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The Delta Porgramme states that the Netherlands must be climate-resilient and water-robust

by 2050, posing a great challenge to spatial planning [1]. This imminent challenge of climate

adaptation requires a common ground of interdisciplinary approach as monodisciplinary

reductionist approaches are often not enough to deal with complex phenomena such as

climate change [2].

In this context, combining information models can support well-informed design decisions,

since many interventions related to climate adaptation, such as those related to water

storage, soil infiltration and underground spatial management, require a deeper knowledge

of subsurface characteristics and configurations.

However, this interdisciplinary approach still face many organizational, technological and

institutional barriers, related to inherent characteristics of design and geoinformatics in

combination with practical challenges related to standardization and interface of existing

products. There has not been yet an integrated approach that relates subsurface information

models and local climate adaptation design interventions in a single place even if literature

and design examples suggest information needs.

This thesis aims to explores how subsurface information models, in particular 3D ones,

can aid the cause of concrete well-informed urban climate adaptation design interventions,

identifying the reasons for an under use of existing subsurface data models and assessing

existing subsurface information models, both in 2D and 3D, to better understand what are

the information requirements for climate adaptation design interventions in the Netherlands.

As climate adaptation can often be a broad concept, this research opted to focus on concrete

examples of standards for climate adaptation in urban design, coming from the Leidraad 2.0,

the Maatlat, and the Klimaateffectatlas. The interventions used for the design analysis are

also standardized and refer to a document published by the Dutch government containing

the twenty five most relevant climate adaptation design interventions in the Netherlands [3].

The study of these interventions, standards, and models, along with the study of their

interdependence, indicate information needs for local climate adaptation design.

Therefore, this thesis provides both theoretical and practical foundations for better integrating

subsurface data models into standardized urban design practices for climate adaptation. As

a result of this research, a tangible tool named CLIMACAT is developed. CLIMACAT inte-

grates pre-existing subsurface information models in accordance with FAIR data principles:

ensuring findability, accessibility, interoperability, and reusability. Subsequently, both the

tool and the established information models undergo testing via design proposals across

four neighborhoods within the city of Utrecht.
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�V�X�E�V�X�U�I�D�F�H �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V �D�Q�G �Z�K�L�O�H �W�K�L�V �L�Q�I�R�U�P�D�W�L�R�Q �L�V �D�Y�D�L�O�D�E�O�H �D�W �D �Q�D�W�L�R�Q�D�O �O�H�Y�H�O �L�Q �W�K�H
�1�H�W�K�H�U�O�D�Q�G�V�� �L�W �L�V �V�W�L�O�O �X�Q�G�H�U�X�V�H�G�� �7�K�L�V �W�K�H�V�L�V �D�L�P�V �W�R �K�L�J�K�O�L�J�K�W �W�K�H �U�H�O�D�W�L�R�Q�V�K�L�S �E�H�W�Z�H�H�Q
�G�L�I�I�H�U�H�Q�W �G�H�V�L�J�Q �L�Q�W�H�U�Y�H�Q�W�L�R�Q�V �D�Q�G �V�X�E�V�X�U�I�D�F�H �S�U�R�S�H�U�W�L�H�V �W�K�D�W �F�D�Q �E�H �I�R�X�Q�G �R�Q �H�[�L�V�W�L�Q�J ���'
�D�Q�G ���' �G�D�W�D �P�R�G�H�O�V �Z�K�L�O�H �H�[�S�O�R�U�L�Q�J �Z�K�D�W �D�U�H �W�K�H �G�D�W�D �U�H�T�X�L�U�H�P�H�Q�W�V �I�R�U �G�L�I�I�H�U�H�Q�W �G�H�V�L�J�Q
�L�Q�W�H�U�Y�H�Q�W�L�R�Q�V�� �%�\ �D�V�V�H�V�V�L�Q�J �H�[�L�V�W�L�Q�J �P�R�G�H�O�V �D�Q�G �G�H�V�L�J�Q �U�H�T�X�L�U�H�P�H�Q�W�V�� �L�W �U�H�D�F�K�H�V �D �E�H�W�W�H�U
�X�Q�G�H�U�V�W�D�Q�G�L�Q�J �R�I �W�K�H �S�R�W�H�Q�W�L�D�O �Q�H�H�G �R�U �E�H�Q�H�I�L�W �I�R�U �X�V�L�Q�J ���' �P�R�G�H�O�V �W�R �U�H�S�U�H�V�H�Q�W �G�L�I�I�H�U�H�Q�W
�V�X�E�V�X�U�I�D�F�H �S�U�R�S�H�U�W�L�H�V�� �,�W �D�O�V�R �H�[�S�O�R�U�H�V �Z�K�D�W �D�U�H �F�O�L�P�D�W�H �D�G�D�S�W�D�W�L�R�Q �G�H�V�L�J�Q �U�H�T�X�L�U�H�P�H�Q�W�V
�D�Q�G �K�R�Z �S�U�H�F�L�V�H �G�R �L�Q�I�R�U�P�D�W�L�R�Q �L�Q �W�K�H �G�D�W�D �P�R�G�H�O�V �P�X�V�W �E�H�� �%�\ �H�[�S�O�R�U�L�Q�J �W�K�H�V�H �W�R�S�L�F�V�� �W�K�H
�U�H�V�H�D�U�F�K �L�V �D�E�O�H �W�R �I�X�O�I�L�O�O �L�W�V �P�D�L�Q �D�P�E�L�W�L�R�Q�� �X�Q�G�H�U�V�W�D�Q�G �K�R�Z �W�R �P�D�N�H �V�W�U�X�F�W�X�U�H�G �V�X�E�V�X�U�I�D�F�H
�L�Q�I�R�U�P�D�W�L�R�Q �E�H�Q�H�I�L�F�L�D�O �I�R�U �F�R�Q�F�U�H�W�H �F�O�L�P�D�W�H �D�G�D�S�W�D�W�L�R�Q �G�H�V�L�J�Q�� �7�K�H �U�H�V�X�O�W �L�V �D�Q �L�Q�I�R�U�P�D�W�L�R�Q
�P�R�G�H�O �D�Q�G �D �W�R�R�O �W�K�D�W �F�R�P�E�L�Q�H�V �G�L�I�I�H�U�H�Q�W �L�Q�I�R�U�P�D�W�L�R�Q �L�Q �D �V�L�Q�J�O�H �S�O�D�F�H �D�Q�G �P�D�N�H�V �W�K�H
�U�H�O�D�W�L�R�Q�V�K�L�S�V �D�Q�G �G�H�S�H�Q�G�H�Q�F�L�H�V �F�O�H�D�U�� �7�R �D�Q�V�Z�H�U �W�K�L�V �P�D�L�Q �U�H�V�H�D�U�F�K �T�X�H�V�W�L�R�Q�� �W�K�H �W�K�H�V�L�V
�H�[�S�O�R�U�H�V �G�L�I�I�H�U�H�Q�W �V�X�E�T�X�H�V�W�L�R�Q�V �V�X�F�K �D�V��

���� �,�Q �Z�K�L�F�K �Z�D�\�V �L�V �F�O�L�P�D�W�H �D�G�D�S�W�D�W�L�R�Q �G�H�S�H�Q�G�V �R�U �U�H�O�D�W�H�V �W�R �V�X�E�V�X�U�I�D�F�H �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V�"

���� �:�K�D�W �D�U�H �W�K�H �H�[�L�V�W�L�Q�J �E�D�U�U�L�H�U�V �R�U �F�K�D�O�O�H�Q�J�H�V �I�R�U �H�I�I�H�F�W�L�Y�H �X�W�L�O�L�]�D�W�L�R�Q �R�I ���' �V�X�E�V�X�U�I�D�F�H
�L�Q�I�R�U�P�D�W�L�R�Q �P�R�G�H�O�V �L�Q �'�X�W�F�K �F�O�L�P�D�W�H �D�G�D�S�W�D�W�L�R�Q �V�W�U�D�W�H�J�L�H�V�"

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

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

���� �+�R�Z �F�R�P�S�U�H�K�H�Q�V�L�Y�H �D�Q�G �D�F�F�X�U�D�W�H �D�U�H �W�K�H �F�X�U�U�H�Q�W �Q�D�W�L�R�Q�D�O���O�H�Y�H�O ���' �V�X�E�V�X�U�I�D�F�H �G�D�W�D
�P�R�G�H�O�V �L�Q �W�K�H �1�H�W�K�H�U�O�D�Q�G�V�� �S�D�U�W�L�F�X�O�D�U�O�\ �F�R�Q�F�H�U�Q�L�Q�J �W�K�H�L�U �U�H�O�H�Y�D�Q�F�H �W�R �F�O�L�P�D�W�H �D�G�D�S�W�D�W�L�R�Q
�Q�H�H�G�V�" �&�D�Q �Z�H �L�P�S�U�R�Y�H �H�[�L�V�W�L�Q�J �P�R�G�H�O�V�"

���� �:�K�D�W �L�V �W�K�L�V �D�G�G�H�G �Y�D�O�X�H �R�I �L�Q�W�H�J�U�D�W�L�Q�J �L�Q�I�R�U�P�D�W�L�R�Q �P�R�G�H�O�V �W�R �F�O�L�P�D�W�H �D�G�D�S�W�D�W�L�R�Q �G�H�V�L�J�Q�"
�&�D�Q �W�K�L�V �D�G�G�H�G �Y�D�O�X�H �E�H �T�X�D�Q�W�L�I�L�H�G�"



�������� �1�I�X�L�S�H�S�P�S�K�] ��

���� �:�K�D�W �P�H�W�K�R�G�R�O�R�J�L�H�V �F�D�Q �E�H �H�V�W�D�E�O�L�V�K�H�G �I�R�U �W�K�H �L�Q�W�H�J�U�D�W�L�R�Q �R�I �V�X�E�V�X�U�I�D�F�H �L�Q�I�R�U�P�D�W�L�R�Q
�P�R�G�H�O�V �L�Q�W�R �X�U�E�D�Q �G�H�V�L�J�Q�"

���������1�I�X�L�S�H�S�P�S�K�]
�7�K�L�V �W�K�H�V�L�V �H�[�S�O�R�U�H�V �W�K�H �U�H�O�D�W�L�R�Q�V�K�L�S�V �E�H�W�Z�H�H�Q �V�X�E�V�X�U�I�D�F�H �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V �W�K�D�W �F�D�Q �E�H �I�R�X�Q�G
�L�Q �H�[�L�V�W�L�Q�J �G�D�W�D �P�R�G�H�O�V �D�Q�G �W�K�H �U�H�T�X�L�U�H�P�H�Q�W�V �R�I �V�W�D�Q�G�D�U�G�L�]�H�G �O�R�F�D�O �F�O�L�P�D�W�H �D�G�D�S�W�D�W�L�R�Q
�G�H�V�L�J�Q�� �7�K�H �P�D�L�Q �I�R�F�X�V �R�I �W�K�L�V �V�W�X�G�\ �L�V �W�R �X�Q�G�H�U�V�W�D�Q�G �Z�K�D�W �L�V �Q�H�H�G�H�G �L�Q �W�H�U�P�V �R�I �V�F�D�O�H �D�Q�G
�G�D�W�D �U�H�V�R�O�X�W�L�R�Q �I�R�U �V�W�D�Q�G�D�U�G�L�]�H�G �O�R�F�D�O �F�O�L�P�D�W�H �D�G�D�S�W�D�W�L�R�Q �G�H�V�L�J�Q �W�R �E�H�Q�H�I�L�W �I�U�R�P �V�X�E�V�X�U�I�D�F�H
�L�Q�I�R�U�P�D�W�L�R�Q �P�R�G�H�O�V�� �,�V �W�K�H �L�Q�I�R�U�P�D�W�L�R�Q �P�R�G�H�O�V �W�K�D�W �F�X�U�U�H�Q�W�O�\ �H�[�L�V�W �L�Q �W�K�H �1�H�W�K�H�U�O�D�Q�G�V �H�Q�R�X�J�K�"
�,�I �Q�R�W�� �Z�K�D�W �L�V �Q�H�H�G�H�G �L�Q �W�H�U�P�V �R�I �G�D�W�D �U�H�V�R�O�X�W�L�R�Q�V �D�Q�G �V�F�D�O�H �W�R �V�X�S�S�R�U�W �O�R�F�D�O �F�O�L�P�D�W�H �D�G�D�S�W�D�W�L�R�Q
�L�Q�W�H�U�Y�H�Q�W�L�R�Q�V�" �7�K�H �D�Q�V�Z�H�U�V �W�R �W�K�H�V�H�V �T�X�H�V�W�L�R�Q�V �F�D�Q �E�H �I�R�X�Q�G �Z�K�H�Q �V�W�X�G�\�L�Q�J �W�K�H �H�[�S�O�L�F�L�W
�D�Q�G �L�P�S�O�L�F�L�W �U�H�T�X�L�U�H�P�H�Q�W�V �V�W�D�W�H�G �L�Q �V�W�D�Q�G�D�U�G�L�]�D�W�L�R�Q �G�H�V�L�J�Q �G�R�F�X�P�H�Q�W�V �I�R�U �F�O�L�P�D�W�H �D�G�D�S�W�D�W�L�R�Q
�V�X�F�K �D�V �W�K�H �/�H�L�G�U�D�D�G �������� �+�R�Z �D�U�H �F�H�U�W�D�L�Q �L�Q�W�H�U�Y�H�Q�W�L�R�Q�V �U�H�S�U�H�V�H�Q�W�H�G �D�Q�G �K�R�Z �G�R �W�K�H�\ �U�H�O�D�W�H
�W�R �W�K�H �V�X�E�V�X�U�I�D�F�H �L�Q�G�L�F�D�W�H �Z�K�L�F�K �U�H�V�R�O�X�W�L�R�Q �L�V �Q�H�H�G�H�G��

�7�K�H �8�U�E�D�Q�L�V�P �U�H�V�H�D�U�F�K �V�H�W�X�S �W�K�X�V �L�Q�F�O�X�G�H�V �X�Q�G�H�U�V�W�D�Q�G�L�Q�J �Z�K�D�W �D�U�H �W�K�H �U�H�T�X�L�U�H�P�H�Q�W�V �I�R�U
�V�W�D�Q�G�D�U�G�L�]�H�G �F�O�L�P�D�W�H �D�G�D�S�W�D�W�L�R�Q �G�H�V�L�J�Q�� �W�K�U�R�X�J�K �W�K�H �V�W�X�G�\ �R�I �H�[�L�V�W�L�Q�J �V�W�D�Q�G�D�U�G�L�]�D�W�L�R�Q �J�X�L�G�H��
�O�L�Q�H�V �D�Q�G �R�W�K�H�U �U�H�O�H�Y�D�Q�W �O�L�W�H�U�D�W�X�U�H�� �V�X�F�K �D�V �S�U�R�G�X�F�W �P�D�Q�X�D�O�V�� �,�W �D�O�V�R �W�H�V�W�V �W�K�H �U�H�T�X�L�U�H�P�H�Q�W�V
�I�R�U �G�L�I�I�H�U�H�Q�W �L�Q�W�H�U�Y�H�Q�W�L�R�Q�V �L�Q �S�U�D�F�W�L�F�H�� �E�\ �S�U�R�S�R�V�L�Q�J �V�S�D�W�L�D�O �L�Q�W�H�U�Y�H�Q�W�L�R�Q�V �L�Q �I�R�X�U �G�L�I�I�H�U�H�Q�W �Q�H�L�J�K��
�E�R�U�K�R�R�G�V �L�Q �8�W�U�H�F�K�W�� �Z�K�L�F�K �D�O�V�R �V�K�R�Z�F�D�V�H �D �G�H�V�L�J�Q �P�H�W�K�R�G�R�O�R�J�\ �V�X�S�S�R�U�W�H�G �E�\ �L�Q�I�R�U�P�D�W�L�R�Q
�P�R�G�H�O�V��

�7�K�H �*�H�R�P�D�W�L�F�V �V�H�W�X�S �L�Q�F�O�X�G�H�V �X�Q�G�H�U�V�W�D�Q�G�L�Q�J �Z�K�D�W �L�V �Q�H�H�G�H�G�� �L�Q �W�H�F�K�Q�L�F�D�O �W�H�U�P�V�� �W�R �P�H�H�W
�W�K�H �U�H�T�X�L�U�H�P�H�Q�W�V �L�G�H�Q�W�L�I�L�H�G �E�\ �W�K�H �8�U�E�D�Q�L�V�P �V�L�G�H �R�I �W�K�L�V �W�K�H�V�L�V�� �,�I �I�R�U �G�H�V�L�J�Q �L�W �L�V �D �P�D�W�W�H�U
�R�I �Z�K�L�F�K �L�Q�I�R�U�P�D�W�L�R�Q �L�V �Q�H�H�G�H�G �D�Q�G �L�Q �Z�K�D�W �V�F�D�O�H�� �I�R�U �*�H�R�P�D�W�L�F�V �W�K�H�V�H �D�U�H �U�H�O�D�W�H�G �W�R �G�D�W�D
�U�H�V�R�O�X�W�L�R�Q �D�Q�G �L�Q�I�R�U�P�D�W�L�R�Q �P�R�G�H�O�V�� �R�I�W�H�Q �U�H�S�U�H�V�H�Q�W�H�G �L�Q �8�Q�L�I�L�H�G �0�R�G�H�O�L�Q�J �/�D�Q�J�X�D�J�H ���8�0�/��
�G�L�D�J�U�D�P�V�� �7�K�H �*�H�R�P�D�W�L�F�V �D�V�S�H�F�W �R�I �W�K�L�V �U�H�V�H�D�U�F�K �U�H�O�D�W�H�V �W�K�H �U�H�T�X�L�U�H�P�H�Q�W�V �R�I �V�W�D�Q�G�D�U�G�L�]�H�G
�O�R�F�D�O �L�Q�W�H�U�Y�H�Q�W�L�R�Q�V �Z�L�W�K �H�[�L�V�W�L�Q�J �G�D�W�D �P�R�G�H�O�V�� �D�Q�G �F�R�P�S�D�U�H�V �Z�K�L�F�K �L�Q�I�R�U�P�D�W�L�R�Q �D�U�H �I�X�O�I�L�O�O�H�G
�D�Q�G �Z�K�L�F�K �R�Q�H�V �D�U�H �Q�R�W�� �K�L�J�K�O�L�J�K�W�L�Q�J �Z�K�D�W �D�U�H �W�K�H �Z�H�D�N�Q�H�V�V �D�Q�G �V�W�U�H�Q�J�W�K�V �R�I �H�[�L�V�W�L�Q�J �P�R�G�H�O�V��
�,�W�� �P�R�U�H�R�Y�H�U�� �L�Q�G�L�F�D�W�H�V �Z�K�D�W �D�U�H �W�K�H �E�H�Q�H�I�L�W�V �I�R�U �U�H�S�U�H�V�H�Q�W�L�Q�J �F�H�U�W�D�L�Q �V�X�E�V�X�U�I�D�F�H �S�U�R�S�H�U�W�L�H�V �L�Q
���' �I�R�U �G�H�V�L�J�Q �S�X�U�S�R�V�H�V �D�Q�G �R�Y�H�U�D�O�O �Z�K�D�W �L�V �Q�H�H�G�H�G �I�R�U �D �P�R�G�H�O �R�U �D �S�U�R�G�X�F�W �Z�L�W�K �V�X�E�V�X�U�I�D�F�H
�L�Q�I�R�U�P�D�W�L�R�Q �W�K�D�W �L�V �W�D�L�O�R�U�H�G �I�R�U �F�O�L�P�D�W�H �D�G�D�S�W�D�W�L�R�Q �G�H�V�L�J�Q��

�������������1�I�X�L�S�H�S�P�S�K�] �9�V�F�E�R�M�W�Q
�,�Q �V�K�R�U�W���W�K�H �8�U�E�D�Q�L�V�P �D�V�S�H�F�W �R�I �W�K�L�V �W�K�H�V�L�V �L�V �L�Q �G�H�W�H�U�P�L�Q�L�Q�J �Z�K�D�W �L�V �W�K�H �Q�H�F�H�V�V�D�U�\ �L�Q�I�R�U�P�D�W�L�R�Q
�I�R�U �V�W�D�Q�G�D�U�G�L�]�H�G �O�R�F�D�O �F�O�L�P�D�W�H �D�G�D�S�W�D�W�L�R�Q �G�H�V�L�J�Q���$�V �D �P�H�W�K�R�G�R�O�R�J�\�� �W�K�D�W �P�H�D�Q�V �I�L�U�V�W�O�\
�J�D�W�K�H�U�L�Q�J �W�K�H �U�H�T�X�L�U�H�P�H�Q�W�V �I�U�R�P �J�X�L�G�H�O�L�Q�H�V�� �V�X�F�K �D�V �W�K�H �/�H�L�G�U�D�D�G �������� �E�X�W �D�O�V�R �I�U�R�P �S�U�D�F�W�L�F�D�O
�G�H�V�L�J�Q �H�[�D�P�S�O�H�V �Z�K�H�U�H �W�K�L�V �L�Q�I�R�U�P�D�W�L�R�Q �Q�H�H�G�V �F�D�Q �E�H �L�G�H�Q�W�L�I�L�H�G�� �7�K�H �P�H�W�K�R�G�R�O�R�J�\ �D�L�P�V
�W�R �J�L�Y�H �D �Z�H�O�O �L�Q�I�R�U�P�H�G �D�Q�V�Z�H�U �W�R �T�X�H�V�W�L�R�Q�V �V�X�F�K �D�V�� �:�K�L�F�K �L�Q�I�R�U�P�D�W�L�R�Q �L�V �Q�H�H�G�H�G �I�R�U �O�R�F�D�O
�F�O�L�P�D�W�H �D�G�D�S�W�D�W�L�R�Q �G�H�V�L�J�Q�" �:�K�D�W �L�V �W�K�H �D�G�G�H�G �Y�D�O�X�H �I�R�U �X�V�L�Q�J �W�K�L�V �L�Q�I�R�U�P�D�W�L�R�Q�"

�:�K�H�Q �L�W �F�R�P�H�V �W�R �U�H�T�X�L�U�H�P�H�Q�W�V�� �L�W �L�V �L�P�S�R�U�W�D�Q�W �W�R �X�Q�G�H�U�V�W�D�Q�G �K�R�Z �W�K�H �G�H�I�L�Q�H�G �U�H�T�X�L�U�H�P�H�Q�W�V
�U�H�O�D�W�H �W�R �W�K�H �G�L�I�I�H�U�H�Q�W �O�D�\�H�U�V �R�I �V�X�E�V�X�U�I�D�F�H�� �6�R�P�H �L�Q�W�H�U�Y�H�Q�W�L�R�Q�V �D�U�H �P�D�L�Q�O�\ �U�H�O�D�W�H�G �W�R �W�K�H
�L�P�P�H�G�L�D�W�H �V�X�E�V�X�U�I�D�F�H �O�D�\�H�U �Z�K�L�O�H �R�W�K�H�U�V �P�D�\ �E�H �U�H�O�D�W�H�G �W�R �G�H�H�S�H�U �O�D�\�H�U�V�� �,�Q �W�K�L�V �V�H�Q�V�H�� �G�D�W�D
�U�H�V�R�O�X�W�L�R�Q �L�Q ���' �E�H�F�R�P�H�V �L�Q�W�H�U�H�V�W�L�Q�J�� �L�W �L�V �Q�R�W �D �P�D�W�W�H�U �R�I �S�U�R�G�X�F�L�Q�J �G�L�I�I�H�U�H�Q�W ���' �P�D�S�V �R�I
�G�L�I�I�H�U�H�Q�W �V�S�H�F�L�I�L�F �G�H�S�W�K�V �L�Q �W�K�H �V�X�E�V�X�U�I�D�F�H�� �E�X�W �D�Q �L�Q�W�H�J�U�D�W�H�G ���' �P�R�G�H�O�� �2�Q�H �R�I �W�K�H �D�Q�V�Z�H�U



�������� �1�I�X�L�S�H�S�P�S�K�] ��

�W�K�H �U�H�V�H�D�U�F�K �D�L�P�V �W�R �D�Q�V�Z�H�U �L�V �Z�K�D�W �L�Q�I�R�U�P�D�W�L�R�Q �V�K�R�X�O�G �W�K�H�V�H �P�R�G�H�O�V �L�Q�F�O�X�G�H �W�R �V�X�S�S�R�U�W
�O�R�F�D�O �F�O�L�P�D�W�H �D�G�D�S�W�D�W�L�R�Q �G�H�V�L�J�Q��

�7�K�H �V�H�W�X�S �W�K�X�V �L�Q�F�O�X�G�H�V �V�W�X�G�\�L�Q�J �Z�K�D�W �D�U�H �W�K�H �U�H�T�X�L�U�H�P�H�Q�W�V �E�X�W �D�O�V�R �E�\ �W�H�V�W�L�Q�J �W�K�H�P �W�K�U�R�X�J�K
�G�H�V�L�J�Q �L�Q�W�H�U�Y�H�Q�W�L�R�Q�V�� �7�K�H�V�H �L�Q�W�H�U�Y�H�Q�W�L�R�Q�V �Z�L�O�O �E�H �D�O�O �F�K�R�V�H�Q �I�U�R�P �Z�H�O�O �G�R�F�X�P�H�Q�W�H�G �P�H�D�V�X�U�H�V
�I�R�X�Q�G �L�Q �D �G�R�F�X�P�H�Q�W �S�X�E�O�L�V�K�H�G �E�\ �W�K�H �'�X�W�F�K �J�R�Y�H�U�Q�P�H�Q�W �F�R�Q�W�D�L�Q�L�Q�J �W�K�H �W�Z�H�Q�W�\ �I�L�Y�H �P�R�V�W
�X�V�H�G �F�O�L�P�D�W�H �D�G�D�S�W�D�W�L�R�Q �G�H�V�L�J�Q �L�Q�W�H�U�Y�H�Q�W�L�R�Q�V �L�Q �W�K�H �1�H�W�K�H�U�O�D�Q�G�V �>���@�� �7�K�X�V�� �W�K�H �L�Q�W�H�U�Y�H�Q�W�L�R�Q�V
�Z�L�O�O �Q�R�W �E�H �I�U�H�H�O�\ �G�H�V�L�J�Q�H�G �E�X�W �Z�L�O�O �E�H �F�K�R�V�H�Q �I�U�R�P �H�[�L�V�W�L�Q�J �J�X�L�G�H�O�L�Q�H�V�� �7�K�H �F�K�R�L�F�H �E�H�W�Z�H�H�Q
�W�K�H �G�L�I�I�H�U�H�Q�W �L�Q�W�H�U�Y�H�Q�W�L�R�Q�V �Z�L�O�O �E�H �P�D�G�H �E�D�V�H�G �R�Q �V�W�D�Q�G�D�U�G�V �D�Q�G �W�K�H�P�H�V �U�H�O�H�Y�D�Q�W �W�R �W�K�H �D�U�H�D��
�I�R�U �H�[�D�P�S�O�H �L�I �D�Q �D�U�H�D �L�V �P�R�U�H �R�U �O�H�V�V �S�U�R�Q�H �W�R �G�U�D�X�J�K�W�� �K�H�D�W �V�W�U�H�V�V�� �G�U�R�X�J�K�W �R�U �R�W�K�H�U �F�O�L�P�D�W�H
�W�K�H�P�H�V�� �D�Q�G �W�R �W�K�H �V�X�E�V�X�U�I�D�F�H �F�R�Q�G�L�W�L�R�Q�� �I�R�U �H�[�D�P�S�O�H �V�R�L�O �W�\�S�H �D�Q�G �J�U�R�X�Q�G �Z�D�W�H�U �O�H�Y�H�O�� �,�Q
�W�K�L�V �F�R�Q�W�H�[�W�� �W�K�H�U�H �D�U�H �W�K�U�H�H �L�G�H�Q�W�L�I�L�H�G �Z�D�\�V �L�Q �Z�K�L�F�K �O�R�F�D�O �F�O�L�P�D�W�H �D�G�D�S�W�D�W�L�R�Q �G�H�V�L�J�Q �U�H�O�D�W�H�V
�W�R �V�X�E�V�X�U�I�D�F�H �S�U�R�S�H�U�W�\�� �Q�D�P�H�O�\��

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

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

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

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

�)�L�J�X�U�H ���������0�H�W�K�R�G�R�O�R�J�\ �8�U�E�D�Q�L�V�P
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�7�T�E�X�M�E�P �-�R�X�I�V�Z�I�R�X�M�S�R�W�� �0�S�G�E�X�M�S�R�W

�2�Q�F�H �D �U�H�Y�L�H�Z �R�I �H�[�L�V�W�L�Q�J �V�W�D�Q�G�D�U�G�L�]�H�G �F�O�L�P�D�W�H �D�G�D�S�W�D�W�L�R�Q �L�Q�W�H�U�Y�H�Q�W�L�R�Q�V �L�V �P�D�G�H �D�Q�G �W�K�H�L�U
�U�H�T�X�L�U�H�P�H�Q�W�V �D�U�H �Z�H�O�O �V�W�X�G�L�H�G�� �V�S�D�W�L�D�O �L�Q�W�H�U�Y�H�Q�W�L�R�Q�V �D�U�H �S�U�R�S�R�V�H�G �L�Q �W�K�H �F�L�W�\ �R�I �8�W�U�H�F�K�W�� �D
�F�L�W�\ �Z�L�W�K �I�R�X�U �G�L�I�I�H�U�H�Q�W �Z�H�O�O���G�L�Y�L�G�H�G �V�X�E�V�X�U�I�D�F�H �D�Q�G �O�D�Q�G�V�F�D�S�H �W�\�S�H�V�� �7�R �V�K�R�Z�F�D�V�H �K�R�Z
�L�Q�I�R�U�P�D�W�L�R�Q �P�R�G�H�O�V �F�D�Q �V�X�S�S�R�U�W �F�O�L�P�D�W�H �D�G�D�S�W�D�W�L�R�Q �G�H�V�L�J�Q �D�Q�G �H�[�S�O�R�U�H �K�R�Z�� �L�Q �S�U�D�F�W�L�F�H��
�G�L�I�I�H�U�H�Q�W �L�Q�W�H�U�Y�H�Q�W�L�R�Q�V �K�D�Y�H �G�L�I�I�H�U�H�Q�W �U�H�T�X�L�U�H�P�H�Q�W�V�� �I�R�X�U �D�U�H�D�V �R�I ������ �E�\ ������ �P�H�W�U�H�V �L�Q �8�W�U�H�F�K�W
�Z�H�U�H �G�H�I�L�Q�H�G �Z�L�W�K �W�K�H �K�H�O�S �R�I �G�H�V�L�J�Q�H�U �I�U�R�P �W�K�H �F�L�W�\�¶�V �P�X�Q�L�F�L�S�D�O�L�W�\�� �7�K�H�V�H �D�U�H�D�V �D�U�H �L�Q �W�K�H
�Q�H�L�J�K�E�R�U�K�R�R�G�V �R�I �.�R�S �9�R�R�U�G�R�U�S�� �/�X�Q�H�W�W�H�Q �=�X�L�G�� �.�D�Q�D�O�H�Q�H�L�O�D�Q�G �1�R�R�U�G�� �D�Q�G �9�R�R�U�G�R�U�S��

�(�D�F�K �D�U�H�D �U�H�S�U�H�V�H�Q�W�V �R�Q�H �R�I �W�K�H �I�R�X�U �V�X�E�V�X�U�I�D�F�H �W�\�S�H�V �L�Q �8�W�U�H�F�K�W �D�Q�G �K�D�Y�H �V�L�P�L�O�D�U �X�U�E�D�Q
�I�X�Q�F�W�L�R�Q�V ���P�D�L�Q�O�\ �U�H�V�L�G�H�Q�W�L�D�O���� �D�O�O�R�Z�L�Q�J �W�K�H �I�R�F�X�V �W�R �E�H �P�D�L�Q�O�\ �L�Q �W�K�H �V�X�E�V�X�U�I�D�F�H �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V
�Z�K�L�O�H �H�[�S�O�R�U�L�Q�J �L�Q�W�H�U�Y�H�Q�W�L�R�Q�V �L�Q �I�R�X�U �Y�H�U�\ �G�L�I�I�H�U�H�Q�W �V�X�E�V�X�U�I�D�F�H �F�R�Q�G�L�W�L�R�Q�V�� �)�R�U �H�D�F�K �V�T�X�D�U�H�G
�D�U�H�D�� �D �V�P�D�O�O�H�U �D�U�H�D �R�I �L�Q�W�H�U�H�V�W �Z�D�V �L�G�H�Q�W�L�I�L�H�G�� �)�R�U �H�[�D�P�S�O�H�� �D �S�X�E�O�L�F �V�S�D�F�H �R�U �D �S�D�Y�H�G �D�U�H�D
�W�K�D�W �Z�R�X�O�G �E�H�Q�H�I�L�W �I�U�R�P �R�S�H�Q �V�R�L�O��
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