�À���Û�i�}�i�Ì�>�Ì�ˆ�œ�˜���­���>�•�Ž�i�˜�“�>�À�Ž���>�˜�`���,�œ�V�Ž�Ã�Ì�À�Ÿ�“���Ó�ä�ä�È�®�°���1�˜�Ã�Õ�Ã�Ì�>�ˆ�˜�>�L�•�i��

�•�>�˜�`���Õ�Ã�i���˜�i�}�>�Ì�ˆ�Û�i�•�Þ���>�v�v�i�V�Ì�Ã���Ã�œ�ˆ�•���µ�Õ�>�•�ˆ�Ì�Þ���>�˜�`���ˆ�˜�w�•�Ì�À�>�Ì�ˆ�œ�˜���­�*�ˆ�˜�}�«�ˆ�˜�}���i�Ì���>�•�°���Ó�ä�£�Î�®�]���>�˜�`��

�Ì�…�i�À�i�v�œ�À�i�]���À�i�`�Õ�V�i�Ã���}�À�i�i�˜���Ü�>�Ì�i�À���>�Û�>�ˆ�•�>�L�ˆ�•�ˆ�Ì�Þ���­�7�>�˜�}�‡�
�À�•�>�˜�`�Ã�Ã�œ�˜���i�Ì���>�•�°���Ó�ä�Ó�Ó�®�°���,�i�Ã�Ì�œ�À�ˆ�˜�}��
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�`�i�}�À�>�`�i�`�� �•�>�˜�`�Ã�V�>�«�i�Ã���V�>�˜�� �À�i�`�Õ�V�i�� �À�Õ�˜�œ�v�v���>�˜�`�� �ˆ�“�«�À�œ�Û�i�� �ˆ�˜�w�•�Ì�À�>�Ì�ˆ�œ�˜�� �­�*�ˆ�˜�}�«�ˆ�˜�}�� �i�Ì�� �>�•�°��

�Ó�ä�£�Î�®�]���>�˜�`���Ì�…�i�À�i�v�œ�À�i�]���Ü�>�Ì�i�À���>�Û�>�ˆ�•�>�L�ˆ�•�ˆ�Ì�Þ�°

Regreening can also contribute to local drying due to enhanced evapotranspiration 

�­�i�°�}�°�]���	�À�œ�Ü�˜���i�Ì���>�•�°�]���Ó�ä�ä�x�Æ���<�…�>�˜�}���i�Ì���>�•�°�]���Ó�ä�ä�£�®�°�����œ�Ü�i�Û�i�À�]���Û�i�}�i�Ì�>�Ì�ˆ�œ�˜���>�˜�`���«�À�i�V�ˆ�«�ˆ�Ì�>�Ì�ˆ�œ�˜��

�>�À�i���Ã�Ì�À�œ�˜�}�•�Þ���V�œ�Õ�«�•�i�`���­���œ�Ì�Ã�V�…���i�Ì���>�•�°���Ó�ä�ä�Î�®���>�˜�`���`�Õ�i���Ì�œ���>�Ì�“�œ�Ã�«�…�i�À�ˆ�V���v�i�i�`�L�>�V�Ž�Ã���>�˜�`��

moisture transport it is not straightforward whether an increase in evapotranspiration 
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regreening initiatives should be conducted in regions where evaporated water 
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�`�i�Ì�i�À�“�ˆ�˜�i���Ü�…�i�Ì�…�i�À���À�i�}�À�i�i�˜�ˆ�˜�}���V�œ�˜�Ì�À�ˆ�L�Õ�Ì�i�Ã���Ì�œ���i�˜�…�>�˜�V�i�`���v�À�i�Ã�…�Ü�>�Ì�i�À���œ�À���V�>�Õ�Ã�i�Ã���`�À�Þ�ˆ�˜�}�°��

�/�…�ˆ�Ã�� �V�>�˜�� �L�i�� �Ã�Ì�Õ�`�ˆ�i�`�]�� �Ü�ˆ�Ì�…�œ�Õ�Ì�� �i�Ý�«�•�ˆ�V�ˆ�Ì�•�Þ�� �Ã�Ì�Õ�`�Þ�ˆ�˜�}�� �>�•�•�� �œ�v�� �Ì�…�i�� �ˆ�˜�Ì�i�À�•�ˆ�˜�Ž�i�`�� �«�À�œ�V�i�Ã�Ã�i�Ã�]��

�Õ�Ã�ˆ�˜�}���>�Ì�“�œ�Ã�«�…�i�À�ˆ�V���“�œ�ˆ�Ã�Ì�Õ�À�i���À�i�V�Þ�V�•�ˆ�˜�}�°

1.3 Atmospheric moisture recycling

1.3.1 Terrestrial moisture recycling
�7�>�Ì�i�À���i�Û�>�«�œ�À�>�Ì�i�Ã���v�À�œ�“���ˆ�Ì�Ã���Ã�œ�Õ�À�V�i�� �>�˜�`�� �}�i�Ì�Ã���Ì�À�>�˜�Ã�«�œ�À�Ì�i�`�� �Ì�…�À�œ�Õ�}�…���Ì�…�i�� �>�Ì�“�œ�Ã�«�…�i�À�i��
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�`�œ�Ü�˜�Ü�ˆ�˜�`���ˆ�Ã���V�>�•�•�i�`���>�Ì�“�œ�Ã�«�…�i�À�ˆ�V���“�œ�ˆ�Ã�Ì�Õ�À�i���À�i�V�Þ�V�•�ˆ�˜�}���­���i�Þ�Ã���i�Ì���>�•�°���Ó�ä�£�È�®�°���"�˜���>�Û�i�À�>�}�i�]��

about 40% of global precipitation comes from evaporation over land (Van der Ent 
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�Ü�i�Ã�Ì�i�À�•�Þ���Ü�ˆ�˜�`�Ã���­�v�À�œ�“���Ü�i�Ã�Ì���Ì�œ���i�>�Ã�Ì�®�]���ˆ�˜���
�Õ�À�>�Ã�ˆ�>�]���i�Û�>�«�œ�À�>�Ì�i�`���Ü�>�Ì�i�À���˜�i�i�`�Ã���Ì�œ���Ì�À�>�Û�i�•���•�œ�˜�}��
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the chances of evaporated water to return as precipitation over land and boosts 
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�Ì�œ���V�œ�˜�`�i�˜�Ã�>�Ì�ˆ�œ�˜�]���V�•�œ�Õ�`���v�œ�À�“�>�Ì�ˆ�œ�˜�]���>�˜�`���«�À�i�V�ˆ�«�ˆ�Ì�>�Ì�ˆ�œ�˜���­�7�>�•�•�>�V�i���>�˜�`�����œ�L�L�Ã���Ó�ä�ä�È�®�°

1.3.2 Zooming in on moisture recycling
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water as rainfall within the same region and typically increases with the size of the 
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�‚�˜�� �i�Ý�>�“�«�•�i�� �œ�v�� �>�� �À�i�}�ˆ�œ�˜�� �Ü�ˆ�Ì�…�� �…�ˆ�}�…�� �À�i�}�ˆ�œ�˜�>�•�� �À�i�V�Þ�V�•�ˆ�˜�}�� �ˆ�Ã�� �Ì�…�i�� �‚�“�>�â�œ�˜�� �À�ˆ�Û�i�À�� �L�>�Ã�ˆ�˜�]��

which has the largest regional moisture recycling of all major river basins globally 
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This would make regreening initiatives that aim to enhance rainfall particularly 

�i�v�v�i�V�Ì�ˆ�Û�i�� �ˆ�˜�� �À�i�}�ˆ�œ�˜�Ã�� �Ü�ˆ�Ì�…�� �…�ˆ�}�…�� �À�i�}�ˆ�œ�˜�>�•�� �À�i�V�Þ�V�•�ˆ�˜�}�� �À�>�Ì�ˆ�œ�Ã�°�� ���Õ�À�Ì�…�i�À�“�œ�À�i�]�� �Û�i�}�i�Ì�>�Ì�ˆ�œ�˜��

�“�>�Þ���…�>�Û�i���>���«�œ�Ã�ˆ�Ì�ˆ�Û�i���ˆ�˜�y�Õ�i�˜�V�i���œ�˜���À�i�}�ˆ�œ�˜�>�•���À�i�V�Þ�V�•�ˆ�˜�}���>�Ã���Ü�>�Ã���ˆ�•�•�Õ�Ã�Ì�À�>�Ì�i�`���ˆ�˜���Ì�…�i���
�…�ˆ�˜�i�Ã�i��

���œ�i�Ã�Ã���«�•�>�Ì�i�>�Õ�°�����i�À�i�]���•�>�À�}�i���Ã�V�>�•�i���>�v�v�œ�À�i�Ã�Ì�>�Ì�ˆ�œ�˜���>�V�Ì�ˆ�Û�ˆ�Ì�ˆ�i�Ã���Ì�…�>�Ì���Ì�œ�œ�Ž���«�•�>�V�i���>�Ì���Ì�…�i���i�˜�`��

of the previous century seem to have enhanced regional moisture recycling and 

�«�À�i�V�ˆ�«�ˆ�Ì�>�Ì�ˆ�œ�˜���­�/�ˆ�>�˜���i�Ì���>�•�°���Ó�ä�Ó�Ó�®�°��

�‚�•�Ì�…�œ�Õ�}�…���À�i�}�À�i�i�˜�ˆ�˜�}�� �V�œ�˜�Ì�À�ˆ�L�Õ�Ì�i�Ã�� �Ì�œ�� �i�˜�…�>�˜�V�i�`�� �«�À�i�V�ˆ�«�ˆ�Ì�>�Ì�ˆ�œ�˜�� �ˆ�˜�� �Ì�…�i�� �Ü�ˆ�`�i�À�� �À�i�}�ˆ�œ�˜�]��

an increase in vegetation may still contribute to drying when the water does not 

�À�i�Ì�Õ�À�˜���>�Ã���«�À�i�V�ˆ�«�ˆ�Ì�>�Ì�ˆ�œ�˜���•�œ�V�>�•�•�Þ���L�Õ�Ì���i�•�Ã�i�Ü�…�i�À�i���Ü�ˆ�Ì�…�ˆ�˜���Ì�…�i���À�i�}�ˆ�œ�˜���­���ˆ�•�œ�Ã�œ���i�Ì���>�•�°���Ó�ä�£�Ç�®�°���/�œ��

understand where regreening may contribute to local drying atmospheric moisture 

�À�i�V�Þ�V�•�ˆ�˜�}���˜�i�i�`�Ã���Ì�œ���L�i���Ã�Ì�Õ�`�ˆ�i�`���>�Ì���>���Ã�“�>�•�•�i�À���Ã�«�>�Ì�ˆ�>�•���Ã�V�>�•�i�°���*�À�i�Û�ˆ�œ�Õ�Ã���À�i�Ã�i�>�À�V�…���i�v�v�œ�À�Ì�Ã��

have mainly focused on the role of vegetation in the recycling of moisture on a 

�Ã�«�>�Ì�ˆ�>�•���Ã�V�>�•�i���œ�v���Ã�i�Û�i�À�>�•���…�Õ�˜�`�À�i�`�Ã���œ�v���Ž�ˆ�•�œ�“�i�Ì�À�i�Ã���œ�À���“�œ�À�i���­���i�Þ�Ã���i�Ì���>�•�°���Ó�ä�£�È�Æ���-�Ì�>�>�•���i�Ì��

�>�•�°���Ó�ä�£�n�Æ���7�>�˜�}�‡�
�À�•�>�˜�`�Ã�Ã�œ�˜���i�Ì���>�•�°���Ó�ä�£�n�Æ���/�i���7�ˆ�i�À�ˆ�Ž���i�Ì���>�•�°���Ó�ä�Ó�Ó�®�°���-�ˆ�“�ˆ�•�>�À���Ì�œ���À�i�}�ˆ�œ�˜�>�•��

�“�œ�ˆ�Ã�Ì�Õ�À�i���À�i�V�Þ�V�•�ˆ�˜�}�]���ˆ�Ì���ˆ�Ã���«�œ�Ã�Ã�ˆ�L�•�i���Ì�œ���V�>�•�V�Õ�•�>�Ì�i���Ì�…�i���>�“�œ�Õ�˜�Ì���œ�v���i�Û�>�«�œ�À�>�Ì�i�`���Ü�>�Ì�i�À���Ì�…�>�Ì��

�À�i�V�Þ�V�•�i�Ã���•�œ�V�>�•�•�Þ�]���ˆ�°�i�°�]���Ü�ˆ�Ì�…�ˆ�˜���Ã�i�Û�i�À�>�•���Ì�i�˜�Ã���œ�v���Ž�ˆ�•�œ�“�i�Ì�À�i�Ã���­���ˆ�}�Õ�À�i���£�°�£�®�°��
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1.3.3 Atmospheric moisture tracking
�‚�Ì�“�œ�Ã�«�…�i�À�ˆ�V�� �“�œ�ˆ�Ã�Ì�Õ�À�i�� �À�i�V�Þ�V�•�ˆ�˜�}�� �V�>�˜�� �L�i�� �V�>�•�V�Õ�•�>�Ì�i�`�� �v�À�œ�“�� �>�Ì�“�œ�Ã�«�…�i�À�ˆ�V�� �“�œ�ˆ�Ã�Ì�Õ�À�i��

�V�œ�˜�˜�i�V�Ì�ˆ�œ�˜�Ã�]�� �Ü�…�ˆ�V�…�� �`�i�Ã�V�À�ˆ�L�i�� �Ì�…�i�� �«�>�Ì�…�Ü�>�Þ�Ã�� �Ì�…�>�Ì�� �Ü�>�Ì�i�À�� �Û�>�«�œ�À�� �v�œ�•�•�œ�Ü�Ã�� �L�i�Ì�Ü�i�i�˜��

�i�Û�>�«�œ�À�>�Ì�ˆ�œ�˜�� �Ã�œ�Õ�À�V�i�Ã�� �>�˜�`�� �«�À�i�V�ˆ�«�ˆ�Ì�>�Ì�ˆ�œ�˜�� �Ã�ˆ�˜�Ž�Ã�°�� �/�…�i�Ã�i�� �V�œ�˜�˜�i�V�Ì�ˆ�œ�˜�Ã�� �V�>�˜�� �L�i�� �Õ�Ã�i�`�� �Ì�œ��

�Ã�Ì�Õ�`�Þ���Ì�…�i���Û�>�À�ˆ�>�L�ˆ�•�ˆ�Ì�Þ���œ�v���“�œ�ˆ�Ã�Ì�Õ�À�i���Ã�œ�Õ�À�V�i�Ã���œ�Û�i�À���Ì�ˆ�“�i���­���i�Þ�Ã���i�Ì���>�•�°���Ó�ä�£�{�®�]���Ì�…�i���ˆ�“�«�>�V�Ì���œ�v��

�•�>�˜�`�‡�Õ�Ã�i���V�…�>�˜�}�i�Ã���œ�˜���«�À�i�V�ˆ�«�ˆ�Ì�>�Ì�ˆ�œ�˜���­�7�>�˜�}�‡�
�À�•�>�˜�`�Ã�Ã�œ�˜���i�Ì���>�•�°���Ó�ä�£�n�Æ�����œ�i�Ž���Û�>�˜�����ˆ�•�Ž�i���i�Ì��

�>�•�°���Ó�ä�Ó�Ó�Æ���/�Õ�ˆ�˜�i�˜�L�Õ�À�}���i�Ì���>�•�°���Ó�ä�Ó�Ó�®�]���Ì�…�i���“�œ�ˆ�Ã�Ì�Õ�À�i���Ã�œ�Õ�À�V�i�Ã���v�œ�À���Ì�i�À�À�i�Ã�Ì�À�ˆ�>�•���«�À�i�V�ˆ�«�ˆ�Ì�>�Ì�ˆ�œ�˜��

�­�6�>�˜�� �`�i�À�� �
�˜�Ì�� �>�˜�`�� �-�>�Û�i�˜�ˆ�•�i�� �Ó�ä�£�Î�®�� �Ì�…�i�� �“�œ�ˆ�Ã�Ì�Õ�À�i�� �Ã�œ�Õ�À�V�i�Ã�� �v�œ�À�� �ˆ�“�«�œ�À�Ì�>�˜�Ì�� �>�}�À�ˆ�V�Õ�•�Ì�Õ�À�>�•��

�>�À�i�>�Ã���­�	�>�}�•�i�Þ���i�Ì���>�•�°���Ó�ä�£�Ó�®�]���>�˜�`���“�œ�À�i�°���‚�Ì�“�œ�Ã�«�…�i�À�ˆ�V���“�œ�ˆ�Ã�Ì�Õ�À�i���V�œ�˜�˜�i�V�Ì�ˆ�œ�˜�Ã���>�À�i���Ì�Þ�«�ˆ�V�>�•�•�Þ��

�V�>�•�V�Õ�•�>�Ì�i�`���Õ�Ã�ˆ�˜�}���>�˜���>�˜�>�•�Þ�Ì�ˆ�V�>�•���“�œ�`�i�•���­�i�°�}�°�]�����œ�“�ˆ�˜�}�Õ�i�â���i�Ì���>�•�°�]���Ó�ä�Ó�ä�Æ���6�>�˜���`�i�À���
�˜�Ì���>�˜�`��

�-�>�Û�i�˜�ˆ�•�i�]���Ó�ä�£�£�®�]���>�˜���œ�v�y�ˆ�˜�i���>�Ì�“�œ�Ã�«�…�i�À�ˆ�V���“�œ�ˆ�Ã�Ì�Õ�À�i�‡�Ì�À�>�V�Ž�ˆ�˜�}���“�œ�`�i�•���­�-�œ�`�i�“�>�˜�˜���i�Ì���>�•�°��

�Ó�ä�ä�n�Æ�� �6�>�˜�� �`�i�À�� �
�˜�Ì�� �i�Ì�� �>�•�°�� �Ó�ä�£�Î�Æ�� ���œ�•�}�>�Ì�i�� �i�Ì�� �>�•�°�� �Ó�ä�Ó�ä�Æ�� �/�Õ�ˆ�˜�i�˜�L�Õ�À�}�� �>�˜�`�� �-�Ì�>�>�•�� �Ó�ä�Ó�ä�Æ��

���i�Õ�˜�i���i�Ì���>�•�°���Ó�ä�Ó�Ó�®���œ�À���Ü�>�Ì�i�À���Û�>�«�œ�À���Ì�À�>�V�i�À�Ã���ˆ�˜���>���À�i�}�ˆ�œ�˜�>�•���Ü�i�>�Ì�…�i�À���“�œ�`�i�•���œ�À���V�•�ˆ�“�>�Ì�i��

�“�œ�`�i�•���­�i�°�}�°�]�����œ�“�ˆ�˜�}�Õ�i�â���i�Ì���>�•�°�]���Ó�ä�£�È�Æ�����ˆ�Õ���i�Ì���>�•�°�]���Ó�ä�Ó�Î�®�°��

�‚�˜�>�•�Þ�Ì�ˆ�V�>�•���“�œ�ˆ�Ã�Ì�Õ�À�i���À�i�V�Þ�V�•�ˆ�˜�}���“�œ�`�i�•�Ã���«�À�œ�Û�ˆ�`�i���>���Ã�ˆ�“�«�•�i���`�i�Ã�V�À�ˆ�«�Ì�ˆ�œ�˜���œ�v���Ì�…�i���L�Õ�`�}�i�Ì���œ�v��

�“�œ�ˆ�Ã�Ì�Õ�À�i���Ã�œ�Õ�À�V�i�Ã���>�˜�`���Ã�ˆ�˜�Ž�Ã���­���œ�“�ˆ�˜�}�Õ�i�â���i�Ì���>�•�°���Ó�ä�Ó�ä�®�°���7�…�ˆ�•�i���Ì�…�i�Ã�i���“�œ�`�i�•�Ã���>�À�i���Ã�ˆ�“�«�•�i�]��

�Ì�…�i�Þ���>�À�i���Û�>�•�Õ�>�L�•�i���v�œ�À���ˆ�`�i�˜�Ì�ˆ�v�Þ�ˆ�˜�}���}�i�˜�i�À�>�•���«�>�Ì�Ì�i�À�˜�Ã���ˆ�˜���“�œ�ˆ�Ã�Ì�Õ�À�i���À�i�V�Þ�V�•�ˆ�˜�}�°���,�i�}�ˆ�œ�˜�>�•��

weather models or climate models can be used to simulate atmospheric processes 

�>�Ì���>���…�ˆ�}�…�‡�À�i�Ã�œ�•�Õ�Ì�ˆ�œ�˜�°�����i�Ì�>�ˆ�•�i�`���ˆ�˜�«�Õ�Ì�Ã���•�ˆ�Ž�i���Ì�i�À�À�>�ˆ�˜�]���•�>�˜�`���Õ�Ã�i�]���>�˜�`���Ü�i�>�Ì�…�i�À���œ�L�Ã�i�À�Û�>�Ì�ˆ�œ�˜�Ã��

�V�>�˜�� �L�i�� �ˆ�˜�V�•�Õ�`�i�`�� �ˆ�˜�� �Ã�Õ�V�…�� �>�� �“�œ�`�i�•�� �Ì�œ�� �Ã�Ì�Õ�`�Þ�� �w�˜�i�À�‡�Ã�V�>�•�i�� �«�…�i�˜�œ�“�i�˜�>�]�� �i�˜�>�L�•�ˆ�˜�}�� �Ì�œ��

�Ã�Ì�Õ�`�Þ�� �V�œ�“�«�•�i�Ý�� �«�À�œ�V�i�Ã�Ã�i�Ã�� �Ì�…�>�Ì�� �“�>�Þ�� �>�v�v�i�V�Ì�� �“�œ�ˆ�Ã�Ì�Õ�À�i�� �Ì�À�>�˜�Ã�«�œ�À�Ì�� �­���œ�“�ˆ�˜�}�Õ�i�â�� �i�Ì�� �>�•�°��

�Ó�ä�£�È�®�°�� �	�Þ�� �ˆ�˜�V�•�Õ�`�ˆ�˜�}�� �Ü�>�Ì�i�À�� �Û�>�«�œ�À�� �Ì�À�>�V�i�À�Ã�� �Ì�…�>�Ì�� �v�œ�•�•�œ�Ü�� �Ì�…�i�� �>�Ì�“�œ�Ã�«�…�i�À�ˆ�V�� �y�œ�Ü�]�� �Ì�…�i�Ã�i��

�“�œ�`�i�•�Ã�� �V�>�˜�� �Ì�À�>�V�Ž�� �Ü�>�Ì�i�À�� �L�i�Ì�Ü�i�i�˜�� �Ã�œ�Õ�À�V�i�� �>�˜�`�� �Ã�ˆ�˜�Ž�°�� �/�…�i�Ã�i�� �“�œ�`�i�•�Ã�� �V�>�˜�� �Ã�ˆ�“�Õ�•�>�Ì�i��

�V�œ�˜�`�i�˜�Ã�>�Ì�ˆ�œ�˜�]���i�Û�>�«�œ�À�>�Ì�ˆ�œ�˜�]���>�˜�`���Ì�…�i�ˆ�À���i�v�v�i�V�Ì�Ã���œ�˜���>�Ì�“�œ�Ã�«�…�i�À�ˆ�V���`�Þ�˜�>�“�ˆ�V�Ã���­���œ�“�ˆ�˜�}�Õ�i�â��

ET Pl PTRE

Local recycling Non-local recycling

ETremote Moisture transport

ca. 50km

Figure 1.1. A schematic overview of terrestrial moisture recycling, including local moisture recycling 

(Pl). Evaporated water that does not return as rainfall locally, yet returns as precipitation over land 

can be considered targeted rainfall enhancement (P TRE). ET: evapotranspiration
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�i�Ì�� �>�•�°�� �Ó�ä�Ó�ä�®�]�� �>�˜�`�� �Ì�…�i�À�i�v�œ�À�i�]�� �Ì�…�i�Þ�� �V�>�˜�� �L�i�� �Õ�Ã�i�`�� �Ì�œ���Ã�Ì�Õ�`�Þ�� �Ì�…�i�� �ˆ�“�«�>�V�Ì�� �œ�v�� �V�…�>�˜�}�i�Ã�� �ˆ�˜��

�•�>�˜�`���V�œ�Û�i�À���œ�˜���>�Ì�“�œ�Ã�«�…�i�À�ˆ�V���“�œ�ˆ�Ã�Ì�Õ�À�i���«�>�Ì�…�Ü�>�Þ�Ã�°�����œ�Ü�i�Û�i�À�]���Ì�…�i���V�œ�“�«�Õ�Ì�>�Ì�ˆ�œ�˜�>�•���V�œ�Ã�Ì�Ã��

of such models are relatively high compared to other methods that can be used for 

�“�œ�ˆ�Ã�Ì�Õ�À�i���Ì�À�>�V�Ž�ˆ�˜�}�°

�‚�˜���œ�v�y�ˆ�˜�i���“�œ�ˆ�Ã�Ì�Õ�À�i�‡�Ì�À�>�V�Ž�ˆ�˜�}���“�œ�`�i�•���V�>�•�V�Õ�•�>�Ì�i�Ã���Ì�…�i���Ì�À�>�˜�Ã�«�œ�À�Ì���œ�v���>�Ì�“�œ�Ã�«�…�i�À�ˆ�V���“�œ�ˆ�Ã�Ì�Õ�À�i��

�L�Þ���>�˜�>�•�Þ�Ã�ˆ�˜�}���«�À�i�‡�V�œ�“�«�Õ�Ì�i�`���>�Ì�“�œ�Ã�«�…�i�À�ˆ�V���`�>�Ì�>�]���Ü�…�ˆ�V�…���“�>�Ž�i�Ã���ˆ�Ì���•�i�Ã�Ã���V�œ�“�«�Õ�Ì�>�Ì�ˆ�œ�˜�>�•�•�Þ��

costly compared to using regional weather models and global climate models 

�­�6�>�˜���`�i�À���
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Figure 1.2. Method and output of a Lagrangian moisture-tracking model. Top: in a Lagrangian 

moisture tracking model air parcels are released at the evaporation source. These parcels are 

tracked through the atmosphere using information on wind speed and direction, precipitation, 

evaporation and atmospheric humidity. Along their trajectories, parcels release moisture in 

the form of precipitation. All the parcel trajectories are combined in the evaporationshed or 

precipitationshed. Bottom left: the evaporationshed describes where the evaporated water 

from below the red dot precipitates. Bottom right: the precipitationshed describes where the 

precipitation in the location below the red dot originated from as evaporation. The evaporationshed 

and precipitationshed are the multi-year (2008-2017) average for the month July.
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experiment with changes in land cover or climate as the atmospheric dynamics are 
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1.4 The underlying dynamics of summer precipitation

�*�À�œ�V�i�Ã�Ã�‡�L�>�Ã�i�`���“�œ�`�i�•�Ã���V�>�˜���L�i���Õ�Ã�i�`���Ì�œ���Ã�Ì�Õ�`�Þ���Ì�…�i���ˆ�“�«�>�V�Ì���œ�v���À�i�}�À�i�i�˜�ˆ�˜�}���œ�˜���Ì�…�i���Õ�˜�`�i�À�•�Þ�ˆ�˜�}��

�`�Þ�˜�>�“�ˆ�V�Ã���œ�v���«�À�i�V�ˆ�«�ˆ�Ì�>�Ì�ˆ�œ�˜�°���"�˜�i���ˆ�“�«�œ�À�Ì�>�˜�Ì���`�À�ˆ�Û�i�À���œ�v���•�œ�V�>�•���«�À�i�V�ˆ�«�ˆ�Ì�>�Ì�ˆ�œ�˜���ˆ�Ã���V�œ�˜�Û�i�V�Ì�ˆ�œ�˜�]��

which is the vertical transfer of air through the atmosphere driven by temperature 
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The underlying processes of convective rainfall take place within the atmospheric 
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Figure 1.3. The Mediterranean-type climate regions across the globe as studied in this thesis: 

south-west US, the Mediterranean Basin, central Chile, the Cape region of South Africa, and south-

west Australia. The Mediterranean-type climate regions are based on the Köppen-Geiger climate 
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areas with a semi-arid climate are included.
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1.6 This thesis

1.6.1 Knowledge gaps
�/�…�i���V�•�ˆ�“�>�Ì�ˆ�V���i�v�v�i�V�Ì�Ã���œ�v���À�i�}�À�i�i�˜�ˆ�˜�}���>�V�Ì�ˆ�Û�ˆ�Ì�ˆ�i�Ã���ˆ�˜�����i�`�ˆ�Ì�i�À�À�>�˜�i�>�˜�‡�Ì�Þ�«�i���V�•�ˆ�“�>�Ì�i���À�i�}�ˆ�œ�˜�Ã��

�À�i�“�>�ˆ�˜���Õ�˜�V�•�i�>�À�°�����Ì���ˆ�Ã���Õ�˜�V�•�i�>�À���ˆ�v���À�i�}�À�i�i�˜�ˆ�˜�}���V�œ�˜�Ã�ˆ�Ã�Ì�i�˜�Ì�•�Þ���•�i�>�`�Ã���Ì�œ���ˆ�˜�V�À�i�>�Ã�i�`���«�À�i�V�ˆ�«�ˆ�Ì�>�Ì�ˆ�œ�˜��

�œ�À���`�À�Þ�ˆ�˜�}�]���œ�À���Ü�…�i�Ì�…�i�À���Ì�…�i���i�v�v�i�V�Ì�Ã���Û�>�À�Þ���Ã�«�>�Ì�ˆ�>�•�•�Þ���>�˜�`���Ì�i�“�«�œ�À�>�•�•�Þ���>�V�À�œ�Ã�Ã���>�˜�`���Ü�ˆ�Ì�…�ˆ�˜���Ì�…�i��

�`�ˆ�v�v�i�À�i�˜�Ì���À�i�}�ˆ�œ�˜�Ã�°�����ˆ�˜�>�•�•�Þ�]���ˆ�Ì���ˆ�Ã���Õ�˜�V�•�i�>�À���Õ�˜�`�i�À���Ü�…�>�Ì���Ã�«�i�V�ˆ�w�V���V�œ�˜�`�ˆ�Ì�ˆ�œ�˜�Ã���À�i�}�À�i�i�˜�ˆ�˜�}���V�œ�Õ�•�`��
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�Ì�…�i���•�>�Ì�Ì�i�À���ˆ�Ã���À�i�•�i�Û�>�˜�Ì���Ì�œ���`�i�Ã�ˆ�}�˜���>�˜���i�˜�}�ˆ�˜�i�i�À�ˆ�˜�}�‡�`�À�ˆ�Û�i�˜���À�i�}�À�i�i�˜�ˆ�˜�}���Ã�Ì�À�>�Ì�i�}�Þ���>�ˆ�“�i�`���>�Ì��

�i�˜�…�>�˜�V�ˆ�˜�}���À�>�ˆ�˜�v�>�•�•�°��

The local return of evaporated water as precipitation may provide insight into whether 
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1.6.2 Research aim, objectives and thesis outline
The aim of this thesis is to understand how regreening can contribute to local 

�À�>�ˆ�˜�v�>�•�•���i�˜�…�>�˜�V�i�“�i�˜�Ì�°���-�«�i�V�ˆ�w�V�>�•�•�Þ�]�������Ã�Ì�Õ�`�Þ���Ü�…�i�À�i���ˆ�Ì���V�œ�Õ�•�`���L�i���«�œ�Ã�Ã�ˆ�L�•�i���Ì�œ���i�˜�…�>�˜�V�i��

local rainfall in Mediterranean-type climate regions. ���ˆ�Û�i���À�i�Ã�i�>�À�V�…���œ�L�•�i�V�Ì�ˆ�Û�i�Ã���Ü�i�À�i��

formulated to investigate this aim:

�£�°	 �+�Õ�>�˜�Ì�ˆ�v�Þ���•�œ�V�>�•���“�œ�ˆ�Ã�Ì�Õ�À�i���À�i�V�Þ�V�•�ˆ�˜�}���v�œ�À�����i�`�ˆ�Ì�i�À�À�>�˜�i�>�˜�‡�Ì�Þ�«�i���V�•�ˆ�“�>�Ì�i���À�i�}�ˆ�œ�˜�Ã���}�•�œ�L�>�•�•�Þ�°

�Ó�°	Assess which atmospheric and land surface characteristics link to local moisture recycling 

�ˆ�˜�����i�`�ˆ�Ì�i�À�À�>�˜�i�>�˜�‡�Ì�Þ�«�i���V�•�ˆ�“�>�Ì�i���À�i�}�ˆ�œ�˜�Ã���}�•�œ�L�>�•�•�Þ�°

�Î�°	 Determine the impact of forestation on the development of the atmospheric boundary 

�•�>�Þ�i�À���>�˜�`���`�i�i�«���V�œ�˜�Û�i�V�Ì�ˆ�Û�i���V�•�œ�Õ�`�Ã���ˆ�˜���Ì�…�i�����i�`�ˆ�Ì�i�À�À�>�˜�i�>�˜���	�>�Ã�ˆ�˜�°

�{�°	 ���ˆ�Ã�V�Õ�Ã�Ã���…�œ�Ü���Ì�>�À�}�i�Ì�i�`���À�>�ˆ�˜�v�>�•�•���i�˜�…�>�˜�V�i�“�i�˜�Ì���V�>�˜���L�i���>�˜���œ�L�•�i�V�Ì�ˆ�Û�i���œ�v���v�œ�À�i�Ã�Ì�>�Ì�ˆ�œ�˜���}�•�œ�L�>�•�•�Þ�°

�x�°	 �
�Û�>�•�Õ�>�Ì�i���Ì�…�i���Ã�œ�V�ˆ�i�Ì�>�•���ˆ�“�«�>�V�Ì���œ�v���Ì�…�i���À�i�Ã�i�>�À�V�…���V�œ�˜�`�Õ�V�Ì�i�`���v�œ�À���Ì�…�ˆ�Ã���Ì�…�i�Ã�ˆ�Ã�°��

In Chapter 2�]���Ì�…�i���•�œ�V�>�•���i�Û�>�«�œ�À�>�Ì�ˆ�œ�˜���À�i�V�Þ�V�•�ˆ�˜�}���À�>�Ì�ˆ�œ���ˆ�Ã���µ�Õ�>�˜�Ì�ˆ�w�i�`���Õ�Ã�ˆ�˜�}���}�•�œ�L�>�•���>�Ì�“�œ�Ã�«�…�i�À�ˆ�V��

�“�œ�ˆ�Ã�Ì�Õ�À�i���V�œ�˜�˜�i�V�Ì�ˆ�œ�˜�Ã���>�Ì���Ì�…�i���…�ˆ�}�…�i�Ã�Ì���Ã�«�>�Ì�ˆ�>�•���À�i�Ã�œ�•�Õ�Ì�ˆ�œ�˜���V�Õ�À�À�i�˜�Ì�•�Þ���>�Û�>�ˆ�•�>�L�•�i�°�����˜��Chapter 3 �]��
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���i�`�ˆ�Ì�i�À�À�>�˜�i�>�˜�‡�Ì�Þ�«�i���V�•�ˆ�“�>�Ì�i���À�i�}�ˆ�œ�˜�Ã�]���Ì�…�i���•�œ�V�>�•���i�Û�>�«�œ�À�>�Ì�ˆ�œ�˜���À�i�V�Þ�V�•�ˆ�˜�}���À�>�Ì�ˆ�œ���ˆ�Ã���`�i�w�˜�i�`���>�Ã��
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�œ�À�ˆ�}�ˆ�˜�>�Ì�i�`���Ü�ˆ�Ì�…�ˆ�˜���V�>�°���x�ä�Ž�“���v�À�œ�“���Ü�…�i�À�i���ˆ�Ì���À�>�ˆ�˜�Ã���œ�Õ�Ì�°

In Chapters 2 and 3�]���Ã�Ì�>�Ì�ˆ�Ã�Ì�ˆ�V�>�•���“�œ�`�i�•�Ã���>�À�i���Õ�Ã�i�`���Ì�œ���>�˜�>�•�Þ�Ã�i���>�˜�`���`�ˆ�Ã�V�Õ�Ã�Ã���Ì�…�i���V�œ�À�À�i�•�>�Ì�ˆ�œ�˜�Ã��

between local evaporation and precipitation recycling and various atmospheric and 
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�•�œ�V�>�•���“�œ�ˆ�Ã�Ì�Õ�À�i���À�i�V�Þ�V�•�ˆ�˜�}���>�˜�`���•�>�˜�`�‡�>�Ì�“�œ�Ã�«�…�i�À�i���ˆ�˜�Ì�i�À�>�V�Ì�ˆ�œ�˜�Ã�]���Ì�…�i�ˆ�À���Ã�Ì�À�i�˜�}�Ì�…�]���>�˜�`���Ì�…�i�ˆ�À��

�Û�>�À�ˆ�>�L�ˆ�•�ˆ�Ì�Þ�� �>�V�À�œ�Ã�Ã�� �Ì�…�i�� �w�Û�i�� �“�>�•�œ�À�� ���i�`�ˆ�Ì�i�À�À�>�˜�i�>�˜�‡�Ì�Þ�«�i�� �V�•�ˆ�“�>�Ì�i�� �À�i�}�ˆ�œ�˜�Ã�°�� �/�…�i�� �À�i�Ã�Õ�•�Ì�Ã��

show which atmospheric and landscape characteristics promote high local moisture 

�À�i�V�Þ�V�•�ˆ�˜�}�� �>�˜�`�� �…�œ�Ü�� �Ì�…�ˆ�Ã�� �Û�>�À�ˆ�i�Ã�� �>�V�À�œ�Ã�Ã�� �Ì�…�i�� �w�Û�i�� ���i�`�ˆ�Ì�i�À�À�>�˜�i�>�˜�‡�Ì�Þ�«�i�� �V�•�ˆ�“�>�Ì�i�� �À�i�}�ˆ�œ�˜�Ã�°��
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�À�i�}�ˆ�œ�˜�Ã���À�i�}�À�i�i�˜�ˆ�˜�}���“�>�Þ���i�˜�…�>�˜�V�i���«�À�i�V�ˆ�«�ˆ�Ì�>�Ì�ˆ�œ�˜���>�˜�`���Ü�…�i�À�i���ˆ�Ì���“�>�Þ���i�˜�…�>�˜�V�i���`�À�Þ�ˆ�˜�}�°

In Chapter 4 ���>���«�À�œ�V�i�Ã�Ã�‡�L�>�Ã�i�`���“�œ�`�i�•�•�ˆ�˜�}���>�«�«�À�œ�>�V�…���ˆ�Ã���Õ�Ã�i�`���Ì�œ���Ã�ˆ�“�Õ�•�>�Ì�i���Ì�…�i���ˆ�“�«�>�V�Ì���œ�v��

a land cover change from bare soil to forest on the development of the atmospheric 

�L�œ�Õ�˜�`�>�À�Þ���•�>�Þ�i�À���>�˜�`���`�i�i�«���V�œ�˜�Û�i�V�Ì�ˆ�Û�i���V�•�œ�Õ�`�Ã���ˆ�˜���Ì�…�i�����i�`�ˆ�Ì�i�À�À�>�˜�i�>�˜���	�>�Ã�ˆ�˜�°���/�…�ˆ�Ã���V�…�>�«�Ì�i�À��

provides insights into how part of the atmospheric dynamics could be affected by 

�v�œ�À�i�Ã�Ì�>�Ì�ˆ�œ�˜���>�˜�`���…�œ�Ü���Ì�…�ˆ�Ã���Ì�À�>�˜�Ã�•�>�Ì�i�Ã���Ì�œ���V�…�>�˜�}�i�Ã���ˆ�˜���V�œ�˜�Û�i�V�Ì�ˆ�Û�i���«�À�i�V�ˆ�«�ˆ�Ì�>�Ì�ˆ�œ�˜�°

Chapter 5  dives deeper into the potential of forests to contribute to rainfall 

�`�œ�Ü�˜�Ü�ˆ�˜�`�°���7�…�i�À�i�>�Ã���
�…�>�«�Ì�i�À�Ã���Ó�‡�{���v�œ�V�Õ�Ã���œ�˜���•�œ�V�>�•���À�i�V�Þ�V�•�ˆ�˜�}�]���
�…�>�«�Ì�i�À���x���v�œ�V�Õ�Ã�Ã�i�Ã���œ�˜��

�˜�œ�˜�‡�•�œ�V�>�•���À�i�V�Þ�V�•�ˆ�˜�}�°���/�…�ˆ�Ã���V�…�>�«�Ì�i�À���i�Ý�«�•�œ�À�i�Ã���Ì�…�i���Ã�Ì�>�Ì�i�‡�œ�v�‡�Ì�…�i�‡�>�À�Ì���Ì�œ�œ�•�Ã���>�˜�`���Ž�˜�œ�Ü�•�i�`�}�i��

�Ì�…�>�Ì���>�•�•�œ�Ü���Ì�œ���ˆ�˜�Ì�i�}�À�>�Ì�i���Ì�>�À�}�i�Ì�i�`���À�>�ˆ�˜�v�>�•�•���i�˜�…�>�˜�V�i�“�i�˜�Ì���ˆ�˜���v�œ�À�i�Ã�Ì�>�Ì�ˆ�œ�˜���ˆ�˜�ˆ�Ì�ˆ�>�Ì�ˆ�Û�i�Ã�°

�/�…�i���À�i�Ã�i�>�À�V�…���œ�Õ�Ì�«�Õ�Ì�Ã���v�À�œ�“���
�…�>�«�Ì�i�À�Ã���Ó�‡�x���>�À�i���i�Û�>�•�Õ�>�Ì�i�`���ˆ�˜��Chapter 6 �]���Ü�…�ˆ�V�…���`�ˆ�Ã�V�Õ�Ã�Ã�i�Ã��

if the transdisciplinary research approach that was adopted in this PhD research is 
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Figure 1.4. Schematic overview of how each of the chapters (CX) in this thesis contribute to the 

realization of the strategic planning of regreening projects for natural water production (green 

arrows). The content of Chapters 2-5 is used to assess the societal impact of the research activities 

that relate to this thesis (grey shapes). The blue colours indicate the chapters that study atmospheric 

moisture recycling on various scales, with the colour intensity indicating different methods. Chapter 

�����R�T�Q�X�K�F�G�U���C���I�G�P�G�T�C�N���K�P�V�T�Q�F�W�E�V�K�Q�P���H�Q�T���V�J�K�U���T�G�U�G�C�T�E�J���C�P�F���%�J�C�R�V�G�T�������F�K�U�E�W�U�U�G�U���J�Q�Y���V�J�G���O�C�K�P���‚�P�F�K�P�I�U��

contribute to realizing regreening projects that contribute to natural water production.
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The focus of this thesis narrows from Chapter 2 to Chapter 4 as Chapter 2 adopts a 

�}�•�œ�L�>�•���«�i�À�Ã�«�i�V�Ì�ˆ�Û�i�]���
�…�>�«�Ì�i�À���Î���i�Ý�>�“�ˆ�˜�i�Ã�����i�`�ˆ�Ì�i�À�À�>�˜�i�>�˜�‡�Ì�Þ�«�i���V�•�ˆ�“�>�Ì�i���À�i�}�ˆ�œ�˜�Ã���>�V�À�œ�Ã�Ã��

�Ì�…�i�� �}�•�œ�L�i�]�� �>�˜�`�� �
�…�>�«�Ì�i�À�� �{�� �V�i�˜�Ì�À�i�Ã�� �Ì�…�i�� ���i�`�ˆ�Ì�i�À�À�>�˜�i�>�˜�� �	�>�Ã�ˆ�˜�°�� ���˜�� �
�…�>�«�Ì�i�À�Ã�� �x�� �>�˜�`�� �È��

�Ì�…�i�� �v�œ�V�Õ�Ã�� �œ�v�� �Ì�…�ˆ�Ã�� �Ì�…�i�Ã�ˆ�Ã�� �i�Ý�«�>�˜�`�Ã�� �>�}�>�ˆ�˜�°�� �
�…�>�«�Ì�i�À�� �x�� �>�`�œ�«�Ì�Ã�� �>�� �}�•�œ�L�>�•�� �«�i�À�Ã�«�i�V�Ì�ˆ�Û�i�� �>�Ã��

�ˆ�Ì���`�ˆ�Ã�V�Õ�Ã�Ã�i�Ã���Ì�…�i���˜�œ�˜�‡�•�œ�V�>�•���…�Þ�`�À�œ�•�œ�}�ˆ�V�>�•���i�v�v�i�V�Ì���œ�v���v�œ�À�i�Ã�Ì�>�Ì�ˆ�œ�˜���>�˜�`���
�…�>�«�Ì�i�À���È���«�Õ�Ì�Ã���Ì�…�i��

�À�i�Ã�i�>�À�V�…���w�˜�`�ˆ�˜�}�Ã���ˆ�˜�Ì�œ���«�i�À�Ã�«�i�V�Ì�ˆ�Û�i�� �L�Þ���i�Û�>�•�Õ�>�Ì�ˆ�˜�}�� �…�œ�Ü���Ì�…�i�Þ���V�œ�˜�Ì�À�ˆ�L�Õ�Ì�i�� �Ì�œ���}�i�˜�i�À�>�Ì�i��

�Ã�œ�V�ˆ�i�Ì�>�•���ˆ�“�«�>�V�Ì�°�����ˆ�˜�>�•�•�Þ�]��Chapter 7 �Ã�Þ�˜�Ì�…�i�Ã�ˆ�â�i�Ã���Ì�…�i���œ�Û�i�À�>�•�•���w�˜�`�ˆ�˜�}�Ã���œ�v���Ì�…�ˆ�Ã���À�i�Ã�i�>�À�V�…�]��

describes how the outputs may be used to strategically plan regreening initiatives 

�Ì�…�>�Ì���>�ˆ�“���v�œ�À���À�>�ˆ�˜�v�>�•�•���i�˜�…�>�˜�V�i�“�i�˜�Ì�]���>�˜�`���`�ˆ�Ã�V�Õ�Ã�Ã�i�Ã���œ�«�«�œ�À�Ì�Õ�˜�ˆ�Ì�ˆ�i�Ã���v�œ�À���v�Õ�Ì�Õ�À�i���À�i�Ã�i�>�À�V�…�°���‚��

schematic overview of how each chapter contributes to the realization of the strategic 

�«�•�>�˜�˜�ˆ�˜�}���œ�v���À�i�}�À�i�i�˜�ˆ�˜�}���ˆ�˜�ˆ�Ì�ˆ�>�Ì�ˆ�Û�i�Ã���v�œ�À���˜�>�Ì�Õ�À�>�•���Ü�>�Ì�i�À���«�À�œ�`�Õ�V�Ì�ˆ�œ�˜���ˆ�Ã���Ã�…�œ�Ü�˜���ˆ�˜�����ˆ�}�Õ�À�i���£�°�{�°
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Chapter 2 | Local moisture recycling across the globe

���œ�•�>�˜�`�>���/�…�i�i�Õ�Ü�i�˜�]���‚�À�ˆ�i���-�Ì�>�>�•�]���"�L�L�i���/�Õ�ˆ�˜�i�˜�L�Õ�À�}�]���	�i�À�Ì�����>�“�i�•�i�À�Ã���E���-�Ì�i�v�>�˜�����i�Ž�Ž�i�À

This chapter has been published as:

�/�…�i�i�Õ�Ü�i�˜�]�����°���°�
�°�]���-�Ì�>�>�•�]���‚�°�]���/�Õ�ˆ�˜�i�˜�L�Õ�À�}�]���"�°�‚�°�]�����>�“�i�•�i�À�Ã�]�����°�6�°���°�]���E�����i�Ž�Ž�i�À�]���-�°�
�°���­�Ó�ä�Ó�Î�®�°�����œ�V�>�•��

�“�œ�ˆ�Ã�Ì�Õ�À�i���À�i�V�Þ�V�•�ˆ�˜�}���>�V�À�œ�Ã�Ã���Ì�…�i���}�•�œ�L�i�° ���Þ�`�À�œ�•�œ�}�Þ���>�˜�`���
�>�À�Ì�…���-�Þ�Ã�Ì�i�“���-�V�ˆ�i�˜�V�i�Ã�] �Ó�Ç�­�Ç�®�]���£�{�x�Ç�‡�£�{�Ç�È�°

Abstract 

Changes in evaporation over land affect terrestrial precipitation via atmospheric 

�“�œ�ˆ�Ã�Ì�Õ�À�i�� �À�i�V�Þ�V�•�ˆ�˜�}�� �>�˜�`�� �V�œ�˜�Ã�i�µ�Õ�i�˜�Ì�•�Þ�� �v�À�i�Ã�…�Ü�>�Ì�i�À�� �>�Û�>�ˆ�•�>�L�ˆ�•�ˆ�Ì�Þ�°�� �‚�•�Ì�…�œ�Õ�}�…�� �}�•�œ�L�>�•��

�“�œ�ˆ�Ã�Ì�Õ�À�i���À�i�V�Þ�V�•�ˆ�˜�}���>�Ì���À�i�}�ˆ�œ�˜�>�•���>�˜�`���V�œ�˜�Ì�ˆ�˜�i�˜�Ì�>�•���Ã�V�>�•�i�Ã���>�À�i���À�i�•�>�Ì�ˆ�Û�i�•�Þ���Ü�i�•�•���Õ�˜�`�i�À�Ã�Ì�œ�œ�`�]��

the patterns of local moisture recycling and the main variables that impact it remain 
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�i�Û�>�«�œ�À�>�Ì�i�`�� �“�œ�ˆ�Ã�Ì�Õ�À�i�� �Ì�…�>�Ì�� �«�À�i�V�ˆ�«�ˆ�Ì�>�Ì�i�Ã�� �Ü�ˆ�Ì�…�ˆ�˜�� �>�� �`�ˆ�Ã�Ì�>�˜�V�i�� �œ�v�� �ä�°�x�c�� �­�Ì�Þ�«�ˆ�V�>�•�•�Þ�� �x�ä�Ž�“�®��

�v�À�œ�“�� �ˆ�Ì�Ã�� �Ã�œ�Õ�À�V�i�]�� �ˆ�`�i�˜�Ì�ˆ�v�Þ�� �Û�>�À�ˆ�>�L�•�i�Ã�� �Ì�…�>�Ì�� �V�œ�À�À�i�•�>�Ì�i�� �Ü�ˆ�Ì�…�� �ˆ�Ì�� �œ�Û�i�À�� �•�>�˜�`�� �}�•�œ�L�>�•�•�Þ�� �>�˜�`��
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following a change in evaporation in the source region and (2) atmospheric moisture 

�À�i�V�Þ�V�•�ˆ�˜�}�°�����•�œ�L�>�•�•�Þ�]���“�œ�À�i���Ì�…�>�˜���…�>�•�v���œ�v���Ì�i�À�À�i�Ã�Ì�À�ˆ�>�•���i�Û�>�«�œ�À�>�Ì�i�`���“�œ�ˆ�Ã�Ì�Õ�À�i���«�À�i�V�ˆ�«�ˆ�Ì�>�Ì�i�Ã���œ�Û�i�À��

�•�>�˜�`�� �­�6�>�˜�� �`�i�À�� �
�˜�Ì�� �i�Ì�� �>�•�°�� �Ó�ä�£�ä�Æ���/�Õ�ˆ�˜�i�˜�L�Õ�À�}�� �i�Ì�� �>�•�°�� �Ó�ä�Ó�ä�L�®�]�� �Ü�…�ˆ�V�…���ˆ�Ã���>�� �«�À�œ�V�i�Ã�Ã���V�>�•�•�i�`��

�Ì�i�À�À�i�Ã�Ì�À�ˆ�>�•�� �“�œ�ˆ�Ã�Ì�Õ�À�i�� �À�i�V�Þ�V�•�ˆ�˜�}�°�� �‚�`�`�ˆ�Ì�ˆ�œ�˜�>�•�•�Þ�]�� �>�L�œ�Õ�Ì�� �…�>�•�v�� �œ�v�� �Ì�i�À�À�i�Ã�Ì�À�ˆ�>�•�� �«�À�i�V�ˆ�«�ˆ�Ì�>�Ì�ˆ�œ�˜��

�œ�À�ˆ�}�ˆ�˜�>�Ì�i�Ã���v�À�œ�“���•�>�˜�`���­�/�Õ�ˆ�˜�i�˜�L�Õ�À�}���i�Ì���>�•�°���Ó�ä�Ó�ä�L�®�°�����i�˜�V�i�]���Ì�i�À�À�i�Ã�Ì�À�ˆ�>�•���“�œ�ˆ�Ã�Ì�Õ�À�i���À�i�V�Þ�V�•�ˆ�˜�}��

�…�>�Ã�� �>�˜�� �ˆ�“�«�œ�À�Ì�>�˜�Ì�� �V�œ�˜�Ì�À�ˆ�L�Õ�Ì�ˆ�œ�˜�� �Ì�œ�� �Ü�>�Ì�i�À�� �>�Û�>�ˆ�•�>�L�ˆ�•�ˆ�Ì�Þ�°�� ���œ�À�� �i�Ý�>�“�«�•�i�]�� �n�ä�¯�� �œ�v�� �
�…�ˆ�˜�>�½�Ã��

�Ü�>�Ì�i�À���À�i�Ã�œ�Õ�À�V�i�Ã���œ�À�ˆ�}�ˆ�˜�>�Ì�i�Ã���v�À�œ�“���i�Û�>�«�œ�À�>�Ì�ˆ�œ�˜���œ�Û�i�À���
�Õ�À�>�Ã�ˆ�>���­�6�>�˜���`�i�À���
�˜�Ì���i�Ì���>�•�°���Ó�ä�£�ä�®�°��

���Õ�À�Ì�…�i�À�“�œ�À�i�]�� �>�À�i�>�Ã�� �V�>�˜�� �>�•�Ã�œ�� �v�i�i�`�� �«�À�i�V�ˆ�«�ˆ�Ì�>�Ì�ˆ�œ�˜�� �Ì�œ�� �Ì�…�i�“�Ã�i�•�Û�i�Ã�� �Ì�…�À�œ�Õ�}�…�� �À�i�}�ˆ�œ�˜�>�•��

�“�œ�ˆ�Ã�Ì�Õ�À�i���À�i�V�Þ�V�•�ˆ�˜�}�°�����˜���Ì�…�i���‚�“�>�â�œ�˜���L�>�Ã�ˆ�˜�]���È�Î�¯���œ�v���Ì�…�i���i�Û�>�«�œ�À�>�Ì�i�`���“�œ�ˆ�Ã�Ì�Õ�À�i���«�À�i�V�ˆ�«�ˆ�Ì�>�Ì�i�Ã��

�Ü�ˆ�Ì�…�ˆ�˜�� �Ì�…�i�� �L�>�Ã�ˆ�˜�� �ˆ�Ì�Ã�i�•�v�� �­�/�Õ�ˆ�˜�i�˜�L�Õ�À�}�� �i�Ì�� �>�•�°�� �Ó�ä�Ó�ä�L�®�°�� �/�i�À�À�i�Ã�Ì�À�ˆ�>�•�� �“�œ�ˆ�Ã�Ì�Õ�À�i�� �À�i�V�Þ�V�•�ˆ�˜�}�� �ˆ�Ã��

�V�œ�˜�Ã�ˆ�`�i�À�i�`���>�˜���i�V�œ�Ã�Þ�Ã�Ì�i�“���Ã�i�À�Û�ˆ�V�i���­���i�Þ�Ã���i�Ì���>�•�°���Ó�ä�£�È�Æ�����>�•�Ž�i�˜�“�>�À�Ž���i�Ì���>�•�°���Ó�ä�£�™�®���>�Ã���}�•�œ�L�>�•�•�Þ�]��

�>�•�“�œ�Ã�Ì���Ó�ä�¯���œ�v���Ì�i�À�À�i�Ã�Ì�À�ˆ�>�•���«�À�i�V�ˆ�«�ˆ�Ì�>�Ì�ˆ�œ�˜���œ�À�ˆ�}�ˆ�˜�>�Ì�i�Ã���v�À�œ�“���Û�i�}�i�Ì�>�Ì�ˆ�œ�˜�‡�À�i�}�Õ�•�>�Ì�i�`���“�œ�ˆ�Ã�Ì�Õ�À�i��

�À�i�V�Þ�V�•�ˆ�˜�}���­���i�Þ�Ã���i�Ì���>�•�°���Ó�ä�£�È�®�°�����œ�Ü���Ì�…�ˆ�Ã���i�V�œ�Ã�Þ�Ã�Ì�i�“���Ã�i�À�Û�ˆ�V�i���ˆ�Ã���>�v�v�i�V�Ì�i�`���L�Þ�]���v�œ�À���ˆ�˜�Ã�Ì�>�˜�V�i�]��

�`�i�v�œ�À�i�Ã�Ì�>�Ì�ˆ�œ�˜�]���V�>�˜���L�i���Ã�Ì�Õ�`�ˆ�i�`���Õ�Ã�ˆ�˜�}���>�Ì�“�œ�Ã�«�…�i�À�ˆ�V���“�œ�ˆ�Ã�Ì�Õ�À�i���V�œ�˜�˜�i�V�Ì�ˆ�œ�˜�Ã�°��

���œ�ˆ�Ã�Ì�Õ�À�i���À�i�V�Þ�V�•�ˆ�˜�}���…�>�Ã���L�i�i�˜���Õ�Ã�i�`���Ì�œ���Ã�Ì�Õ�`�Þ���`�œ�Ü�˜�Ü�ˆ�˜�`���ˆ�“�«�>�V�Ì�Ã���œ�v���•�>�˜�`�‡�Õ�Ã�i���V�…�>�˜�}�i�Ã��

�­�	�>�}�•�i�Þ�� �i�Ì�� �>�•�°�� �Ó�ä�£�Ó�Æ�� ���i�Þ�Ã�� �i�Ì�� �>�•�°�� �Ó�ä�£�Ó�Æ�� �7�>�˜�}�‡�
�À�•�>�˜�`�Ã�Ã�œ�˜�� �i�Ì�� �>�•�°�� �Ó�ä�£�n�®�]�� �Ü�…�ˆ�V�…�� �V�>�˜��

�>�v�v�i�V�Ì�� �L�œ�Ì�…�� �Ì�…�i�� �“�>�}�˜�ˆ�Ì�Õ�`�i�� �>�˜�`�� �«�>�Ì�Ì�i�À�˜�� �œ�v�� �“�œ�ˆ�Ã�Ì�Õ�À�i�� �À�i�V�Þ�V�•�ˆ�˜�}�� �­�6�>�˜�� �`�i�À�� �
�˜�Ì�� �i�Ì�� �>�•�°��

�Ó�ä�£�{�®�]���>�˜�`���Ì�…�i���ˆ�“�«�>�V�Ì���œ�v���i�V�œ�Ã�Þ�Ã�Ì�i�“�Ã���œ�˜���œ�Ì�…�i�À���i�V�œ�Ã�Þ�Ã�Ì�i�“�Ã���­�"�½�
�œ�˜�˜�œ�À���i�Ì���>�•�°���Ó�ä�Ó�£�>�®�°��

���i�˜�V�i�]���>�Ì�“�œ�Ã�«�…�i�À�ˆ�V���“�œ�ˆ�Ã�Ì�Õ�À�i���V�œ�˜�˜�i�V�Ì�ˆ�œ�˜�Ã���V�>�˜���L�i���Õ�Ã�i�`���v�œ�À���v�À�i�Ã�…�Ü�>�Ì�i�À���}�œ�Û�i�À�˜�>�˜�V�i��

�Ì�œ�� �Õ�˜�`�i�À�Ã�Ì�>�˜�`�� �>�˜�`�� �“�>�˜�>�}�i�� �Ì�…�i�� �ˆ�“�«�>�V�Ì�Ã�� �œ�v�� �•�>�˜�`�‡�Õ�Ã�i�� �V�…�>�˜�}�i�Ã�� �`�œ�Ü�˜�Ü�ˆ�˜�`�� �Ã�Õ�V�…���>�Ã��

�V�…�>�˜�}�i�Ã���ˆ�˜���v�À�i�Ã�…�Ü�>�Ì�i�À���>�Û�>�ˆ�•�>�L�ˆ�•�ˆ�Ì�Þ���v�œ�À���ˆ�À�À�ˆ�}�>�Ì�ˆ�œ�˜���>�˜�`���˜�>�Ì�Õ�À�>�•���i�V�œ�Ã�Þ�Ã�Ì�i�“�Ã���­�/�i���7�ˆ�i�À�ˆ�Ž��

�i�Ì���>�•�°���Ó�ä�Ó�ä�Æ���Ì�i���7�ˆ�i�À�ˆ�Ž���i�Ì���>�•�°���Ó�ä�Ó�£�®�°�����œ�À���i�Ý�>�“�«�•�i�]���«�À�i�Û�ˆ�œ�Õ�Ã���À�i�Ã�i�>�À�V�…���Ã�…�œ�Ü�i�`���Ì�…�>�Ì���v�œ�À��

�{�x�¯���œ�v���Ì�…�i���
�>�À�Ì�…�½�Ã���•�>�˜�`���Ã�Õ�À�v�>�V�i�]���>�˜���ˆ�˜�V�À�i�>�Ã�i���ˆ�˜���Û�i�}�i�Ì�>�Ì�ˆ�œ�˜���ˆ�Ã���L�i�˜�i�w�V�ˆ�>�•���v�œ�À���`�œ�Ü�˜�Ü�ˆ�˜�`��

�Ü�>�Ì�i�À���>�Û�>�ˆ�•�>�L�ˆ�•�ˆ�Ì�Þ���­�
�Õ�ˆ���i�Ì���>�•�°���Ó�ä�Ó�Ó�®�°

�-�œ���v�>�À�]���>�˜�>�•�Þ�Ì�ˆ�V�>�•���À�i�V�Þ�V�•�ˆ�˜�}���“�œ�`�i�•�Ã���>�˜�`���“�œ�ˆ�Ã�Ì�Õ�À�i�‡�Ì�À�>�V�Ž�ˆ�˜�}���“�œ�`�i�•�Ã���…�>�Û�i���L�i�i�˜���Õ�Ã�i�`���Ì�œ��

study terrestrial recycling and downwind impacts of land cover change on global and 

�À�i�}�ˆ�œ�˜�>�•���•�i�Û�i�•�Ã���­�	�Õ�À�`�i���>�˜�`���<�>�˜�}�Û�ˆ�•���Ó�ä�ä�£�Æ���6�>�˜���`�i�À���
�˜�Ì���i�Ì���>�•�°���Ó�ä�£�ä�®�°�����Õ�•�Ì�ˆ�«�•�i���Ã�Ì�Õ�`�ˆ�i�Ã��

�v�œ�V�Õ�Ã���œ�˜���Ì�…�i���À�i�}�ˆ�œ�˜�>�•���À�i�V�Þ�V�•�ˆ�˜�}���v�œ�À���Ã�«�i�V�ˆ�w�V���À�i�}�ˆ�œ�˜�Ã�]���Ü�ˆ�Ì�…���>���Ã�«�>�Ì�ˆ�>�•���Ã�V�>�•�i���À�>�˜�}�ˆ�˜�}���v�À�œ�“��

500km up to several thousands of kilometres �­�i�°�}�°�]�� ���i�Ì�Ì�>�Õ�� �i�Ì�� �>�•�°�� �£�™�Ç�™�Æ�� �/�À�i�˜�L�i�À�Ì�…��
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2.2 Methods
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�…�Õ�˜�`�À�i�`���À�i�•�i�>�Ã�i�`���“�œ�ˆ�Ã�Ì�Õ�À�i���«�>�À�V�i�•�Ã�°���/�…�i���Ü�ˆ�˜�`���Ì�À�>�˜�Ã�«�œ�À�Ì�Ã���Ì�…�i�Ã�i���«�>�À�V�i�•�Ã���…�œ�À�ˆ�â�œ�˜�Ì�>�•�•�Þ���>�˜�`��

�Û�i�À�Ì�ˆ�V�>�•�•�Þ���Ì�…�À�œ�Õ�}�…���Ì�…�i���>�Ì�“�œ�Ã�«�…�i�À�i�°���‚�`�`�ˆ�Ì�ˆ�œ�˜�>�•�•�Þ�]���>���«�À�œ�L�>�L�ˆ�•�ˆ�Ã�Ì�ˆ�V���Ã�V�…�i�“�i���`�i�Ã�V�À�ˆ�L�i�Ã���Ì�…�i��
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�ˆ�°�i�°�]��r1�]���­�Ó�®���ˆ�Ì�Ã���Ã�œ�Õ�À�V�i���}�À�ˆ�`���V�i�•�•���>�˜�`���ˆ�Ì�Ã���i�ˆ�}�…�Ì���˜�i�ˆ�}�…�L�œ�Õ�À�ˆ�˜�}���}�À�ˆ�`���V�i�•�•�Ã�]���ˆ�°�i�°�]��r9�]���>�˜�`���­�Î�®���ˆ�Ì�Ã��

�Ã�œ�Õ�À�V�i���}�À�ˆ�`���V�i�•�•���>�˜�`���ˆ�Ì�Ã���Ó�{���˜�i�ˆ�}�…�L�œ�Õ�À�ˆ�˜�}���}�À�ˆ�`���V�i�•�•�Ã�]���ˆ�°�i�°�]��r25�°���
�µ�Õ�>�Ì�ˆ�œ�˜�Ã���Ó�°�£�‡�Ó�°�Î���`�i�Ã�V�À�ˆ�L�i��

�Ì�…�i���Ì�…�À�i�i���`�i�w�˜�ˆ�Ì�ˆ�œ�˜�Ã���œ�v�������,�]���ˆ�˜���Ü�…�ˆ�V�…��Ei,j is the amount of moisture evaporated from 

source grid cell i,j�°���/�…�i���v�À�>�V�Ì�ˆ�œ�˜���œ�v��Ei,j that precipitates within its source grid cell and 

�ˆ�Ì�Ã���­�n���œ�À���Ó�{�®���˜�i�ˆ�}�…�L�œ�Õ�À�ˆ�˜�}���}�À�ˆ�`���V�i�•�•�Ã���ˆ�Ã���ˆ�˜�`�ˆ�V�>�Ì�i�`���L�Þ��PE,i+l,j+k (i+l �]j+k�]���Ü�ˆ�Ì�…��l���r���ä���>�˜�` k���r��

0 for r1, l���r���‡�£�]�ä�]�£���>�˜�`��k���r���‡�£�]�ä�]�£���v�œ�À��r9 and l���r���‡�Ó�]�‡�£�]�ä�]�£�]�Ó���>�˜�`��k���r���‡�Ó�]�‡�£�]�ä�]�£�]�Ó���v�œ�À��r25���®�°��
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r1�] r9�]���>�˜�`��r25���À�i�Ã�Õ�•�Ì���ˆ�˜���`�ˆ�v�v�i�À�i�˜�Ì���•�œ�V�>�•���“�œ�ˆ�Ã�Ì�Õ�À�i���À�i�V�Þ�V�•�ˆ�˜�}���À�>�Ì�ˆ�œ�Ã���>�V�À�œ�Ã�Ã���Ì�…�i���}�•�œ�L�i���­���ˆ�}�Õ�À�i��

�-�Ó�®�°��r1 peaks over the oceans where precipitation is relatively low and evaporation is 

�À�i�•�>�Ì�ˆ�Û�i�•�Þ���•�>�À�}�i�]���Ü�…�ˆ�V�…���À�i�Ã�Õ�•�Ì�Ã���ˆ�˜���À�i�•�>�Ì�ˆ�Û�i�•�Þ���•�>�À�}�i���À�i�V�Þ�V�•�ˆ�˜�}���À�>�Ì�ˆ�œ�Ã�°�����˜���>�`�`�ˆ�Ì�ˆ�œ�˜�]���Ü�i���w�˜�`��

�i�Ý�V�i�«�Ì�ˆ�œ�˜�>�•�•�Þ���•�œ�Ü���Û�>�•�Õ�i�Ã���œ�Û�i�À���“�œ�Õ�˜�Ì�>�ˆ�˜���«�i�>�Ž�Ã�]���Þ�i�Ì���˜�œ�Ì���œ�Û�i�À���>�•�•���i�•�i�Û�>�Ì�i�`���Ì�i�À�À�>�ˆ�˜�°���/�…�ˆ�Ã��

result is inconsistent with the patterns found for  r9 and r25�]���>�Ã���Ì�…�i�Ã�i���«�>�Ì�Ì�i�À�˜�Ã���ˆ�˜�V�•�Õ�`�i��

�«�i�>�Ž�Ã���œ�Û�i�À���“�œ�Õ�˜�Ì�>�ˆ�˜�œ�Õ�Ã���>�˜�`���•�œ�Ü���À�i�V�Þ�V�•�ˆ�˜�}���œ�Û�i�À���Ì�…�i���œ�V�i�>�˜�Ã�°���/�…�i�Ã�i���«�>�Ì�Ì�i�À�˜�Ã���V�>�˜���L�i��

explained by enhanced convection over mountains due to orographic lift and strong 

�Ü�ˆ�˜�`�Ã���œ�Û�i�À���Ì�…�i���œ�V�i�>�˜���Ì�…�>�Ì���V�>�À�À�Þ���“�œ�ˆ�Ã�Ì�Õ�À�i���>�Ü�>�Þ���v�À�œ�“���ˆ�Ì�Ã���Ã�œ�Õ�À�V�i�°���/�…�i���«�>�Ì�Ì�i�À�˜�Ã���v�œ�Õ�˜�`���v�œ�À��

r9 and r25 seem to capture multiple physical processes that are important for moisture 

transport and the formation of precipitation better than the pattern of r1�°�����˜���œ�Õ�À���Ã�Ì�Õ�`�Þ��

we do not focus on r1�]���>�Ã��r1���`�œ�i�Ã���˜�œ�Ì���ˆ�˜�V�•�Õ�`�i���>�•�•���Ã�“�>�•�•�‡�Ã�V�>�•�i���y�œ�Ü�Ã���œ�v���•�x�ä�Ž�“�°���/�…�ˆ�Ã���ˆ�Ã��

because moisture can evaporate from cell i,j�]�� �>�˜�`���«�À�i�V�ˆ�«�ˆ�Ì�>�Ì�i�� �ˆ�˜���Ì�…�i���>�`�•�>�V�i�˜�Ì�� �V�i�•�•�]��

�Ü�…�ˆ�•�i���Ì�À�>�˜�Ã�«�œ�À�Ì���•�i�˜�}�Ì�…���ˆ�Ã���•�x�ä�Ž�“�°�����Õ�À�Ì�…�i�À�“�œ�À�i�]���>�Ã���Ì�…�i���«�>�Ì�Ì�i�À�˜�Ã���œ�v��r9 and r25 are similar 

�>�˜�`���>�}�À�i�i���Ü�ˆ�Ì�…���œ�Õ�À���Õ�˜�`�i�À�Ã�Ì�>�˜�`�ˆ�˜�}���œ�v���À�i�•�i�Û�>�˜�Ì���«�À�œ�V�i�Ã�Ã�i�Ã�]���Ü�i���`�i�V�ˆ�`�i�`���Ì�œ���`�i�w�˜�i���Ì�…�i��

local moisture recycling ratio (LMR) as r9���Ì�œ���Ž�i�i�«���Ì�…�i���Ã�«�>�Ì�ˆ�>�•���Ã�V�>�•�i���>�Ã���Ã�“�>�•�•���>�Ã���«�œ�Ã�Ã�ˆ�L�•�i�°��

���œ�À��r9�] the distance between the centre of the source grid cell and its surrounding grid 

�V�i�•�•�Ã���`�i�Ã�V�À�ˆ�L�i�Ã���Ì�…�i���Ì�Þ�«�ˆ�V�>�•���•�i�˜�}�Ì�…���œ�v���Ì�…�i���•�œ�V�>�•���“�œ�ˆ�Ã�Ì�Õ�À�i���y�œ�Ü�]���Ü�…�ˆ�V�…���ˆ�Ã���>�«�«�À�œ�Ý�ˆ�“�>�Ì�i�•�Þ��

�ä�°�x�c�°���7�i���V�>�•�V�Õ�•�>�Ì�i�`���Ì�…�ˆ�Ã���Ì�Þ�«�ˆ�V�>�•���•�i�˜�}�Ì�…���>�V�À�œ�Ã�Ã���Ì�…�i���}�•�œ�L�i���L�Þ���V�>�•�V�Õ�•�>�Ì�ˆ�˜�}���Ì�…�i���>�Û�i�À�>�}�i���œ�v��

�Ì�…�i���â�œ�˜�>�•���•�i�˜�}�Ì�…�]���“�i�À�ˆ�`�ˆ�œ�˜�>�•���•�i�˜�}�Ì�…�]���>�˜�`���`�ˆ�>�}�œ�˜�>�•���•�i�˜�}�Ì�…���œ�v���>�•�•���Ì�i�À�À�i�Ã�Ì�À�ˆ�>�•���}�À�ˆ�`���V�i�•�•�Ã�°���/�…�i��

�Ì�œ�Ì�>�•���>�Û�i�À�>�}�i���i�µ�Õ�>�•�Ã���x�ä�°�£�Ž�“���­�Ã�Ì�°�`�i�Û�°���r���£�x�°�x�Ž�“�®�]���Ã�œ�]���Ì�…�i���>�Û�i�À�>�}�i���“�œ�ˆ�Ã�Ì�Õ�À�i���y�œ�Ü���•�i�˜�}�Ì�…���ˆ�Ã��

�>�«�«�À�œ�Ý�ˆ�“�>�Ì�i�•�Þ���x�ä�Ž�“�°��

���Õ�À�Ì�…�i�À�“�œ�À�i�]�� �Ì�…�i�� �����,�� �`�i�À�ˆ�Û�i�`�� �Ü�ˆ�Ì�…�� �Ì�…�i�� ���>�}�À�>�˜�}�ˆ�>�˜�� �>�«�«�À�œ�>�V�…�� �Õ�Ã�ˆ�˜�}�� �œ�Õ�Ì�«�Õ�Ì�� �v�À�œ�“��

�1�/�À�>�V�Ž�� �ˆ�Ã�� �V�œ�“�«�>�À�i�`�� �Ü�ˆ�Ì�…�� �Ì�…�i�� �œ�Õ�Ì�«�Õ�Ì�� �v�À�œ�“�� �Ì�…�i�� �
�Õ�•�i�À�ˆ�>�˜�� �“�œ�ˆ�Ã�Ì�Õ�À�i�‡�Ì�À�>�V�Ž�ˆ�˜�}�� �“�œ�`�i�•��

�7�‚���Ó�‡�•�>�Þ�i�À�Ã���­���ˆ�˜�Ž�� �i�Ì�� �>�•�°�� �Ó�ä�Ó�ä�®�]�� �Ì�œ���Ã�Ì�Õ�`�Þ�� �Ì�…�i�� �“�œ�`�i�•�� �`�i�«�i�˜�`�i�˜�V�Þ���œ�v�� �����,�°�� ���œ�À���Ì�…�ˆ�Ã��

�V�œ�“�«�>�À�ˆ�Ã�œ�˜�]���Ì�…�i���À�i�Ã�œ�•�Õ�Ì�ˆ�œ�˜���œ�v���Ì�…�i���1�/�À�>�V�Ž���`�>�Ì�>���ˆ�Ã���À�i�`�Õ�V�i�`���Ì�œ���£�°�x�c���Ì�œ���“�>�Ì�V�…���Ì�…�i���œ�Õ�Ì�«�Õ�Ì��

�œ�v���Ì�…�i���7�‚���Ó�‡�•�>�Þ�i�À�Ã���“�œ�`�i�•�°���/�œ���`�œ���Ã�œ�]���>�•�•���i�Û�>�«�œ�À�>�Ì�ˆ�œ�˜�Ã�…�i�`�Ã���œ�Û�i�À���•�>�˜�`���Ü�i�À�i���“�Õ�•�Ì�ˆ�«�•�ˆ�i�`��

�Ü�ˆ�Ì�…���Ì�…�i�ˆ�À���Ã�œ�Õ�À�V�i���i�Û�>�«�œ�À�>�Ì�ˆ�œ�˜�°���/�…�i�˜�]���Ì�…�i���À�i�V�Þ�V�•�ˆ�˜�}���Ü�ˆ�Ì�…�ˆ�˜���V�i�•�•�Ã���œ�v���£�°�x�c���Ü�>�Ã���V�>�•�V�Õ�•�>�Ì�i�`��

�v�œ�À�� �>�•�•�� �Ì�i�À�À�i�Ã�Ì�À�ˆ�>�•�� �Ã�Õ�À�v�>�V�i�Ã�°�� �‚�� �`�i�Ì�>�ˆ�•�i�`�� �`�i�Ã�V�À�ˆ�«�Ì�ˆ�œ�˜�� �œ�v�� �Ì�…�i�� �>�Ì�“�œ�Ã�«�…�i�À�ˆ�V�� �“�œ�ˆ�Ã�Ì�Õ�À�i��
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2.3 Results

2.3.1 LMR obtained from output of UTrack
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Figure 2.1. 10-year climatology (2008–2017) of the seasonal averages of local moisture recycling 
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evaporated moisture that precipitates in its source grid cell and its eight neighbouring grid cells 

(r9). Different seasons are DJF: December–February, MAM: March–May, JJA: June–August, and 

SON: September–November.
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Figure 2.2. rUTrack , the fraction of evaporated moisture that recycles within its source grid cell of 

1.5° (top). The relative deviation between r UTrack and rWAM2-layers.(bottom). This deviation is calculated 

using the fraction of moisture recycling within one grid cell at a resolution of 1.5° obtained from 

the datasets by Tuinenburg et al. (2020b) and Link et al. (2020). 
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2.3.2 Factors underlying LMR
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�‚�*�
�� �…�>�Û�i���>���•�œ�Ü�������,�� �­���ˆ�}�Õ�À�i���Ó�°�Î�®�°�����Õ�À�Ì�…�i�À�“�œ�À�i�]��

�Ì�…�i�� �«�À�i�Ã�i�˜�V�i�� �œ�v�� �V�•�œ�Õ�`�Ã�� �>�•�Ã�œ�� �V�œ�À�À�i�•�>�Ì�i�Ã�� �Ü�ˆ�Ì�…�� �����,�°�� �	�i�Ì�Ü�i�i�˜�� �����,�� �>�˜�`�� �Ì�œ�Ì�>�•�� �V�•�œ�Õ�`��

�V�œ�Û�i�À�]���>���«�œ�Ã�ˆ�Ì�ˆ�Û�i���V�œ�À�À�i�•�>�Ì�ˆ�œ�˜���…�œ�•�`�Ã���L�i�Ì�Ü�i�i�˜���£�x�c���>�˜�`���{�x�c�]���>�˜�`���>���˜�i�}�>�Ì�ˆ�Û�i���V�œ�À�À�i�•�>�Ì�ˆ�œ�˜��

�…�œ�•�`�Ã���L�i�Ì�Ü�i�i�˜���È�ä�c���>�˜�`���Ç�x�c�°�����Õ�À�Ì�…�i�À�“�œ�À�i�]���Ì�…�i���Û�i�À�Ì�ˆ�V�>�•���ˆ�˜�Ì�i�}�À�>�•�Ã���œ�v���Ì�…�i���i�>�Ã�Ì�Ü�>�À�`���>�˜�`��

�˜�œ�À�Ì�…�Ü�>�À�`���“�œ�ˆ�Ã�Ì�Õ�À�i���y�Õ�Ý�i�Ã���V�œ�À�À�i�•�>�Ì�i���•�i�Ã�Ã���Ü�ˆ�Ì�…�������,���V�œ�“�«�>�À�i�`���Ì�œ���Ì�…�i���Û�i�À�Ì�ˆ�V�>�•���y�Õ�Ý�i�Ã��

�­�i�°�}�°�]���«�À�i�V�ˆ�«�ˆ�Ì�>�Ì�ˆ�œ�˜�®�°�����œ�À���Ì�…�i���…�ˆ�}�…�i�À���•�>�Ì�ˆ�Ì�Õ�`�i�Ã�]���Ì�…�i���˜�œ�À�Ì�…�Ü�>�À�`���“�œ�ˆ�Ã�Ì�Õ�À�i���y�Õ�Ý���V�œ�À�À�i�•�>�Ì�i�Ã��

�«�œ�Ã�ˆ�Ì�ˆ�Û�i�•�Þ���Ü�ˆ�Ì�…�������,���­�L�i�Ì�Ü�i�i�˜���È�ä�c���>�˜�`���Ç�x�c�®���>�˜�`���Ì�…�i���i�>�Ã�Ì�Ü�>�À�`���“�œ�ˆ�Ã�Ì�Õ�À�i���y�Õ�Ý���V�œ�À�À�i�•�>�Ì�i�Ã��

�˜�i�}�>�Ì�ˆ�Û�i�•�Þ���Ü�ˆ�Ì�…�������,���­�L�i�Ì�Ü�i�i�˜���Ç�x�c���>�˜�`���™�ä�c�®�°���/�…�i���“�œ�ˆ�Ã�Ì�Õ�À�i���y�Õ�Ý���`�i�«�i�˜�`�Ã���œ�˜���Ü�ˆ�˜�`��

�Ã�«�i�i�`�]�� �Þ�i�Ì�]�� �Ü�ˆ�˜�`�� �Ã�«�i�i�`�� �V�œ�À�À�i�•�>�Ì�i�Ã�� �˜�i�}�>�Ì�ˆ�Û�i�•�Þ�� �Ü�ˆ�Ì�…�� �����,�� �v�œ�À�� �Ì�…�i�� �•�œ�Ü�i�À�� �•�>�Ì�ˆ�Ì�Õ�`�i�Ã��

�­�L�i�Ì�Ü�i�i�˜�� �ä�c�� �>�˜�`�� �{�x�c�®�°�� ���Õ�À�Ì�…�i�À�“�œ�À�i�]�� �����,�� �V�œ�À�À�i�•�>�Ì�i�Ã�� �«�œ�Ã�ˆ�Ì�ˆ�Û�i�•�Þ�� �Ü�ˆ�Ì�…�� �œ�À�œ�}�À�>�«�…�Þ��

�L�i�Ì�Ü�i�i�˜���Î�ä�c���>�˜�`���Ç�x�c�°���7�i���w�˜�`���Ì�…�>�Ì���v�œ�À���…�ˆ�}�…���i�•�i�Û�>�Ì�ˆ�œ�˜�]�������,���ˆ�Ã���>�•�Ü�>�Þ�Ã���À�i�•�>�Ì�ˆ�Û�i�•�Þ���…�ˆ�}�…��

�­���ˆ�}�Õ�À�i�� �-�Ç�®�°�� �‚�`�`�ˆ�Ì�ˆ�œ�˜�>�•�•�Þ�]�� �����,�� �V�œ�À�À�i�•�>�Ì�i�Ã�� �˜�i�}�>�Ì�ˆ�Û�i�•�Þ�� �Ü�ˆ�Ì�…�� �L�œ�Õ�˜�`�>�À�Þ�� �•�>�Þ�i�À�� �…�i�ˆ�}�…�Ì��

�L�i�Ì�Ü�i�i�˜�� �{�x�c�� �>�˜�`�� �È�ä�c�°�� ���ˆ�˜�>�•�•�Þ�]�� �����,�� �V�œ�À�À�i�•�>�Ì�i�Ã�� �˜�i�}�>�Ì�ˆ�Û�i�•�Þ�� �Ü�ˆ�Ì�…�� �Ü�ˆ�˜�`�� �Ã�…�i�>�À�� �>�Ì�� �È�x�ä��

�…�*�>���ˆ�˜���Ì�…�i���“�i�À�ˆ�`�ˆ�œ�˜�>�•���`�ˆ�À�i�V�Ì�ˆ�œ�˜���­�L�i�Ì�Ü�i�i�˜���Ç�x�c���>�˜�`���™�ä�c�®���>�˜�`���Ü�ˆ�Ì�…���•�>�Ì�ˆ�Ì�Õ�`�i���­�L�i�Ì�Ü�i�i�˜��

�È�ä�c���>�˜�`���Ç�x�c�®�°�����œ�Ü�i�Û�i�À�]���Ü�i���w�˜�`���>�˜���œ�Ã�V�ˆ�•�•�>�Ì�ˆ�˜�}���À�i�•�>�Ì�ˆ�œ�˜���L�i�Ì�Ü�i�i�˜�������,���>�˜�`���•�>�Ì�ˆ�Ì�Õ�`�i��

�­���ˆ�}�Õ�À�i���Ó�°�{�®�]���Ü�…�ˆ�V�…���ˆ�Ã���˜�œ�Ì���V�>�«�Ì�Õ�À�i�`���L�Þ���Ì�…�i���-�«�i�>�À�“�>�˜���À�>�˜�Ž���V�œ�À�À�i�•�>�Ì�ˆ�œ�˜���V�œ�i�v�w�V�ˆ�i�˜�Ì�Ã�°��

�/�…�ˆ�Ã���«�>�Ì�Ì�i�À�˜���ˆ�˜�`�ˆ�V�>�Ì�i�Ã���…�ˆ�}�…�������,���œ�Û�i�À���Ì�…�i���i�µ�Õ�>�Ì�œ�À���­�ä�c�®���>�˜�`���È�ä�c���˜�œ�À�Ì�…�]���>�˜�`���•�œ�Ü�������,��

�>�À�œ�Õ�˜�`�� �Î�ä�c�� �˜�œ�À�Ì�…�� �>�˜�`�� �Ã�œ�Õ�Ì�…�°�� �"�À�œ�}�À�>�«�…�Þ�� �Ã�i�i�“�Ã�� �Ì�œ�� �`�ˆ�Ã�À�Õ�«�Ì�� �Ì�…�i�� �À�i�•�>�Ì�ˆ�œ�˜�� �L�i�Ì�Ü�i�i�˜��

�•�>�Ì�ˆ�Ì�Õ�`�i�� �>�˜�`�� �����,�� �V�>�Õ�Ã�ˆ�˜�}�� �«�i�>�Ž�Ã���ˆ�˜�� �����,�� �>�À�œ�Õ�˜�`�� �Î�x�c���˜�œ�À�Ì�…���>�˜�`�� �Ó�ä�c���Ã�œ�Õ�Ì�…���­���ˆ�}�Õ�À�i��

�Ó�°�{�®�°�������,���`�œ�i�Ã���˜�œ�Ì���V�œ�À�À�i�•�>�Ì�i���Ì�œ���Ã�Õ�À�v�>�V�i���˜�i�Ì���Ã�œ�•�>�À���À�>�`�ˆ�>�Ì�ˆ�œ�˜���v�œ�À���>�˜�Þ���•�>�Ì�ˆ�Ì�Õ�`�i�°�����œ�Ü�i�Û�i�À�]��

�v�œ�À���•�œ�Ü���Ã�Õ�À�v�>�V�i���˜�i�Ì���Ã�œ�•�>�À���À�>�`�ˆ�>�Ì�ˆ�œ�˜���­�•�ä�°�Ç�x�I�£�ä�È�����É�“2) holds that LMR increases with 

�ˆ�˜�V�À�i�>�Ã�ˆ�˜�}���Ã�Õ�À�v�>�V�i���˜�i�Ì���Ã�œ�•�>�À���À�>�`�ˆ�>�Ì�ˆ�œ�˜���­���ˆ�}�Õ�À�i���Ó�°�Î�®�°��
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Figure 2.3. Scatter plots of the 10-year climatology (2008–2017) of the local moisture recycling 

ratio over land and precipitation (top left), evaporation (top right), convective available potential 

energy (CAPE) (bottom left), and solar net surface radiation (bottom right). Each dot represents a 

0.5° resolution grid cell over land. 

Figure 2.4. Scatter plot of the 10-year climatology (2008-2017) of LMR and latitude. The colour 

scale indicates elevation, with blue being low elevation and yellow being high elevation. The black 

line represents the zonal average of LMR. Each dot represents a 0.5° resolution grid cell over land.
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�6�C�D�N�G�������������5�R�G�C�T�O�C�P���T�C�P�M���E�Q�T�T�G�N�C�V�K�Q�P���E�Q�G�H�‚�E�K�G�P�V�U���D�G�V�Y�G�G�P���.�/�4���C�P�F���C�N�N���V�G�U�V�G�F���X�C�T�K�C�D�N�G�U�����n���o���K�P�F�K�E�C�V�G�U��

�C���U�K�I�P�K�‚�E�C�P�V���E�Q�T�T�G�N�C�V�K�Q�P���
�R���������������C�P�F���O�Q�F�G�T�C�V�G���C�P�F���U�V�T�Q�P�I���E�Q�T�T�G�N�C�V�K�Q�P�U���
� >0.4) are emboldened. 

The classes including latitudes between 0° and 60° include grid cells of the Northern Hemisphere 

and Southern Hemisphere. The classes including latitudes exceeding 60° include grid cells of the 

Northern Hemisphere only.

Variable �-�«�i�>�À�“�>�˜���À�>�˜�Ž���V�œ�À�À�i�•�>�Ì�ˆ�œ�˜���V�œ�i�v�w�V�ˆ�i�˜�Ì�Ã���v�œ�À���`�ˆ�v�v�i�À�i�˜�Ì���•�>�Ì�ˆ�Ì�Õ�`�i�Ã

0°-15° 15°-30° 30°-45° 45°-60° 60°-75° 75°-90°

Total precipitation (P) �ä�°�£�x�I 0.80* 0.47* 0.40* 0.45* �ä�°�Î�Ç�I

Total evaporation (E) �‡�ä�°�ä�x�I 0.63* �ä�°�£�™�I �‡�ä�°�£�Ó�I �ä�°�£�™�I �ä�°�Ó�ä�I

�7�i�Ì�˜�i�Ã�Ã���­�*�‡�
�® �ä�°�£�n* 0.59* 0.52* 0.48* 0.43* �ä�°�Ó�Ç�I

Convective precipitation �ä�°�Ó�ä�I 0.79* 0.46* �ä�°�Ó�™�I �ä�°�Î�x�I �ä�°�Î�Î�I

Large scale precipitation �‡�ä�°�ä�È�I 0.75* 0.46* �ä�°�Î�n�I 0.40* �ä�°�Î�È�I

���À�>�V�Ì�ˆ�œ�˜���œ�v���V�« �ä�°�Î�È�I �‡�ä�°�Î�x�I �‡�ä�°�£�Î�I �‡�ä�°�£�{�I �ä�°�£�™�I �ä�°�Ó�n�I

Latitude �ä�°�Ó�{�I �‡�ä�°�£�n�I �ä�°�Ó�Ó�I �ä�°�£�{�I -0.40* �‡�ä�°�£�n�I

�
�>�Ã�Ì�Ü�>�À�`���“�œ�ˆ�Ã�Ì�Õ�À�i���y�Õ�Ý���ä�°�£�x�I �ä�°�ä�ä �‡�ä�°�Î�ä�I �‡�ä�°�Î�n�I �‡�ä�°�Ó�ä�I -0.49*

� �œ�À�Ì�…�Ü�>�À�`���“�œ�ˆ�Ã�Ì�Õ�À�i���y�Õ�Ý���‡�ä�°�ä�Î�I �ä�°�Ó�Ó�I �ä�°�Ó�™�I �‡�ä�°�ä�Î�I 0.48* �ä�°�Ó�Î�I

�/�œ�Ì�>�•���“�œ�ˆ�Ã�Ì�Õ�À�i���y�Õ�Ý�� �‡�ä�°�Ó�n�I �ä�°�Î�ä�I �‡�ä�°�Ó�™�I�‡�ä�°�Î�Î�I �‡�ä�°�ä�Î �‡�ä�°�£�È�I

�
�‚�*�
 �ä�°�Î�£�I 0.58* �ä�°�Î�Ç�I �ä�°�ä�È�I �ä�°�£�Ó�I �‡�ä�°�ä�Ó

�<�œ�˜�>�•���Ã�…�i�>�À �ä�°�£�x�I �‡�ä�°�£�Ó�I �ä�°�ä�Ó �‡�ä�°�Î�£�I �ä�°�ä�ä �ä�°�Ó�{�I

Meridional shear �‡�ä�°�Ó�Ó�I�ä�°�£�x�I �‡�ä�°�ä�n�I �‡�ä�°�ä�£ �ä�°�ä�x�I -0.46*

Orography �ä�°�Î�£�I �ä�°�Ó�™�I 0.49* 0.54* 0.68* �‡�ä�°�£�Î�I

Total cloud cover �ä�°�Ó�n�I 0.78* 0.43* �ä�°�ä�™�I -0.56* �ä�°�ä�n�I

�-�Õ�À�v�>�V�i���˜�i�Ì���Ã�œ�•�>�À���À�>�`�ˆ�>�Ì�ˆ�œ�˜�‡�ä�°�£�È�I �ä�°�£�ä�I �‡�ä�°�Î�ä�I �‡�ä�°�ä�n�I �ä�°�Ó�n�I �ä�°�Ó�£�I

Boundary layer height �‡�ä�°�Î�£�I �‡�ä�°�Î�Ó�I �‡�ä�°�Î�™�I -0.53* �‡�ä�°�£�n�I �‡�ä�°�ä�È�I

Total wind speed -0.46* -0.55* -0.47* �‡�ä�°�Ó�È�I �‡�ä�°�Ó�È�I �‡�ä�°�Î�ä�I

2.4 Discussion

2.4.1 Factors underlying LMR
���œ�ˆ�Ã�Ì�Õ�À�i�� �À�i�V�Þ�V�•�ˆ�˜�}�� �>�v�v�i�V�Ì�Ã�� �…�Õ�“�>�˜�Ž�ˆ�˜�`�� �L�Þ�� �ˆ�˜�y�Õ�i�˜�V�ˆ�˜�}�� �Ü�>�Ì�i�À�� �Ã�i�V�Õ�À�ˆ�Ì�Þ�]�� �>�}�À�ˆ�V�Õ�•�Ì�Õ�À�i�]��

�v�œ�À�i�Ã�Ì�À�Þ�]�� �À�i�}�ˆ�œ�˜�>�•�� �V�•�ˆ�“�>�Ì�i�� �Ã�Ì�>�L�ˆ�•�ˆ�Ì�Þ�� �>�˜�`�� �
�>�À�Ì�…�� �Ã�Þ�Ã�Ì�i�“�� �À�i�Ã�ˆ�•�ˆ�i�˜�V�i�� �­���i�Þ�Ã�� �i�Ì�� �>�•�°�� �Ó�ä�£�™�Æ��

�7�>�˜�}�‡�
�À�•�>�˜�`�Ã�Ã�œ�˜���i�Ì���>�•�°���Ó�ä�Ó�Ó�®�°�����ˆ�v�v�i�À�i�˜�Ì���Ì�Þ�«�i�Ã���œ�v���“�œ�ˆ�Ã�Ì�Õ�À�i���À�i�V�Þ�V�•�ˆ�˜�}���Ü�i�À�i���Ã�Õ�L�•�i�V�Ì���Ì�œ��

�À�i�Ã�i�>�À�V�…���>�˜�`���Õ�Ã�i�`���v�œ�À���`�ˆ�v�v�i�À�i�˜�Ì���>�«�«�•�ˆ�V�>�Ì�ˆ�œ�˜�Ã���­�6�>�˜���`�i�À���
�˜�Ì���i�Ì���>�•�°���Ó�ä�£�ä�Æ���	�>�}�•�i�Þ���i�Ì���>�•�°��

�Ó�ä�£�Ó�Æ���*�À�>�˜�ˆ�˜�`�ˆ�Ì�>���i�Ì���>�•�°���Ó�ä�Ó�Ó�®�°���7�i���>�˜�>�•�Þ�Ã�i�`���Ì�…�i���•�œ�V�>�•���“�œ�ˆ�Ã�Ì�Õ�À�i���À�i�V�Þ�V�•�ˆ�˜�}���À�>�Ì�ˆ�œ���­�����,�®��

�­�œ�v���i�Û�>�«�œ�À�>�Ì�i�`���“�œ�ˆ�Ã�Ì�Õ�À�i�®���>�V�À�œ�Ã�Ã���Ì�…�i���}�•�œ�L�i���>�Ì���ä�°�x�c���À�i�Ã�œ�•�Õ�Ì�ˆ�œ�˜�]���>�˜�`���Ü�…�ˆ�V�…���v�>�V�Ì�œ�À�Ã���“�ˆ�}�…�Ì��
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�>�v�v�i�V�Ì�� �ˆ�Ì�°�� �7�i�� �w�˜�`�� �Ì�…�>�Ì�� �����,�]�� �`�i�w�˜�i�`�� �>�Ã�� �Ì�…�i�� �v�À�>�V�Ì�ˆ�œ�˜�� �œ�v�� �i�Û�>�«�œ�À�>�Ì�i�`�� �“�œ�ˆ�Ã�Ì�Õ�À�i�� �Ì�…�>�Ì��

�«�À�i�V�ˆ�«�ˆ�Ì�>�Ì�i�Ã���Ü�ˆ�Ì�…�ˆ�˜���>���`�ˆ�Ã�Ì�>�˜�V�i���œ�v���ä�°�x�c���­�Ì�Þ�«�ˆ�V�>�•�•�Þ���x�ä�Ž�“�®���v�À�œ�“���ˆ�Ì�Ã���Ã�œ�Õ�À�V�i�]���Û�>�À�ˆ�i�Ã���œ�Û�i�À���Ì�ˆ�“�i��

�>�˜�`���Ã�«�>�V�i�]���«�i�>�Ž�ˆ�˜�}���ˆ�˜���Ã�Õ�“�“�i�À���>�˜�`���œ�Û�i�À���i�•�i�Û�>�Ì�i�`���>�˜�`���Ü�i�Ì���À�i�}�ˆ�œ�˜�Ã�°�����ˆ�À�Ã�Ì�]���•�>�Ì�ˆ�Ì�Õ�`�i�]��
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2.4.2 Regional patterns
To zoom in on the importance of each of the different factors underlying LMR for 
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2.5 Conclusions
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Chapter 3 | Ecohydrological variables underlie local 
moisture recycling in Mediterranean-type climates
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Abstract

Mediterranean areas are projected to face increased water scarcity due to global 
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Basin recycling and regional recycling have been used to study rainfall effects of 
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local precipitation recycling describes how much precipitation originated as local 
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local evaporation recycling ratio (ELMR) as the fraction of evaporation that returns 
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PLMR conceptually resemble the regional recycling ratios developed by Van der Ent 
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Local precipitation recycling ratio (PLMR): the fraction of precipitation that 
evaporated within approximately 50 km from where it precipitates.

Local evaporation recycling ratio (ELMR): the fraction of evaporation that 
precipitates within approximately 50 km from where it evaporated.

c

PLMR ELMR

~50 km

Figure 3.1. A schematic overview of (a) the calculation of local evaporation recycling (ELMR) and 

local precipitation recycling (PLMR), (b) a visual representation of these processes in which the 
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however, the grids shown in the schematic in (a) do not resemble this resolution. 
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3.2 Methods

3.2.1 Atmospheric moisture recycling and moisture tracking
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calculated as follows:

						           � ­� Î� °� £� ®

���i�À�i�]��Ei,j is the total evaporation from the source grid cell and PE,i+l,j+k   is the fraction 
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���i�À�i�]��Pi,j is the total precipitation in the sink grid and EP,i+l,j+k  is the fraction of 

this total precipitation that evaporated from within this grid cell and its eight 
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Both local recycling metrics are calculated with atmospheric moisture connections 
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							             � ­� Î� °� Î� ®

���i�À�i�]��Eregion is the total amount of water that evaporated from the study region and 

PE,region is the fraction of Eregion���Ì�…�>�Ì���À�i�Ì�Õ�À�˜�Ã���>�Ã���À�>�ˆ�˜�v�>�•�•���Ì�œ���Ì�…�ˆ�Ã���Ã�Ì�Õ�`�Þ���À�i�}�ˆ�œ�˜�°���*�,���,���ˆ�Ã��

calculated as follows:

							             � ­� Î� °� {� ®

���˜���Ì�…�ˆ�Ã���i�µ�Õ�>�Ì�ˆ�œ�˜�]��Pregion is the total amount of rainfall that falls within the study region 
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�,�‚�x�‡���>�˜�`���`�>�Ì�>�]���>�˜�`���Ü�i�À�i���Ì�i�“�«�œ�À�>�•�•�Þ���>�˜�`���Ã�«�>�Ì�ˆ�>�•�•�Þ���>�Û�i�À�>�}�i�`���Ì�œ���œ�L�Ì�>�ˆ�˜��

�>���“�Õ�•�Ì�ˆ�‡�Þ�i�>�À���­�Ó�ä�ä�n�‡�Ó�ä�£�Ç�®���>�Û�i�À�>�}�i���œ�v���i�>�V�…���Û�>�À�ˆ�>�L�•�i���v�œ�À���i�>�V�…���À�i�}�ˆ�œ�˜���Ã�i�«�>�À�>�Ì�i�•�Þ�°�����œ�À�i��

�ˆ�˜�v�œ�À�“�>�Ì�ˆ�œ�˜���>�L�œ�Õ�Ì���Ì�…�i���`�>�Ì�>���œ�L�Ì�>�ˆ�˜�i�`���v�À�œ�“���
�,�‚�x���>�˜�`���
�,�‚�x�‡���>�˜�`���`�>�Ì�>���V�>�˜���L�i���v�œ�Õ�˜�`��

�ˆ�˜���-�i�V�Ì�ˆ�œ�˜���Î�°�Ó�°�Î�°
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�6�C�D�N�G�������������%�J�C�T�C�E�V�G�T�K�U�V�K�E�U���Q�H���V�J�G���‚�X�G���/�G�F�K�V�G�T�T�C�P�G�C�P���T�G�I�K�Q�P�U�����U�Q�W�V�J���Y�G�U�V���#�W�U�V�T�C�N�K�C���
�5�9�#�������U�Q�W�V�J��

west US (SWUS), central Chile (CC), the Mediterranean Basin (MB) and the Cape region of South 

Africa (CSA). This table shows spatial multi-year (2008-2017) averages calculated with data 

�Q�D�V�C�K�P�G�F���H�T�Q�O���'�4�#�����C�P�F���'�4�#�����.�C�P�F�����1�P�G���I�T�K�F���E�G�N�N���K�U���������Œ���
�C�T�Q�W�P�F�������³�����M�O�������+�P���D�G�V�Y�G�G�P���D�T�C�E�M�G�V�U��

�C�T�G���V�J�G���E�Q�G�H�‚�E�K�G�P�V�U���Q�H���X�C�T�K�C�V�K�Q�P���Q�X�G�T���V�K�O�G���Y�J�K�E�J���T�G�H�G�T���V�Q���C�P�P�W�C�N���X�C�T�K�C�V�K�Q�P���C�P�F���C�T�G���F�G�‚�P�G�F���C�U���V�J�G��

�T�C�V�K�Q���Q�H���V�J�G���U�V�C�P�F�C�T�F���F�G�X�K�C�V�K�Q�P���Q�X�G�T���V�J�G���C�P�P�W�C�N���C�X�G�T�C�I�G���H�Q�T���V�J�G���U�R�G�E�K�‚�E���X�C�T�K�C�D�N�G�����5�W�O�O�G�T���K�U���F�G�‚�P�G�F��

�C�U���,�,�#���H�Q�T���V�J�G���0�Q�T�V�J�G�T�P���*�G�O�K�U�R�J�G�T�G���C�P�F���&�,�(���H�Q�T���V�J�G���5�Q�W�V�J�G�T�P���*�G�O�K�U�R�J�G�T�G�����9�K�P�V�G�T���K�U���F�G�‚�P�G�F���C�U��

DJF for the Northern Hemisphere and JJA for the Southern Hemisphere.

�-�7�‚ �-�7�1�- CC MB �
�-�‚

Land surface area (# grid cells) �Ó�{�£ �£�È�n �£�£�È �È�Ç�x 40

�‚�Û�i�À�>�}�i���>�˜�˜�Õ�>�•���«�À�i�V�ˆ�«�ˆ�Ì�>�Ì�ˆ�œ�˜���­�“�“�®�Î�È�ä��
�­�ä�°�£�{�®

�£�ä�È�ä��
�­�ä�°�x�ä�®

�n�ä�ä��
�­�ä�°�x�Ó�®

�È�x�ä��
�­�ä�°�Î�n�®

�Î�™�ä��
�­�ä�°�Ó�{�®

�‚�Û�i�À�>�}�i���>�˜�˜�Õ�>�•���i�Û�>�«�œ�À�>�Ì�ˆ�œ�˜�\

   Total evaporation (mm) �x�x�£��
�­�ä�°�Ó�Ó�®

�{�Ç�ä��
�­�ä�°�Î�x�®

552 
�­�ä�°�{�£�®

535 
�­�ä�°�Ó�n�®

�Î�n�£��
�­�ä�°�£�n�®

   Vegetation transpiration (mm) �£�Ç�{��
�­�ä�°�Î�£�®

�Ó�x�È��
�­�ä�°�x�ä�®

�Ó�{�™��
�­�ä�°�x�£�®

302 
�­�ä�°�x�£�®

�Ó�Ó�n��
�­�ä�°�Î�Î�®

   Evaporation from tree canopy (mm) �x�™��
�­�ä�°�Ó�Ç�®

�n�n��
�­�ä�°�Ó�™�®

52 
�­�ä�°�ä�Ç�®

�Ç�x��
�­�ä�°�Ó�n�®

�È�Ó��
�­�ä�°�£�ä�®

   Evaporation from bare soil (mm) �£�Ó�Î��
�­�ä�°�£�£�®

�n�n��
�­�ä�°�Î�Î�®

�£�{�{��
�­�ä�°�{�ä�®

�£�Ó�ä��
�­�ä�°�Î�Î�®

�£�£�x��
�­�ä�°�£�È�®

   Evaporation from open water (mm) 20 
�­�ä�°�Î�Ç�®

�£�Ç��
�­�ä�°�{�{�®

5 
�­�ä�°�{�È�®

�£�È��
�­�ä�°�{�Ó�®

20 
�­�ä�°�Î�È�®

�‚�Û�i�À�>�}�i���Û�>�«�œ�À���«�À�i�Ã�Ã�Õ�À�i���`�i�w�V�ˆ�Ì���­�…�*�>�®�™�ä�n��
�­�ä�°�{�{�®

�Ç�Î�Î��
�­�ä�°�x�£�®

�{�n�Î��
�­�ä�°�{�x�®

�Ç�™�£��
�­�ä�°�x�n�®

�n�{�Ç��
�­�ä�°�Î�ä�®

�‚�Û�i�À�>�}�i���>�À�ˆ�`�ˆ�Ì�Þ���ˆ�˜�`�i�Ý���Ã�Õ�“�“�i�À���­�‡�® �ä�°�£�Î �ä�°�Î�Ó �ä�°�Ó�n �ä�°�£�Î �ä�°�£�{

�‚�Û�i�À�>�}�i���>�À�ˆ�`�ˆ�Ì�Þ���ˆ�˜�`�i�Ý���Ü�ˆ�˜�Ì�i�À���­�‡�® �ä�°�n�Î �£�È �™�°�{ �Î�°�x �ä�°�™�x

�‚�Û�i�À�>�}�i���Ì�>�•�•���Û�i�}�i�Ì�>�Ì�ˆ�œ�˜���V�œ�Û�i�À���­�‡�®�ä�°�Ó�£ �ä�°�È�Î �ä�°�Ó�Ó �ä�°�{�ä �ä�°�ä�™

�‚�Û�i�À�>�}�i���Ã�…�œ�À�Ì���Û�i�}�i�Ì�>�Ì�ˆ�œ�˜���V�œ�Û�i�À���­�‡�®�ä�°�Ç�x �ä�°�Î�£ �ä�°�È�x �ä�°�{�™ �ä�°�n�È

�‚�Û�i�À�>�}�i���i�•�i�Û�>�Ì�ˆ�œ�˜���­�“�® 200 �n�ä�ä �£�Ó�™�ä �È�È�x 530

Max mountain peak (m) �{�È�x �Ó�È�x�Ç �Î�È�™�Ó �Ó�{�£�Ç �£�ä�£�ä

�‚�Û�i�À�>�}�i���Ü�ˆ�˜�`���Ã�«�i�i�`���­�“�Ã�‡�£) �£�°�x��
�­�ä�°�Î�x�®

�ä�°�™�È��
�­�ä�°�Ó�Î�®

�£�°�{��
�­�ä�°�£�x�®

�ä�°�™�x��
�­�ä�°�Ó�{�®

�£�°�Ó��
�­�ä�°�Ó�™�®
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3.2.3 Ecohydrological and non-ecohydrological variables
The main drivers of moisture recycling are in the interface between the land 

�Ã�Õ�À�v�>�V�i���>�˜�`���>�Ì�“�œ�Ã�«�…�i�À�i���­�6�>�˜���`�i�À���
�˜�Ì���i�Ì���>�•�°�]���Ó�ä�£�ä�L�Æ���/�Õ�ˆ�˜�i�˜�L�Õ�À�}���>�˜�`���-�Ì�>�>�•�]���Ó�ä�Ó�ä�®�\��

�­�£�®���…�œ�À�ˆ�â�œ�˜�Ì�>�•���Ü�ˆ�˜�`���Ã�«�i�i�`�]���Ü�…�ˆ�V�…���Ì�À�>�˜�Ã�«�œ�À�Ì�Ã���Ì�…�i���“�œ�ˆ�Ã�Ì�Õ�À�i���>�Ü�>�Þ���Ì�œ���À�i�“�œ�Ì�i���•�œ�V�>�Ì�ˆ�œ�˜�Ã�Æ��

�­�Ó�®�� �«�À�i�V�ˆ�«�ˆ�Ì�>�Ì�ˆ�œ�˜�]�� �>�Ã�� �ˆ�Ì�� �Ã�V�>�•�i�Ã�� �Ü�ˆ�Ì�…�� �Ì�…�i�� �v�À�>�V�Ì�ˆ�œ�˜�� �œ�v�� �i�Û�>�«�œ�À�>�Ì�i�`�� �“�œ�ˆ�Ã�Ì�Õ�À�i�� �Ì�…�>�Ì�� �À�>�ˆ�˜�Ã��

�œ�Õ�Ì���•�œ�V�>�•�•�Þ�Æ���>�˜�`���­�Î�®���i�Û�>�«�œ�À�>�Ì�ˆ�œ�˜�]���>�Ã���ˆ�Ì���>�v�v�i�V�Ì�Ã���Ì�…�i���Ü�>�Ì�i�À���>�Û�>�ˆ�•�>�L�•�i���v�œ�À���«�À�i�V�ˆ�«�ˆ�Ì�>�Ì�ˆ�œ�˜�°��

���œ�V�>�•���“�œ�ˆ�Ã�Ì�Õ�À�i���À�i�V�Þ�V�•�ˆ�˜�}���V�œ�Õ�•�`���L�i���>�v�v�i�V�Ì�i�`���L�Þ���œ�À�œ�}�À�>�«�…�Þ�]���`�ˆ�Ã�Ì�>�˜�V�i���Ì�œ���˜�i�>�À�i�Ã�Ì���V�œ�>�Ã�Ì�]��

�>�À�ˆ�`�ˆ�Ì�Þ�]���>�˜�`���Û�i�}�i�Ì�>�Ì�ˆ�œ�˜���­�6�>�Õ�Ì�>�À�`���i�Ì���>�•�°���Ó�ä�£�ä�Æ���-�…�>�…�ˆ�`�ˆ�>�˜���i�Ì���>�•�°���Ó�ä�£�Ó�Æ���/�Õ�ˆ�˜�i�˜�L�Õ�À�}���i�Ì���>�•�°��

�Ó�ä�£�Ó�Æ���<�Õ�À�L�i�˜�Ž�œ���>�˜�`�����Õ�œ���Ó�ä�£�x�Æ���/�…�i�i�Õ�Ü�i�˜���i�Ì���>�•�°���Ó�ä�Ó�Î�>�®�°

�7�i���Ã�Ì�Õ�`�Þ���Ì�…�i���V�œ�À�À�i�•�>�Ì�ˆ�œ�˜���L�i�Ì�Ü�i�i�˜���•�œ�V�>�•���À�i�V�Þ�V�•�ˆ�˜�}���>�˜�`���Ó�ä���`�ˆ�v�v�i�À�i�˜�Ì���Û�>�À�ˆ�>�L�•�i�Ã�°���/�…�i�Ã�i��

�Û�>�À�ˆ�>�L�•�i�Ã�� �>�À�i�� �`�ˆ�Û�ˆ�`�i�`�� �i�µ�Õ�>�•�•�Þ�� �L�i�Ì�Ü�i�i�˜�� �i�V�œ�…�Þ�`�À�œ�•�œ�}�ˆ�V�>�•�� �>�˜�`�� �˜�œ�˜�‡�i�V�œ�…�Þ�`�À�œ�•�œ�}�ˆ�V�>�•��

�Û�>�À�ˆ�>�L�•�i�Ã�°�� �
�V�œ�…�Þ�`�À�œ�•�œ�}�ˆ�V�>�•�� �Û�>�À�ˆ�>�L�•�i�Ã�� �>�À�i�� �`�ˆ�À�i�V�Ì�•�Þ�� �À�i�•�>�Ì�i�`�� �Ì�œ�� �Û�i�}�i�Ì�>�Ì�ˆ�œ�˜�� �œ�À�� �Ì�…�i��

�…�Þ�`�À�œ�•�œ�}�ˆ�V�>�•���V�Þ�V�•�i�°���‚�•�Ì�…�œ�Õ�}�…���Ü�i���`�œ���˜�œ�Ì���Ã�Ì�Õ�`�Þ���Ì�…�i���«�À�œ�V�i�Ã�Ã�i�Ã���œ�v���•�>�˜�`���V�œ�Û�i�À���V�…�>�˜�}�i��

�Ã�«�i�V�ˆ�w�V�>�•�•�Þ�]���Ì�…�i�Ã�i���i�V�œ�…�Þ�`�À�œ�•�œ�}�ˆ�V�>�•���Û�>�À�ˆ�>�L�•�i�Ã���ˆ�˜�V�•�Õ�`�i���Ã�œ�“�i���“�>�ˆ�˜���«�À�œ�V�i�Ã�Ã�i�Ã���Ì�…�>�Ì���>�À�i��

�>�v�v�i�V�Ì�i�`�� �L�Þ�� �>�� �V�…�>�˜�}�i�� �ˆ�˜�� �Û�i�}�i�Ì�>�Ì�ˆ�œ�˜�°�� �� �/�…�i�� �i�V�œ�…�Þ�`�À�œ�•�œ�}�ˆ�V�>�•�� �Û�>�À�ˆ�>�L�•�i�Ã�� �­�£�ä�®���>�À�i�\�� �Ì�œ�Ì�>�•��

�«�À�i�V�ˆ�«�ˆ�Ì�>�Ì�ˆ�œ�˜���­�Ì�*�®�]���Ì�œ�Ì�>�•���i�Û�>�«�œ�À�>�Ì�ˆ�œ�˜���­�Ì�
�®�]���Ì�À�>�˜�Ã�«�ˆ�À�>�Ì�ˆ�œ�˜���œ�v���Û�i�}�i�Ì�>�Ì�ˆ�œ�˜���­�
�Û�Ì�®�]���i�Û�>�«�œ�À�>�Ì�ˆ�œ�˜��

�œ�Û�i�À���L�>�À�i���Ã�œ�ˆ�•���­�
�L�Ã�®�]���i�Û�>�«�œ�À�>�Ì�ˆ�œ�˜���œ�Û�i�À���Ì�À�i�i���V�>�˜�œ�«�Þ���­�
�Ì�V�®�]���i�Û�>�«�œ�À�>�Ì�ˆ�œ�˜���œ�Û�i�À���œ�«�i�˜���Ü�>�Ì�i�À��

�­�
�œ�Ü�®�]���>�À�ˆ�`�ˆ�Ì�Þ���ˆ�˜�`�i�Ý���­�‚���®�]���Û�>�«�œ�À���«�À�i�Ã�Ã�Õ�À�i���`�i�w�V�ˆ�Ì���­�6�*���®�]���Ì�>�•�•���Û�i�}�i�Ì�>�Ì�ˆ�œ�˜���V�œ�Û�i�À���­���Î���“�]��

�Û�V�…�®�]���>�˜�`���Ã�…�œ�À�Ì���Û�i�}�i�Ì�>�Ì�ˆ�œ�˜���V�œ�Û�i�À���­�Û�V�•�®�°���/�…�i���˜�œ�˜�‡�i�V�œ�…�Þ�`�À�œ�•�œ�}�ˆ�V�>�•���Û�>�À�ˆ�>�L�•�i�Ã���>�À�i�� �­�£�ä�®�\��

�œ�À�œ�}�À�>�«�…�Þ���­�â�®�]���â�œ�˜�>�•���œ�À�œ�}�À�>�«�…�Þ���}�À�>�`�ˆ�i�˜�Ì���­�v�œ�•�•�œ�Ü�ˆ�˜�}���•�>�Ì�ˆ�Ì�Õ�`�i���•�ˆ�˜�i�Ã�]���`�â�`�Ý�®�]���“�i�À�ˆ�`�ˆ�œ�˜�>�•��

�œ�À�œ�}�À�>�«�…�Þ���}�À�>�`�ˆ�i�˜�Ì���­�v�œ�•�•�œ�Ü�ˆ�˜�}���•�œ�˜�}�ˆ�Ì�Õ�`�i���•�ˆ�˜�i�Ã�]���`�â�`�Þ�®�]���â�œ�˜�>�•���Ü�ˆ�˜�`���V�œ�“�«�œ�˜�i�˜�Ì���>�Ì���£�ä��

�>�˜�`���£�ä�ä���“���­�Õ�£�ä���>�˜�`���Õ�£�ä�ä�®�]���“�i�À�ˆ�`�ˆ�œ�˜�>�•���Ü�ˆ�˜�`���V�œ�“�«�œ�˜�i�˜�Ì���>�Ì���£�ä���>�˜�`���£�ä�ä���“���­�Û�£�ä���>�˜�`��

�Û�£�ä�ä�®�]���Ì�œ�Ì�>�•���Ü�ˆ�˜�`���Ã�«�i�i�`���­�6�®�]���Ü�ˆ�˜�`���`�ˆ�À�i�V�Ì�ˆ�œ�˜���­� �­�6�®�®�]���>�˜�`���`�ˆ�Ã�Ì�>�˜�V�i���Ì�œ���Ì�…�i���˜�i�>�À�i�Ã�Ì���V�œ�>�Ã�Ì���­�`�®�°��

�‚�•�•�� �`�>�Ì�>�]�� �i�Ý�V�i�«�Ì�� �v�œ�À�� �Ì�…�i�� �`�ˆ�Ã�Ì�>�˜�V�i�� �Ì�œ�� �Ì�…�i�� �˜�i�>�À�i�Ã�Ì�� �V�œ�>�Ã�Ì�]�� �Ü�i�À�i�� �œ�L�Ì�>�ˆ�˜�i�`�� �v�À�œ�“�� �œ�À��

�V�>�•�V�Õ�•�>�Ì�i�`���Ü�ˆ�Ì�…���`�>�Ì�>���v�À�œ�“���
�,�‚�x���œ�À���
�,�‚�x�‡���>�˜�`�°���7�i���Õ�Ã�i�`���“�œ�˜�Ì�…�•�Þ���>�Û�i�À�>�}�i�Ã���v�œ�À���Ì�…�i��

�Þ�i�>�À�Ã���Ó�ä�ä�n�‡�Ó�ä�£�Ç���œ�v���Ì�…�i���
�,�‚�x���`�>�Ì�>���­���i�À�Ã�L�>�V�…���i�Ì���>�•�°���Ó�ä�Ó�ä�®���¼�œ�˜���Ã�ˆ�˜�}�•�i���•�i�Û�i�•�Ã�½���Ü�ˆ�Ì�…���>��

�Ã�«�>�Ì�ˆ�>�•���À�i�Ã�œ�•�Õ�Ì�ˆ�œ�˜���œ�v���ä�°�Ó�x�c���>�˜�`���
�,�‚�x�‡�•�>�˜�`���`�>�Ì�>���­���Õ�š�œ�â�‡�-�>�L�>�Ì�i�À���i�Ì���>�•�°���Ó�ä�Ó�£�®���Ü�ˆ�Ì�…���>��

�Ã�«�>�Ì�ˆ�>�•���À�i�Ã�œ�•�Õ�Ì�ˆ�œ�˜���œ�v���ä�°�£�c���Ì�œ���V�>�•�V�Õ�•�>�Ì�i���“�Õ�•�Ì�ˆ�‡�Þ�i�>�À���Ã�i�>�Ã�œ�˜�>�•���>�Û�i�À�>�}�i�Ã�°���‚�Ã���>�Ì�“�œ�Ã�«�…�i�À�ˆ�V��
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3.3 Results

3.3.1 Spatiotemporal variation in moisture recycling 
3.3.1.1 Local evaporation recycling and local precipitation recycling
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Figure 3.2. The multi-year (2008-2017) average of ELMR at a spatial resolution of 0.5° in all 

Mediterranean regions: (a) south-west US, (b) south-west Australia, (c) Mediterranean Basin, (d) 

central Chile, and (e) the Cape region of South Africa. The outlined areas indicate the study regions.
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Figure 3.3. The multi-year (2008-2017) average of PLMR at a spatial resolution of 0.5° in all 

Mediterranean regions: (a) south-west US, (b) south-west Australia, (c) Mediterranean Basin, (d) 

central Chile, and (e) the Cape region of South Africa. The outlined areas indicate the study regions.
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�(�K�I�W�T�G�� ���������� �&�K�H�H�G�T�G�P�E�G�U�� �K�P�� �'�.�/�4�� �C�P�F�� �2�.�/�4�� �C�O�Q�P�I�� �V�J�G�� �‚�X�G�� �O�C�L�Q�T�� �/�G�F�K�V�G�T�T�C�P�G�C�P���V�[�R�G�� �E�N�K�O�C�V�G��

regions for the period 2008-2017. SWUS: south-west US, MB: Mediterranean Basin, CC: central 

Chile, CSA: the Cape region of South Africa, SWA: south-west Australia. (a) Variation of ELMR 

throughout the year, where the values are averages over the 10-year period and all grid cells of 

�V�J�C�V���U�R�G�E�K�‚�E���T�G�I�K�Q�P�����
�D�����8�C�T�K�C�V�K�Q�P���Q�H���2�.�/�4���V�J�T�Q�W�I�J�Q�W�V���V�J�G���[�G�C�T�����U�K�O�K�N�C�T���V�Q���
�C�������
�E�����$�Q�Z�R�N�Q�V�U���K�P�F�K�E�C�V�K�P�I��

the distribution of ELMR for all grid cells in each region during summer (JJA on the Northern 

Hemisphere and DJF on the Southern Hemisphere). The values are 10-year seasonal averages. 

The green box indicates the interquartile range, and the black horizontal line in this box indicates 

the median value of ELMR. (d) Boxplots indicating the distribution of PLMR for all grid cells during 

summer, similar to (c). (e) The number of moderate to strong ( � �q���������� �U�K�I�P�K�‚�E�C�P�V�� �E�Q�T�T�G�N�C�V�K�Q�P�U��

between either PLMR/ELMR and ecohydrological/non-ecohydrological variables.
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3.3.1.2 Regional evaporation recycling and regional precipitation recycling 
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3.3.2 Correlations between local moisture recycling and ecohydrological and 
non-ecohydrological variables
In this section we describe the results that are most relevant to determine how 
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3.4 Discussion

Local moisture recycling has stronger correlations with ecohydrological variables 
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corresponds more strongly to vegetation and the hydrological cycle than to other 
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of ecohydrological variables with ELMR and PLMR may have implications for our 
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in either the water cycle or vegetation could affect local recycling either directly 
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3.4.1 Patterns in local evaporation recycling and local precipitation recycling
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Peaks over mountainous regions can be explained by the orographic lift that pushes 
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Peaks in evaporation and precipitation recycling over elevated regions and during 
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3.4.2 Underlying variables of local evaporation recycling and local precipitation 
recycling
The ecohydrological variables are more important for ELMR and PLMR than the 
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higher resolution is likely to bring an even more detailed understanding of the 

�Õ�˜�`�i�À�•�Þ�ˆ�˜�}���•�œ�V�>�•���«�À�œ�V�i�Ã�Ã�i�Ã�°��

3.4.3 Outlook: the potential and impact of land cover changes to enhance rainfall
The future drying that is projected across Mediterranean regions will probably affect 
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This chapter is under review for publication in Biogeosciences.
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to the lower albedo of forests compared to bare soil the net surface radiation 
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determine the impact of forestation in the Mediterranean Basin on the development 
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two different land cover types (left: bare soil, right: forest). For the ABL over bare soil only the 

�X�G�T�V�K�E�C�N���V�G�O�R�G�T�C�V�W�T�G���R�T�Q�‚�N�G���K�U���U�J�Q�Y�P���C�P�F���H�Q�T���V�J�G���#�$�.���Q�X�G�T���H�Q�T�G�U�V���Q�P�N�[���V�J�G���X�G�T�V�K�E�C�N���J�W�O�K�F�K�V�[���R�T�Q�‚�N�G��

is shown. � ���� �R�Q�V�G�P�V�K�C�N�� �V�G�O�R�G�T�C�V�W�T�G���� �S���� �U�R�G�E�K�‚�E�� �J�W�O�K�F�K�V�[���� �.�%�.���� �N�K�H�V�K�P�I�� �E�Q�P�F�G�P�U�C�V�K�Q�P�� �N�G�X�G�N���� �$�.�*����

boundary layer height, d � : jump in �  at the top of the ABL, dq: jump in q at the top of the ABL, 
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the ABL indicate entrainment from dry and warm air into the ABL. The yellow arrows indicate the 
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due to the different albedo of the two land cover types. Throughout the day the ABL deepens. 

Clouds can develop when the ABL and LCL cross.
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region has multiple mountains with peaks up to 2400 m that promote local moisture 
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4.2.4 Sampling
Due to the large number of days and grid cells in the study period and region we 
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4.2.6 Postprocessing
To account for extreme values in our output data due to inconsistencies that are 
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the soil moisture sensitivity scenarios as these scenarios are based on the forest 

Table 4.1. Experimental set-up describing the land cover and soil moisture scenarios. WP: wilting 
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bare soil runs and forest runs can be found in Table S1. 

Soil moisture Land cover

Land cover sensitivity scenarios

Bare soil �
�,�‚�x���`�>�Ì�> Bare soil

���œ�À�i�Ã�Ì �
�,�‚�x���`�>�Ì�> ���œ�À�i�Ã�Ì

Soil moisture sensitivity scenarios

Low �7�* ���œ�À�i�Ã�Ì

���i�`�ˆ�Õ�“�‡�•�œ�Ü �7�*�³�£�É�{�­���
�‡�7�*�® ���œ�À�i�Ã�Ì

Medium �7�*�³�£�É�Ó�­���
�‡�7�*�® ���œ�À�i�Ã�Ì

���i�`�ˆ�Õ�“�‡�…�ˆ�}�… �7�*�³�Î�É�{�­���
�‡�7�*�® ���œ�À�i�Ã�Ì

���ˆ�}�… ���
 ���œ�À�i�Ã�Ì
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4.2.7 Validation
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To validate the model output we studied the distribution of values for different 
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4.2.8 Model output interpretation
To determine the convective rainfall potential from the model output we calculated 
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humidity of the free atmosphere were assumed constant throughout the day and 
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To analyse the sensitivity of different output variables and convective rainfall 

potential to land cover type we calculated the difference between both land cover 
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4.3 Results

4.3.1 Land cover sensitivity
The differences in boundary layer characteristics between the forest and bare 
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several variables seems to be closely related to soil moisture content across the 
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Figure 4.2. The difference between forest scenario and bare soil scenario for different output 
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The total amount of samples per grid varies between 0 and 20  due to the postprocessing step. 
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(dq), potential temperature (theta), jump in potential temperature at the top of the boundary layer 

(dtheta), convective available potential energy (CAPE), boundary layer height (BLH), and lifting 

condensation level (LCL).
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4.3.2 Soil moisture sensitivity
The model output for the different soil moisture scenarios shows that the fraction 
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�q�����������,���M�I�������Q�T���D�Q�V�J��
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soil. Bottom: The spatial variability of the land cover sensitivity of the convective rainfall potential, 
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samples have a convective rainfall potential over bare soil, forest or both land cover types or if they 

have no convective rainfall potential in any of the samples.
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The convective rainfall potential does not increase everywhere in the Mediterranean 
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cells shows that the convective rainfall potential increases with an increase in soil 
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scenarios increase linearly from wilting point (S1, 0.15 m 3m-3�����V�Q���‚�G�N�F���E�C�R�C�E�K�V�[���
�5�����������������O3m-3). 

The dotted lines are the regression lines (CAPE: R2 = 0.98, crossing: R2 = 0.93, CAPE & crossing: 

R2 = 0.87). Bottom: The spatial variability of the soil moisture sensitivity of the convective rainfall 

�R�Q�V�G�P�V�K�C�N�����K���G�������C���E�T�Q�U�U�K�P�I���Q�H���V�J�G���#�$�.���C�P�F���.�%�.���C�P�F���U�W�H�‚�E�K�G�P�V���%�#�2�'�����6�J�K�U���R�N�Q�V���K�P�F�K�E�C�V�G�U���H�Q�T���G�C�E�J���I�T�K�F��

cell if most samples have a convective rainfall potential for soil moisture scenario 1, soil moisture 

scenario 5, or both soil moisture scenarios, or no convective rainfall potential in any of the samples.  
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4.4 Discussion

4.4.1 Boundary layer development under change
Changing the land cover in the Mediterranean Basin from bare soil to forest affects 
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the impact of forestation on convective rainfall potential varies with soil moisture 

and that it does not increase the convective rainfall potential everywhere in the 
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The increase in precipitation potential due to forestation that we found is also in 
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These results suggest that forestation may enhance local precipitation in addition 
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might not develop over too wet soils due to a larger amount of energy that is needed 

to raise an air parcel from the surface to the level of free convection (Emanuel 2023) 
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coastal regions with elevated terrain and relatively high soil moisture may contribute 
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4.5 Conclusion

The goal of this study was to investigate the impact of forestation on the convective 
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Chapter 5 | Targeted rainfall enhancement as an 
objective of forestation
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changing the energy balance. This may occur under both (a, b) energy-availability-limited and (c, 

d) water-availability-limited conditions. In energy-availability-limited systems, reduced albedo due 

to forestation leads to greater absorption of solar radiation R, increasing the amount of energy 

available for evapotranspiration, or latent heat (L), but also increasing sensible heat (S). Independent 
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towards the atmosphere is expected to increase. In water-availability-limited systems, forestation 
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the soil itself, alleviating the water limitation for evapotranspiration. In both types of systems, the 

increase in evapotranspiration may enhance rainfall downwind. u represents the horizontal wind 
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initiation via emissions of biogenic volatile organic compounds that stimulate cloud 
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5.3 Spatially resolving forest effects on rainfall

Targeted rainfall enhancement relies not only on the extent to which enhanced 
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evapotranspiration from a certain area ends up as rainfall on terrestrial systems 

depends on a range of meteorological conditions that affect wind patterns and 
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Figure 5.2 Targeted rainfall enhancement as an objective of forestation. Forestation tends to 

enhance atmospheric moisture transport, which would increase rainfall in target areas directly, but 

may also have cascading effects in the forest system. These cascading effects may feed back to the 

original forested patch, adding to other local effects of forestation.
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it can be argued that geoengineering through plantation is already happening in 

�“�>�˜�Þ���Ü�>�Þ�Ã�°�����œ�À���ˆ�˜�Ã�Ì�>�˜�V�i�]���>���Ã�…�ˆ�v�Ì���ˆ�Ã���V�Õ�À�À�i�˜�Ì�•�Þ���…�>�«�«�i�˜�ˆ�˜�}���v�À�œ�“���«�•�>�˜�Ì�ˆ�˜�}���œ�v���Ã�i�i�`�•�ˆ�˜�}�Ã��

�}�À�œ�Ü�˜���v�À�œ�“���•�œ�V�>�•�•�Þ���Ã�œ�Õ�À�V�i�`���Ã�i�i�`�Ã���­�}�i�œ�}�À�>�«�…�ˆ�V�>�•�•�Þ���L�>�Ã�i�`���À�i�v�œ�À�i�Ã�Ì�>�Ì�ˆ�œ�˜�®���Ì�œ���}�i�˜�œ�“�ˆ�V�Ã�‡

based assisted migration by selecting seeds based on expected future climates 

�­���ˆ�˜�`�•�>�Ì�i�À���i�Ì���>�•�°���Ó�ä�Ó�Ó�®�°�����œ�À�i�Ã�Ì���“�>�˜�>�}�i�À�Ã���>�•�Ã�œ���ˆ�˜�V�À�i�>�Ã�i���V�•�ˆ�“�>�Ì�i���L�i�˜�i�w�Ì�Ã���L�Þ���Õ�Ã�ˆ�˜�}���“�œ�À�i��

�À�i�y�i�V�Ì�ˆ�Û�i���>�˜�`���`�i�V�ˆ�`�Õ�œ�Õ�Ã���Ì�À�i�i���Ã�«�i�V�ˆ�i�Ã���­���>�V�Ž�Ã�œ�˜���i�Ì���>�•�°���Ó�ä�ä�n�®�°���/�…�œ�Ã�i���V�œ�“�L�ˆ�˜�i�`���i�v�v�i�V�Ì�Ã��

of carbon sequestration and biophysical effects in terms of energy and hydrology 

�>�À�i�� �˜�œ�Ì�� �Ì�>�Ž�i�˜�� �ˆ�˜�Ì�œ���>�V�V�œ�Õ�˜�Ì�� �ˆ�˜�� �V�Õ�À�À�i�˜�Ì�� �V�•�ˆ�“�>�Ì�i�� �«�œ�•�ˆ�V�Þ�� �­�	�œ�Õ�V�…�i�À�� �i�Ì�� �>�•�°�� �Ó�ä�£�{�®�°�� �/�…�Õ�Ã�]��

a debate around TRE would be in line with different forest management efforts 
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5.6 Outlook 
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and intensity of evapotranspiration and rainfall (Intergovernmental Panel on Climate 
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6.2 Methods: Theory of Change

The Theory of Change framework is used to assess the societal impact of the 
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explain how each step leads to the next step and these assumptions must be true 
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6.3 Case study: The natural water production research program
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6.3.1 Long term impact
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being developed are expected to provide insight into best practices of regreening 

Box 6.2: The Weather Makers & the Sinai initiative
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Regenerating Lake Bardawil Regreening the Desert Restoring the Water Cycle
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�v�œ�À�� �v�À�i�Ã�…�Ü�>�Ì�i�À�� �«�À�œ�`�Õ�V�Ì�ˆ�œ�˜�°�� �/�…�i�� �À�i�Ã�i�>�À�V�…�� �>�V�Ì�ˆ�Û�ˆ�Ì�ˆ�i�Ã�� �Ü�ˆ�Ì�…�ˆ�˜�� �Ì�…�i�� � �7�*�� �«�À�œ�}�À�>�“�� �>�Ã��

well as the tools we are developing will provide insight into where an increase in 

evaporation due to land cover changes will likely contribute to wetting and not 

�Ì�œ�� �•�œ�V�>�•�� �`�À�Þ�ˆ�˜�}�� �>�Ã�� �>�� �À�i�Ã�Õ�•�Ì�� �œ�v�� �i�˜�…�>�˜�V�i�`�� �•�œ�V�>�•�� �“�œ�ˆ�Ã�Ì�Õ�À�i�� �À�i�V�Þ�V�•�ˆ�˜�}�°�� ���œ�V�>�•�� �“�œ�ˆ�Ã�Ì�Õ�À�i��

recycling describes the return of evaporated water as rainfall within a distance of 
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best practices for regreening helps governmental institutions to develop policies to 
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Figure 6.2 The assumed mechanism underlying local rainfall enhancement through regreening in 

�C�T�K�F���C�P�F���U�G�O�K���C�T�K�F���T�G�I�K�Q�P�U�����+�P�E�Q�O�K�P�I���U�Q�N�C�T���T�C�F�K�C�V�K�Q�P���
�4�����K�U���V�T�C�P�U�H�G�T�T�G�F���K�P�V�Q���V�J�G���U�G�P�U�K�D�N�G���J�G�C�V���ƒ�W�Z��
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�)�������6�J�G���U�G�P�U�K�D�N�G���J�G�C�V���ƒ�W�Z���Y�C�T�O�U���W�R���V�J�G���C�V�O�Q�U�R�J�G�T�G��
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(I). As a result, little of the incoming radiation is used for evaporation (L) and more is used to warm 

up the atmosphere (S), resulting in warm and dry conditions unfavourable for rainfall. In a restored 

�N�C�P�F�U�E�C�R�G�����T�C�K�P�H�C�N�N���E�C�P���K�P�‚�N�V�T�C�V�G���K�P�V�Q���V�J�G���U�Q�K�N���C�P�F���X�G�I�G�V�C�V�K�Q�P���T�Q�Q�V�U���E�C�P���C�E�E�G�U�U���Y�C�V�G�T���K�P���F�G�G�R���U�Q�K�N��

layers. Compared to the degraded landscape, more energy will be used for evaporation (L) and 

less energy will be used to warm up the atmosphere (S). This results in more humid and cooler 

conditions compared to the conditions for the degraded landscapes. When this cooler and moister 

air is pushed up a mountain this promotes condensation, the formation of clouds, and rainfall.
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6.3.4 From research outputs to outcomes
�����������������+�F�G�P�V�K�H�[�K�P�I���J�[�F�T�Q�N�Q�I�K�E�C�N���D�G�P�G�‚�V�U���Q�H���T�G�I�T�G�G�P�K�P�I���C�P�F���E�T�G�C�V�K�P�I���C�Y�C�T�G�P�G�U�U���Q�H��

�V�J�G�U�G���D�G�P�G�‚�V�U

To enhance rainfall through regreening we need to understand the hydrological 

�ˆ�“�«�>�V�Ì�Ã�� �œ�v�� �À�i�}�À�i�i�˜�ˆ�˜�}�� �«�À�œ�•�i�V�Ì�Ã�°�� �7�i�� �˜�i�i�`�� �Ì�œ�� �Õ�˜�`�i�À�Ã�Ì�>�˜�`�� �Õ�˜�`�i�À�� �Ü�…�>�Ì�� �V�œ�˜�`�ˆ�Ì�ˆ�œ�˜�Ã��

�À�i�}�À�i�i�˜�ˆ�˜�}���V�>�˜���…�>�Û�i���>���«�œ�Ã�ˆ�Ì�ˆ�Û�i���ˆ�“�«�>�V�Ì���œ�˜���À�>�ˆ�˜�v�>�•�•�]���À�i�`�Õ�V�i���`�À�Þ�ˆ�˜�}�]���>�˜�`���Ü�…�i�˜���ˆ�Ì���“�>�Þ��

�V�œ�˜�Ì�À�ˆ�L�Õ�Ì�i���Ì�œ���•�œ�V�>�•���`�À�Þ�ˆ�˜�}�°���/�œ���`�œ���Ã�œ���Ü�i���˜�i�i�`���Ì�œ���µ�Õ�>�˜�Ì�ˆ�v�Þ���Ì�…�i���…�Þ�`�À�œ�•�œ�}�ˆ�V�>�•���ˆ�“�«�>�V�Ì���œ�v��

�Ã�Õ�V�…���>���•�>�˜�`���V�œ�Û�i�À���V�…�>�˜�}�i�°�����Õ�À�Ì�…�i�À�“�œ�À�i�]���ˆ�Ì���ˆ�Ã���ˆ�“�«�œ�À�Ì�>�˜�Ì���Ì�œ���V�À�i�>�Ì�i���>�Ü�>�À�i�˜�i�Ã�Ã���>�“�œ�˜�}��

�Ã�V�ˆ�i�˜�Ì�ˆ�Ã�Ì�Ã���>�˜�`���Ã�Ì�>�Ž�i�…�œ�•�`�i�À�Ã���œ�v���Ì�…�i�Ã�i���«�œ�Ì�i�˜�Ì�ˆ�>�•���…�Þ�`�À�œ�•�œ�}�ˆ�V�>�•���L�i�˜�i�w�Ì�Ã���œ�v���À�i�}�À�i�i�˜�ˆ�˜�}�°��

This might promote the amount of research that is being done on the hydrological 

�L�i�˜�i�w�Ì�Ã���œ�v���À�i�}�À�i�i�˜�ˆ�˜�}�°

�-�œ�� �v�>�À�� �Ü�i�� �}�i�˜�i�À�>�Ì�i�`�� �Ã�i�Û�i�À�>�•�� �`�>�Ì�>�Ã�i�Ì�Ã�� �­�/�Õ�ˆ�˜�i�˜�L�Õ�À�}�� �i�Ì�� �>�•�°�� �Ó�ä�Ó�ä�>�Æ�� �/�…�i�i�Õ�Ü�i�˜�� �i�Ì��

�>�•�°�� �Ó�ä�Ó�Î�L�Æ���/�…�i�i�Õ�Ü�i�˜�� �i�Ì�� �>�•�°�� �Ó�ä�Ó�{�>�®���Ì�…�>�Ì�� �`�i�Ã�V�À�ˆ�L�i�� �Ì�…�i�� �À�i�Ì�Õ�À�˜�� �œ�v�� �i�Û�>�«�œ�À�>�Ì�i�`�� �Ü�>�Ì�i�À��

�>�Ã�� �À�>�ˆ�˜�v�>�•�•�� �­�	�œ�Ý�� �È�°�Î�®�]�� �Ü�…�ˆ�V�…���ˆ�Ã�� �>�� �V�À�Õ�V�ˆ�>�•�� �>�Ã�«�i�V�Ì�� �œ�v�� �Ì�…�i�� �…�Þ�`�À�œ�•�œ�}�ˆ�V�>�•�� �V�Þ�V�•�i�°�� �/�…�i�� �w�À�Ã�Ì��

�`�>�Ì�>�Ã�i�Ì���`�i�Ã�V�À�ˆ�L�i�Ã���Ü�…�i�À�i���i�Û�>�«�œ�À�>�Ì�i�`���Ü�>�Ì�i�À���À�>�ˆ�˜�Ã���œ�Õ�Ì�°���/�…�ˆ�Ã���`�>�Ì�>�Ã�i�Ì���ˆ�˜�V�•�Õ�`�i�Ã���}�•�œ�L�>�•��

atmospheric moisture connections between evaporation source and precipitation 

�Ã�ˆ�˜�Ž�°���/�…�i���œ�Ì�…�i�À���`�>�Ì�>�Ã�i�Ì�Ã���`�i�Ã�V�À�ˆ�L�i���Ì�…�i���À�i�Ì�Õ�À�˜���œ�v���i�Û�>�«�œ�À�>�Ì�i�`���Ü�>�Ì�i�À���>�Ã���«�À�i�V�ˆ�«�ˆ�Ì�>�Ì�ˆ�œ�˜��

within a distance of 50km from its source (local moisture recycling) or within the 

�V�•�ˆ�“�>�Ì�i�� �À�i�}�ˆ�œ�˜�� �­�À�i�}�ˆ�œ�˜�>�•�� �À�i�V�Þ�V�•�ˆ�˜�}�®�°�� �/�…�i�Ã�i�� �`�>�Ì�>�Ã�i�Ì�Ã�� �V�>�˜�� �L�i�� �Õ�Ã�i�`�� �Ì�œ�� �µ�Õ�>�˜�Ì�ˆ�v�Þ�� �Ì�…�i��

contribution of vegetation to precipitation or to gain insight into the hydrological 

�i�v�v�i�V�Ì�Ã���œ�v���À�i�}�À�i�i�˜�ˆ�˜�}�°�����œ�Ü�i�Û�i�À�]���Ì�…�i�Ã�i���`�>�Ì�>���>�À�i���˜�œ�Ì���Þ�i�Ì���Ã�Õ�v�w�V�ˆ�i�˜�Ì���Ì�œ���µ�Õ�>�˜�Ì�ˆ�v�Þ���Ì�…�i���Ì�œ�Ì�>�•��

�…�Þ�`�À�œ�•�œ�}�ˆ�V�>�•���ˆ�“�«�>�V�Ì���œ�v���À�i�}�À�i�i�˜�ˆ�˜�}���«�À�œ�•�i�V�Ì�Ã�°���/�…�i�Ã�i���`�>�Ì�>���…�>�Û�i���L�i�i�˜���«�À�i�Ã�i�˜�Ì�i�`���Ì�œ���Ì�…�i��

�Ã�V�ˆ�i�˜�Ì�ˆ�w�V���V�œ�“�“�Õ�˜�ˆ�Ì�Þ���Ì�…�À�œ�Õ�}�…���Ã�V�ˆ�i�˜�Ì�ˆ�w�V���>�À�Ì�ˆ�V�•�i�Ã���>�˜�`���«�À�i�Ã�i�˜�Ì�>�Ì�ˆ�œ�˜�Ã�°���/�…�i���«�À�i�Ã�i�˜�Ì�>�Ì�ˆ�œ�˜�Ã��

�>�•�•�œ�Ü�i�`���Õ�Ã���Ì�œ���V�œ�“�“�Õ�˜�ˆ�V�>�Ì�i���Ì�…�i���«�œ�Ì�i�˜�Ì�ˆ�>�•���…�Þ�`�À�œ�•�œ�}�ˆ�V�>�•���L�i�˜�i�w�Ì�Ã���œ�v���À�i�}�À�i�i�˜�ˆ�˜�}���Ì�œ���>��

�Ü�ˆ�`�i���À�>�˜�}�i���œ�v���}�i�œ�Ã�V�ˆ�i�˜�Ì�ˆ�Ã�Ì�Ã���>�˜�`���Ü�>�Ì�i�À���Ì�i�V�…�˜�œ�•�œ�}�ˆ�Ã�Ì�Ã�°��

The dataset including the global atmospheric moisture connections has been used 

by various researchers and knowledge institutes to study the relation between 

�•�>�˜�`�� �V�œ�Û�i�À�]�� �v�œ�À�� �i�Ý�>�“�«�•�i�]�� �Û�i�}�i�Ì�>�Ì�ˆ�œ�˜�]�� �>�˜�`�� �«�À�i�V�ˆ�«�ˆ�Ì�>�Ì�ˆ�œ�˜�� �­�i�°�}�°�]�� ���>�…�À�•�B�˜�`�i�À�� �i�Ì�� �>�•�°�]��

�Ó�ä�Ó�{�Æ�����ˆ���i�Ì���>�•�°�]���Ó�ä�Ó�Î�Æ���*�œ�Ã�>�`�>�‡���>�À�‰�˜���i�Ì���>�•�°�]���Ó�ä�Ó�{�®�°���/�…�i�Ã�i���À�i�Ã�i�>�À�V�…���>�V�Ì�ˆ�Û�ˆ�Ì�ˆ�i�Ã���>�À�i���˜�œ�Ì��

�«�>�À�Ì���œ�v���Ì�…�i��� �7�*���À�i�Ã�i�>�À�V�…���«�À�œ�}�À�>�“�]���>�˜�`���Ì�…�Õ�Ã���Ã�…�œ�Ü���Ì�…�>�Ì���Ì�…�i�À�i���ˆ�Ã���>�Ü�>�À�i�˜�i�Ã�Ã���œ�v���Ì�…�i��

�V�À�Õ�V�ˆ�>�•���À�œ�•�i���œ�v���Û�i�}�i�Ì�>�Ì�ˆ�œ�˜���ˆ�˜���}�i�˜�i�À�>�Ì�ˆ�˜�}���À�>�ˆ�˜�v�>�•�•�°�����˜���>�`�`�ˆ�Ì�ˆ�œ�˜�]���Ì�…�i�Þ���V�>�˜���V�œ�˜�Ì�À�ˆ�L�Õ�Ì�i���Ì�œ��

�V�À�i�>�Ì�ˆ�˜�}���>�Ü�>�À�i�˜�i�Ã�Ã�]���>�˜�`���Ì�…�i�À�i�v�œ�À�i�]���i�Ý�Ì�i�˜�`���œ�Õ�À���ˆ�“�«�>�V�Ì�°���/�…�ˆ�Ã���`�>�Ì�>�Ã�i�Ì���>�•�Ã�œ���…�i�•�«�i�`���Õ�Ã��

�Ì�œ���Ã�i�Ì���Õ�«���˜�i�Ü���V�œ�•�•�>�L�œ�À�>�Ì�ˆ�œ�˜�Ã�°���"�˜���Ì�œ�«���œ�v���Ì�…�>�Ì���Ì�…�i�Ã�i���V�œ�•�•�>�L�œ�À�>�Ì�ˆ�œ�˜�Ã���…�i�•�«���Ì�œ���V�À�i�>�Ì�i��

�>�Ü�>�À�i�˜�i�Ã�Ã���œ�v���Ì�…�i���«�œ�Ì�i�˜�Ì�ˆ�>�•���…�Þ�`�À�œ�•�œ�}�ˆ�V�>�•���L�i�˜�i�w�Ì�Ã���œ�v���À�i�}�À�i�i�˜�ˆ�˜�}�]���Ì�…�i�Þ���>�•�Ã�œ���…�i�•�«���Ì�œ��

�«�À�œ�“�œ�Ì�i���Ì�…�i��� �7�*���À�i�Ã�i�>�À�V�…���«�À�œ�}�À�>�“���>�“�œ�˜�}���Ì�…�i���}�i�œ�Ã�V�ˆ�i�˜�V�i���V�œ�“�“�Õ�˜�ˆ�Ì�Þ���>�˜�`���Ì�œ���}�>�ˆ�˜��

�“�œ�À�i���V�À�i�`�ˆ�L�ˆ�•�ˆ�Ì�Þ���>�Ã���>���Ü�>�Ì�i�À���Ì�i�V�…�˜�œ�•�œ�}�Þ���ˆ�˜�Ã�Ì�ˆ�Ì�Õ�Ì�i���ˆ�˜���Ì�…�i���w�i�•�`���œ�v���}�i�œ�Ã�V�ˆ�i�˜�V�i�Ã�°��
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�/�…�i���`�>�Ì�>���ˆ�•�•�Õ�Ã�Ì�À�>�Ì�i���Ì�…�i���«�œ�Ì�i�˜�Ì�ˆ�>�•���…�Þ�`�À�œ�•�œ�}�ˆ�V�>�•���L�i�˜�i�w�Ì�Ã���œ�v���Û�i�}�i�Ì�>�Ì�ˆ�œ�˜���>�Ã���Û�i�}�i�Ì�>�Ì�ˆ�œ�˜��

�Ã�i�i�“�Ã���Ì�œ���«�À�œ�“�œ�Ì�i���>�Ì�“�œ�Ã�«�…�i�À�ˆ�V���“�œ�ˆ�Ã�Ì�Õ�À�i���À�i�V�Þ�V�•�ˆ�˜�}���>�˜�`���Ì�…�i�À�i�v�œ�À�i�]���À�>�ˆ�˜�v�>�•�•�°�����œ�Ü�i�Û�i�À�]��

�Ì�…�i�Ã�i���`�>�Ì�>���>�•�Ã�œ���Ã�…�œ�Ü���Ì�…�>�Ì���ˆ�˜���Ã�œ�“�i���À�i�}�ˆ�œ�˜�Ã���Ì�…�i�À�i���ˆ�Ã���Û�i�À�Þ���•�ˆ�Ì�Ì�•�i���“�œ�ˆ�Ã�Ì�Õ�À�i���À�i�V�Þ�V�•�ˆ�˜�}�]��

�“�i�>�˜�ˆ�˜�}�� �Ì�…�>�Ì�� �i�Û�>�«�œ�À�>�Ì�i�`�� �Ü�>�Ì�i�À�� �Ü�ˆ�•�•�� �˜�œ�Ì�� �À�i�Ì�Õ�À�˜�� �>�Ã�� �À�>�ˆ�˜�v�>�•�•�� �•�œ�V�>�•�•�Þ�� �œ�À�� �œ�Û�i�À�� �•�>�˜�`�]��

�V�œ�˜�Ì�À�ˆ�L�Õ�Ì�ˆ�˜�}���Ì�œ���`�À�Þ�ˆ�˜�}�°���/�œ���“�>�Ý�ˆ�“�ˆ�â�i���…�Þ�`�À�œ�•�œ�}�ˆ�V�>�•���L�i�˜�i�w�Ì�Ã���Ì�…�À�œ�Õ�}�…���À�i�}�À�i�i�˜�ˆ�˜�}�]���Ü�i��

need to better understand under what conditions regreening contributes to more 

�À�>�ˆ�˜�v�>�•�•���>�˜�`���˜�œ�Ì���Ì�œ���`�À�Þ�ˆ�˜�}�°���7�i���˜�i�i�`���Ì�œ���L�i���Ì�À�>�˜�Ã�«�>�À�i�˜�Ì���>�L�œ�Õ�Ì���L�œ�Ì�…���Ì�…�i���L�i�˜�i�w�Ì�Ã���>�˜�`��

�`�À�>�Ü�L�>�V�Ž�Ã���ˆ�˜���œ�Õ�À���œ�Õ�Ì�À�i�>�V�…���>�V�Ì�ˆ�Û�ˆ�Ì�ˆ�i�Ã�°��

Box 6.3: Outputs of research activities

Datasets 

•	 ���•�œ�L�>�•�� �i�Û�>�«�œ�À�>�Ì�ˆ�œ�˜�� �Ì�œ�� �«�À�i�V�ˆ�«�ˆ�Ì�>�Ì�ˆ�œ�˜�� �y�œ�Ü�Ã�� �œ�L�Ì�>�ˆ�˜�i�`�� �Ü�ˆ�Ì�…�� ���>�}�À�>�˜�}�ˆ�>�˜�� �>�Ì�“�œ�Ã�«�…�i�À�ˆ�V��
moisture tracking

•	 Local moisture recycling across the globe

•	 �‚�Ì�“�œ�Ã�«�…�i�À�ˆ�V���“�œ�ˆ�Ã�Ì�Õ�À�i���À�i�V�Þ�V�•�ˆ�˜�}���ˆ�˜�����i�`�ˆ�Ì�i�À�À�>�˜�i�>�˜�‡�Ì�Þ�«�i���V�•�ˆ�“�>�Ì�i���À�i�}�ˆ�œ�˜�Ã���>�V�À�œ�Ã�Ã���Ì�…�i���Ü�œ�À�•�`

�����R�G�G�T���T�G�X�K�G�Y�G�F���U�E�K�G�P�V�K�‚�E���R�W�D�N�K�E�C�V�K�Q�P�U���F�K�T�G�E�V�N�[���N�K�P�M�G�F���V�Q���V�J�K�U���V�J�G�U�K�U��

•	 Local moisture recycling across the globe

•	 Targeted rainfall enhancement as an objective of forestation

•	 �
�V�œ�…�Þ�`�À�œ�•�œ�}�ˆ�V�>�•�� �Û�>�À�ˆ�>�L�•�i�Ã�� �Õ�˜�`�i�À�•�ˆ�i�� �•�œ�V�>�•�� �“�œ�ˆ�Ã�Ì�Õ�À�i�� �À�i�V�Þ�V�•�ˆ�˜�}�� �ˆ�˜�� ���i�`�ˆ�Ì�i�À�À�>�˜�i�>�˜�‡
type climates

�����R�G�G�T���T�G�X�K�G�Y�G�F���U�E�K�G�P�V�K�‚�E���R�W�D�N�K�E�C�V�K�Q�P�U���C�U���E�Q���C�W�V�J�Q�T���K�P�F�K�T�G�E�V�N�[���N�K�P�M�G�F���V�Q���V�J�K�U���V�J�G�U�K�U

•	 ���ˆ�}�…�‡�À�i�Ã�œ�•�Õ�Ì�ˆ�œ�˜�� �}�•�œ�L�>�•�� �>�Ì�“�œ�Ã�«�…�i�À�ˆ�V�� �“�œ�ˆ�Ã�Ì�Õ�À�i�� �V�œ�˜�˜�i�V�Ì�ˆ�œ�˜�Ã�� �v�À�œ�“�� �i�Û�>�«�œ�À�>�Ì�ˆ�œ�˜�� �Ì�œ��
precipitation

•	 �
�œ�“�«�>�À�ˆ�˜�}�� �`�i�Õ�Ì�i�À�ˆ�Õ�“�� �i�Ý�V�i�Ã�Ã�� �Ì�œ�� �•�>�À�}�i�‡�Ã�V�>�•�i�� �«�À�i�V�ˆ�«�ˆ�Ì�>�Ì�ˆ�œ�˜�� �À�i�V�Þ�V�•�ˆ�˜�}�� �“�œ�`�i�•�Ã��
in the tropics

•	 �-�…�ˆ�v�Ì�Ã���ˆ�˜���À�i�}�ˆ�œ�˜�>�•���Ü�>�Ì�i�À���>�Û�>�ˆ�•�>�L�ˆ�•�ˆ�Ì�Þ���`�Õ�i���Ì�œ���}�•�œ�L�>�•���Ì�À�i�i���À�i�Ã�Ì�œ�À�>�Ì�ˆ�œ�˜

�5�E�K�G�P�V�K�‚�E���R�T�G�U�G�P�V�C�V�K�Q�P�U

•	 ���œ�ˆ�Ã�Ì�Õ�À�i�� �À�i�V�Þ�V�•�ˆ�˜�}�� �ˆ�˜�� �w�Û�i�� �`�ˆ�v�v�i�À�i�˜�Ì�� �À�i�}�ˆ�œ�˜�Ã���Ü�ˆ�Ì�…�����i�`�ˆ�Ì�i�À�À�>�˜�i�>�˜���V�•�ˆ�“�>�Ì�i�Ã���>�À�œ�Õ�˜�`�� �Ì�…�i��
�Ü�œ�À�•�`���­�
���1�Ó�£�®

•	 �
�˜�…�>�˜�V�ˆ�˜�}���Ì�…�i���•�œ�V�>�•���Ü�>�Ì�i�À���V�Þ�V�•�i���ˆ�˜�����i�`�ˆ�Ì�i�À�À�>�˜�i�>�˜���>�À�i�>�Ã���q���Ì�…�i���À�œ�•�i���œ�v���Ã�>�Ì�i�•�•�ˆ�Ì�i���`�>�Ì�>���ˆ�˜��
�À�i�}�À�i�i�˜�ˆ�˜�}���­�7�i�Ì�Ã�Õ�Ã���V�œ�˜�}�À�i�Ã�Ã���Ó�ä�Ó�£�®
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6.3.4.3 Pilot of the evaporation technology

The local moisture recycling data suggested that it is more likely we may enhance 

�•�œ�V�>�•�� �À�>�ˆ�˜�v�>�•�•�� �Ü�ˆ�Ì�…�� �À�i�}�À�i�i�˜�ˆ�˜�}�� �ˆ�˜�� �À�i�}�ˆ�œ�˜�Ã�� �Ü�…�i�À�i�� �À�>�ˆ�˜�v�>�•�•�� �ˆ�Ã�� �>�•�À�i�>�`�Þ�� �«�À�i�Ã�i�˜�Ì�°�� �/�…�ˆ�Ã�� �ˆ�Ã��

relevant information for our company partners as their main goal is to regreen the 

�-�ˆ�˜�>�ˆ���`�i�Ã�i�À�Ì�]���Ü�…�ˆ�V�…���ˆ�Ã���>�˜���>�À�ˆ�`���À�i�}�ˆ�œ�˜���Ü�ˆ�Ì�…���•�ˆ�“�ˆ�Ì�i�`���v�À�i�Ã�…�Ü�>�Ì�i�À���>�Û�>�ˆ�•�>�L�•�i�°���"�Õ�À���œ�Õ�Ì�«�Õ�Ì�Ã��

�Ã�Õ�}�}�i�Ã�Ì���Ì�…�>�Ì���Ì�œ���À�i�}�À�i�i�˜���Ì�…�ˆ�Ã���`�i�Ã�i�À�Ì���Ü�i���˜�i�i�`���Ì�œ���w�À�Ã�Ì���“�>�Ž�i���ˆ�Ì���À�>�ˆ�˜�°���‚�Ã���`�i�Ã�V�À�ˆ�L�i�`���ˆ�˜��

�Ì�…�i�� �>�Ã�Ã�Õ�“�«�Ì�ˆ�œ�˜�Ã�]�� �Ü�i�� �i�Ý�«�i�V�Ì�� �Ì�…�>�Ì�� �Ü�i�� �V�>�˜�� �ˆ�˜�ˆ�Ì�ˆ�>�Ì�i�� �À�>�ˆ�˜�v�>�•�•�� �Õ�Ã�ˆ�˜�}�� �Ü�>�Ì�i�À�� �Ì�i�V�…�˜�œ�•�œ�}�Þ�°��

�
�Õ�À�À�i�˜�Ì�•�Þ�� �Ì�Ü�œ�� �*�…���� �V�>�˜�`�ˆ�`�>�Ì�i�Ã�� �Ü�ˆ�Ì�…�ˆ�˜�� �Ì�…�i�� � �7�*�� �«�À�œ�}�À�>�“�� �>�À�i�� �ˆ�˜�Û�i�Ã�Ì�ˆ�}�>�Ì�ˆ�˜�}�� �ˆ�v��

�i�˜�…�>�˜�V�i�`�� �Ã�i�>�Ü�>�Ì�i�À�� �i�Û�>�«�œ�À�>�Ì�ˆ�œ�˜�� �Õ�Ã�ˆ�˜�}�� �Ì�i�V�…�˜�œ�•�œ�}�Þ�]�� �V�>�˜�� �ˆ�˜�ˆ�Ì�ˆ�>�Ì�i�� �À�>�ˆ�˜�v�>�•�•�°�� �"�˜�i�� �*�…����

candidate aims to identify what atmospheric conditions enable the initiation of 



122

�À�>�ˆ�˜�v�>�•�•���Õ�Ã�ˆ�˜�}���Ü�>�Ì�i�À���Ì�i�V�…�˜�œ�•�œ�}�Þ�]���>�˜�`���Ì�…�i���Ã�i�V�œ�˜�`���*�…�����>�ˆ�“�Ã���>�Ì���`�i�Û�i�•�œ�«�ˆ�˜�}���Ã�Õ�V�…���>�˜��

�i�Û�>�«�œ�À�>�Ì�ˆ�œ�˜���Ì�i�V�…�˜�œ�•�œ�}�Þ���œ�˜���•�>�L���Ã�V�>�•�i�°��

�7�i���>�À�i���V�Õ�À�À�i�˜�Ì�•�Þ���w�˜�>�•�ˆ�â�ˆ�˜�}���>���«�À�œ�œ�v���œ�v���V�œ�˜�V�i�«�Ì�]���ˆ�°�i�°�]���Ì�…�>�Ì���i�˜�…�>�˜�V�i�`���Ã�i�>�Ü�>�Ì�i�À���i�Û�>�«�œ�À�>�Ì�ˆ�œ�˜��

�V�>�˜���ˆ�˜�ˆ�Ì�ˆ�>�Ì�i���À�>�ˆ�˜�v�>�•�•�]���v�œ�À���Ì�…�i���À�i�}�ˆ�œ�˜���œ�v���6�>�•�i�˜�V�ˆ�>���ˆ�˜���-�«�>�ˆ�˜�°���"�Õ�À���À�i�Ã�Õ�•�Ì�Ã���Ã�i�i�“���Ì�œ���ˆ�˜�`�ˆ�V�>�Ì�i���Ì�…�>�Ì��

�ˆ�Ì���ˆ�Ã���ˆ�˜�`�i�i�`���«�œ�Ã�Ã�ˆ�L�•�i���Ì�œ���i�˜�…�>�˜�V�i���À�>�ˆ�˜�v�>�•�•���Õ�Ã�ˆ�˜�}���Ü�>�Ì�i�À���Ì�i�V�…�˜�œ�•�œ�}�Þ�°�����œ�Ü�i�Û�i�À�]���ˆ�Ì���ˆ�Ã���Õ�˜�V�•�i�>�À���ˆ�v��

�Ì�…�i�Ã�i���Ì�i�V�…�˜�œ�•�œ�}�ˆ�i�Ã���V�œ�Õ�•�`���>�•�Ã�œ���Ì�À�ˆ�}�}�i�À���À�>�ˆ�˜�v�>�•�•���ˆ�˜���“�œ�À�i���>�À�ˆ�`���À�i�}�ˆ�œ�˜�Ã�°���/�…�ˆ�Ã���Ü�ˆ�•�•���L�i���i�Ý�«�•�œ�À�i�`��

�ˆ�˜���v�Õ�Ì�Õ�À�i���À�i�Ã�i�>�À�V�…�°�����œ�À���˜�œ�Ü�]���Ì�…�ˆ�Ã���À�i�Ã�i�>�À�V�…���•�ˆ�˜�i���…�>�Ã���…�ˆ�}�…���«�À�ˆ�œ�À�ˆ�Ì�Þ�]���>�Ã���Ü�i���i�Ý�«�i�V�Ì���Ì�…�>�Ì���Ì�…�i��

�Ì�i�V�…�˜�œ�•�œ�}�Þ���Ü�ˆ�•�•���L�i���>���V�À�Õ�V�ˆ�>�•���i�•�i�“�i�˜�Ì���Ì�œ���À�i�Ã�Ì�œ�À�i���Ü�>�Ì�i�À���V�Þ�V�•�i�Ã���ˆ�˜���>�À�ˆ�`���À�i�}�ˆ�œ�˜�Ã�°��

�����������������4�G�F�W�E�G���U�Q�E�K�G�V�C�N���T�G�U�K�U�V�C�P�E�G���V�Q�Y�C�T�F�U���V�J�K�U���U�R�G�E�K�‚�E���H�Q�T�O���Q�H���I�G�Q�G�P�I�K�P�G�G�T�K�P�I

Regreening initiatives may have several drawbacks that could cause societal 
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understand this concept of “stealing” and communicate this to stakeholders and the 
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realize regreening 
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Box 6.4: Outreach activities done by an ECS in the NWP program as part of a 

PhD trajectory.

Articles in newspapers and magazines, and blogs

•	 �<�i�•�v���â�œ�À�}�i�˜���Û�œ�œ�À���“�i�i�À���À�i�}�i�˜���ˆ�Ã���˜�ˆ�i�Ì���â�œ���“�œ�i�ˆ�•�ˆ�•�Ž���q�����Ó�"���Ü�>�Ì�i�À�˜�i�Ì�Ü�i�À�Ž

•	 ���Õ�V�…�Ì�`�i�i�•�Ì�•�i�Ã���}�i�Û�œ�À�“�`���`�œ�œ�À���«�•�>�˜�Ì�i�˜���“�>�Ž�i�˜���Ü�œ�•�Ž�i�˜���•�ˆ�V�…�Ì�i�À���q��� �i�Ü���Ã�V�ˆ�i�˜�Ì�ˆ�Ã�Ì

•	 �6�>�˜���}�œ�À�Ì�`�À�œ�œ�}���˜�>�>�À���Ü�i�i�•�`�i�À�ˆ�}���}�À�œ�i�˜�°���	�i�Ã�Ì�>�>�Ì���i�À���i�i�˜���Ì�À�Õ�V�¶�����œ�•�>�˜�`�>���Õ�ˆ�Ì�����i�i�Õ�Ü�>�À�`�i�˜��
�Ü�œ�˜���i�À���i�i�˜���«�À�i�Ã�Ì�ˆ�}�ˆ�i�Õ�â�i���«�À�ˆ�•�Ã���“�i�i���q�����i�i�Õ�Ü�>�À�`�i�À���
�œ�Õ�À�>�˜�Ì

•	 �"�˜�`�i�À�â�œ�i�Ž�� �7�i�Ì�Ã�Õ�Ã�\�� �7�œ�•�Ž�i�˜�v�>�L�À�ˆ�i�Ž�� �i�˜�� �L�œ�Ã�Ã�i�˜�� �Ž�Õ�˜�˜�i�˜�� �Ü�œ�i�Ã�Ì�ˆ�•�˜�� �Û�i�À�}�À�œ�i�˜�i�˜�� �q�� ���Ó�"��
waternetwerk

•	 �7�œ�•�Ž�i�˜�v�>�L�À�ˆ�i�Ž���â�œ�À�}�Ì���Û�œ�œ�À���Ü�i�i�•�`�i�À�ˆ�}�i���Ü�œ�i�Ã�Ì�ˆ�•�˜���q�����>�˜�`���i�˜���7�>�Ì�i�À

•	 �7�œ�•�Ž�i�˜�v�>�L�À�ˆ�i�Ž���œ�“���Ü�œ�i�Ã�Ì�ˆ�•�˜�i�˜���Ì�i���Û�i�À�}�À�œ�i�˜�i�˜�¶���6�œ�•�}�i�˜�Ã���œ�˜�`�i�À�â�œ�i�Ž�i�À�Ã���Õ�ˆ�Ì�����i�i�Õ�Ü�>�À�`�i�˜��
�Ž�>�˜���`�>�Ì���q�����i�i�Õ�Ü�>�À�`�i�À���
�œ�Õ�À�>�˜�Ì

•	 �
�V�œ�Ã�Þ�Ã�Ì�i�i�“�…�i�À�Ã�Ì�i�•���`�œ�œ�À���…�i�À�L�i�L�œ�Ã�Ã�i�˜���•�Õ�Ž�Ì���˜�ˆ�i�Ì���>�•�Ì�ˆ�•�`�°�����˜���`�i���-�ˆ�˜�>�‹���“�œ�}�i�•�ˆ�•�Ž���Ü�i�•���q�����Ó�"��
waternetwerk

•	 ���œ�ˆ�Ã�Ì�Õ�À�i���À�i�V�Þ�V�•�ˆ�˜�}���>�Ã���>���Ž�i�Þ���v�œ�À���Ã�Õ�V�V�i�Ã�Ã�v�Õ�•���À�i�}�À�i�i�˜�ˆ�˜�}���q���Ì�…�i���7�>�Ì�i�À���
�…�>�˜�˜�i�•

Presentations, lectures and stakeholder meetings

•	 Presentation for Cameroonian Embassy: Natural water production using regreening

•	 ���˜�Û�ˆ�Ì�i�`���i�Ý�«�i�À�Ì���œ�˜���¼�`�i���Ž�•�i�ˆ�˜�i���Ü�>�Ì�i�À�Ž�À�ˆ�˜�}�•�œ�œ�«�½�����‡���,�ˆ�•�Ž�Ã�`�ˆ�i�˜�Ã�Ì���Û�œ�œ�À���"�˜�`�i�À�˜�i�“�i�˜�`��� �i�`�i�À�•�>�˜�`��
and Province of Limburg

•	 ���œ�V�Õ�“�i�˜�Ì�>�À�Þ�\���"�˜�Ã���`�>�}�i�•�ˆ�•�Ž�Ã���Ü�>�Ì�i�À���q�����>�À�V�i�•���*�À�ˆ�˜�Ã

•	 �*�À�i�Ã�i�˜�Ì�>�Ì�ˆ�œ�˜�� �v�œ�À�� �}�i�˜�i�À�>�•�� �«�Õ�L�•�ˆ�V�\�� �7�œ�•�Ž�i�˜�v�>�L�À�ˆ�i�Ž�i�˜�\�� ���i�� �Ã�•�i�Õ�Ì�i�•�� �Ì�œ�Ì�� �i�i�˜�� �Ü�i�i�•�`�i�À�ˆ�}�i��
�Ü�œ�i�Ã�Ì�ˆ�•�˜���q���7�ˆ�˜�Ì�i�À���7�>�Ì�i�À�Ì�i�V�…���7�i�Ž�i�˜���œ�À�}�>�˜�ˆ�â�i�`���L�Þ���7�i�Ì�Ã�Õ�Ã
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recycling for successful regreening
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meetings were focussed on the province of Limburg which is a small region within 

the Netherlands where regreening likely solely has a local impact due to the 
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our company partners are also actively reaching out to international governments 
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Collaborations with governmental organizations can help to design policy and 
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program we are developing an evaporation technology that may be of interest to 
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6.4 Discussion

6.4.1 Impact progress evaluation
�7�i�� �“�>�`�i�� �«�À�œ�}�À�i�Ã�Ã�� �œ�˜�� �v�œ�Õ�À�� �œ�Õ�Ì�� �œ�v�� �Ì�…�i�� �w�Û�i�� �œ�Õ�Ì�V�œ�“�i�Ã�� �Ü�i�� �`�i�w�˜�i�`�� �ˆ�˜�� �Ì�…�i�� �ˆ�“�«�>�V�Ì��

�«�>�Ì�…�Ü�>�Þ�\���­�£�®���>�Ü�>�À�i�˜�i�Ã�Ã���œ�v���Ì�…�i���«�œ�Ã�ˆ�Ì�ˆ�Û�i���…�Þ�`�À�œ�•�œ�}�ˆ�V�>�•���ˆ�“�«�>�V�Ì���œ�v���À�i�}�À�i�i�˜�ˆ�˜�}���>�“�œ�˜�}�Ã�Ì��



125

�Ã�V�ˆ�i�˜�Ì�ˆ�Ã�Ì�� �>�˜�`�� �Ã�Ì�>�Ž�i�…�œ�•�`�i�À�Ã�]�� �­�Ó�®�� �µ�Õ�>�˜�Ì�ˆ�v�Þ�ˆ�˜�}�� �…�Þ�`�À�œ�•�œ�}�ˆ�V�>�•�� �L�i�˜�i�w�Ì�Ã�� �œ�v�� �À�i�}�À�i�i�˜�ˆ�˜�}�� �Ì�œ��

�Û�>�•�œ�À�ˆ�Ã�i���À�i�}�À�i�i�˜�ˆ�˜�}�]���­�Î�®���«�Õ�L�•�ˆ�V���>�V�V�i�«�Ì�>�˜�V�i���v�œ�À���>�`�`�À�i�Ã�Ã�ˆ�˜�}���Ü�>�Ì�i�À���Ã�V�>�À�V�ˆ�Ì�Þ���ˆ�Ã�Ã�Õ�i�Ã���Ü�ˆ�Ì�…��

�À�i�}�À�i�i�˜�ˆ�˜�}�]�� �>�˜�`�� �­�{�®�� �V�œ�•�•�>�L�œ�À�>�Ì�ˆ�˜�}�� �Ü�ˆ�Ì�…�� �Ã�Ì�>�Ž�i�…�œ�•�`�i�À�Ã�°�� �6�>�À�ˆ�œ�Õ�Ã�� �œ�Õ�Ì�À�i�>�V�…�� �>�V�Ì�ˆ�Û�ˆ�Ì�ˆ�i�Ã��

�Ì�œ���`�ˆ�v�v�i�À�i�˜�Ì���Ã�Ì�>�Ž�i�…�œ�•�`�i�À�Ã���“�>�ˆ�˜�•�Þ���V�œ�˜�Ì�À�ˆ�L�Õ�Ì�i�`���Ì�œ���œ�Õ�Ì�V�œ�“�i�Ã���­�£�®���>�˜�`���­�Î�®�]���Ì�…�i���Ã�V�ˆ�i�˜�Ì�ˆ�w�V��

research outputs mainly contributed to outcome (2) and both the outreach activities 
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6.4.1.1 Future research projects needed to achieve intended impact
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minimize the negative hydrological impacts of regreening and the “stealing” of water 
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6.4.2 A transdisciplinary research approach to achieve impact
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water technology and geosciences by involving experts from different universities 
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This impact evaluation shows that working in a transdisciplinary team enhances the 
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previously established knowledge had gone unnoticed by our partners despite their 
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The collaboration with universities helps our partners to convince and inspire other 
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6.4.3 An ECS in a transdisciplinary team
6.4.3.1 Personal development of an ECS in a transdisciplinary team
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6.4.3.2 Contribution of an ECS to a transdisciplinary research team
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6.5 Conclusions
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Chapter 7 | General discussion

7.1 Conclusions

This thesis aims to understand how regreening can contribute to local rainfall 

�i�˜�…�>�˜�V�i�“�i�˜�Ì�°���-�«�i�V�ˆ�w�V�>�•�•�Þ�]�������Ã�Ì�Õ�`�Þ���Ü�…�i�À�i���ˆ�Ì���V�œ�Õ�•�`���L�i���«�œ�Ã�Ã�ˆ�L�•�i���Ì�œ���i�˜�…�>�˜�V�i���•�œ�V�>�•���À�>�ˆ�˜�v�>�•�•��

�ˆ�˜�����i�`�ˆ�Ì�i�À�À�>�˜�i�>�˜�‡�Ì�Þ�«�i���V�•�ˆ�“�>�Ì�i���À�i�}�ˆ�œ�˜�Ã�°���/�œ���Ã�Ì�Õ�`�Þ���Ì�…�ˆ�Ã���>�ˆ�“�]���w�Û�i���À�i�Ã�i�>�À�V�…���œ�L�•�i�V�Ì�ˆ�Û�i�Ã��

�Ü�i�À�i���v�œ�À�“�Õ�•�>�Ì�i�`�°�����i�À�i�������`�ˆ�Ã�V�Õ�Ã�Ã���Ì�…�i���“�>�ˆ�˜���w�˜�`�ˆ�˜�}�Ã���v�œ�À���i�>�V�…���œ�v���Ì�…�i�Ã�i���œ�L�•�i�V�Ì�ˆ�Û�i�Ã�°

�£�°	 �+�Õ�>�˜�Ì�ˆ�v�Þ���•�œ�V�>�•���“�œ�ˆ�Ã�Ì�Õ�À�i���À�i�V�Þ�V�•�ˆ�˜�}���v�œ�À�����i�`�ˆ�Ì�i�À�À�>�˜�i�>�˜�‡�Ì�Þ�«�i���V�•�ˆ�“�>�Ì�i���À�i�}�ˆ�œ�˜�Ã���}�•�œ�L�>�•�•�Þ�°��

�"�˜���>�Û�i�À�>�}�i�]���£�¯�‡�Ó�¯���œ�v���i�Û�>�«�œ�À�>�Ì�i�`���Ü�>�Ì�i�À���À�i�Ì�Õ�À�˜�Ã���>�Ã���«�À�i�V�ˆ�«�ˆ�Ì�>�Ì�ˆ�œ�˜���Ü�ˆ�Ì�…�ˆ�˜���V�>�°���x�ä�Ž�“��

�v�À�œ�“���ˆ�Ì�Ã���Ã�œ�Õ�À�V�i���>�˜�`���£�¯�‡�Ó�¯���œ�v���«�À�i�V�ˆ�«�ˆ�Ì�>�Ì�ˆ�œ�˜���œ�À�ˆ�}�ˆ�˜�>�Ì�i�Ã���Ü�ˆ�Ì�…�ˆ�˜���V�>�°���x�ä�Ž�“���v�À�œ�“���Ü�…�i�À�i��

�ˆ�Ì���v�>�•�•�Ã���`�œ�Ü�˜�°���	�œ�Ì�…���•�œ�V�>�•���i�Û�>�«�œ�À�>�Ì�ˆ�œ�˜���>�˜�`���«�À�i�V�ˆ�«�ˆ�Ì�>�Ì�ˆ�œ�˜���À�i�V�Þ�V�•�ˆ�˜�}���Û�>�À�Þ���ˆ�˜���Ã�«�>�V�i���>�˜�`��

time with peaks up to more than 5% for local evaporation recycling and more than 

�£�x�¯���v�œ�À���•�œ�V�>�•���«�À�i�V�ˆ�«�ˆ�Ì�>�Ì�ˆ�œ�˜���À�i�V�Þ�V�•�ˆ�˜�}���`�Õ�À�ˆ�˜�}���Ã�Õ�“�“�i�À���ˆ�˜���Ì�…�i�����i�`�ˆ�Ì�i�À�À�>�˜�i�>�˜���	�>�Ã�ˆ�˜�°

�Ó�°	Assess which atmospheric and land surface characteristics link to local moisture 

�À�i�V�Þ�V�•�ˆ�˜�}���ˆ�˜�����i�`�ˆ�Ì�i�À�À�>�˜�i�>�˜�‡�Ì�Þ�«�i���V�•�ˆ�“�>�Ì�i���À�i�}�ˆ�œ�˜�Ã���}�•�œ�L�>�•�•�Þ�°

Local evaporation and precipitation recycling both peak over mountainous regions 

�`�Õ�i�� �Ì�œ�� �Ì�…�i�� �œ�À�œ�}�À�>�«�…�ˆ�V�� �•�ˆ�v�Ì�� �«�À�œ�“�œ�Ì�ˆ�˜�}�� �V�œ�˜�`�i�˜�Ã�>�Ì�ˆ�œ�˜�°�� ���Õ�À�Ì�…�i�À�“�œ�À�i�]�� �L�œ�Ì�…�� �•�œ�V�>�•��

�i�Û�>�«�œ�À�>�Ì�ˆ�œ�˜���>�˜�`���«�À�i�V�ˆ�«�ˆ�Ì�>�Ì�ˆ�œ�˜���À�i�V�Þ�V�•�ˆ�˜�}���V�œ�À�À�i�•�>�Ì�i���Ü�ˆ�Ì�…���«�À�i�V�ˆ�«�ˆ�Ì�>�Ì�ˆ�œ�˜�]���Û�>�«�œ�À���«�À�i�Ã�Ã�Õ�À�i��

�`�i�w�V�ˆ�Ì�]���>�˜�`���i�Û�>�«�œ�À�>�Ì�ˆ�œ�˜���œ�v���ˆ�˜�Ì�i�À�V�i�«�Ì�i�`���«�À�i�V�ˆ�«�ˆ�Ì�>�Ì�ˆ�œ�˜���ˆ�˜���“�œ�Ã�Ì���œ�v���Ì�…�i�����i�`�ˆ�Ì�i�À�À�>�˜�i�>�˜�‡

�Ì�Þ�«�i���V�•�ˆ�“�>�Ì�i���À�i�}�ˆ�œ�˜�Ã�°�����i�˜�V�i�]���Ì�…�i���À�i�Ã�Õ�•�Ì�Ã���Ã�Õ�}�}�i�Ã�Ì���Ì�…�>�Ì���Û�i�}�i�Ì�>�Ì�ˆ�œ�˜���>�˜�`���>�Ì�“�œ�Ã�«�…�i�À�ˆ�V��

�…�Õ�“�ˆ�`�ˆ�Ì�Þ�]���Ü�…�ˆ�V�…���ˆ�Ã���À�i�•�>�Ì�i�`���Ì�œ���Ã�œ�ˆ�•���“�œ�ˆ�Ã�Ì�Õ�À�i���>�˜�`���`�ˆ�Ã�Ì�>�˜�V�i���Ì�œ���Ì�…�i���V�œ�>�Ã�Ì�]���Ì�À�ˆ�}�}�i�À���Ì�…�i���•�œ�V�>�•��

�À�i�Ì�Õ�À�˜���œ�v���i�Û�>�«�œ�À�>�Ì�i�`���Ü�>�Ì�i�À���>�Ã���«�À�i�V�ˆ�«�ˆ�Ì�>�Ì�ˆ�œ�˜�°���‚�•�Ì�…�œ�Õ�}�…���•�œ�V�>�•���i�Û�>�«�œ�À�>�Ì�ˆ�œ�˜���À�i�V�Þ�V�•�ˆ�˜�}��

�V�œ�À�À�i�•�>�Ì�i�Ã�� �«�œ�Ã�ˆ�Ì�ˆ�Û�i�•�Þ�� �Ü�ˆ�Ì�…�� �«�À�i�V�ˆ�«�ˆ�Ì�>�Ì�ˆ�œ�˜�]�� �•�œ�V�>�•�� �«�À�i�V�ˆ�«�ˆ�Ì�>�Ì�ˆ�œ�˜�� �À�i�V�Þ�V�•�ˆ�˜�}�� �V�œ�À�À�i�•�>�Ì�i�Ã��

negatively with precipitation due to the contribution of external moisture during 

�«�À�i�V�ˆ�«�ˆ�Ì�>�Ì�ˆ�œ�˜���i�Û�i�˜�Ì�Ã�°

�Î�°	 Determine the impact of forestation on the development of the atmospheric 

�L�œ�Õ�˜�`�>�À�Þ���•�>�Þ�i�À���>�˜�`���`�i�i�«���V�œ�˜�Û�i�V�Ì�ˆ�Û�i���V�•�œ�Õ�`�Ã���ˆ�˜���Ì�…�i�����i�`�ˆ�Ì�i�À�À�>�˜�i�>�˜���	�>�Ã�ˆ�˜�°

The impact of forestation on the development of the atmospheric boundary layer 

�Ã�i�i�“�Ã���Ì�œ���Û�>�À�Þ���Ü�ˆ�Ì�…���Ã�œ�ˆ�•���“�œ�ˆ�Ã�Ì�Õ�À�i�°���7�ˆ�Ì�…���>�˜���ˆ�˜�V�À�i�>�Ã�i���ˆ�˜���v�œ�À�i�Ã�Ì���V�œ�Û�i�À���Ì�…�i���˜�i�Ì���À�>�`�ˆ�>�Ì�ˆ�œ�˜��

�ˆ�˜�V�À�i�>�Ã�i�Ã�� �`�Õ�i�� �Ì�œ�� �Ì�…�i�� �`�>�À�Ž�i�˜�ˆ�˜�}�� �œ�v�� �Ì�…�i�� �•�>�˜�`�� �Ã�Õ�À�v�>�V�i�°�� �"�Û�i�À�� �À�i�•�>�Ì�ˆ�Û�i�•�Þ�� �`�À�Þ�� �À�i�}�ˆ�œ�˜�Ã�]��

�v�œ�À�i�Ã�Ì�>�Ì�ˆ�œ�˜�� �ˆ�˜�V�À�i�>�Ã�i�Ã�� �Ì�…�i�� �Ã�i�˜�Ã�ˆ�L�•�i�� �…�i�>�Ì�� �y�Õ�Ý�]�� �V�œ�˜�Ì�À�ˆ�L�Õ�Ì�ˆ�˜�}�� �Ì�œ�� �Ü�>�À�“�ˆ�˜�}�� �>�˜�`�� �`�À�Þ�ˆ�˜�}��

�œ�v���Ì�…�i�� �L�œ�Õ�˜�`�>�À�Þ���•�>�Þ�i�À�°�� �"�Û�i�À���À�i�•�>�Ì�ˆ�Û�i�•�Þ���Ü�i�Ì�� �À�i�}�ˆ�œ�˜�Ã�]�� �Ì�…�i�� �•�>�Ì�i�˜�Ì�� �…�i�>�Ì�� �y�Õ�Ý���ˆ�˜�V�À�i�>�Ã�i�Ã��

�V�œ�˜�Ì�À�ˆ�L�Õ�Ì�ˆ�˜�}���Ì�œ���V�œ�œ�•�ˆ�˜�}���>�˜�`���Ü�i�Ì�Ì�ˆ�˜�}�°���
�œ�˜�Û�i�V�Ì�ˆ�Û�i���V�•�œ�Õ�`�Ã���Ã�i�i�“���Ì�œ���L�i���“�œ�À�i���•�ˆ�Ž�i�•�Þ���Ì�œ��

�`�i�Û�i�•�œ�«���œ�Û�i�À���Ì�…�i���À�i�•�>�Ì�ˆ�Û�i�•�Þ���Ü�i�Ì���À�i�}�ˆ�œ�˜�Ã���>�Ã���>���À�i�Ã�Õ�•�Ì���œ�v���v�œ�À�i�Ã�Ì�>�Ì�ˆ�œ�˜�°��

�{�°	 ���ˆ�Ã�V�Õ�Ã�Ã���…�œ�Ü���Ì�>�À�}�i�Ì�i�`���À�>�ˆ�˜�v�>�•�•���i�˜�…�>�˜�V�i�“�i�˜�Ì���V�>�˜���L�i���>�˜���œ�L�•�i�V�Ì�ˆ�Û�i���œ�v���v�œ�À�i�Ã�Ì�>�Ì�ˆ�œ�˜���}�•�œ�L�>�•�•�Þ�°



133

�‚�� �V�œ�˜�Ã�ˆ�`�i�À�>�L�•�i�� �>�“�œ�Õ�˜�Ì�� �œ�v�� �À�i�V�i�˜�Ì�� �Ã�Ì�Õ�`�ˆ�i�Ã�� �Ã�…�œ�Ü�� �Ì�…�>�Ì�� �«�œ�Ì�i�˜�Ì�ˆ�>�•�� �v�œ�À�i�Ã�Ì�>�Ì�ˆ�œ�˜�� �…�>�Ã��

�Ã�ˆ�}�˜�ˆ�w�V�>�˜�Ì���>�˜�`���À�i�•�i�Û�>�˜�Ì���i�v�v�i�V�Ì�Ã���œ�˜���«�À�i�V�ˆ�«�ˆ�Ì�>�Ì�ˆ�œ�˜�°�����Ì���Ã�i�i�“�Ã���Ì�…�>�Ì���v�œ�À�i�Ã�Ì�>�Ì�ˆ�œ�˜���“�>�Þ���…�>�Û�i��

�>�˜���œ�«�«�œ�Ã�ˆ�˜�}���i�v�v�i�V�Ì���œ�˜���`�À�Þ�ˆ�˜�}���V�>�Õ�Ã�i�`���L�Þ���V�•�ˆ�“�>�Ì�i���V�…�>�˜�}�i�°�����Õ�À�Ì�…�i�À�“�œ�À�i�]���Ã�Ì�>�Ì�i�‡�œ�v�‡�Ì�…�i�‡

�>�À�Ì���Ì�œ�œ�•�Ã���>�˜�`���Ž�˜�œ�Ü�•�i�`�}�i�]���Ü�…�ˆ�V�…���>�À�i���ˆ�“�«�À�œ�Û�ˆ�˜�}���ˆ�˜���µ�Õ�>�•�ˆ�Ì�Þ�]���>�•�•�œ�Ü���Ì�œ���V�œ�˜�Ã�ˆ�`�i�À���Ì�>�À�}�i�Ì�i�`��

�À�>�ˆ�˜�v�>�•�•���i�˜�…�>�˜�V�i�“�i�˜�Ì���>�Ã���>�˜���œ�L�•�i�V�Ì�ˆ�Û�i���v�œ�À���v�œ�À�i�Ã�Ì�>�Ì�ˆ�œ�˜�°

�x�°	 �
�Û�>�•�Õ�>�Ì�i���Ì�…�i���Ã�œ�V�ˆ�i�Ì�>�•���ˆ�“�«�>�V�Ì���œ�v���Ì�…�i���À�i�Ã�i�>�À�V�…���V�œ�˜�`�Õ�V�Ì�i�`���v�œ�À���Ì�…�ˆ�Ã���Ì�…�i�Ã�ˆ�Ã�°

�/�…�i���Ì�À�>�˜�Ã�`�ˆ�Ã�V�ˆ�«�•�ˆ�˜�>�À�Þ���À�i�Ã�i�>�À�V�…���>�«�«�À�œ�>�V�…���v�œ�À���Ì�…�ˆ�Ã���Ì�…�i�Ã�ˆ�Ã���«�À�œ�Û�i�`���Ì�œ���L�i���L�i�˜�i�w�V�ˆ�>�•���>�Ã���ˆ�Ì����

�ˆ�“�«�À�œ�Û�i�`���Ì�…�i���i�v�v�i�V�Ì�ˆ�Û�i�˜�i�Ã�Ã���œ�v���Ã�V�ˆ�i�˜�V�i���V�œ�“�“�Õ�˜�ˆ�V�>�Ì�ˆ�œ�˜�]���>�˜�`���Ì�…�i�À�i�v�œ�À�i�]���Ì�…�i���«�À�>�V�Ì�ˆ�V�>�•��

�ˆ�“�«�•�i�“�i�˜�Ì�>�Ì�ˆ�œ�˜���œ�v���Ì�…�i���Ã�V�ˆ�i�˜�Ì�ˆ�w�V���œ�Õ�Ì�«�Õ�Ì�°���-�œ�“�i���œ�v���Ì�…�i���Ž�˜�œ�Ü�•�i�`�}�i���Ì�…�>�Ì���ˆ�Ã���>�V�µ�Õ�ˆ�À�i�`���ˆ�˜��

�Ì�…�ˆ�Ã���Ì�…�i�Ã�ˆ�Ã���ˆ�Ã���`�ˆ�À�i�V�Ì�•�Þ���>�«�«�•�ˆ�i�`���L�Þ���Ì�…�i���Ã�Ì�>�Ž�i�…�œ�•�`�i�À�Ã���ˆ�˜���Ì�…�i���Û�>�•�œ�À�ˆ�Ã�>�Ì�ˆ�œ�˜���œ�v���Ì�…�i�ˆ�À���«�À�œ�•�i�V�Ì�Ã�°

���˜���Ã�Õ�“�“�>�À�Þ�]���ˆ�˜�����i�`�ˆ�Ì�i�À�À�>�˜�i�>�˜�‡�Ì�Þ�«�i���V�•�ˆ�“�>�Ì�i���À�i�}�ˆ�œ�˜�Ã�]���À�i�}�À�i�i�˜�ˆ�˜�}���“�>�Þ���i�˜�…�>�˜�V�i���•�œ�V�>�•��

�«�À�i�V�ˆ�«�ˆ�Ì�>�Ì�ˆ�œ�˜�� �œ�Û�i�À���“�œ�Õ�˜�Ì�>�ˆ�˜�œ�Õ�Ã���À�i�}�ˆ�œ�˜�Ã�]�� �>�˜�`�� �À�i�•�>�Ì�ˆ�Û�i�•�Þ���Ü�i�Ì�� �œ�À���V�œ�>�Ã�Ì�>�•�� �>�À�i�>�Ã�°�� �"�Õ�Ì��

�œ�v���Ì�…�i���w�Û�i���“�>�•�œ�À�����i�`�ˆ�Ì�i�À�À�>�˜�i�>�˜�‡�Ì�Þ�«�i���V�•�ˆ�“�>�Ì�i���À�i�}�ˆ�œ�˜�Ã�]���À�i�}�À�i�i�˜�ˆ�˜�}���ˆ�Ã���i�Ý�«�i�V�Ì�i�`���Ì�œ��

most likely contribute to more local and regional precipitation in the Mediterranean 

�	�>�Ã�ˆ�˜���`�Õ�i���Ì�œ���À�i�•�>�Ì�ˆ�Û�i�•�Þ���…�ˆ�}�…���•�œ�V�>�•���>�˜�`���À�i�}�ˆ�œ�˜�>�•���À�i�V�Þ�V�•�ˆ�˜�}���À�>�Ì�ˆ�œ�Ã�°���/�…�i���œ�Õ�Ì�V�œ�“�i�Ã���œ�v���Ì�…�ˆ�Ã��
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7.2 An engineering approach to enhance rainfall with 
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Figure 7.1. Schematic overview of the engineering approach as discussed in this chapter. This approach 

could be applied to identify a location where regreening may contribute to rainfall enhancement 

without having an harmful impact. �(�Q�T���T�G�I�K�Q�P�U���Y�K�V�J���J�[�F�T�Q�N�Q�I�K�E�C�N���D�G�P�G�‚�V�U���C���U�Q�E�K�Q���G�E�Q�P�Q�O�K�E���K�O�R�C�E�V��
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realized. The results from Chapters 2 and 3 are included in Step 1, and the results from Chapter 4 are 

included in Step 2. Chapter 5 discusses the potential of applying various methods to study hydrological 

�G�H�H�G�E�V�U���Q�H���T�G�I�T�G�G�P�K�P�I�����(�K�P�C�N�N�[�����U�V�G�R�������K�U���D�C�U�G�F���Q�P���V�J�G���‚�P�F�K�P�I�U���H�T�Q�O���%�J�C�R�V�G�T������



135

���i�À�i�]�� ���� �i�Ý�«�•�>�ˆ�˜�� �i�>�V�…���œ�v�� �Ì�…�i�� �Ã�Ì�i�«�Ã�� �ˆ�˜�� �Ì�…�ˆ�Ã�� �i�˜�}�ˆ�˜�i�i�À�ˆ�˜�}�� �>�«�«�À�œ�>�V�…���>�˜�`�� �`�ˆ�Ã�V�Õ�Ã�Ã�� �…�œ�Ü��

�Ì�…�i�Ã�i���Ã�Ì�i�«�Ã���V�œ�Õ�•�`���L�i���œ�«�Ì�ˆ�“�ˆ�â�i�`�°�����Õ�À�Ì�…�i�À�“�œ�À�i�]�������>�•�Ã�œ���«�À�œ�«�œ�Ã�i���Ì�Ü�œ���>�`�`�ˆ�Ì�ˆ�œ�˜�>�•���Ã�Ì�i�«�Ã��

�Ì�…�>�Ì�� �Ü�i�À�i�� �˜�œ�Ì�� �ˆ�˜�V�•�Õ�`�i�`�� �ˆ�˜�� �Ì�…�ˆ�Ã�� �Ì�…�i�Ã�ˆ�Ã�\�� �­�£�®�� �Ž�ˆ�V�Ž�‡�Ã�Ì�>�À�Ì�ˆ�˜�}�� �Ì�…�i�� �Ü�>�Ì�i�À�� �V�Þ�V�•�i�� �Ü�ˆ�Ì�…�� �Ü�>�Ì�i�À��

�Ì�i�V�…�˜�œ�•�œ�}�Þ���ˆ�˜���>�À�ˆ�`���À�i�}�ˆ�œ�˜�Ã�]���>�˜�`���­�Ó�®���>�˜���>�Ã�Ã�i�Ã�Ã�“�i�˜�Ì���œ�v���Ì�…�i���Ã�œ�V�ˆ�œ�‡�i�V�œ�˜�œ�“�ˆ�V���L�i�˜�i�w�Ì�Ã��

�œ�v���>���À�i�}�À�i�i�˜�ˆ�˜�}���«�À�œ�•�i�V�Ì�°�����ˆ�˜�>�•�•�Þ�]�������`�ˆ�Ã�V�Õ�Ã�Ã���…�œ�Ü�������L�i�•�ˆ�i�Û�i���ˆ�Ì���ˆ�Ã���«�œ�Ã�Ã�ˆ�L�•�i���Ì�œ���À�i�>�•�ˆ�â�i���Ì�…�i��

�ˆ�“�«�•�i�“�i�˜�Ì�>�Ì�ˆ�œ�˜���œ�v���Ã�Õ�V�…���>�˜���i�˜�}�ˆ�˜�i�i�À�ˆ�˜�}���>�«�«�À�œ�>�V�…�°

7.2.1 Step 1: Identifying regions where vegetation may enhance rainfall 
�‚�Ì�“�œ�Ã�«�…�i�À�ˆ�V�� �“�œ�ˆ�Ã�Ì�Õ�À�i�� �V�œ�˜�˜�i�V�Ì�ˆ�œ�˜�Ã�� �V�>�˜�� �L�i�� �Õ�Ã�i�`�� �Ì�œ�� �ˆ�`�i�˜�Ì�ˆ�v�Þ�� �Ü�…�i�À�i�� �i�Û�>�«�œ�À�>�Ì�ˆ�œ�˜��

�V�œ�˜�Ì�À�ˆ�L�Õ�Ì�i�Ã�� �Ì�œ�� �À�>�ˆ�˜�v�>�•�•�� �•�œ�V�>�•�•�Þ�� �­�
�…�>�«�Ì�i�À�Ã�� �Ó�� �E�� �Î�®�°�� �/�…�ˆ�Ã�� �ˆ�˜�v�œ�À�“�>�Ì�ˆ�œ�˜�� �…�i�•�«�Ã�� �Ì�œ�� �Ã�i�•�i�V�Ì�� �>��

�À�i�}�ˆ�œ�˜�� �Ì�…�>�Ì�� �Ã�…�œ�Ü�Ã���«�œ�Ì�i�˜�Ì�ˆ�>�•�� �Ì�œ���i�˜�…�>�˜�V�i�� �•�œ�V�>�•�� �À�>�ˆ�˜�v�>�•�•�� �Ì�…�À�œ�Õ�}�…���À�i�}�À�i�i�˜�ˆ�˜�}�°�� ���i�Ã�«�ˆ�Ì�i��

that the local evaporation and precipitation recycling ratios are small across the 

���i�`�ˆ�Ì�i�À�À�>�˜�i�>�˜�‡�Ì�Þ�«�i�� �V�•�ˆ�“�>�Ì�i�� �À�i�}�ˆ�œ�˜�Ã�� �­�
�…�>�«�Ì�i�À�Ã�� �Ó�� �E�� �Î�®�]�� �Ì�œ�}�i�Ì�…�i�À�� �Ì�…�i�Þ�� �V�>�˜�� �«�À�œ�Û�ˆ�`�i��

�Û�>�•�Õ�>�L�•�i���ˆ�˜�v�œ�À�“�>�Ì�ˆ�œ�˜�°���7�…�i�˜���•�œ�V�>�•���i�Û�>�«�œ�À�>�Ì�ˆ�œ�˜���À�i�V�Þ�V�•�ˆ�˜�}���ˆ�Ã���…�ˆ�}�…�]���>���•�>�À�}�i���v�À�>�V�Ì�ˆ�œ�˜���œ�v��

�i�Û�>�«�œ�À�>�Ì�ˆ�œ�˜���À�i�Ì�Õ�À�˜�Ã���>�Ã���À�>�ˆ�˜�v�>�•�•���•�œ�V�>�•�•�Þ�°�����v���Ã�Õ�V�…���>���…�ˆ�}�…���•�œ�V�>�•���i�Û�>�«�œ�À�>�Ì�ˆ�œ�˜���À�i�V�Þ�V�•�ˆ�˜�}���À�>�Ì�ˆ�œ���ˆ�Ã��

�V�œ�“�L�ˆ�˜�i�`���Ü�ˆ�Ì�…���>���•�œ�Ü���«�À�i�V�ˆ�«�ˆ�Ì�>�Ì�ˆ�œ�˜���À�i�V�Þ�V�•�ˆ�˜�}���À�>�Ì�ˆ�œ�]���Ì�…�i���•�œ�V�>�•���i�Û�>�«�œ�À�>�Ì�ˆ�œ�˜���Ì�…�>�Ì���À�i�Ì�Õ�À�˜�Ã��

�>�Ã���À�>�ˆ�˜�v�>�•�•���•�œ�V�>�•�•�Þ���ˆ�Ã���œ�˜�•�Þ���>���Ã�“�>�•�•���v�À�>�V�Ì�ˆ�œ�˜���œ�v���Ì�…�i���Ì�œ�Ì�>�•���«�À�i�V�ˆ�«�ˆ�Ì�>�Ì�ˆ�œ�˜���ˆ�˜���Ì�…�ˆ�Ã���•�œ�V�>�Ì�ˆ�œ�˜�]���>�˜�`��

�Ì�…�i�À�i�v�œ�À�i�]���>�˜���ˆ�˜�V�À�i�>�Ã�i���ˆ�˜���i�Û�>�«�œ�Ì�À�>�˜�Ã�«�ˆ�À�>�Ì�ˆ�œ�˜���ˆ�Ã���˜�œ�Ì���i�Ý�«�i�V�Ì�i�`���Ì�œ���V�œ�˜�Ì�À�ˆ�L�Õ�Ì�i���Ì�œ���`�À�Þ�ˆ�˜�}�°��

���i�˜�V�i�]���Ì�…�i���À�>�Ì�ˆ�œ���L�i�Ì�Ü�i�i�˜���Ì�…�i���•�œ�V�>�•���i�Û�>�«�œ�À�>�Ì�ˆ�œ�˜���À�i�V�Þ�V�•�ˆ�˜�}���À�>�Ì�ˆ�œ���>�˜�`���•�œ�V�>�•���«�À�i�V�ˆ�«�ˆ�Ì�>�Ì�ˆ�œ�˜��

recycling ratio gives an indication of whether an increase in evaporation due to 

�i�˜�…�>�˜�V�i�`���Û�i�}�i�Ì�>�Ì�ˆ�œ�˜���V�œ�Û�i�À���V�œ�Õ�•�`���V�œ�˜�Ì�À�ˆ�L�Õ�Ì�i���Ì�œ���`�Þ�ˆ�˜�}�°���‚���…�ˆ�}�…�i�À���•�œ�V�>�•���i�Û�>�«�œ�À�>�Ì�ˆ�œ�˜��

recycling ratio than local precipitation recycling ratio implies that evaporation is 

�Ã�“�>�•�•�i�À���Ì�…�>�˜���«�À�i�V�ˆ�«�ˆ�Ì�>�Ì�ˆ�œ�˜�°��� �>�Ì�Õ�À�>�•�•�Þ�]���>���À�i�•�>�Ì�ˆ�Û�i�•�Þ���…�ˆ�}�…���•�œ�V�>�•���i�Û�>�«�œ�À�>�Ì�ˆ�œ�˜���À�i�V�Þ�V�•�ˆ�˜�}���À�>�Ì�ˆ�œ��

�>�˜�`���•�œ�Ü���«�À�i�V�ˆ�«�ˆ�Ì�>�Ì�ˆ�œ�˜���À�i�V�Þ�V�•�ˆ�˜�}���À�>�Ì�ˆ�œ���“�>�Þ���L�i���v�œ�Õ�˜�`���ˆ�˜���“�œ�Õ�˜�Ì�>�ˆ�˜�œ�Õ�Ã�]���V�œ�>�Ã�Ì�>�•���À�i�}�ˆ�œ�˜�Ã�°��

���i�À�i�� �Ì�…�i�� �œ�V�i�>�˜�� �ˆ�Ã�� �>�˜�� �ˆ�“�«�œ�À�Ì�>�˜�Ì�� �“�œ�ˆ�Ã�Ì�Õ�À�i�� �Ã�œ�Õ�À�V�i�� �>�˜�`�� �Ì�…�i�� �“�œ�Õ�˜�Ì�>�ˆ�˜�Ã�� �«�À�œ�“�œ�Ì�i�� �Ì�…�i��

�•�œ�V�>�•�� �À�i�Ì�Õ�À�˜�� �œ�v�� �i�Û�>�«�œ�À�>�Ì�i�`�� �Ü�>�Ì�i�À�� �`�Õ�i�� �Ì�œ�� �Ì�…�i�� �œ�À�œ�}�À�>�«�…�ˆ�V�� �•�ˆ�v�Ì�°�� ���Õ�À�Ì�…�i�À�“�œ�À�i�]�� �>�Ã�� �Ì�…�i��

�•�œ�V�>�•�� �i�Û�>�«�œ�À�>�Ì�ˆ�œ�˜�� �À�i�V�Þ�V�•�ˆ�˜�}�� �À�>�Ì�ˆ�œ�� �V�œ�À�À�i�•�>�Ì�i�Ã�� �«�œ�Ã�ˆ�Ì�ˆ�Û�i�•�Þ�� �Ü�ˆ�Ì�…�� �À�>�ˆ�˜�v�>�•�•�]�� �>�˜�`�� �Ì�…�i�� �•�œ�V�>�•��

�«�À�i�V�ˆ�«�ˆ�Ì�>�Ì�ˆ�œ�˜���À�i�V�Þ�V�•�ˆ�˜�}���À�>�Ì�ˆ�œ���V�œ�À�À�i�•�>�Ì�i�Ã���˜�i�}�>�Ì�ˆ�Û�i�•�Þ���Ü�ˆ�Ì�…���À�>�ˆ�˜�v�>�•�•���­�
�…�>�«�Ì�i�À���Î�®�]���À�i�}�À�i�i�˜�ˆ�˜�}��

�ˆ�Ã���i�Ý�«�i�V�Ì�i�`���Ì�œ���V�œ�˜�Ì�À�ˆ�L�Õ�Ì�i���Ì�œ���Ü�i�Ì�Ì�ˆ�˜�}���ˆ�˜���À�i�•�>�Ì�ˆ�Û�i�•�Þ���Ü�i�Ì���À�i�}�ˆ�œ�˜�Ã�°

�/�…�ˆ�Ã���w�À�Ã�Ì���Ã�Ì�i�«�]���Õ�Ã�ˆ�˜�}���>�Ì�“�œ�Ã�«�…�i�À�ˆ�V���“�œ�ˆ�Ã�Ì�Õ�À�i���V�œ�˜�˜�i�V�Ì�ˆ�œ�˜�Ã�]���…�>�Ã���•�œ�Ü���V�œ�“�«�Õ�Ì�>�Ì�ˆ�œ�˜�>�•���V�œ�Ã�Ì�Ã��

�>�˜�`�� �ˆ�Ã�� �À�i�•�>�Ì�ˆ�Û�i�•�Þ�� �Ã�ˆ�“�«�•�i�� �>�Ã�� �Ì�…�i�� �˜�i�V�i�Ã�Ã�>�À�Þ�� �`�>�Ì�>�� �>�À�i�� �v�À�i�i�•�Þ�� �>�Û�>�ˆ�•�>�L�•�i�� �­���ˆ�˜�Ž�� �i�Ì�� �>�•�°�� �Ó�ä�Ó�ä�Æ��

�/�Õ�ˆ�˜�i�˜�L�Õ�À�}���i�Ì���>�•�°���Ó�ä�Ó�ä�L�®�°���/�…�i�À�i�v�œ�À�i�]���Ì�…�i�À�i���ˆ�Ã���˜�œ���˜�i�i�`���Ì�œ���`�œ���V�œ�“�«�•�i�Ý���“�œ�`�i�•���Ã�ˆ�“�Õ�•�>�Ì�ˆ�œ�˜�Ã��

�>�˜�`���Ì�…�ˆ�Ã���Ã�Ì�i�«���V�>�˜���L�i���V�œ�˜�`�Õ�V�Ì�i�`���œ�˜���•�>�À�}�i���Ã�«�>�Ì�ˆ�>�•���>�˜�`���Ì�i�“�«�œ�À�>�•���Ã�V�>�•�i�Ã�]���Ì�œ���ˆ�`�i�˜�Ì�ˆ�v�Þ���«�>�Ì�Ì�i�À�Ã��

�ˆ�˜���•�œ�V�>�•���“�œ�ˆ�Ã�Ì�Õ�À�i���À�i�V�Þ�V�•�ˆ�˜�}�°���/�…�ˆ�Ã���“�>�Ž�i�Ã���ˆ�Ì���>���Ã�Õ�ˆ�Ì�>�L�•�i���Ì�œ�œ�•���Ì�œ���“�>�Ž�i���>���w�À�Ã�Ì���i�Ã�Ì�ˆ�“�>�Ì�i���œ�v���Ü�…�i�À�i��

�ˆ�Ì���“�>�Þ���L�i���«�œ�Ã�Ã�ˆ�L�•�i���Ì�œ���i�˜�…�>�˜�V�i���À�>�ˆ�˜�v�>�•�•���Ü�ˆ�Ì�…���À�i�}�À�i�i�˜�ˆ�˜�}�°�����˜���Ì�…�i���Ã�i�V�œ�˜�`���Ã�Ì�i�«�]���“�œ�À�i���V�œ�Ã�Ì�•�Þ��

�“�i�Ì�…�œ�`�Ã���V�>�˜���L�i���Õ�Ã�i�`���Ì�œ���ˆ�˜�Û�i�Ã�Ì�ˆ�}�>�Ì�i���Ã�«�i�V�ˆ�w�V���À�i�}�ˆ�œ�˜�Ã���ˆ�˜���“�œ�À�i���`�i�Ì�>�ˆ�•�°

7.2.1.1 Outcomes of Step 1 in this thesis

�/�…�i���œ�Õ�Ì�V�œ�“�i�Ã���œ�v���Ì�…�ˆ�Ã���Ì�…�i�Ã�ˆ�Ã���Ã�Õ�}�}�i�Ã�Ì���Ì�…�>�Ì���ˆ�Ì���ˆ�Ã���À�>�Ì�…�i�À���`�ˆ�v�w�V�Õ�•�Ì���v�œ�À���i�Û�>�«�œ�Ì�À�>�˜�Ã�«�ˆ�À�>�Ì�ˆ�œ�˜��

�Ì�œ�� �À�i�V�Þ�V�•�i�� �•�œ�V�>�•�•�Þ�� �ˆ�˜�� �>�À�ˆ�`�� �À�i�}�ˆ�œ�˜�Ã�°�� ���œ�Ü�i�Û�i�À�]�� �•�œ�V�>�•�� �À�i�V�Þ�V�•�ˆ�˜�}�� �œ�v�� �i�Û�>�«�œ�À�>�Ì�i�`�� �Ü�>�Ì�i�À��



136

�ˆ�Ã�� �…�ˆ�}�…�i�À�� �ˆ�˜�� �>�À�ˆ�`�� �À�i�}�ˆ�œ�˜�Ã�� �Ü�ˆ�Ì�…�� �œ�À�œ�}�À�>�«�…�ˆ�V�� �v�i�>�Ì�Õ�À�i�Ã�]�� �Ã�Õ�}�}�i�Ã�Ì�ˆ�˜�}�� �Ì�…�>�Ì�� �“�œ�Õ�˜�Ì�>�ˆ�˜�Ã��

�Ã�…�œ�Õ�•�`�� �…�>�Û�i�� �>�� �Ž�i�Þ�� �À�œ�•�i�� �ˆ�˜�� �À�i�}�À�i�i�˜�ˆ�˜�}�� �ˆ�˜�ˆ�Ì�ˆ�>�Ì�ˆ�Û�i�Ã�]�� �“�i�>�˜�ˆ�˜�}�� �À�i�}�À�i�i�˜�ˆ�˜�}�� �Ã�…�œ�Õ�•�`�� �L�i��

�V�œ�˜�`�Õ�V�Ì�i�`�� �Õ�«�Ü�ˆ�˜�`�� �v�À�œ�“�� �“�œ�Õ�˜�Ì�>�ˆ�˜�Ã�°�� ���Õ�À�Ì�…�i�À�“�œ�À�i�]�� �•�œ�V�>�•�� �i�Û�>�«�œ�À�>�Ì�ˆ�œ�˜�� �À�i�V�Þ�V�•�ˆ�˜�}�� �ˆ�Ã��

�…�ˆ�}�…�i�À���ˆ�˜�����i�`�ˆ�Ì�i�À�À�>�˜�i�>�˜�‡�Ì�Þ�«�i���V�•�ˆ�“�>�Ì�i�� �À�i�}�ˆ�œ�˜�Ã���œ�˜���Ì�…�i��� �œ�À�Ì�…�i�À�˜�����i�“�ˆ�Ã�«�…�i�À�i���Ì�…�>�˜��

�œ�˜���Ì�…�i���-�œ�Õ�Ì�…�i�À�˜�����i�“�ˆ�Ã�«�…�i�À�i���>�Ã���Ã�œ�Õ�Ì�…�‡�Ü�i�Ã�Ì���‚�Õ�Ã�Ì�À�>�•�ˆ�>���>�˜�`���Ì�…�i���
�>�«�i���À�i�}�ˆ�œ�˜���œ�v���-�œ�Õ�Ì�…��

�‚�v�À�ˆ�V�>���>�À�i���L�œ�Ì�…���Û�i�À�Þ���`�À�Þ�]���•�ˆ�“�ˆ�Ì�ˆ�˜�}���•�œ�V�>�•���i�Û�>�«�œ�À�>�Ì�ˆ�œ�˜���À�i�V�Þ�V�•�ˆ�˜�}���­�
�…�>�«�Ì�i�À���Î�®�°�����œ�À���
�i�˜�Ì�À�>�•��

�
�…�ˆ�•�i�]���•�œ�V�>�•���“�œ�ˆ�Ã�Ì�Õ�À�i���À�i�V�Þ�V�•�ˆ�˜�}���Ã�i�i�“�Ã���Ì�œ���L�i���“�œ�Ã�Ì�•�Þ���>�v�v�i�V�Ì�i�`���L�Þ���˜�œ�˜�‡�i�V�œ�…�Þ�`�À�œ�•�œ�}�ˆ�V�>�•��

�Û�>�À�ˆ�>�L�•�i�Ã�]���Ì�…�ˆ�Ã���“�>�Þ���ˆ�˜�`�ˆ�V�>�Ì�i���Ì�…�>�Ì���À�i�}�À�i�i�˜�ˆ�˜�}���…�>�Ã���•�ˆ�Ì�Ì�•�i���i�v�v�i�V�Ì���œ�˜���Ì�…�i���•�œ�V�>�•���À�i�V�Þ�V�•�ˆ�˜�}��

�À�>�Ì�ˆ�œ�� �>�˜�`�� �…�>�Ã�� �•�ˆ�Ì�Ì�•�i�� �«�œ�Ì�i�˜�Ì�ˆ�>�•�� �Ì�œ�� �Ã�Ì�À�i�˜�}�Ì�…�i�˜�� �Ì�…�i�� �Ü�>�Ì�i�À�� �V�Þ�V�•�i�� �­�
�…�>�«�Ì�i�À�� �Î�®�°�� �/�…�i�Ã�i��

�œ�Õ�Ì�V�œ�“�i�Ã���Ã�Õ�}�}�i�Ã�Ì���Ì�…�>�Ì���À�i�}�À�i�i�˜�ˆ�˜�}���ˆ�˜�ˆ�Ì�ˆ�>�Ì�ˆ�Û�i�Ã���ˆ�˜�����i�`�ˆ�Ì�i�À�À�>�˜�i�>�˜�‡�Ì�Þ�«�i���V�•�ˆ�“�>�Ì�i���À�i�}�ˆ�œ�˜�Ã��

�œ�˜���Ì�…�i��� �œ�À�Ì�…�i�À�˜�����i�“�ˆ�Ã�«�…�i�À�i���Ü�œ�Õ�•�`���“�œ�À�i���•�ˆ�Ž�i�•�Þ���V�œ�˜�Ì�À�ˆ�L�Õ�Ì�i���Ì�œ���À�>�ˆ�˜�v�>�•�•���i�˜�…�>�˜�V�i�“�i�˜�Ì��

�Ì�…�>�˜�� �œ�˜�� �Ì�…�i�� �-�œ�Õ�Ì�…�i�À�˜�� ���i�“�ˆ�Ã�«�…�i�À�i�°�� �-�«�i�V�ˆ�w�V�>�•�•�Þ�� �Ì�…�i�� ���i�`�ˆ�Ì�i�À�À�>�˜�i�>�˜�� �	�>�Ã�ˆ�˜�� �Ã�…�œ�Ü�Ã��

�«�œ�Ì�i�˜�Ì�ˆ�>�•���v�œ�À���•�œ�V�>�•���À�>�ˆ�˜�v�>�•�•���i�˜�…�>�˜�V�i�“�i�˜�Ì�]���•�ˆ�Ž�i�•�Þ���`�Õ�i���Ì�œ���ˆ�Ì�Ã���V�œ�“�«�•�i�Ý���Ì�œ�«�œ�}�À�>�«�…�Þ�°�����œ�À��

�Ì�…�ˆ�Ã���À�i�>�Ã�œ�˜�]���
�…�>�«�Ì�i�À���{���v�œ�V�Õ�Ã�i�Ã���œ�˜���v�œ�À�i�Ã�Ì�>�Ì�ˆ�œ�˜���ˆ�˜���Ì�…�i�����i�`�ˆ�Ì�i�À�À�>�˜�i�>�˜���	�>�Ã�ˆ�˜�°

7.2.1.2 Extending Step 1

�/�œ���“�>�Ý�ˆ�“�ˆ�â�i���Ì�…�i���…�Þ�`�À�œ�•�œ�}�ˆ�V�>�•���L�i�˜�i�w�Ì�Ã���œ�v���À�i�}�À�i�i�˜�ˆ�˜�}���ˆ�Ì���ˆ�Ã���ˆ�“�«�œ�À�Ì�>�˜�Ì���Ì�œ���>�•�Ã�œ���i�Ý�«�•�œ�À�i��

�Ì�…�i�� �˜�œ�˜�‡�•�œ�V�>�•�� �i�v�v�i�V�Ì�Ã�� �>�Ã�� �À�i�}�À�i�i�˜�ˆ�˜�}�� �V�œ�Õ�•�`�� �>�v�v�i�V�Ì�� �Ì�…�i�� �Ü�>�Ì�i�À�� �>�Û�>�ˆ�•�>�L�ˆ�•�ˆ�Ì�Þ�� �`�œ�Ü�˜�Ü�ˆ�˜�`��

�­�
�•�•�ˆ�Ã�œ�˜���i�Ì���>�•�°���Ó�ä�£�Ó�®�°�����œ�À���i�Ý�>�“�«�•�i�]���v�œ�À�i�Ã�Ì�>�Ì�ˆ�œ�˜���“�>�Þ���i�˜�…�>�˜�V�i���À�>�ˆ�˜�v�>�•�•���ˆ�˜���À�i�}�ˆ�œ�˜�Ã���Ì�…�>�Ì���>�À�i��

�«�À�œ�˜�i���Ì�œ���`�À�Þ�ˆ�˜�}���­���œ�i�Ž���Û�>�˜�����ˆ�•�Ž�i���i�Ì���>�•�°���Ó�ä�Ó�Ó�Æ���/�Õ�ˆ�˜�i�˜�L�Õ�À�}���i�Ì���>�•�°���Ó�ä�Ó�Ó�®�°���/�œ���ˆ�˜�Û�i�Ã�Ì�ˆ�}�>�Ì�i��

�Ü�…�i�À�i���À�i�}�À�i�i�˜�ˆ�˜�}���“�>�Þ���i�˜�…�>�˜�V�i���«�À�i�V�ˆ�«�ˆ�Ì�>�Ì�ˆ�œ�˜���`�œ�Ü�˜�Ü�ˆ�˜�`���­�
�…�>�«�Ì�i�À���x�®�]���Ì�…�i���>�«�«�À�œ�>�V�…��

that was applied in Chapters 2 and 3 of this thesis can be extended by analysing 

�À�i�}�ˆ�œ�˜�>�•�� �>�˜�`�� �Ì�i�À�À�i�Ã�Ì�À�ˆ�>�•�� �“�œ�ˆ�Ã�Ì�Õ�À�i�� �À�i�V�Þ�V�•�ˆ�˜�}�°�� �‚�Ã�� �À�i�}�ˆ�œ�˜�>�•�� �>�˜�`�� �Ì�i�À�À�i�Ã�Ì�À�ˆ�>�•�� �À�i�V�Þ�V�•�ˆ�˜�}��

�«�i�>�Ž���œ�Û�i�À���œ�À�œ�}�À�>�«�…�ˆ�V���v�i�>�Ì�Õ�À�i�Ã���­�6�>�˜���`�i�À���
�˜�Ì���>�˜�`���-�>�Û�i�˜�ˆ�•�i���Ó�ä�£�£�Æ���-�Ì�>�>�•���i�Ì���>�•�°���Ó�ä�£�n�Æ��

�/�Õ�ˆ�˜�i�˜�L�Õ�À�}�� �i�Ì�� �>�•�°�� �Ó�ä�Ó�ä�L�®�]�� �ˆ�Ì�� �ˆ�Ã�� �i�Ý�«�i�V�Ì�i�`�� �Ì�…�>�Ì�� �À�i�}�À�i�i�˜�ˆ�˜�}�� �ˆ�˜�ˆ�Ì�ˆ�>�Ì�ˆ�Û�i�Ã�� �Õ�«�Ü�ˆ�˜�`�� �v�À�œ�“��

�“�œ�Õ�˜�Ì�>�ˆ�˜�œ�Õ�Ã���À�i�}�ˆ�œ�˜�Ã���V�œ�˜�Ì�À�ˆ�L�Õ�Ì�i���Ì�œ���˜�œ�˜�‡�•�œ�V�>�•���…�Þ�`�À�œ�•�œ�}�ˆ�V�>�•���L�i�˜�i�w�Ì�Ã�°�����Õ�À�Ì�…�i�À�“�œ�À�i�]���ˆ�v��

the aim of a regreening project is to enhance rainfall in a downwind region that is 

�«�À�œ�˜�i���Ì�œ���`�À�Þ�ˆ�˜�}�]���Ì�…�i���«�À�i�V�ˆ�«�ˆ�Ì�>�Ì�ˆ�œ�˜�Ã�…�i�`���œ�v���Ì�…�ˆ�Ã���À�i�}�ˆ�œ�˜���V�>�˜���L�i���V�œ�˜�Ã�Õ�•�Ì�i�`���Ì�œ���ˆ�`�i�˜�Ì�ˆ�v�Þ���ˆ�Ì�Ã��

�“�œ�ˆ�Ã�Ì�Õ�À�i���Ã�œ�Õ�À�V�i�Ã���­���i�Þ�Ã���i�Ì���>�•�°���Ó�ä�£�{�®�°��

���i�Ã�«�ˆ�Ì�i���Ì�…�>�Ì���À�i�}�ˆ�œ�˜�>�•���>�˜�`���Ì�i�À�À�i�Ã�Ì�À�ˆ�>�•���“�œ�ˆ�Ã�Ì�Õ�À�i���À�i�V�Þ�V�•�ˆ�˜�}���«�À�œ�Û�ˆ�`�i���>�`�`�ˆ�Ì�ˆ�œ�˜�>�•���ˆ�˜�Ã�ˆ�}�…�Ì�Ã�]��

�•�œ�V�>�•���“�œ�ˆ�Ã�Ì�Õ�À�i���À�i�V�Þ�V�•�ˆ�˜�}���Ã�…�œ�Õ�•�`���˜�œ�Ì���L�i���œ�Û�i�À�•�œ�œ�Ž�i�`�°���"�˜�•�Þ���>�Ì���>���•�œ�V�>�•���Ã�V�>�•�i���“�œ�ˆ�Ã�Ì�Õ�À�i��

�À�i�V�Þ�V�•�ˆ�˜�}�� �V�>�˜�� �L�i�� �Õ�Ã�i�`�� �Ì�œ���>�Ã�Ã�i�Ã�Ã�� �Ü�…�i�Ì�…�i�À�� �À�i�}�À�i�i�˜�ˆ�˜�}�� �V�œ�˜�Ì�À�ˆ�L�Õ�Ì�i�Ã�� �Ì�œ���•�œ�V�>�•�� �`�À�Þ�ˆ�˜�}�°��

���Õ�À�Ì�…�i�À�“�œ�À�i�]���ˆ�Ì���ˆ�Ã���ˆ�“�«�œ�À�Ì�>�˜�Ì���Ì�œ���˜�œ�Ì�i���Ì�…�>�Ì���>���V�œ�˜�Ì�À�ˆ�L�Õ�Ì�ˆ�œ�˜���Ì�œ���«�À�i�V�ˆ�«�ˆ�Ì�>�Ì�ˆ�œ�˜���`�œ�Ü�˜�Ü�ˆ�˜�`��

�`�œ�i�Ã���˜�œ�Ì���˜�i�V�i�Ã�Ã�>�À�ˆ�•�Þ���Ì�À�>�˜�Ã�•�>�Ì�i���ˆ�˜���`�À�Þ�ˆ�˜�}���•�œ�V�>�•�•�Þ���>�˜�`���Û�ˆ�V�i���Û�i�À�Ã�>�°���7�>�Ì�i�À���“�>�Þ���V�œ�˜�Ì�À�ˆ�L�Õ�Ì�i��

�Ì�œ���À�>�ˆ�˜�v�>�•�•���>�˜�`���À�i�i�Û�>�«�œ�À�>�Ì�i���“�Õ�•�Ì�ˆ�«�•�i���Ì�ˆ�“�i�Ã���L�i�v�œ�À�i���ˆ�Ì���À�>�ˆ�˜�Ã���œ�Õ�Ì���œ�Û�i�À���Ì�…�i���œ�V�i�>�˜���­�<�i�“�«��

�i�Ì���>�•�°���Ó�ä�£�{�>�®�°
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7.2.2 Step 1b: Kick-starting the water cycle in arid regions
This thesis suggests that arid regions are currently too dry to enhance rainfall 
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7.2.3.1 Outcomes of Step 2 in this thesis
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7.3 Outlook: the future is transdisciplinary
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the engineering approach by simulating the climatic effects of vegetation in Earth 

system models will provide valuable insights in addition to the results presented in 
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The data that were used to study local evaporation and precipitation recycling in 
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cannot be used to analyse how vegetation affects the underlying dynamics of 
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a land cover change from bare soil to forest seems to have a cooling and wetting 
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underlie rainfall enhancement downwind and it describes the models and data that 
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�>���v�Õ�•�•���>�Ã�Ã�i�Ã�Ã�“�i�˜�Ì���œ�v���ˆ�Ì�Ã���…�Þ�`�À�œ�•�œ�}�ˆ�V�>�•���i�v�v�i�V�Ì�Ã���ˆ�Ã���˜�i�V�i�Ã�Ã�>�À�Þ�°��The data and models that 

are applied in this thesis can be used to strategically plan restoration initiatives 

�Ì�…�>�Ì�� �>�ˆ�“�� �>�Ì�� �À�>�ˆ�˜�v�>�•�•�� �i�˜�…�>�˜�V�i�“�i�˜�Ì�°�� �
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describes the importance of adopting a transdisciplinary research approach to 
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176

Samenvatting
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�Ü�>�Ì�i�À�Ì�i�Ž�œ�À�Ì�i�˜�°�� ���i�Ì�� �˜�>�“�i�� �}�i�L�ˆ�i�`�i�˜�� �“�i�Ì�� �i�i�˜�� �“�i�`�ˆ�Ì�i�À�À�>�>�˜�� �Ž�•�ˆ�“�>�>�Ì�� �â�ˆ�•�˜�� �}�i�Û�œ�i�•�ˆ�}��
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Over de hele wereld zijn er vijf grote gebieden met een mediterraan klimaat: het 

�â�Õ�ˆ�`�Ü�i�Ã�Ì�i�˜���Û�>�˜���`�i���6�i�À�i�˜�ˆ�}�`�i���-�Ì�>�Ì�i�˜�]���`�i���À�i�}�ˆ�œ���À�œ�˜�`���`�i�����ˆ�`�`�i�•�•�>�˜�`�Ã�i���<�i�i�]���V�i�˜�Ì�À�>�>�•��
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Omdat bossen CO 2�]�� �i�i�˜�� �L�i�Ž�i�˜�`�� �L�À�œ�i�ˆ�Ž�>�Ã�}�>�Ã�]�� �œ�«�Û�>�˜�}�i�˜�]�� �Ü�œ�À�`�Ì�� �…�i�À�L�i�L�œ�Ã�Ã�ˆ�˜�}��
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bossen hebben niet alleen invloed op de CO 2���ˆ�˜���`�i���•�Õ�V�…�Ì�]���â�i���…�i�L�L�i�˜���œ�œ�Ž���ˆ�˜�Û�•�œ�i�`��
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De waterdamp die de bomen vrijlaten in de lucht zal vervolgens ook voor regen 
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maar het is ook mogelijk dat de wind de waterdamp wegblaast en die op een 
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vervolgens niet terugkeert als regen op dezelfde plek kan dat voor verdroging 
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en andere studies suggereren dat bebossing kan bijdragen aan meer regen en 
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voor gebieden met een mediterraan klimaat is het onduidelijk wat bebossing doet 
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Verdampt water dat terugkeert als regen over land wordt beschreven met 
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meer inzicht te krijgen in lokale vochtrecycling: de terugkeer van verdampt vocht 
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Dergelijke modellen volgen waterdamp van verdampingsbron tot het punt 
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verdampingsrecyclingratio beschrijft de fractie van het verdampte water die 
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lokale verdampingsrecycling hoger dan gemiddeld in relatief natte gebieden met 
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Lokale verdampingsrecycling correleert positief met neerslag en is hoger in relatief 
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zichzelf niet gebruikt worden om te onderzoeken hoe vegetatie de onderliggende 
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ontwikkeling van deze laag gedurende de dag geeft inzicht in de mogelijkheid voor 
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lijkt een verandering van kale grond naar bos een verkoelend en vernattend effect 
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van kale grond naar bos lijkt een opwarmend en uitdrogend effect te hebben in 
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Een toename in verdamping door bebossing kan ook regionaal bijdragen aan 

meer regenval wanneer het verdampte vocht meegenomen wordt door de wind 
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Daarnaast beschrijft dit hoofdstuk de processen die een toename in neerslag 
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Om de effecten van bebossing in een veranderend klimaat beter te begrijpen is het 

cruciaal om beter te bevatten hoe deze veranderingen het weer en de vochtstromen 
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dat beschikbare tools het momenteel mogelijk maken om bij de planning van 
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·  low use of energy and water in the  

manufacturing process
· made from 100% waste paper
· particularly low level of harmful materials 
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