
^ƵƉƉůĞŵĞŶƚĂƌǇ�DĂƚĞƌŝĂů�;�ƉƉĞŶĚŝĐĞƐͿ 

�ŽŶƚĞŶƚ 

^ĞĂƌĐŚ�ƉƌŽĐĞƐƐ 

�ƉƉĞŶĚŝǆ��͘�^ƚƵĚǇ�ƐĞĂƌĐŚ�ĂŶĚ�ŝŶĐůƵƐŝŽŶ�ƐƚƌĂƚĞŐǇ 
�ƉƉĞŶĚŝǆ��͘�WZ/^D��ĨůŽǁĐŚĂƌƚ 

&ŝŐƵƌĞ 

&ŝŐƵƌĞ�^ϭ͘�>ŝŶĞĂƌ�ƌĞŐƌĞƐƐŝŽŶ�ŵŽĚĞů�ŽĨ�ƚŚĞ��ŐŐĞƌ͛Ɛ�ƚĞƐƚ�ĨŽƌ�ƚŚĞ�ŵĞƚĂͲĂŶĂůǇƐŝƐ�ŽĨ�ƚŚĞ�ƐĞǀĞƌŝƚǇ�ŽĨ�
ŚǇƉĞƌĂĐƚŝǀŝƚǇͬŝŵƉƵůƐŝǀŝƚǇ�ŝŶ�ĐŚŝůĚŚŽŽĚ�ĂŶĚ�ƚŚĞ�ƉƌĞƐĞŶĐĞ�ŽĨ�ĂƚŽƉŝĐ�ĚŝƐĞĂƐĞƐ 
&ŝŐƵƌĞ�^Ϯ͘�>ŝŶĞĂƌ�ƌĞŐƌĞƐƐŝŽŶ�ŵŽĚĞů�ŽĨ�ƚŚĞ��ŐŐĞƌ͛Ɛ�ƚĞƐƚ�ĨŽƌ�ƚŚĞ�ŵĞƚĂͲĂŶĂůǇƐŝƐ�ŽĨ�ƚŚĞ�ƐĞǀĞƌŝƚǇ�ŽĨ�
ŝŶĂƚƚĞŶƚŝŽŶ�ŝŶ�ĐŚŝůĚŚŽŽĚ�ĂŶĚ�ƚŚĞ�ƉƌĞƐĞŶĐĞ�ŽĨ�ĂƚŽƉŝĐ�ĚŝƐĞĂƐĞƐ 
&ŝŐƵƌĞ�^ϯ͘�dŚĞ�ŵĞĐŚĂŶŝƐŵ�ŽĨ�ŝŶƚĞƌĂĐƚŝŽŶ�ďĞƚǁĞĞŶ�ĂƚŽƉŝĐ�ĚŝƐĞĂƐĞƐ�ĂŶĚ���,� 
&ŝŐƵƌĞ�^ϰ͘�dŚĞ�ĐŽŵƉĂƌŝƐŽŶ�ŽĨ�ŝŵŵƵŶĞ�ƌĞƐƉŽŶƐĞƐ�ĂŶĚ�ƌĞůĂƚĞĚ�ĞĨĨĞĐƚƐ�ďĞƚǁĞĞŶ�ĂĐƵƚĞ�ĂŶĚ�
ĐŚƌŽŶŝĐ�ƉŚĂƐĞ�ŽĨ�ĂƚŽƉŝĐ�ĚŝƐĞĂƐĞƐ 

dĂďůĞ 

dĂďůĞ�^ϭ͘��ĞƚĂŝůĞĚ�ŝŶĨŽƌŵĂƚŝŽŶ�ŽĨ�ƐƚƵĚŝĞƐ�ŝŶĐůƵĚĞĚ�ŝŶ�ƚŚĞ�ƋƵĂůŝƚĂƚŝǀĞ�ĂŶĂůǇƐŝƐ 
dĂďůĞ�^Ϯ͘�ZŝƐŬ�ŽĨ�ďŝĂƐ�ĂƐƐĞƐƐŵĞŶƚ 

KƚŚĞƌƐ 

�ƉƉĞŶĚŝǆ��͘�ZĞĨĞƌĞŶĐĞƐ�ƚŽ�ĂƌƚŝĐůĞƐ�ƐŽůĞůǇ�ŝŶĐůƵĚĞĚ�ŝŶ�ƋƵĂůŝƚĂƚŝǀĞ�ƐǇŶƚŚĞƐŝƐ 
�ƉƉĞŶĚŝǆ��͘�ZĞĨĞƌĞŶĐĞƐ�ƚŽ�ĂƌƚŝĐůĞƐ�ƐŽůĞůǇ�ŝŶĐůƵĚĞĚ�ŝŶ�ŵĞƚĂͲĂŶĂůǇƐŝƐ 
�ƉƉĞŶĚŝǆ��͘�ZĞĨĞƌĞŶĐĞ�ƚŽ�ĂƌƚŝĐůĞƐ�ŝŶĐůƵĚĞĚ�ŝŶ�ƐƵƉƉůĞŵĞŶƚĂƌǇ�ŵĂƚĞƌŝĂůƐ 
  



^ĞĂƌĐŚ�ƉƌŽĐĞƐƐ 

�ƉƉĞŶĚŝǆ��͘�^ĞĂƌĐŚ�ƐƚƌĂƚĞŐǇ 

WƌŝŵĂƌǇ�ƐĞĂƌĐŚ�ƐƚĞƉƐ͗ 

ηϭ͘��ƚŽƉŝĐ�ĚĞƌŵĂƚŝƚŝƐ 
ηϮ͘��ƚŽƉŝĐ�ĞĐǌĞŵĂ 
ηϯ͘��ůůĞƌŐŝĐ�ƌŚŝŶŝƚŝƐ 
ηϰ͘��ƐƚŚŵĂ 
ηϱ͘�ηϭ͕�ηϮ͕�ηϯ͕�KZ�ηϰ�  
ηϲ͘���,� 
ηϳ͘��ƚƚĞŶƚŝŽŶͲĚĞĨŝĐŝƚͬŚǇƉĞƌĂĐƚŝǀŝƚǇ�ĚŝƐŽƌĚĞƌ 
ηϴ͘�,ǇƉĞƌĂĐƚŝǀŝƚǇ 
ηϵ͘�/ŶĂƚƚĞŶƚŝŽŶ 
ηϭϬ͘��ƚƚĞŶƚŝŽŶ�ĚĞĨŝĐŝƚ 
ηϭϭ͘�/ŵƉƵůƐŝǀŝƚǇ 
ηϭϮ͘��ĞŚĂǀŝŽƌ�ƉƌŽďůĞŵ 
ηϭϯ͘�;DĞŶƚĂů�ŝůůŶĞƐƐͿ�KZ�;DĞŶƚĂů�ĚŝƐŽƌĚĞƌͿ 
ηϭϰ͘�ηϲ͕�ηϳ͕�ηϴ͕�ηϵ͕�ηϭϬ͕�ηϭϭ͕�ηϭϮ͕�ηϭϯ�  
ηϭϱ͘�WƌĞƐĐŚŽŽů�ĐŚŝůĚƌĞŶ 
ηϭϲ͘�WƌĞƐĐŚŽŽůĞƌ 
ηϭϳ͘��ŚŝůĚƌĞŶ 
ηϭϴ͘��ĚŽůĞƐĐĞŶƚ 
ηϭϵ͘�dŽĚĚůĞƌ 
ηϮϬ͘�ηϭϰ͕�ηϭϱ͕�ηϭϲ͕�ηϭϳ͕�ηϭϴ�KZ�ηϭϵ 
ηϮϭ͘�ηϱ��E��ηϭϰ��E��ηϮϬ 

&ŝŶĂů�ƐǇŶƚĂǆ�ŝŶ�WƵďDĞĚ�;ĂŶ�ĞǆĂŵƉůĞͿ͗ 

;;�ƚŽƉŝĐ�ĚĞƌŵĂƚŝƚŝƐͿ�KZ�;�ƚŽƉŝĐ�ĞĐǌĞŵĂͿ�KZ�;�ůůĞƌŐŝĐ�ƌŚŝŶŝƚŝƐͿ�KZ�;�ƐƚŚŵĂͿͿ��E��;;��,�Ϳ�KZ�
;�ƚƚĞŶƚŝŽŶͲĚĞĨŝĐŝƚͬŚǇƉĞƌĂĐƚŝǀŝƚǇ�ĚŝƐŽƌĚĞƌͿ�KZ�;,ǇƉĞƌĂĐƚŝǀŝƚǇͿ�KZ�;/ŶĂƚƚĞŶƚŝŽŶͿ�KZ�;�ƚƚĞŶƚŝŽŶ�
ĚĞĨŝĐŝƚͿ�KZ�;/ŵƉƵůƐŝǀŝƚǇͿ�KZ�;�ĞŚĂǀŝŽƌ�ƉƌŽďůĞŵͿ�KZ�;;DĞŶƚĂů�ŝůůŶĞƐƐͿ�KZ�;DĞŶƚĂů�ĚŝƐŽƌĚĞƌͿͿͿ�
�E��;;WƌĞƐĐŚŽŽů�ĐŚŝůĚƌĞŶͿ�KZ�;WƌĞƐĐŚŽŽůĞƌͿ�KZ�;�ŚŝůĚƌĞŶͿ�KZ�;�ĚŽůĞƐĐĞŶƚͿ�KZ�;dŽĚĚůĞ



�ƉƉĞŶĚŝǆ��͘�WZ/^D��ĨůŽǁĐŚĂƌƚ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



&ŝŐƵƌĞ 

&ŝŐƵƌĞ�^ϭ͘�>ŝŶĞĂƌ�ƌĞŐƌĞƐƐŝŽŶ�ŵŽĚĞů�ŽĨ�ƚŚĞ��ŐŐĞƌ͛Ɛ�ƚĞƐƚ�ĨŽƌ�ƚŚĞ�

ŵĞƚĂͲĂŶĂůǇƐŝƐ�ŽĨ�ƚŚĞ�ƐĞǀĞƌŝƚǇ�ŽĨ�ŚǇƉĞƌĂĐƚŝǀŝƚǇͬŝŵƉƵůƐŝǀŝƚǇ�ŝŶ�

ĐŚŝůĚŚŽŽĚ�ĂŶĚ�ƚŚĞ�ƉƌĞƐĞŶĐĞ�ŽĨ�ĂƚŽƉŝĐ�ĚŝƐĞĂƐĞƐ 

 
  



&ŝŐƵƌĞ�^Ϯ͘�>ŝŶĞĂƌ�ƌĞŐƌĞƐƐŝŽŶ�ŵŽĚĞů�ŽĨ�ƚŚĞ��ŐŐĞƌ͛Ɛ�ƚĞƐƚ�ĨŽƌ�ƚŚĞ�

ŵĞƚĂͲĂŶĂůǇƐŝƐ�ŽĨ�ƚŚĞ�ƐĞǀĞƌŝƚǇ�ŽĨ�ĂƚƚĞŶƚŝŽŶ�ĚĞĨŝĐŝƚ�ŝŶ�ĐŚŝůĚŚŽŽĚ�

ĂŶĚ�ƚŚĞ�ƉƌĞƐĞŶĐĞ�ŽĨ�ĂƚŽƉŝĐ�ĚŝƐĞĂƐĞƐ 

 
 
  



&ŝŐƵƌĞ�^ϯ͘�DĞĐŚĂŶŝƐŵ�ƵŶĚĞƌůǇŝŶŐ�ƚŚĞ�ŝŶƚĞƌĂĐƚŝŽŶ�ďĞƚǁĞĞŶ�

ĂƚŽƉŝĐ�ĚŝƐĞĂƐĞƐ�ĂŶĚ���,� 
ϭ͘��ǌĂƌŶŽǁŝĐŬŝ�Ğƚ�Ăů͕͘�ϮϬϭϱϭ�Ϯ͘��ǌĂƌŶŽǁŝĐŬŝ�Ğƚ�Ăů͕͘�ϮϬϮϬϮ�ϯ͘�>ŽŽŵĂŶ�Ğƚ�Ăů͕͘�ϮϬϮϬϯ�ϰ͘�dƵŵĞƐ�Ğƚ�
Ăů͕͘�ϮϬϭϳϰ�ϱ͘�WĂƌŬ�Ğƚ�Ăů͕͘�ϮϬϭϴϱ�ϲ͘�yŝŶŐ�Ğƚ�Ăů͕͘�ϮϬϭϲϲ�ϳ͘��ĂŶŬƐ�ϮϬϭϱϳ�ϴ͘��ƵƐŬĞͲ<ŝƌƐĐŚďĂƵŵ�Ğƚ�Ăů͕͘�
ϮϬϭϯϴ�ϵ͘�<ŝŵ�Ğƚ�Ăů͕͘�ϮϬϭϴϵ�ϭϬ͘�>ĞǀǇ�Ğƚ�Ăů͕͘�ϮϬϬϴϭϬ�ϭϭ͘�WƵŝƵ�Ğƚ�Ăů͕͘�ϮϬϭϴϭϭ�ϭϮ͘��ƵƐŬĞͲ<ŝƌƐĐŚďĂƵŵ�
Ğƚ�Ăů͕͘�ϮϬϬϮϭϮ�ϭϯ͘��ŚĂŵůŝŶ�Ğƚ�Ăů͕͘�ϮϬϬϰϭϯ�ϭϰ͘�>ŝŶ�Ğƚ�Ăů͕͘�ϮϬϭϳϭϰ�ϭϱ͘�DĐ�ƌŽƌǇ�Ğƚ�Ăů͕͘�ϮϬϭϬϭϱ�ϭϲ͘�
EŝĐŽůĂŝĚĞƐ�Ğƚ�Ăů͕͘�ϮϬϭϱϭϲ�ϭϳ͘�YƵŝŶůĂŶ�Ğƚ�Ăů͕͘�ϮϬϭϳϭϳ�ϭϴ͘��ƵƐŬĞͲ<ŝƌƐĐŚďĂƵŵ�Ğƚ�Ăů͕͘�ϮϬϭϵϭϴ�ϭϵ͘�
>ĂƵ�Ğƚ�Ăů͕͘�ϮϬϭϮϭϵ�ϮϬ͘�dƐĂŝ�ϮϬϬϲϮϬ�Ϯϭ͘�tĂŵďŽůĚƚ�Ğƚ�Ăů͕͘�ϮϬϬϬϮϭ�ϮϮ͘��ŽǁĞůů�Ğƚ�Ăů͕͘�ϮϬϭϵϮϮ�Ϯϯ͘�sĂŶ�
ĚĞŶ��ĞƌŐŚ�Ğƚ�Ăů͕͘�ϮϬϭϳϮϯ 
�ďďƌĞǀŝĂƚŝŽŶ͗���,�͕��ƚƚĞŶƚŝŽŶͲĚĞĨŝĐŝƚͬŚǇƉĞƌĂĐƚŝǀŝƚǇ�ĚŝƐŽƌĚĞƌ͖����͕�ďůŽŽĚʹďƌĂŝŶ�ďĂƌƌŝĞƌ͖�W&�͕�
ƉƌĞĨƌŽŶƚĂů�ĐŽƌƚĞǆ͖����͕�ĂŶƚĞƌŝŽƌ�ĐŝŶŐƵůĂƚĞ�ĐŽƌƚĞǆ͖�,W��ĂǆŝƐ͕�ŚǇƉŽƚŚĂůĂŵŝĐʹƉŝƚƵŝƚĂƌǇʹĂĚƌĞŶĂů�
ĂǆŝƐ͖�^�D͕�ƐǇŵƉĂƚŚŽŵĞĚƵůůĂƌǇ�ƉĂƚŚǁĂǇ 

 

 
 



&ŝŐƵƌĞ�^ϰ͘��ŽŵƉĂƌŝƐŽŶ�ŽĨ�ŝŵŵƵŶĞ�ƌĞƐƉŽŶƐĞƐ�ĂŶĚ�ƌĞůĂƚĞĚ�

ĞĨĨĞĐƚƐ�ďĞƚǁĞĞŶ�ĂĐƵƚĞ�ĂŶĚ�ĐŚƌŽŶŝĐ�ƉŚĂƐĞƐ�ŽĨ�ĂƚŽƉŝĐ�ĚŝƐĞĂƐĞƐ 

 

  



dĂďůĞ 

dĂďůĞ�^ϭ͘��ĞƚĂŝůĞĚ�ŝŶĨŽƌŵĂƚŝŽŶ�ŽĨ�ƐƚƵĚŝĞƐ�ŝŶĐůƵĚĞĚ�ŝŶ�ƚŚĞ�

ƋƵĂůŝƚĂƚŝǀĞ�ĂŶĂůǇƐŝƐ 
 ^ƚƵĚǇ 
KƵƚĐŽŵĞ�
ƚǇƉĞ 

KZͬ�,ĂǌĂƌĚ�ƌĂƚŝŽƐ͗�;'ŽŽĚǁŝŶ�Ğƚ�Ăů͕͘�ϮϬϭϯ͕�>ŝŶ�Ğƚ�Ăů͕͘�ϮϬϭϲ͕�^ƚƌŽŵ�Ğƚ�Ăů͕͘�ϮϬϭϲͿϮϰͲϮϲ͖�

Fuhrmann et al., 202027; ,ƵĂŶŐ�Ğƚ�Ăů͕͘�ϮϬϮϬϮϴ͖�:ĂĐŬƐŽŶͲ�ŽǁĂŶ�Ğƚ�Ăů͕͘�ϮϬϮϬϮϵ͖�^ŽůůĂŶĚĞƌ�Ğƚ�Ăů͕͘�

ϮϬϮϬϯϬ͖�Wan et al., 202031; Chai et al., 2021ϯϮ͖�,ŽƵ�Ğƚ�Ăů͕͘�ϮϬϮϭϯϯ͖�Vittrup et al., 202134 

�ŽŶƚŝŶƵŽƵƐ�ĚĂƚĂ�ĨŽƌ�,/͕�/E͕�Žƌ�ƚŽƚĂů���,��ƐǇŵƉƚŽŵƐ͗�;zƵŬƐĞů�Ğƚ�Ăů͕͘�ϮϬϬϴ͕�
�ĂŵĨĨĞƌŵĂŶ�Ğƚ�Ăů͕͘�ϮϬϭϬ͕��ŚĂŶŐ�Ğƚ�Ăů͕͘�ϮϬϭϯ͕�<ŝŵ�Ğƚ�Ăů͕͘�ϮϬϭϰ͕�>ĞĞ�Ğƚ�Ăů͕͘�ϮϬϭϰ͕�zĂŶŐ�Ğƚ�Ăů͕͘�

ϮϬϭϰ͕��ĂƚĂů�Ğƚ�Ăů͕͘�ϮϬϭϲ͕�,ĂŵŵĞƌͲ,ĞůŵŝĐŚ�Ğƚ�Ăů͕͘�ϮϬϭϲ͕�zĂŶŐ�Ğƚ�Ăů͕͘�ϮϬϭϲ͕�&ĞŶŐ�Ğƚ�Ăů͕͘�ϮϬϭϳ͕�

<ƵŶŝǇŽƐŚŝ�Ğƚ�Ăů͕͘�ϮϬϭϴ͕�^ĐŚŵŝƚƚ�Ğƚ�Ăů͕͘�ϮϬϭϴ͕�>�Ğƚ�Ăů͕͘�ϮϬϭϵ͕�&ĞŶŐ�Ğƚ�Ăů͕͘�ϮϬϮϬ͕�'ƵŽ�Ğƚ�Ăů͕͘�ϮϬϮϬ͕�

<ƵŽ�Ğƚ�Ăů͕͘�ϮϬϮϬͿ�ϯϱͲϱϬ͖�DŝŶĂƚŽǇĂ�Ğƚ�Ăů͕͘�ϮϬϮϬϱϭ͕�DŽŶƚĂůďĂŶŽ�Ğƚ�Ăů͕͘�ϮϬϮϬϱϮ͖��ĞƌǌŽƐĂͲ'ƌĂŶĚĞ�Ğƚ�

Ăů͕͘�ϮϬϮϭϱϯ͖�Galéra et al., 202154; Özyurt et al., 202155; Rajhans et al., 202156; Yüksel et al., 202157 

WƌĞǀĂůĞŶĐĞͬƉĞƌĐĞŶƚĂŐĞ͗�;�ďĚ��ůͲ,ĂŵŝĚ�Ğƚ�Ăů͕͘�ϮϬϭϴ͕�dĂũĚŝŶŝ�Ğƚ�Ăů͕͘�ϮϬϭϵ͕��ŚŽƵ�Ğƚ�Ăů͕͘�ϮϬϭϵͿ�
ϱϴͲϲϬ�  

KƚŚĞƌ͗�Keller et al., 202161 
�ǆƉŽƐĞĚ 
 

�ƚŽƉǇ�ŝŶ�ƉĂƚŝĞŶƚƐ�ǁŝƚŚ���,�͗�;<ŝŵ�Ğƚ�Ăů͕͘�ϮϬϭϰ͕��ďĚ��ůͲ,ĂŵŝĚ�Ğƚ�Ăů͕͘�ϮϬϭϴͿϰϵ͕ϱϴ͖�Yüksel et 

al., 202157 

WƵƌĞ�ĂƚŽƉǇ�ĂŶĚ�ŚĞĂůƚŚǇ�ĐŽŶƚƌŽůƐ͗�;zƵŬƐĞů�Ğƚ�Ăů͕͘�ϮϬϬϴ͕�zĂŶŐ�Ğƚ�Ăů͕͘�ϮϬϭϰ͕�^ĐŚŵŝƚƚ�Ğƚ�Ăů͕͘�

ϮϬϭϴ͕�&ĞŶŐ�Ğƚ�Ăů͕͘�ϮϬϮϬͿ�ϯϴ͕ϰϮ͕ϰϱ͕ϰϲ 
�ƚŽƉǇ�ĂŶĚ�ŶŽŶĂƚŽƉŝĐ�ŐƌŽƵƉƐ͗�;�ĂŵĨĨĞƌŵĂŶ�Ğƚ�Ăů͕͘�ϮϬϭϬ͕��ŚĂŶŐ�Ğƚ�Ăů͕͘�ϮϬϭϯ͕�'ŽŽĚǁŝŶ�Ğƚ�

Ăů͕͘�ϮϬϭϯ͕�>ĞĞ�Ğƚ�Ăů͕͘�ϮϬϭϰ͕��ĂƚĂů�Ğƚ�Ăů͕͘�ϮϬϭϲ͕�,ĂŵŵĞƌͲ,ĞůŵŝĐŚ�Ğƚ�Ăů͕͘�ϮϬϭϲ͕�>ŝŶ�Ğƚ�Ăů͕͘�ϮϬϭϲ͕�

^ƚƌŽŵ�Ğƚ�Ăů͕͘�ϮϬϭϲ͕�<ƵŶŝǇŽƐŚŝ�Ğƚ�Ăů͕͘�ϮϬϭϴ͕�>�Ğƚ�Ăů͕͘�ϮϬϭϵ͕��ŚŽƵ�Ğƚ�Ăů͕͘�ϮϬϭϵ͕�'ƵŽ�Ğƚ�Ăů͕͘�ϮϬϮϬ͕�

Fuhrmann et al., 202027͕�<ƵŽ�Ğƚ�Ăů͕͘�ϮϬϮϬͿ�ϮϰͲϮϲ͕ϯϱ͕ϯϲ͕ϯϵ͕ϰϬ͕ϰϯ͕ϰϰ͕ϰϳ͕ϰϴ͕ϱϬ͕ϲϬ͖�,ƵĂŶŐ�Ğƚ�Ăů͕͘�ϮϬϮϬϮϴ�͖�

:ĂĐŬƐŽŶͲ�ŽǁĂŶ�Ğƚ�Ăů͕͘�ϮϬϮϬϮϵ͖�DŝŶĂƚŽǇĂ�Ğƚ�Ăů͕͘�ϮϬϮϬϱϭ͖�^ŽůůĂŶĚĞƌ�Ğƚ�Ăů͕͘�ϮϬϮϬϯϬ͖�Wan et al., 

202031; �ĞƌǌŽƐĂͲ'ƌĂŶĚĞ�Ğƚ�Ăů͕͘�ϮϬϮϭϱϯ͖�Galéra et al., 202154; ,ŽƵ�Ğƚ�Ăů͕͘�ϮϬϮϭϯϯ 

�ƚŽƉǇ�ƉĂƚŝĞŶƚƐ�ĂŶĚ�ŚĞĂůƚŚǇ�ĐŽŶƚƌŽůƐ͗�;zĂŶŐ�Ğƚ�Ăů͕͘�ϮϬϭϲ͕�&ĞŶŐ�Ğƚ�Ăů͕͘�ϮϬϭϳ͕�dĂũĚŝŶŝ�Ğƚ�Ăů͕͘�
ϮϬϭϵͿϯϳ͕ϰϭ͕ϱϵ͖��ŚĂŝ�Ğƚ�Ăů͕͘�ϮϬϮϭϯϮ͖�Keller et al., 202161; Özyurt et al., 202155; Rajhans et al., 202156 

��,��;ƐǇŵƉƚŽŵƐͿ�ŝŶ�ƉĂƚŝĞŶƚƐ�ǁŝƚŚ�ĂƚŽƉǇ͗�DŽŶƚĂůďĂŶŽ�Ğƚ�Ăů͕͘�ϮϬϮϬϱϮ͖�Vittrup et al., 

202134 

KƚŚĞƌ�
ǀĂƌŝĂďůĞƐ 

�ĞƐĐƌŝƉƚŝŽŶ�ĨŽƌ�ƉŽƚĞŶƚŝĂů�ĐŽŶĨŽƵŶĚŝŶŐ�ĨĂĐƚŽƌƐ�  
�ŐĞ�ĂŶĚ�ƐĞǆ͗�;zĂŶŐ�Ğƚ�Ăů͕͘�ϮϬϭϰ͕�zĂŶŐ�Ğƚ�Ăů͕͘�ϮϬϭϲ͕�&ĞŶŐ�Ğƚ�Ăů͕͘�ϮϬϭϳ͕�&ĞŶŐ�Ğƚ�Ăů͕͘�
ϮϬϮϬͿϯϳ͕ϯϴ͕ϰϭ͕ϰϮ͖�Fuhrmann et al., 202027͖�:ĂĐŬƐŽŶͲ�ŽǁĂŶ�Ğƚ�Ăů͕͘�ϮϬϮϬϮϵ͖�^ŽůůĂŶĚĞƌ�Ğƚ�Ăů͕͘�ϮϬϮϬϯϬ͖�

DŝŶĂƚŽǇĂ�Ğƚ�Ăů͕͘�ϮϬϮϬϱϭ͖�DŽŶƚĂůďĂŶŽ�Ğƚ�Ăů͕͘�ϮϬϮϬϱϮ͖�Wan et al., 202031; �ĞƌǌŽƐĂͲ'ƌĂŶĚĞ�Ğƚ�Ăů͕͘�



ϮϬϮϭϱϯ͖�Galéra et al., 202154; ,ŽƵ�Ğƚ�Ăů͕͘�ϮϬϮϭϯϯ͖�Özyurt et al., 202155; Rajhans et al., 202156; 

Vittrup et al., 202134; Yüksel et al., 202157 

�ŝƌƚŚ�,ǆ͗�&ĞŶŐ�Ğƚ�Ăů͕͘�ϮϬϮϬϰϮ͖�Galéra et al., 202154; Yüksel et al., 202157 

WĂƌĞŶƚƐ͛�ƐƚƌĞƐƐ�Žƌ�ŵĞŶƚĂů�ŚĞĂůƚŚ͗�;'ŽŽĚǁŝŶ�Ğƚ�Ăů͕͘�ϮϬϭϯ͕�>ĞĞ�Ğƚ�Ăů͕͘�ϮϬϭϰ͕�^ĐŚŵŝƚƚ�Ğƚ�Ăů͕͘�

ϮϬϭϴͿϮϰ͕ϯϲ͕ϰϱ͖�<ƵŽ�Ğƚ�Ăů͕͘�ϮϬϮϬϰϰ͖�DŽŶƚĂůďĂŶŽ�Ğƚ�Ăů͕͘�ϮϬϮϬϱϮ͖��ĞƌǌŽƐĂͲ'ƌĂŶĚĞ�Ğƚ�Ăů͕͘�ϮϬϮϭϱϯ͖�

Galéra et al., 202154 

WƌŝŵĂƌǇ�ĐĂƌĞŐŝǀĞƌ͛Ɛ�ĞĚƵĐĂƚŝŽŶ͗�;'ŽŽĚǁŝŶ�Ğƚ�Ăů͕͘�ϮϬϭϯ͕�&ĞŶŐ�Ğƚ�Ăů͕͘�ϮϬϮϬͿϮϰ͕ϰϮ͖�^ŽůůĂŶĚĞƌ�Ğƚ�
Ăů͕͘�ϮϬϮϬϯϬ͖�Wan et al., 202031; Galéra et al., 202154; ,ŽƵ�Ğƚ�Ăů͕͘�ϮϬϮϭϯϯ͖�Özyurt et al., 202155 

&ĂŵŝůǇ�ŝŶĐŽŵĞ͗�:ĂĐŬƐŽŶͲ�ŽǁĂŶ�Ğƚ�Ăů͕͘�ϮϬϮϬϮϵ͖�Wan et al., 202031; Galéra et al., 202154; ,ŽƵ�Ğƚ�

Ăů͕͘�ϮϬϮϭϯϯ͖�Vittrup et al., 202134 

�ŶǀŝƌŽŶŵĞŶƚ�;ƚŽďĂĐĐŽͿ͗�;'ŽŽĚǁŝŶ�Ğƚ�Ăů͕͘�ϮϬϭϯ͕�&ĞŶŐ�Ğƚ�Ăů͕͘�ϮϬϭϳ͕�dĂũĚŝŶŝ�Ğƚ�Ăů͕͘�ϮϬϭϵͿϮϰ͕ϰϭ͕ϱϵ 
^ůĞĞƉ�ĚŝƐƚƵƌďĂŶĐĞ͗�;�ĂŵĨĨĞƌŵĂŶ�Ğƚ�Ăů͕͘�ϮϬϭϬ͕�>ŝŶ�Ğƚ�Ăů͕͘�ϮϬϭϲ͕�^ƚƌŽŵ�Ğƚ�Ăů͕͘�ϮϬϭϲ͕�^ĐŚŵŝƚƚ�Ğƚ�

Ăů͕͘�ϮϬϭϴ͕�&ĞŶŐ�Ğƚ�Ăů͕͘�ϮϬϮϬͿϮϱ͕Ϯϲ͕ϰϬ͕ϰϮ͕ϰϱ 
KƚŚĞƌ�ƉŚǇƐŝĐĂů�ĐŽŶĚŝƚŝŽŶƐ͗�^ƚƌŽŵ�Ğƚ�Ăů͕͘�ϮϬϭϲϮϲ͖�Wan et al., 202031; Galéra et al., 202154; 

,ŽƵ�Ğƚ�Ăů͕͘�ϮϬϮϭϯϯ͖�Vittrup et al., 202134; Yüksel et al., 202157 

DĞŶƚĂů�ŚĞĂůƚŚ͗�:ĂĐŬƐŽŶͲ�ŽǁĂŶ�Ğƚ�Ăů͕͘�ϮϬϮϬϮϵ͖�Galéra et al., 202154 

�ƐƐĞƐƐŵĞŶƚ�ĨŽƌ�ĂƚŽƉŝĐ�ĚŝƐĞĂƐĞƐ 
�ŽƐŝŶŽƉŚŝůƐ�ŝŶ�ƉĞƌŝƉŚĞƌĂů�ďůŽŽĚ͗�;�ŚĂŶŐ�Ğƚ�Ăů͕͘�ϮϬϭϯͿϰϳ 
/Ő��ĂŶĚ�ĂůůĞƌŐĞŶƐ͗�;'ƵŽ�Ğƚ�Ăů͕͘�ϮϬϮϬͿϰϴ 
^ǇŵƉƚŽŵƐ͗�;zĂŶŐ�Ğƚ�Ăů͕͘�ϮϬϭϰ͕�zĂŶŐ�Ğƚ�Ăů͕͘�ϮϬϭϲ͕�&ĞŶŐ�Ğƚ�Ăů͕͘�ϮϬϭϳ͕�^ĐŚŵŝƚƚ�Ğƚ�Ăů͕͘�ϮϬϭϴ͕�&ĞŶŐ�

Ğƚ�Ăů͕͘�ϮϬϮϬͿϯϳ͕ϯϴ͕ϰϭ͕ϰϮ͕ϰϱ͖�Rajhans et al., 202156 
WĞƌƐŝƐƚĞŶƚ�ĂƚŽƉŝĐ�ĚŝƐĞĂƐĞƐ͗�;zĂŶŐ�Ğƚ�Ăů͕͘�ϮϬϭϰ͕�zĂŶŐ�Ğƚ�Ăů͕͘�ϮϬϭϲ͕�&ĞŶŐ�Ğƚ�Ăů͕͘�ϮϬϭϳͿϯϳ͕ϯϴ͕ϰϭ 
^ĞǀĞƌŝƚǇ�ŽĨ�ĂƚŽƉŝĐ�ĚŝƐĞĂƐĞƐ͗�;zĂŶŐ�Ğƚ�Ăů͕͘�ϮϬϭϰ͕�zĂŶŐ�Ğƚ�Ăů͕͘�ϮϬϭϲ͕�dĂũĚŝŶŝ�Ğƚ�Ăů͕͘�ϮϬϭϵ͕��ŚŽƵ�
Ğƚ�Ăů͕͘�ϮϬϭϵ͕�&ĞŶŐ�Ğƚ�Ăů͕͘�ϮϬϮϬͿϯϳ͕ϯϴ͕ϰϮ͕ϱϵ͕ϲϬ͖�DŝŶĂƚŽǇĂ�Ğƚ�Ăů͕͘�ϮϬϮϬϱϭ͖�DŽŶƚĂůďĂŶŽ�Ğƚ�Ăů͕͘�ϮϬϮϬϱϮ͖�

�ĞƌǌŽƐĂͲ'ƌĂŶĚĞ�Ğƚ�Ăů͕͘�ϮϬϮϭϱϯ 

�ƚŽƉŝĐ�ĚŝƐĞĂƐĞ�ŽŶƐĞƚ͗�;^ĐŚŵŝƚƚ�Ğƚ�Ăů͕͘�ϮϬϭϴ͕�dĂũĚŝŶŝ�Ğƚ�Ăů͕͘�ϮϬϭϵ͕��ŚŽƵ�Ğƚ�Ăů͕͘�ϮϬϭϵ͕�&ĞŶŐ�Ğƚ�

Ăů͕͘�ϮϬϮϬͿϰϮ͕ϰϱ͕ϱϵ͕ϲϬ͖�Fuhrmann et al., 202027; Rajhans et al., 202156 

�ƵƌĂƚŝŽŶ͗�;�ŚŽƵ�Ğƚ�Ăů͕͘�ϮϬϭϵ͕�&ĞŶŐ�Ğƚ�Ăů͕͘�ϮϬϮϬͿϰϮ͕ϲϬ͖�Rajhans et al., 202156 
WŽƐŝƚŝǀĞ�ĂůůĞƌŐĞŶƐ͗�&ĞŶŐ�Ğƚ�Ăů͕͘�ϮϬϭϳϰϭ͖��ĞƌǌŽƐĂͲ'ƌĂŶĚĞ�Ğƚ�Ăů͕͘�ϮϬϮϭϱϯ 

dƌĞĂƚŵĞŶƚƐ͗�;^ĐŚŵŝƚƚ�Ğƚ�Ăů͕͘�ϮϬϭϴ͕�dĂũĚŝŶŝ�Ğƚ�Ăů͕͘�ϮϬϭϵ͕��ŚŽƵ�Ğƚ�Ăů͕͘�ϮϬϭϵ͕�&ĞŶŐ�Ğƚ�Ăů͕͘�

ϮϬϮϬͿϰϮ͕ϰϱ͕ϱϵ͕ϲϬ 
&ĂŵŝůǇ�ŚŝƐƚŽƌǇ�ŽĨ�ĂƚŽƉŝĐ�ĚŝƐĞĂƐĞƐ͗�;zĂŶŐ�Ğƚ�Ăů͕͘�ϮϬϭϰ͕�zĂŶŐ�Ğƚ�Ăů͕͘�ϮϬϭϲ͕�dĂũĚŝŶŝ�Ğƚ�Ăů͕͘�
ϮϬϭϵ͕��ŚŽƵ�Ğƚ�Ăů͕͘�ϮϬϭϵͿϯϳ͕ϯϴ͕ϱϵ͕ϲϬ͖�DŝŶĂƚŽǇĂ�Ğƚ�Ăů͕͘�ϮϬϮϬϱϭ 

DƵůƚŝƉůĞ�ĂƚŽƉŝĐ�ĚŝƐĞĂƐĞƐ͗�;zĂŶŐ�Ğƚ�Ăů͕͘�ϮϬϭϰ͕�zĂŶŐ�Ğƚ�Ăů͕͘�ϮϬϭϲ͕�&ĞŶŐ�Ğƚ�Ăů͕͘�ϮϬϭϳ͕�^ĐŚŵŝƚƚ�Ğƚ�

Ăů͕͘�ϮϬϭϴ͕�dĂũĚŝŶŝ�Ğƚ�Ăů͕͘�ϮϬϭϵͿϯϳ͕ϯϴ͕ϰϭ͕ϰϱ͕ϱϵ͖�:ĂĐŬƐŽŶͲ�ŽǁĂŶ�Ğƚ�Ăů͕͘�ϮϬϮϬϮϵ͖�^ŽůůĂŶĚĞƌ�Ğƚ�Ăů͕͘�ϮϬϮϬϯϬ͖�

�ĞƌǌŽƐĂͲ'ƌĂŶĚĞ�Ğƚ�Ăů͕͘�ϮϬϮϭϱϯ͖�Vittrup et al., 202134 

KƚŚĞƌ�ĂƐƐĞƐƐŵĞŶƚ�ĨŽƌ���,��  
WĞƌĐĞŶƚĂŐĞ�ŽĨ�ĂďŶŽƌŵĂů�ƐĐŽƌĞƐ͗�;,ĂŵŵĞƌͲ,ĞůŵŝĐŚ�Ğƚ�Ăů͕͘�ϮϬϭϲ͕�&ĞŶŐ�Ğƚ�Ăů͕͘�ϮϬϮϬͿϯϱ͕ϰϮ 



YƵĂůŝƚǇ�ŽĨ�ůŝĨĞ͗�;&ĞŶŐ�Ğƚ�Ăů͕͘�ϮϬϭϳ͕�^ĐŚŵŝƚƚ�Ğƚ�Ăů͕͘�ϮϬϭϴ͕�&ĞŶŐ�Ğƚ�Ăů͕͘�ϮϬϮϬͿϰϭ͕ϰϮ͕ϰϱ 

�Wdͬ��d͗�;<ŝŵ�Ğƚ�Ăů͕͘�ϮϬϭϰ͕�zĂŶŐ�Ğƚ�Ăů͕͘�ϮϬϭϰ͕�zĂŶŐ�Ğƚ�Ăů͕͘�ϮϬϭϲͿϯϳ͕ϯϴ͕ϰϵ 

^ƵďŐƌŽƵƉ dƌĞĂƚŵĞŶƚƐ͗�;�ŚĂŶŐ�Ğƚ�Ăů͕͘�ϮϬϭϯ͕�<ŝŵ�Ğƚ�Ăů͕͘�ϮϬϭϰ͕�zĂŶŐ�Ğƚ�Ăů͕͘�ϮϬϭϲͿϯϳ͕ϰϳ͕ϰϵ͕�Fuhrmann et al., 

202027 

�ŐĞ͗�;^ƚƌŽŵ�Ğƚ�Ăů͕͘�ϮϬϭϲ͕�<ƵŶŝǇŽƐŚŝ�Ğƚ�Ăů͕͘�ϮϬϭϴͿϮϲ͕ϰϯ͖��ĞƌǌŽƐĂͲ'ƌĂŶĚĞ�Ğƚ�Ăů͕͘�ϮϬϮϭϱϯ͖�,ŽƵ�Ğƚ�Ăů͕͘�

ϮϬϮϭϯϯ 

^Ğǆ͗�:ĂĐŬƐŽŶͲ�ŽǁĂŶ�Ğƚ�Ăů͕͘�ϮϬϮϬϮϵ 

^ĞǀĞƌŝƚǇ�ŽĨ�ĂƚŽƉŝĐ�ĚŝƐĞĂƐĞƐ͗�;�ŚĂŶŐ�Ğƚ�Ăů͕͘�ϮϬϭϯ͕�'ŽŽĚǁŝŶ�Ğƚ�Ăů͕͘�ϮϬϭϯ͕�^ƚƌŽŵ�Ğƚ�Ăů͕͘�ϮϬϭϲ͕�

<ƵŶŝǇŽƐŚŝ�Ğƚ�Ăů͕͘�ϮϬϭϴͿϮϰ͕Ϯϲ͕ϰϯ͕ϰϳ͖�DŽŶƚĂůďĂŶŽ�Ğƚ�Ăů͕͘�ϮϬϮϬϱϮ 

WƵƌĞ�ĂƚŽƉǇ�;ǁŝƚŚŽƵƚ���,�Ϳ͕�ƚŽƚĂů�ĂƚŽƉǇ͕ �ƉƵƌĞ���,��;ǁŝƚŚŽƵƚ�ĂƚŽƉǇͿ͗�zĂŶŐ�Ğƚ�Ăů͕͘�
ϮϬϭϰϯϴ͖�Galéra et al., 202154 

WƌŝŵĂƌǇ�ĐĂƌĞŐŝǀĞƌ͛Ɛ�ĞĚƵĐĂƚŝŽŶ͗�,ĂŵŵĞƌͲ,ĞůŵŝĐŚ�Ğƚ�Ăů͕͘�ϮϬϭϲϯϱ͕�^ŽůůĂŶĚĞƌ�Ğƚ�Ăů͕͘�ϮϬϮϬϯϬ 

DƵůƚŝƉůĞ�ĂƚŽƉŝĐ�ĚŝƐĞĂƐĞƐ͗�,ĂŵŵĞƌͲ,ĞŝŵŝĐŚ�Ğƚ�Ăů͕͘�ϮϬϭϲϯϱ͖�<ƵŽ�Ğƚ�Ăů͕͘�ϮϬϮϬϰϰ͕�^ƚƌŽŵ�Ğƚ�Ăů͕͘�

ϮϬϭϲϮϲ͕�^ŽůůĂŶĚĞƌ�Ğƚ�Ăů͕͘�ϮϬϮϬϯϬ�  

�ƚŽƉǇ�ǁŝƚŚ�Žƌ�ǁŝƚŚŽƵƚ���,��ƐǇŵƉƚŽŵƐ͗�&ĞŶŐ�Ğƚ�Ăů͕͘�ϮϬϮϬϰϮ 

��,��ƚǇƉĞ͗�;>ŝŶ�Ğƚ�Ăů͕͘�ϮϬϭϲ͕��ŚŽƵ�Ğƚ�Ăů͕͘�ϮϬϭϵͿϮϱ͕ϲϬ 
�ŽŵŽƌďŝĚŝƚǇ�ŽĨ���,�͗�;zĂŶŐ�Ğƚ�Ăů͕͘�ϮϬϭϰ͕�zĂŶŐ�Ğƚ�Ăů͕͘�ϮϬϭϲͿϯϳ͕ϯϴ 

�ďďƌĞǀŝĂƚŝŽŶƐ͗�KZ͕�ŽĚĚƐ�ƌĂƚŝŽ͖���,�͕�ĂƚƚĞŶƚŝŽŶͲĚĞĨŝĐŝƚͬŚǇƉĞƌĂĐƚŝǀŝƚǇ�ĚŝƐŽƌĚĞƌ͖��Wdͬ��d͕ �
;�ŽŶƚŝŶƵŽƵƐ�WĞƌĨŽƌŵĂŶĐĞ�dĞƐƚͬ�ŽŵƉƌĞŚĞŶƐŝǀĞ��ƚƚĞŶƚŝŽŶ�dĞƐƚͿ 
 
  



dĂďůĞ�^Ϯ͘��ĞƚĂŝůĞĚ�ŝŶĨŽƌŵĂƚŝŽŶ�ŽŶ�ƚŚĞ�ƌŝƐŬ�ŽĨ�ďŝĂƐ�ĂƐƐĞƐƐŵĞŶƚ 
5LVN�RI�ELDV�DVVHVVPHQW 
7KH�TXDOLW\�RI�LQFOXGHG�VWXGLHV�ZDV�GHWHUPLQHG�XVLQJ�WKH�-RDQQD�%ULJJV�,QVWLWXWH¶V�FULWLFDO�
DSSUDLVDO�FKHFNOLVW�IRU�V\VWHPDWLF�UHYLHZV�����:H�XVHG�WKLV�FKHFNOLVW�WR�HYDOXDWH�FDVH±FRQWURO�
DQG�FURVV�VHFWLRQDO�VWXG\�GHVLJQV��7KH�FKHFNOLVW�IRU�FURVV�VHFWLRQDO�VWXGLHV�FRQVLVWHG�RI����
TXHVWLRQV�DVVHVVLQJ�WKH�IROORZLQJ�IDFWRUV������XVH�RI�FOHDUO\�GHILQHG�LQFOXVLRQ�FULWHULD������
GHWDLOHG�GHVFULSWLRQ�RI�VWXG\�REMHFWV�DQG�VHWWLQJV������H[SRVXUH�PHDVXUHPHQW������LQFOXVLRQ�RI�
REMHFWLYH�DQG�VWDQGDUG�FULWHULD�IRU�WKH�PHDVXUHPHQW�RI�WKH�FRQGLWLRQ�����VWUDWHJLHV�DGRSWHG�WR�
LGHQWLI\�FRQIRXQGLQJ�IDFWRUV��TXHVWLRQV���DQG���ZHUH�UHODWHG�WR�WKLV�IDFWRU�������VWUDWHJLHV�
DGRSWHG�WR�GHDO�ZLWK�FRQIRXQGLQJ�IDFWRUV�����RXWFRPH�PHDVXUHPHQW��DQG�����XVH�RI�
DSSURSULDWH�VWDWLVWLFDO�DQDO\VLV�PHWKRGV��(DFK�TXHVWLRQ�KDG�WKH�IROORZLQJ�UHVSRQVH�RSWLRQV��
\HV��QR��XQFOHDU��DQG�QRW�DSSOLFDEOH��7KH�RYHUDOO�DSSUDLVDO�RI�ZKHWKHU�WR�LQFOXGH��H[FOXGH��RU�
VHHN�IXUWKHU�LQIRUPDWLRQ�RQ�VWXGLHV�DFFRUGLQJ�WR�WKH�UHVXOWV�RI�TXHVWLRQV�PHQWLRQHG�DERYH� 
 
5LVN�RI�ELDV 
7DEOH�PHQWLRQHG�EHORZ�OLVWV�WKH�UHVXOWV�RI�WKH�RYHUDOO�ULVN�RI�ELDV����7KH�FRPSOHWH�IRUP�XVHG�
WR�H[DPLQH�WKH�ULVN�RI�ELDV�LV�VKRZQ�EHORZ��7KH�VWXGLHV�ZHUH�DOO�FURVV�VHFWLRQDO�VWXGLHV��,Q�
WKHVH�VWXGLHV��WKH�ULVN�RI�ELDV�ZDV�PDLQO\�UHODWHG�WR�QRW�SURYLGLQJ�D�GHWDLOHG�GHVFULSWLRQ�RI�
VWXG\�SDUWLFLSDQWV��DQG�WKH�VHWWLQJV�DQG�VWUDWHJLHV�DGRSWHG�WR�LGHQWLI\�DQG�PDQDJH�
FRQIRXQGLQJ�IDFWRUV��2QH�VWXG\���ZDV�GHWHUPLQHG�ZDV�JLYHQ�WKH�QRWH�³VHHN�IXUWKHU�
LQIRUPDWLRQ´�EHFDXVH�LW�GLG�QRW�SURYLGH�GHWDLOHG�LQIRUPDWLRQ�UHJDUGLQJ�WKH�LQFOXVLRQ�RI�ERWK�
VWXG\�SDUWLFLSDQWV�DQG�VHWWLQJV�DQG�VWUDWHJLHV�DGRSWHG�WR�LGHQWLI\�DQG�PDQDJH�FRQIRXQGLQJ�
IDFWRUV��1RQH�RI�WKH�VWXGLHV�KDG�DQ�RYHUDOO�DSSUDLVDO�FDWHJRU\�RI�³H[FOXVLRQ�´�0RVW�VWXGLHV�
SURYLGHG�GHWDLOHG�LQIRUPDWLRQ�UHJDUGLQJ�VWUDWHJLHV�DGRSWHG�WR�LGHQWLI\�DQG�PDQDJH�
FRQIRXQGLQJ�IDFWRUV��  
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.HOOHU��:��HW�DO��$WRSLF�GLVHDVHV�LQ�FKLOGUHQ�DQG�DGROHVFHQWV�DUH�DVVRFLDWHG�ZLWK�EHKDYLRXUDO�
GLIILFXOWLHV��%0&�3HGLDWULFV�����KWWSV���GRL�RUJ���������V������������������������ 
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0RQWDOEDQR��/��HW�DO��5HODWLRQVKLS�EHWZHHQ�TXDOLW\�RI�OLIH�DQG�EHKDYLRXUDO�GLVRUGHUV�LQ�
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'HUPDWRO������������������KWWSV���GRL�RUJ���������EMG������ 
9LWWUXS��,��HW�DO��$VVRFLDWLRQ�EHWZHHQ�KRVSLWDO�GLDJQRVHG�DWRSLF�GHUPDWLWLV�DQG�SV\FKLDWULF�
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�����1DWLRQDO�+HDOWK�,QWHUYLHZ�6XUYH\��-RXUQDO�RI�WKH�$PHULFDQ�$FDGHP\�RI�'HUPDWRORJ\�
���������������KWWSV���GRL�RUJ���������M�MDDG������������������� 
<�NVHO��$��(��HW�DO��$GKG�DQG�LWV�DVVRFLDWLRQV�ZLWK�SUHJQDQF\��ELUWK��GHYHORSPHQWDO�DQG�
PHGLFDO�UHODWHG�FKDUDFWHULVWLFV��&XUUHQW�3V\FKRORJ\��$�-RXUQDO�IRU�'LYHUVH�3HUVSHFWLYHV�RQ�
'LYHUVH�3V\FKRORJLFDO�,VVXHV��KWWSV���GRL�RUJ���������V����������������������� 
=KRX��+���=��&KHQ��:��=KDR��<��/LX�DQG�<��&XL��������(YDOXDWLRQ�RI�QHXURSV\FKLDWULF�
FRPRUELGLWLHV�DQG�WKHLU�FOLQLFDO�FKDUDFWHULVWLFV�LQ�&KLQHVH�FKLOGUHQ�ZLWK�DVWKPD�XVLQJ�WKH�
0,1,�NLG�WRRO��%0&�3HGLDWU�������������KWWSV���GRL�RUJ���������V���������������� 
 
 
  



�ƉƉĞŶĚŝǆ��͘�ZĞĨĞƌĞŶĐĞƐ�ƚŽ�ĂƌƚŝĐůĞƐ�ƐŽůĞůǇ�

ŝŶĐůƵĚĞĚ�ŝŶ�ŵĞƚĂͲĂŶĂůǇƐŝƐ 
&DWDO��)���(��7RSDO��1��6R\OX��2��2]HO�2]FDQ��0��+��&HOLNVR\��$��%DED\L÷LW��+��7��.DUDNRo��'��
(UJH�DQG�5��6DQFDN��������3V\FKLDWULF�GLVRUGHUV�DQG�V\PSWRPV�VHYHULW\�LQ�SUHVFKRRO�FKLOGUHQ�
ZLWK�DWRSLF�HF]HPD��$OOHUJRO�,PPXQRSDWKRO��0DGU�����������������
KWWSV���GRL�RUJ����������M�DOOHU������������ 
%HU]RVD�*UDQGH��0��3���*RQ]iOH]�)UDLOH��(���6iQFKH]�/ySH]��5���6RULD�2OLYHU��0��	�5XHGD�
(VWHEDQ��6��7KH�UHODWLRQVKLS�EHWZHHQ�DOOHUJLF�GLVHDVHV�DQG�LQWHUQDOLVLQJ�DQG�H[WHUQDOLVLQJ�
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FKLOGUHQ�ZLWK�DVWKPD��-�$VWKPD�����������������KWWSV���GRL�RUJ�������������������������� 
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ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ũĂĐŝ͘ϮϬϭϵ͘Ϭϵ͘Ϭϯϭ�;ϮϬϮϬͿ͘ 

ϯ >ŽŽŵĂŶ͕�<͘�/͘�D͘�Ğƚ�Ăů͘��ƐƐŽĐŝĂƚŝŽŶƐ�ŽĨ�dŚϮ͕�dŚϭϳ͕�dƌĞŐ�ĐĞůůƐ͕�ĂŶĚ�/Ő�;нͿ�ŵĞŵŽƌǇ���
ĐĞůůƐ�ǁŝƚŚ�ĂƚŽƉŝĐ�ĚŝƐĞĂƐĞ�ŝŶ�ĐŚŝůĚƌĞŶ͗�dŚĞ�'ĞŶĞƌĂƚŝŽŶ�Z�^ƚƵĚǇ͘ ��ůůĞƌŐǇ�ϳϱ͕�ϭϳϴͲϭϴϳ͕�
ĚŽŝ͗ϭϬ͘ϭϭϭϭͬĂůů͘ϭϰϬϭϬ�;ϮϬϮϬͿ͘ 

ϰ dƵŵĞƐ͕��͘�:͘�Ğƚ�Ăů͘��ƉŝŐĞŶĞƚŝĐ�ƌĞŐƵůĂƚŝŽŶ�ŽĨ�dͲŚĞůƉĞƌ�ĐĞůů�ĚŝĨĨĞƌĞŶƚŝĂƚŝŽŶ͕�ŵĞŵŽƌǇ͕ �ĂŶĚ�
ƉůĂƐƚŝĐŝƚǇ�ŝŶ�ĂůůĞƌŐŝĐ�ĂƐƚŚŵĂ͘�/ŵŵƵŶŽů�ZĞǀ�Ϯϳϴ͕�ϴͲϭϵ͕�ĚŽŝ͗ϭϬ͘ϭϭϭϭͬŝŵƌ͘ ϭϮϱϲϬ�;ϮϬϭϳͿ͘ 

ϱ WĂƌŬ͕�'͕͘�:ƵŶŐ͕�z͘ �^͕͘�WĂƌŬ͕�D͘�<͕͘�zĂŶŐ͕��͘�,͘�Θ�<ŝŵ͕�z͘ �h͘�DĞůĂƚŽŶŝŶ�ŝŶŚŝďŝƚƐ�ĂƚƚĞŶƚŝŽŶͲ
ĚĞĨŝĐŝƚͬŚǇƉĞƌĂĐƚŝǀŝƚǇ�ĚŝƐŽƌĚĞƌ�ĐĂƵƐĞĚ�ďǇ�ĂƚŽƉŝĐ�ĚĞƌŵĂƚŝƚŝƐͲŝŶĚƵĐĞĚ�ƉƐǇĐŚŽůŽŐŝĐĂů�
ƐƚƌĞƐƐ�ŝŶ�ĂŶ�E�ͬEŐĂ�ĂƚŽƉŝĐͲůŝŬĞ�ŵŽƵƐĞ�ŵŽĚĞů͘�^Đŝ�ZĞƉ�ϴ͕�ϭϰϵϴϭ͕�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬƐϰϭϱϵϴͲ
ϬϭϴͲϯϯϯϭϳͲǆ�;ϮϬϭϴͿ͘ 

ϲ yŝŶŐ͕��͕͘�>ŝ͕�z͘ ��͘�Θ�'ĂŽ͕�t͘�:͘�EŽƌĞƉŝŶĞƉŚƌŝŶĞ�ǀĞƌƐƵƐ�ĚŽƉĂŵŝŶĞ�ĂŶĚ�ƚŚĞŝƌ�ŝŶƚĞƌĂĐƚŝŽŶ�
ŝŶ�ŵŽĚƵůĂƚŝŶŐ�ƐǇŶĂƉƚŝĐ�ĨƵŶĐƚŝŽŶ�ŝŶ�ƚŚĞ�ƉƌĞĨƌŽŶƚĂů�ĐŽƌƚĞǆ͘��ƌĂŝŶ�ZĞƐ�ϭϲϰϭ͕�ϮϭϳͲϮϯϯ͕�
ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ďƌĂŝŶƌĞƐ͘ϮϬϭϲ͘Ϭϭ͘ϬϬϱ�;ϮϬϭϲͿ͘ 

ϳ �ĂŶŬƐ͕�t͘��͘�dŚĞ�ďůŽŽĚͲďƌĂŝŶ�ďĂƌƌŝĞƌ�ŝŶ�ŶĞƵƌŽŝŵŵƵŶŽůŽŐǇ͗�dĂůĞƐ�ŽĨ�ƐĞƉĂƌĂƚŝŽŶ�ĂŶĚ�
ĂƐƐŝŵŝůĂƚŝŽŶ͘��ƌĂŝŶ��ĞŚĂǀ�/ŵŵƵŶ�ϰϰ͕�ϭͲϴ͕�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ďďŝ͘ϮϬϭϰ͘Ϭϴ͘ϬϬϳ�;ϮϬϭϱͿ͘ 

ϴ �ƵƐŬĞͲ<ŝƌƐĐŚďĂƵŵ͕��͘�Ğƚ�Ăů͘�WƐǇĐŚŽĞŶĚŽĐƌŝŶĞ�ĂŶĚ�ƉƐǇĐŚŽŶĞƵƌŽŝŵŵƵŶŽůŽŐŝĐĂů�
ŵĞĐŚĂŶŝƐŵƐ�ŝŶ�ƚŚĞ�ĐŽŵŽƌďŝĚŝƚǇ�ŽĨ�ĂƚŽƉŝĐ�ĞĐǌĞŵĂ�ĂŶĚ�ĂƚƚĞŶƚŝŽŶ�ĚĞĨŝĐŝƚͬŚǇƉĞƌĂĐƚŝǀŝƚǇ�
ĚŝƐŽƌĚĞƌ͘ �WƐǇĐŚŽŶĞƵƌŽĞŶĚŽĐƌŝŶŽůŽŐǇ�ϯϴ͕�ϭϮͲϮϯ͕�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ƉƐǇŶĞƵĞŶ͘ϮϬϭϮ͘Ϭϵ͘Ϭϭϳ�
;ϮϬϭϯͿ͘ 

ϵ <ŝŵ͕�:͘�/͘�Ğƚ�Ăů͘�/ŶƚĞƌĂĐƚŝŽŶ�ďĞƚǁĞĞŶ��Z�Ϯ�ĂŶĚ�ůĞĂĚ�ĞǆƉŽƐƵƌĞ�ŽŶ�ƚŚĞ�ĐŽƌƚŝĐĂů�ƚŚŝĐŬŶĞƐƐ�
ŽĨ�ƚŚĞ�ĨƌŽŶƚĂů�ůŽďĞ�ŝŶ�ǇŽƵƚŚ�ǁŝƚŚ�ĂƚƚĞŶƚŝŽŶͲĚĞĨŝĐŝƚͬŚǇƉĞƌĂĐƚŝǀŝƚǇ�ĚŝƐŽƌĚĞƌ͘ �WƌŽŐ�
EĞƵƌŽƉƐǇĐŚŽƉŚĂƌŵĂĐŽů��ŝŽů�WƐǇĐŚŝĂƚƌǇ�ϴϮ͕�ϭϲϵͲϭϳϲ͕�
ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ƉŶƉďƉ͘ϮϬϭϳ͘ϭϭ͘Ϭϭϴ�;ϮϬϭϴͿ͘ 

ϭϬ >ĞǀǇ͕ �&͘ �WŚĂƌŵĂĐŽůŽŐŝĐĂů�ĂŶĚ�ƚŚĞƌĂƉĞƵƚŝĐ�ĚŝƌĞĐƚŝŽŶƐ�ŝŶ���,�͗�^ƉĞĐŝĨŝĐŝƚǇ�ŝŶ�ƚŚĞ�W&�͘�
�ĞŚĂǀ��ƌĂŝŶ�&ƵŶĐƚ�ϰ͕�ϭϮ͕�ĚŽŝ͗ϭϬ͘ϭϭϴϲͬϭϳϰϰͲϵϬϴϭͲϰͲϭϮ�;ϮϬϬϴͿ͘ 



ϭϭ WƵŝƵ͕��͘��͘�Ğƚ�Ăů͘�/ŵƉƵůƐŝǀĞ�ĂŐŐƌĞƐƐŝŽŶ�ĂŶĚ�ƌĞƐƉŽŶƐĞ�ŝŶŚŝďŝƚŝŽŶ�ŝŶ�ĂƚƚĞŶƚŝŽŶͲ
ĚĞĨŝĐŝƚͬŚǇƉĞƌĂĐƚŝǀŝƚǇ�ĚŝƐŽƌĚĞƌ�ĂŶĚ�ĚŝƐƌƵƉƚŝǀĞ�ďĞŚĂǀŝŽƌĂů�ĚŝƐŽƌĚĞƌƐ͗�&ŝŶĚŝŶŐƐ�ĨƌŽŵ�Ă�
ƐǇƐƚĞŵĂƚŝĐ�ƌĞǀŝĞǁ͘�EĞƵƌŽƐĐŝ��ŝŽďĞŚĂǀ�ZĞǀ�ϵϬ͕�ϮϯϭͲϮϰϲ͕�
ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ŶĞƵďŝŽƌĞǀ͘ ϮϬϭϴ͘Ϭϰ͘Ϭϭϲ�;ϮϬϭϴͿ͘ 

ϭϮ �ƵƐŬĞͲ<ŝƌƐĐŚďĂƵŵ͕��͕͘�'ŝĞƌĞŶƐ͕��͕͘�,ƂůůŝŐ͕�,͘�Θ�,ĞůůŚĂŵŵĞƌ͕ ��͘�,͘�^ƚƌĞƐƐͲŝŶĚƵĐĞĚ�
ŝŵŵƵŶŽŵŽĚƵůĂƚŝŽŶ�ŝƐ�ĂůƚĞƌĞĚ�ŝŶ�ƉĂƚŝĞŶƚƐ�ǁŝƚŚ�ĂƚŽƉŝĐ�ĚĞƌŵĂƚŝƚŝƐ͘�:�EĞƵƌŽŝŵŵƵŶŽů�
ϭϮϵ͕�ϭϲϭͲϭϲϳ͕�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬƐϬϭϲϱͲϱϳϮϴ;ϬϮͿϬϬϭϲϴͲϲ�;ϮϬϬϮͿ͘ 

ϭϯ �ŚĂŵůŝŶ͕�^͘�>͕͘�&ƌŝĞĚĞŶ͕�/͘�:͕͘�tŝůůŝĂŵƐ͕�D͘�>͘�Θ��ŚƌĞŶ͕�D͘�D͘��ĨĨĞĐƚƐ�ŽĨ�ĂƚŽƉŝĐ�
ĚĞƌŵĂƚŝƚŝƐ�ŽŶ�ǇŽƵŶŐ��ŵĞƌŝĐĂŶ�ĐŚŝůĚƌĞŶ�ĂŶĚ�ƚŚĞŝƌ�ĨĂŵŝůŝĞƐ͘�WĞĚŝĂƚƌŝĐƐ�ϭϭϰ͕�ϲϬϳͲϲϭϭ͕�
ĚŽŝ͗ϭϬ͘ϭϱϰϮͬƉĞĚƐ͘ϮϬϬϰͲϬϯϳϰ�;ϮϬϬϰͿ͘ 

ϭϰ >ŝŶ͕�d͘ �<͕͘��ŚŽŶŐ͕�>͘�Θ�^ĂŶƚŝĂŐŽ͕�:͘�>͘��ƐƐŽĐŝĂƚŝŽŶ�ďĞƚǁĞĞŶ�^ƚƌĞƐƐ�ĂŶĚ�ƚŚĞ�,W���ǆŝƐ�ŝŶ�
ƚŚĞ��ƚŽƉŝĐ��ĞƌŵĂƚŝƚŝƐ͘�/Ŷƚ�:�DŽů�^Đŝ�ϭϴ͕�ĚŽŝ͗ϭϬ͘ϯϯϵϬͬŝũŵƐϭϴϭϬϮϭϯϭ�;ϮϬϭϳͿ͘ 

ϭϱ DĐ�ƌŽƌǇ͕ ��͕͘��Ğ��ƌŝƚŽ͕�^͘��͘�Θ�sŝĚŝŶŐ͕��͘�ZĞƐĞĂƌĐŚ�ƌĞǀŝĞǁ͗�ƚŚĞ�ŶĞƵƌŽďŝŽůŽŐǇ�ĂŶĚ�
ŐĞŶĞƚŝĐƐ�ŽĨ�ŵĂůƚƌĞĂƚŵĞŶƚ�ĂŶĚ�ĂĚǀĞƌƐŝƚǇ͘ �:��ŚŝůĚ�WƐǇĐŚŽů�WƐǇĐŚŝĂƚƌǇ�ϱϭ͕�ϭϬϳϵͲϭϬϵϱ͕�
ĚŽŝ͗ϭϬ͘ϭϭϭϭͬũ͘ϭϰϲϵͲϳϲϭϬ͘ϮϬϭϬ͘ϬϮϮϳϭ͘ǆ�;ϮϬϭϬͿ͘ 

ϭϲ EŝĐŽůĂŝĚĞƐ͕�E͘��͕͘�<ǇƌĂƚǌŝ͕��͕͘�>ĂŵƉƌŽŬŽƐƚŽƉŽƵůŽƵ͕��͕͘��ŚƌŽƵƐŽƐ͕�'͘�W͘ �Θ��ŚĂƌŵĂŶĚĂƌŝ͕�
�͘�^ƚƌĞƐƐ͕�ƚŚĞ�ƐƚƌĞƐƐ�ƐǇƐƚĞŵ�ĂŶĚ�ƚŚĞ�ƌŽůĞ�ŽĨ�ŐůƵĐŽĐŽƌƚŝĐŽŝĚƐ͘�EĞƵƌŽŝŵŵƵŶŽŵŽĚƵůĂƚŝŽŶ�
ϮϮ͕�ϲͲϭϵ͕�ĚŽŝ͗ϭϬ͘ϭϭϱϵͬϬϬϬϯϲϮϳϯϲ�;ϮϬϭϱͿ͘ 

ϭϳ YƵŝŶůĂŶ͕��͘��͘�Ğƚ�Ăů͘�WƐǇĐŚŽƐŽĐŝĂů�^ƚƌĞƐƐ�ĂŶĚ��ƌĂŝŶ�&ƵŶĐƚŝŽŶ�ŝŶ��ĚŽůĞƐĐĞŶƚ�
WƐǇĐŚŽƉĂƚŚŽůŽŐǇ͘ ��ŵ�:�WƐǇĐŚŝĂƚƌǇ�ϭϳϰ͕�ϳϴϱͲϳϵϰ͕�
ĚŽŝ͗ϭϬ͘ϭϭϳϲͬĂƉƉŝ͘ĂũƉ͘ϮϬϭϳ͘ϭϲϬϰϬϰϲϰ�;ϮϬϭϳͿ͘ 

ϭϴ �ƵƐŬĞͲ<ŝƌƐĐŚďĂƵŵ͕��͘�Ğƚ�Ăů͘��ůƚĞƌĞĚ�ŚǇƉŽƚŚĂůĂŵƵƐͲƉŝƚƵŝƚĂƌǇͲĂĚƌĞŶĂů�ĂǆŝƐ�ĨƵŶĐƚŝŽŶ͗���
ƌĞůĞǀĂŶƚ�ĨĂĐƚŽƌ�ŝŶ�ƚŚĞ�ĐŽŵŽƌďŝĚŝƚǇ�ŽĨ�ĂƚŽƉŝĐ�ĞĐǌĞŵĂ�ĂŶĚ�ĂƚƚĞŶƚŝŽŶ�
ĚĞĨŝĐŝƚͬŚǇƉĞƌĂĐƚŝǀŝƚǇ�ĚŝƐŽƌĚĞƌ͍�WƐǇĐŚŽŶĞƵƌŽĞŶĚŽĐƌŝŶŽůŽŐǇ�ϭϬϱ͕�ϭϳϴͲϭϴϲ͕�
ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ƉƐǇŶĞƵĞŶ͘ϮϬϭϴ͘ϭϮ͘ϬϬϱ�;ϮϬϭϵͿ͘ 

ϭϵ >ĂƵ͕�D͘�Ğƚ�Ăů͘�>ŽƐƐ�ŽĨ�^d�dϲ�ƉƌŽŵŽƚĞƐ�ĂƵƚŽŝŵŵƵŶĞ�ĚŝƐĞĂƐĞ�ĂŶĚ�ĂƚŽƉǇ�ŽŶ�Ă�
ƐƵƐĐĞƉƚŝďůĞ�ŐĞŶĞƚŝĐ�ďĂĐŬŐƌŽƵŶĚ͘�:��ƵƚŽŝŵŵƵŶ�ϯϵ͕�ϯϴϴͲϯϵϳ͕�
ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ũĂƵƚ͘ϮϬϭϮ͘Ϭϲ͘ϬϬϯ�;ϮϬϭϮͿ͘ 

ϮϬ dƐĂŝ͕�^͘�:͘�^ŝŐŶĂů�ƚƌĂŶƐĚƵĐĞƌ�ĂŶĚ�ĂĐƚŝǀĂƚŽƌ�ŽĨ�ƚƌĂŶƐĐƌŝƉƚŝŽŶ�ϲ�;^d�dϲͿ�ĂŶĚ�ĂƚƚĞŶƚŝŽŶͲ
ĚĞĨŝĐŝƚ�ŚǇƉĞƌĂĐƚŝǀŝƚǇ�ĚŝƐŽƌĚĞƌ͗�Ă�ƐƉĞĐƵůĂƚŝǀĞ�ŚǇƉŽƚŚĞƐŝƐ͘�DĞĚ�,ǇƉŽƚŚĞƐĞƐ�ϲϳ͕�ϭϯϰϮͲ
ϭϯϰϰ͕�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ŵĞŚǇ͘ ϮϬϬϲ͘Ϭϱ͘Ϭϭϵ�;ϮϬϬϲͿ͘ 

Ϯϭ tĂŵďŽůĚƚ͕�D͘��͘�Ğƚ�Ăů͘�&ĂŵŝůŝĂů�ĂƐƐŽĐŝĂƚŝŽŶ�ďĞƚǁĞĞŶ�ĂůůĞƌŐŝĐ�ĚŝƐŽƌĚĞƌƐ�ĂŶĚ�ĚĞƉƌĞƐƐŝŽŶ�
ŝŶ�ĂĚƵůƚ�&ŝŶŶŝƐŚ�ƚǁŝŶƐ͘��ŵ�:�DĞĚ�'ĞŶĞƚ�ϵϲ͕�ϭϰϲͲϭϱϯ͕�ĚŽŝ͗ϭϬ͘ϭϬϬϮͬ;ƐŝĐŝͿϭϬϵϲͲ
ϴϲϮϴ;ϮϬϬϬϬϰϬϯͿϵϲ͗Ϯфϭϰϲ͗͗ĂŝĚͲĂũŵŐϰхϯ͘Ϭ͘ĐŽ͖ϮͲũ�;ϮϬϬϬͿ͘ 

ϮϮ �ŽǁĞůů͕�t͘�:͕͘��ĞůůŝŶŐĞƌ͕ ��͘��͕͘�tƌŝŐŚƚ͕�Z͘�K͘�Θ�tƌŝŐŚƚ͕�Z͘�:͘��ŶƚĞŶĂƚĂů�ĂĐƚŝǀĞ�ŵĂƚĞƌŶĂů�
ĂƐƚŚŵĂ�ĂŶĚ�ŽƚŚĞƌ�ĂƚŽƉŝĐ�ĚŝƐŽƌĚĞƌƐ�ŝƐ�ĂƐƐŽĐŝĂƚĞĚ�ǁŝƚŚ���,��ďĞŚĂǀŝŽƌƐ�ĂŵŽŶŐ�ƐĐŚŽŽůͲ
ĂŐĞĚ�ĐŚŝůĚƌĞŶ͘��ƌĂŝŶ��ĞŚĂǀ�/ŵŵƵŶ�ϴϬ͕�ϴϳϭͲϴϳϴ͕�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ďďŝ͘ϮϬϭϵ͘Ϭϱ͘ϬϰϬ�
;ϮϬϭϵͿ͘ 



Ϯϯ sĂŶ�ĚĞŶ��ĞƌŐŚ͕��͘�Z͘�,͘�Ğƚ�Ăů͘�WƌĞŶĂƚĂů�ĚĞǀĞůŽƉŵĞŶƚĂů�ŽƌŝŐŝŶƐ�ŽĨ�ďĞŚĂǀŝŽƌ�ĂŶĚ�ŵĞŶƚĂů�
ŚĞĂůƚŚ͗�dŚĞ�ŝŶĨůƵĞŶĐĞ�ŽĨ�ŵĂƚĞƌŶĂů�ƐƚƌĞƐƐ�ŝŶ�ƉƌĞŐŶĂŶĐǇ͘ �EĞƵƌŽƐĐŝ��ŝŽďĞŚĂǀ�ZĞǀ�ϭϭϳ͕�
ϮϲͲϲϰ͕�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ŶĞƵďŝŽƌĞǀ͘ ϮϬϭϳ͘Ϭϳ͘ϬϬϯ�;ϮϬϮϬͿ͘ 

Ϯϰ 'ŽŽĚǁŝŶ͕�Z͘��͘�Ğƚ�Ăů͘�^ĞǀĞƌŝƚǇ�ĂŶĚ�ƉĞƌƐŝƐƚĞŶĐĞ�ŽĨ�ĂƐƚŚŵĂ�ĂŶĚ�ŵĞŶƚĂů�ŚĞĂůƚŚ͗�Ă�ďŝƌƚŚ�
ĐŽŚŽƌƚ�ƐƚƵĚǇ͘ �WƐǇĐŚŽů�DĞĚ�ϰϯ͕�ϭϯϭϯͲϭϯϮϮ͕�ĚŽŝ͗ϭϬ͘ϭϬϭϳͬƐϬϬϯϯϮϵϭϳϭϮϬϬϭϳϱϰ�;ϮϬϭϯͿ͘ 

Ϯϱ >ŝŶ͕�z͘ �d͘ �Ğƚ�Ăů͘��ƐƐŽĐŝĂƚŝŽŶƐ�ďĞƚǁĞĞŶ�ĂůůĞƌŐŝĐ�ĚŝƐĞĂƐĞƐ�ĂŶĚ�ĂƚƚĞŶƚŝŽŶ�ĚĞĨŝĐŝƚ�
ŚǇƉĞƌĂĐƚŝǀŝƚǇͬŽƉƉŽƐŝƚŝŽŶĂů�ĚĞĨŝĂŶƚ�ĚŝƐŽƌĚĞƌƐ�ŝŶ�ĐŚŝůĚƌĞŶ͘�WĞĚŝĂƚƌŝĐ�ZĞƐĞĂƌĐŚ�ϴϬ͕�ϰϴϬͲ
ϰϴϱ͕�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬƉƌ͘ ϮϬϭϲ͘ϭϭϭ�;ϮϬϭϲͿ͘ 

Ϯϲ ^ƚƌŽŵ͕�D͘��͕͘�&ŝƐŚďĞŝŶ͕��͘��͕͘�WĂůůĞƌ͕ ��͘�^͘�Θ�^ŝůǀĞƌďĞƌŐ͕�:͘�/͘��ƐƐŽĐŝĂƚŝŽŶ�ďĞƚǁĞĞŶ�ĂƚŽƉŝĐ�
ĚĞƌŵĂƚŝƚŝƐ�ĂŶĚ�ĂƚƚĞŶƚŝŽŶ�ĚĞĨŝĐŝƚ�ŚǇƉĞƌĂĐƚŝǀŝƚǇ�ĚŝƐŽƌĚĞƌ�ŝŶ�h͘^͘�ĐŚŝůĚƌĞŶ�ĂŶĚ�ĂĚƵůƚƐ͘��ƌ�:�
�ĞƌŵĂƚŽů�ϭϳϱ͕�ϵϮϬͲϵϮϵ͕�ĚŽŝ͗ϭϬ͘ϭϭϭϭͬďũĚ͘ϭϰϲϵϳ�;ϮϬϭϲͿ͘ 

Ϯϳ &ƵŚƌŵĂŶŶ͕�^͕͘�dĞƐĐŚ͕�&͘ ͕�ZŽŵĂŶŽƐ͕�D͕͘��ďƌĂŚĂŵ͕�^͘�Θ�^ĐŚŵŝƚƚ͕�:͘���,��ŝŶ�ƐĐŚŽŽůͲĂŐĞ�
ĐŚŝůĚƌĞŶ�ŝƐ�ƌĞůĂƚĞĚ�ƚŽ�ŝŶĨĂŶƚ�ĞǆƉŽƐƵƌĞ�ƚŽ�ƐǇƐƚĞŵŝĐ�,ϭͲĂŶƚŝŚŝƐƚĂŵŝŶĞƐ͘��ůůĞƌŐǇ͗�
�ƵƌŽƉĞĂŶ�:ŽƵƌŶĂů�ŽĨ��ůůĞƌŐǇ�ĂŶĚ��ůŝŶŝĐĂů�/ŵŵƵŶŽůŽŐǇ�ϳϱ͕�ϮϵϱϲͲϮϵϱϳ͕�
ĚŽŝ͗ϭϬ͘ϭϭϭϭͬĂůů͘ϭϰϰϭϭ�;ϮϬϮϬͿ͘ 

Ϯϴ ,ƵĂŶŐ͕��͘�,͘�Ğƚ�Ăů͘�ZĞĂůͲǁŽƌůĚ�ĐŽŵŽƌďŝĚŝƚŝĞƐ�ŽĨ�ĂƚŽƉŝĐ�ĚĞƌŵĂƚŝƚŝƐ�ŝŶ�ƚŚĞ�ƉĞĚŝĂƚƌŝĐ�
ĂŵďƵůĂƚŽƌǇ�ƉŽƉƵůĂƚŝŽŶ�ŝŶ�ƚŚĞ�hŶŝƚĞĚ�^ƚĂƚĞƐ͘�:��ŵ��ĐĂĚ��ĞƌŵĂƚŽů͕�
ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ũĂĂĚ͘ϮϬϮϭ͘Ϭϯ͘Ϭϭϲ�;ϮϬϮϭͿ͘ 

Ϯϵ :ĂĐŬƐŽŶͲ�ŽǁĂŶ͕�>͕͘��ŽůĞ͕��͘�&͘ ͕�^ŝůǀĞƌďĞƌŐ͕�:͘�/͘�Θ�>ĂǁůĞǇ͕ �>͘�W͘ ��ŚŝůĚŚŽŽĚ�ĂƚŽƉŝĐ�
ĚĞƌŵĂƚŝƚŝƐ�ŝƐ�ĂƐƐŽĐŝĂƚĞĚ�ǁŝƚŚ�ĐŽŐŶŝƚŝǀĞ�ĚǇƐĨƵŶĐƚŝŽŶ͗���EĂƚŝŽŶĂů�,ĞĂůƚŚ�/ŶƚĞƌǀŝĞǁ�
^ƵƌǀĞǇ�ƐƚƵĚǇ�ĨƌŽŵ�ϮϬϬϴ�ƚŽ�ϮϬϭϴ͘��ŶŶ��ůůĞƌŐǇ��ƐƚŚŵĂ�/ŵŵƵŶŽů�ϭϮϲ͕�ϲϲϭͲϲϲϱ͕�
ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ĂŶĂŝ͘ϮϬϮϬ͘ϭϭ͘ϬϬϴ�;ϮϬϮϭͿ͘ 

ϯϬ �ĚǀŝŶƐƐŽŶ�^ŽůůĂŶĚĞƌ͕ �^͘�Ğƚ�Ăů͘��ƐƚŚŵĂ�ĂŶĚ�ĂůůĞƌŐŝĞƐ�ĐŽƌƌĞůĂƚĞ�ǁŝƚŚ�ŵĞŶƚĂů�ŚĞĂůƚŚ�
ƉƌŽďůĞŵƐ�ŝŶ�ƉƌĞƐĐŚŽŽů�ĐŚŝůĚƌĞŶ͘��ĐƚĂ�WĂĞĚŝĂƚƌ�ϭϭϬ͕�ϭϲϬϭͲϭϲϬϵ͕�
ĚŽŝ͗ϭϬ͘ϭϭϭϭͬĂƉĂ͘ϭϱϳϬϵ�;ϮϬϮϭͿ͘ 

ϯϭ tĂŶ͕�:͕͘�dĂŬĞƐŚŝƚĂ͕�:͕͘�^ŚŝŶ͕��͘��͘�Θ�'ĞůĨĂŶĚ͕�:͘�D͘�DĞŶƚĂů�ŚĞĂůƚŚ�ŝŵƉĂŝƌŵĞŶƚ�ĂŵŽŶŐ�
ĐŚŝůĚƌĞŶ�ǁŝƚŚ�ĂƚŽƉŝĐ�ĚĞƌŵĂƚŝƚŝƐ͗���hŶŝƚĞĚ�^ƚĂƚĞƐ�ƉŽƉƵůĂƚŝŽŶͲďĂƐĞĚ�ĐƌŽƐƐͲƐĞĐƚŝŽŶĂů�
ƐƚƵĚǇ�ŽĨ�ƚŚĞ�ϮϬϭϯͲϮϬϭϳ�EĂƚŝŽŶĂů�,ĞĂůƚŚ�/ŶƚĞƌǀŝĞǁ�^ƵƌǀĞǇ͘ �:ŽƵƌŶĂů�ŽĨ�ƚŚĞ��ŵĞƌŝĐĂŶ�
�ĐĂĚĞŵǇ�ŽĨ��ĞƌŵĂƚŽůŽŐǇ�ϴϮ͕�ϭϯϲϴͲϭϯϳϱ͕�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ũĂĂĚ͘ϮϬϭϵ͘ϭϬ͘Ϭϭϵ�;ϮϬϮϬͿ͘ 

ϯϮ �ŚĂŝ͕�W͘ �,͕͘��ŚĂŶŐ͕�^͘�Θ��ĂǁƚŚŽƌƉĞ͕��͘�dŚĞ�ƚĞŵƉŽƌĂů�ŚǇƉĞƌͲŵŽƌďŝĚŝƚǇ�ŽĨ�ĂƐƚŚŵĂ�ĂŶĚ�
ĂƚƚĞŶƚŝŽŶ�ĚĞĨŝĐŝƚ�ĚŝƐŽƌĚĞƌ͗�/ŵƉůŝĐĂƚŝŽŶƐ�ĨŽƌ�ŝŶƚĞƌƉƌĞƚĂƚŝŽŶ�ďĂƐĞĚ�ŽŶ�ĐŽŵƉĂƌŝƐŽŶ�ŽĨ�
ƉƌŽƐƉĞĐƚŝǀĞ�ĂŶĚ�ĐƌŽƐƐͲƐĞĐƚŝŽŶĂů�ƉŽƉƵůĂƚŝŽŶ�ƐĂŵƉůĞƐ͘�WƐǇĐŚŝĂƚƌǇ�/ŶǀĞƐƚŝŐĂƚŝŽŶ�ϭϴ͕�ϭϲϲͲ
ϭϳϭ͕�ĚŽŝ͗ϭϬ͘ϯϬϳϳϯͬƉŝ͘ϮϬϮϬ͘Ϭϯϰϵ�;ϮϬϮϭͿ͘ 

ϯϯ ,ŽƵ͕��͘�Θ�^ŝůǀĞƌďĞƌŐ͕�:͘�/͘�WƌĞĚŝĐƚŽƌƐ�ĂŶĚ�ĂŐĞͲĚĞƉĞŶĚĞŶƚ�ƉĂƚƚĞƌŶ�ŽĨ�ƉƐǇĐŚŽůŽŐŝĐ�
ƉƌŽďůĞŵƐ�ŝŶ�ĐŚŝůĚŚŽŽĚ�ĂƚŽƉŝĐ�ĚĞƌŵĂƚŝƚŝƐ͘�WĞĚŝĂƚƌŝĐ��ĞƌŵĂƚŽůŽŐǇ�ϯϴ͕�ϲϬϲͲϲϭϮ͕�
ĚŽŝ͗ϭϬ͘ϭϭϭϭͬƉĚĞ͘ϭϰϱϴϴ�;ϮϬϮϭͿ͘ 

ϯϰ sŝƚƚƌƵƉ͕�/͘�Ğƚ�Ăů͘��ƐƐŽĐŝĂƚŝŽŶ�ďĞƚǁĞĞŶ�ŚŽƐƉŝƚĂůͲĚŝĂŐŶŽƐĞĚ�ĂƚŽƉŝĐ�ĚĞƌŵĂƚŝƚŝƐ�ĂŶĚ�
ƉƐǇĐŚŝĂƚƌŝĐ�ĚŝƐŽƌĚĞƌƐ�ĂŶĚ�ŵĞĚŝĐĂƚŝŽŶ�ƵƐĞ�ŝŶ�ĐŚŝůĚŚŽŽĚ͘��ƌ�:��ĞƌŵĂƚŽů�ϭϴϱ͕�ϵϭͲϭϬϬ͕�



ĚŽŝ͗ϭϬ͘ϭϭϭϭͬďũĚ͘ϭϵϴϭϳ�;ϮϬϮϭͿ͘ 
ϯϱ ,ĂŵŵĞƌͲ,ĞůŵŝĐŚ͕�>͘�Ğƚ�Ăů͘�DĞŶƚĂů�ŚĞĂůƚŚ�ĂƐƐŽĐŝĂƚŝŽŶƐ�ǁŝƚŚ�ĞĐǌĞŵĂ͕�ĂƐƚŚŵĂ�ĂŶĚ�ŚĂǇ�

ĨĞǀĞƌ�ŝŶ�ĐŚŝůĚƌĞŶ͗�Ă�ĐƌŽƐƐͲƐĞĐƚŝŽŶĂů�ƐƵƌǀĞǇ͘ ��D:�KƉĞŶ�ϲ͕�ĞϬϭϮϲϯϳ͕�
ĚŽŝ͗ϭϬ͘ϭϭϯϲͬďŵũŽƉĞŶͲϮϬϭϲͲϬϭϮϲϯϳ�;ϮϬϭϲͿ͘ 

ϯϲ >ĞĞ͕�z͘ �^͘�Ğƚ�Ăů͘��ƚƚĞŶƚŝŽŶ�ĚĞĨŝĐŝƚ�ŚǇƉĞƌĂĐƚŝǀŝƚǇ�ĚŝƐŽƌĚĞƌ�ůŝŬĞ�ďĞŚĂǀŝŽƌĂů�ƉƌŽďůĞŵƐ�ĂŶĚ�
ƉĂƌĞŶƚŝŶŐ�ƐƚƌĞƐƐ�ŝŶ�ƉĞĚŝĂƚƌŝĐ�ĂůůĞƌŐŝĐ�ƌŚŝŶŝƚŝƐ͘�WƐǇĐŚŝĂƚƌǇ�/ŶǀĞƐƚŝŐ�ϭϭ͕�ϮϲϲͲϮϳϭ͕�
ĚŽŝ͗ϭϬ͘ϰϯϬϲͬƉŝ͘ϮϬϭϰ͘ϭϭ͘ϯ͘Ϯϲϲ�;ϮϬϭϰͿ͘ 

ϯϳ zĂŶŐ͕�D͘�d͘ �Ğƚ�Ăů͘��ƚƚĞŶƚŝŽŶͲĚĞĨŝĐŝƚͬŚǇƉĞƌĂĐƚŝǀŝƚǇ�ĚŝƐŽƌĚĞƌͲƌĞůĂƚĞĚ�ƐǇŵƉƚŽŵƐ�ŝŵƉƌŽǀĞĚ�
ǁŝƚŚ�ĂůůĞƌŐŝĐ�ƌŚŝŶŝƚŝƐ�ƚƌĞĂƚŵĞŶƚ�ŝŶ�ĐŚŝůĚƌĞŶ͘��ŵĞƌŝĐĂŶ�:ŽƵƌŶĂů�ŽĨ�ZŚŝŶŽůŽŐǇ�ĂŶĚ��ůůĞƌŐǇ�
ϯϬ͕�ϮϬϵͲϮϭϰ͕�ĚŽŝ͗ϭϬ͘ϮϱϬϬͬĂũƌĂ͘ϮϬϭϲ͘ϯϬ͘ϰϯϬϭ�;ϮϬϭϲͿ͘ 

ϯϴ zĂŶŐ͕�D͘�d͘ �Ğƚ�Ăů͘�,ǇƉĞƌĂĐƚŝǀŝƚǇ�ĂŶĚ�ŝŵƉƵůƐŝǀŝƚǇ�ŝŶ�ĐŚŝůĚƌĞŶ�ǁŝƚŚ�ƵŶƚƌĞĂƚĞĚ�ĂůůĞƌŐŝĐ�
ƌŚŝŶŝƚŝƐ͗��ŽƌƌŽďŽƌĂƚĞĚ�ďǇ�ƌĂƚŝŶŐ�ƐĐĂůĞ�ĂŶĚ�ĐŽŶƚŝŶƵŽƵƐ�ƉĞƌĨŽƌŵĂŶĐĞ�ƚĞƐƚ͘�WĞĚŝĂƚƌŝĐƐ�
ĂŶĚ�EĞŽŶĂƚŽůŽŐǇ�ϱϱ͕�ϭϲϴͲϭϳϰ͕�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ƉĞĚŶĞŽ͘ϮϬϭϯ͘Ϭϵ͘ϬϬϯ�;ϮϬϭϰͿ͘ 

ϯϵ �ĂƚĂů͕�&͘ �Ğƚ�Ăů͘�WƐǇĐŚŝĂƚƌŝĐ�ĚŝƐŽƌĚĞƌƐ�ĂŶĚ�ƐǇŵƉƚŽŵƐ�ƐĞǀĞƌŝƚǇ�ŝŶ�ƉƌĞƐĐŚŽŽů�ĐŚŝůĚƌĞŶ�ǁŝƚŚ�
ĂƚŽƉŝĐ�ĞĐǌĞŵĂ͘��ůůĞƌŐŽůŽŐŝĂ�Ğƚ�/ŵŵƵŶŽƉĂƚŚŽůŽŐŝĂ�ϰϰ͕�ϭϮϬͲϭϮϰ͕�
ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ĂůůĞƌ͘ ϮϬϭϱ͘Ϭϰ͘ϬϬϲ�;ϮϬϭϲͿ͘ 

ϰϬ �ĂŵĨĨĞƌŵĂŶ͕��͘�Ğƚ�Ăů͘��ĐǌĞŵĂ͕�ƐůĞĞƉ͕�ĂŶĚ�ďĞŚĂǀŝŽƌ�ŝŶ�ĐŚŝůĚƌĞŶ͘�:��ůŝŶ�^ůĞĞƉ�DĞĚ�ϲ͕�
ϱϴϭͲϱϴϴ�;ϮϬϭϬͿ͘ 

ϰϭ &ĞŶŐ͕��͘�Ğƚ�Ăů͘��ƐƐŽĐŝĂƚŝŽŶ�ŽĨ�ƉĞĚŝĂƚƌŝĐ�ĂůůĞƌŐŝĐ�ƌŚŝŶŝƚŝƐ�ǁŝƚŚ�ƚŚĞ�ƌĂƚŝŶŐƐ�ŽĨ�ĂƚƚĞŶƚŝŽŶͲ
ĚĞĨŝĐŝƚͬŚǇƉĞƌĂĐƚŝǀŝƚǇ�ĚŝƐŽƌĚĞƌ͘ ��ŵ�:�ZŚŝŶŽů��ůůĞƌŐǇ�ϯϭ͕�ϭϲϭͲϭϲϳ͕�
ĚŽŝ͗ϭϬ͘ϮϱϬϬͬĂũƌĂ͘ϮϬϭϳ͘ϯϭ͘ϰϰϯϵ�;ϮϬϭϳͿ͘ 

ϰϮ &ĞŶŐ͕�>͘�:͕͘��ŚĞŶ͕��͘�t͕͘�>ƵŽ͕�y͘�z͘ �Θ�tĂŶŐ͕�,͘�/ŶĐƌĞĂƐĞĚ�ĂƚƚĞŶƚŝŽŶ�ĚĞĨŝĐŝƚͬŚǇƉĞƌĂĐƚŝǀŝƚǇ�
ĂŶĚ�ŽƉƉŽƐŝƚŝŽŶĂů�ĚĞĨŝĂŶĐĞ�ƐǇŵƉƚŽŵƐ�ŽĨ�ϲͲϭϮ�ǇĞĂƌƐ�ŽůĚ��ŚŝŶĞƐĞ�ĐŚŝůĚƌĞŶ�ǁŝƚŚ�ĂƚŽƉŝĐ�
ĚĞƌŵĂƚŝƚŝƐ͘�DĞĚŝĐŝŶĞ�;�ĂůƚŝŵŽƌĞͿ�ϵϵ͕�ĞϮϬϴϬϭ͕�ĚŽŝ͗ϭϬ͘ϭϬϵϳͬD�͘ϬϬϬϬϬϬϬϬϬϬϬϮϬϴϬϭ�
;ϮϬϮϬͿ͘ 

ϰϯ <ƵŶŝǇŽƐŚŝ͕�z͘ �Ğƚ�Ăů͘�^ĞǀĞƌŝƚǇ�ŽĨ�ĞĐǌĞŵĂ�ĂŶĚ�ŵĞŶƚĂů�ŚĞĂůƚŚ�ƉƌŽďůĞŵƐ�ŝŶ�:ĂƉĂŶĞƐĞ�
ƐĐŚŽŽůĐŚŝůĚƌĞŶ͗�dŚĞ�dŽDDŽ��ŚŝůĚ�,ĞĂůƚŚ�^ƚƵĚǇ͘ ��ůůĞƌŐŽů�/Ŷƚ�ϲϳ͕�ϰϴϭͲϰϴϲ͕�
ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘Ăůŝƚ͘ϮϬϭϴ͘ϬϮ͘ϬϬϵ�;ϮϬϭϴͿ͘ 

ϰϰ <ƵŽ͕�,͘��͕͘��ŚĂŶŐ͕�>͘�^͕͘�dƐĂŝ͕��͘�z͘ �Θ�tĂŶŐ͕�>͘�:͘��ůůĞƌŐŝĐ�ĚŝƐĞĂƐĞƐ�ĚŽ�ŶŽƚ�ŝŵƉĂŝƌ�ƚŚĞ�
ĐŽŐŶŝƚŝǀĞ�ĚĞǀĞůŽƉŵĞŶƚ�ŽĨ�ĐŚŝůĚƌĞŶ�ďƵƚ�ĚŽ�ĚĂŵĂŐĞ�ƚŚĞ�ŵĞŶƚĂů�ŚĞĂůƚŚ�ŽĨ�ƚŚĞŝƌ�
ĐĂƌĞŐŝǀĞƌƐ͘�^Đŝ�ZĞƉ�ϭϬ͕�ϭϯϴϱϰ͕�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬƐϰϭϱϵϴͲϬϮϬͲϳϬϴϮϱͲϭ�;ϮϬϮϬͿ͘ 

ϰϱ ^ĐŚŵŝƚƚ͕�:͘�Ğƚ�Ăů͘�/ŶĐƌĞĂƐĞĚ�ĂƚƚĞŶƚŝŽŶͲĚĞĨŝĐŝƚͬŚǇƉĞƌĂĐƚŝǀŝƚǇ�ƐǇŵƉƚŽŵƐ�ŝŶ�ĂƚŽƉŝĐ�
ĚĞƌŵĂƚŝƚŝƐ�ĂƌĞ�ĂƐƐŽĐŝĂƚĞĚ�ǁŝƚŚ�ŚŝƐƚŽƌǇ�ŽĨ�ĂŶƚŝŚŝƐƚĂŵŝŶĞ�ƵƐĞ͘��ůůĞƌŐǇ͗��ƵƌŽƉĞĂŶ�:ŽƵƌŶĂů�
ŽĨ��ůůĞƌŐǇ�ĂŶĚ��ůŝŶŝĐĂů�/ŵŵƵŶŽůŽŐǇ�ϳϯ͕�ϲϭϱͲϲϮϲ͕�ĚŽŝ͗ϭϬ͘ϭϭϭϭͬĂůů͘ϭϯϯϮϲ�;ϮϬϭϴͿ͘ 

ϰϲ zƵŬƐĞů͕�,͕͘�^ŽŐƵƚ͕��͘�Θ�zŝůŵĂǌ͕�K͘��ƚƚĞŶƚŝŽŶ�ĚĞĨŝĐŝƚ�ĂŶĚ�ŚǇƉĞƌĂĐƚŝǀŝƚǇ�ƐǇŵƉƚŽŵƐ�ŝŶ�
ĐŚŝůĚƌĞŶ�ǁŝƚŚ�ĂƐƚŚŵĂ͘�:ŽƵƌŶĂů�ŽĨ��ƐƚŚŵĂ�ϰϱ͕�ϱϰϱͲϱϰϳ͕�
ĚŽŝ͗ϭϬ͘ϭϬϴϬͬϬϮϳϳϬϵϬϬϴϬϭϵϵϬϬϭϲ�;ϮϬϬϴͿ͘ 

ϰϳ �ŚĂŶŐ͕�,͘�z͘ �Ğƚ�Ăů͘��ůůĞƌŐŝĐ�ĚŝƐĞĂƐĞƐ�ŝŶ�ƉƌĞƐĐŚŽŽůĞƌƐ�ĂƌĞ�ĂƐƐŽĐŝĂƚĞĚ�ǁŝƚŚ�ƉƐǇĐŚŽůŽŐŝĐĂů�



ĂŶĚ�ďĞŚĂǀŝŽƵƌĂů�ƉƌŽďůĞŵƐ͘��ůůĞƌŐǇ��ƐƚŚŵĂ�/ŵŵƵŶŽů�ZĞƐ�ϱ͕�ϯϭϱͲϯϮϭ͕�
ĚŽŝ͗ϭϬ͘ϰϭϲϴͬĂĂŝƌ͘ ϮϬϭϯ͘ϱ͘ϱ͘ϯϭϱ�;ϮϬϭϯͿ͘ 

ϰϴ 'ƵŽ͕�D͘�D͕͘�tĂŶŐ͕�>͘�:͕͘�,ƐƵ͕�d͘ �z͘ ͕�zĂŶŐ͕�<͘��͘�Θ�<ƵŽ͕�,͘��͘�WĞĂŶƵƚ�^ĞŶƐŝƚŝǀŝƚǇ�ĂŶĚ�
�ůůĞƌŐŝĐ�ZŚŝŶŝƚŝƐ�ŝŶ�zŽƵŶŐ��ŚŝůĚƌĞŶ�ĂƌĞ��ƐƐŽĐŝĂƚĞĚ�ǁŝƚŚ��ƚƚĞŶƚŝŽŶͲ�ĞĨŝĐŝƚ�,ǇƉĞƌĂĐƚŝǀŝƚǇ�
�ŝƐŽƌĚĞƌ�^ǇŵƉƚŽŵƐ�ŝŶ��ĚŽůĞƐĐĞŶĐĞ͘�EĞƵƌŽƉƐǇĐŚŝĂƚƌ��ŝƐ�dƌĞĂƚ�ϭϲ͕�ϭϯϰϵͲϭϯϱϳ͕�
ĚŽŝ͗ϭϬ͘ϮϭϰϳͬE�d͘ ^ϮϯϮϮϵϵ�;ϮϬϮϬͿ͘ 

ϰϵ <ŝŵ͕��͘�<͘�Ğƚ�Ăů͘�dƌĞĂƚŵĞŶƚ�ŽĨ�ĂůůĞƌŐŝĐ�ƌŚŝŶŝƚŝƐ�ŝƐ�ĂƐƐŽĐŝĂƚĞĚ�ǁŝƚŚ�ŝŵƉƌŽǀĞĚ�ĂƚƚĞŶƚŝŽŶ�
ƉĞƌĨŽƌŵĂŶĐĞ�ŝŶ�ĐŚŝůĚƌĞŶ͗�ƚŚĞ��ůůĞƌŐŝĐ�ZŚŝŶŝƚŝƐ��ŽŚŽƌƚ�^ƚƵĚǇ�ĨŽƌ�<ŝĚƐ�;�Z�KͲ<ŝĚƐͿ͘�W>Ž^�
KŶĞ�ϵ͕�ĞϭϬϵϭϰϱ͕�ĚŽŝ͗ϭϬ͘ϭϯϳϭͬũŽƵƌŶĂů͘ƉŽŶĞ͘ϬϭϬϵϭϰϱ�;ϮϬϭϰͿ͘ 

ϱϬ >͕�>͘�<͕͘��ŝĐĞƐ͕��͕͘�&ŝƐŚďĞŝŶ͕��͘��͘�Θ�WĂůůĞƌ͕ ��͘�^͘�EĞƵƌŽĐŽŐŶŝƚŝǀĞ�ĨƵŶĐƚŝŽŶ�ŝŶ�ŵŽĚĞƌĂƚĞͲ
ƐĞǀĞƌĞ�ƉĞĚŝĂƚƌŝĐ�ĂƚŽƉŝĐ�ĚĞƌŵĂƚŝƚŝƐ͗���ĐĂƐĞͲĐŽŶƚƌŽů�ƐƚƵĚǇ͘ �WĞĚŝĂƚƌ��ĞƌŵĂƚŽů�ϯϲ͕�ϭϭϬͲ
ϭϭϰ͕�ĚŽŝ͗ϭϬ͘ϭϭϭϭͬƉĚĞ͘ϭϯϳϭϬ�;ϮϬϭϵͿ͘ 

ϱϭ DŝŶĂƚŽǇĂ͕�D͕͘�^ƵǇĂŵĂ͕�^͘�Θ�<ŝƐŚŝ͕�Z͘�ZĞůĂƚŝŽŶƐŚŝƉ�ďĞƚǁĞĞŶ�ĂƚŽƉŝĐ�ĚĞƌŵĂƚŝƚŝƐ�ĂŶĚ�
ĐŚŝůĚƌĞŶΖƐ�ŵĞŶƚĂů�ĂŶĚ�ďĞŚĂǀŝŽƌĂů�ŚĞĂůƚŚ͗�dŚĞ�,ŽŬŬĂŝĚŽ�^ƚƵĚǇ͘�EŝŚŽŶ�<ŽƐŚƵ��ŝƐĞŝ�
�ĂƐƐŚŝ�ϲϳ͕�ϳϰϱͲϳϱϭ͕�ĚŽŝ͗ϭϬ͘ϭϭϮϯϲͬũƉŚ͘ϲϳ͘ϭϬͺϳϰϱ�;ϮϬϮϬͿ͘ 

ϱϮ DŽŶƚĂůďĂŶŽ͕�>͘�Ğƚ�Ăů͘�ZĞůĂƚŝŽŶƐŚŝƉ�ďĞƚǁĞĞŶ�ƋƵĂůŝƚǇ�ŽĨ�ůŝĨĞ�ĂŶĚ�ďĞŚĂǀŝŽƵƌĂů�ĚŝƐŽƌĚĞƌƐ�
ŝŶ�ĐŚŝůĚƌĞŶ�ǁŝƚŚ�ƉĞƌƐŝƐƚĞŶƚ�ĂƐƚŚŵĂ͗�Ă�DƵůƚŝƉůĞ�/ŶĚŝĐĂƚŽƌƐ�DƵůƚŝƉůĞ��ĂƵƐĞƐ�;D/D/�Ϳ�
ŵŽĚĞů͘�^Đŝ�ZĞƉ�ϭϬ͕�ϲϵϱϳ͕�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬƐϰϭϱϵϴͲϬϮϬͲϲϮϮϲϰͲϵ�;ϮϬϮϬͿ͘ 

ϱϯ �ĞƌǌŽƐĂͲ'ƌĂŶĚĞ͕�D͘�W͘ ͕�'ŽŶǌĄůĞǌͲ&ƌĂŝůĞ͕��͕͘�^ĄŶĐŚĞǌͲ>ſƉĞǌ͕�Z͕͘�^ŽƌŝĂͲKůŝǀĞƌ͕ �D͘�Θ�
ZƵĞĚĂͲ�ƐƚĞďĂŶ͕�^͘�dŚĞ�ƌĞůĂƚŝŽŶƐŚŝƉ�ďĞƚǁĞĞŶ�ĂůůĞƌŐŝĐ�ĚŝƐĞĂƐĞƐ�ĂŶĚ�ŝŶƚĞƌŶĂůŝƐŝŶŐ�ĂŶĚ�
ĞǆƚĞƌŶĂůŝƐŝŶŐ�ďĞŚĂǀŝŽƵƌƐ�ŝŶ�^ƉĂŶŝƐŚ�ĐŚŝůĚƌĞŶ͗���ĐƌŽƐƐͲƐĞĐƚŝŽŶĂů�ƐƚƵĚǇ͘ ��ůůĞƌŐŽů�
/ŵŵƵŶŽƉĂƚŚŽů�;DĂĚƌͿ�ϰϵ͕�ϲϱͲϳϮ͕�ĚŽŝ͗ϭϬ͘ϭϱϱϴϲͬĂĞŝ͘ǀϰϵŝϯ͘ϳϴ�;ϮϬϮϭͿ͘ 

ϱϰ 'ĂůĠƌĂ͕��͘�Ğƚ�Ăů͘�DĞĚŝĐĂů�ĐŽŶĚŝƚŝŽŶƐ�ĂŶĚ��ƚƚĞŶƚŝŽŶͲ�ĞĨŝĐŝƚͬ,ǇƉĞƌĂĐƚŝǀŝƚǇ��ŝƐŽƌĚĞƌ�
ƐǇŵƉƚŽŵƐ�ĨƌŽŵ�ĞĂƌůǇ�ĐŚŝůĚŚŽŽĚ�ƚŽ�ĂĚŽůĞƐĐĞŶĐĞ͘�DŽůĞĐƵůĂƌ�WƐǇĐŚŝĂƚƌǇ͕�
ĚŽŝ͗ϭϬ͘ϭϬϯϴͬƐϰϭϯϴϬͲϬϮϭͲϬϭϯϱϳͲǆ�;ϮϬϮϭͿ͘ 

ϱϱ PǌǇƵƌƚ͕�'͘�Ğƚ�Ăů͘��ĚŽůĞƐĐĞŶƚƐ�ǁŝƚŚ�ĂƐƚŚŵĂ�ƌĞƉŽƌƚĞĚ�ŵŽƌĞ�ƉĞĞƌ�ǀŝĐƚŝŵŝǌĂƚŝŽŶ͕�ŵŽƌĞ�
ĂŶŐĞƌ�ƌĞƉƌĞƐƐŝŽŶ͕�ĂŶĚ�ůĞƐƐ�ĂŶŐĞƌ�ĞǆƉƌĞƐƐŝŽŶ͘�:��ƐƚŚŵĂ�ϱϴ͕�ϭϯϬϳͲϭϯϭϯ͕�
ĚŽŝ͗ϭϬ͘ϭϬϴϬͬϬϮϳϳϬϵϬϯ͘ϮϬϮϬ͘ϭϳϴϮϰϮϴ�;ϮϬϮϭͿ͘ 

ϱϲ ZĂũŚĂŶƐ͕�W͘ ͕�^ĂŐĂƌ͕ �Z͕͘�WĂƚƌĂ͕��͘�E͕͘��ŚĂƌŐĂǀĂ͕�Z͘�Θ�<ĂďƌĂ͕�^͘�<͘�WƐǇĐŚŝĂƚƌŝĐ�DŽƌďŝĚŝƚǇ�
ĂŶĚ��ĞŚĂǀŝŽƌĂů�WƌŽďůĞŵƐ�ŝŶ��ŚŝůĚƌĞŶ�ĂŶĚ��ĚŽůĞƐĐĞŶƚƐ�ǁŝƚŚ��ƌŽŶĐŚŝĂů��ƐƚŚŵĂ͘�/ŶĚŝĂŶ�
:ŽƵƌŶĂů�ŽĨ�WĞĚŝĂƚƌŝĐƐ�ϴϴ͕�ϵϲϴͲϵϳϯ͕�ĚŽŝ͗ϭϬ͘ϭϬϬϳͬƐϭϮϬϵϴͲϬϮϭͲϬϯϲϲϭͲϰ�;ϮϬϮϭͿ͘ 

ϱϳ zƺŬƐĞů͕��͘��͘�Ğƚ�Ăů͘��ĚŚĚ�ĂŶĚ�ŝƚƐ�ĂƐƐŽĐŝĂƚŝŽŶƐ�ǁŝƚŚ�ƉƌĞŐŶĂŶĐǇ͕ �ďŝƌƚŚ͕�ĚĞǀĞůŽƉŵĞŶƚĂů�
ĂŶĚ�ŵĞĚŝĐĂůͲƌĞůĂƚĞĚ�ĐŚĂƌĂĐƚĞƌŝƐƚŝĐƐ͘��ƵƌƌĞŶƚ�WƐǇĐŚŽůŽŐǇ͗���:ŽƵƌŶĂů�ĨŽƌ��ŝǀĞƌƐĞ�
WĞƌƐƉĞĐƚŝǀĞƐ�ŽŶ��ŝǀĞƌƐĞ�WƐǇĐŚŽůŽŐŝĐĂů�/ƐƐƵĞƐ͕�ĚŽŝ͗ϭϬ͘ϭϬϬϳͬƐϭϮϭϰϰͲϬϮϭͲϬϭϴϭϳͲϭ�
;ϮϬϮϭͿ͘ 

ϱϴ �ďĚ��ůͲ,ĂŵŝĚ͕��͘��͘�Ğƚ�Ăů͘�/ŵƉĂĐƚ�ŽĨ�ĂůůĞƌŐǇ�ŽŶ�ĐŚŝůĚƌĞŶ�ǁŝƚŚ�ĂƚƚĞŶƚŝŽŶ�ĚĞĨŝĐŝƚ�
ŚǇƉĞƌĂĐƚŝǀŝƚǇ�ĚŝƐŽƌĚĞƌ͘ ��Ƶƌ��ŶŶ��ůůĞƌŐǇ��ůŝŶ�/ŵŵƵŶŽů�ϱϬ͕�ϮϲϮͲϮϲϳ͕�
ĚŽŝ͗ϭϬ͘ϮϯϴϮϮͬ�Ƶƌ�ŶŶ��/͘ϭϳϲϰͲϭϰϴϵ͘ϳϮ�;ϮϬϭϴͿ͘ 



ϱϵ dĂũĚŝŶŝ͕�D͘�Ğƚ�Ăů͘��ƐƐŽĐŝĂƚŝŽŶƐ�ŽĨ��ĞŚĂǀŝŽƌĂů��ŝƐŽƌĚĞƌƐ�ǁŝƚŚ��ƐƚŚŵĂ�ŝŶ�/ƌĂŶŝĂŶ��ŚŝůĚƌĞŶ͘�
/ƌĂŶ�:��ůůĞƌŐǇ��ƐƚŚŵĂ�/ŵŵƵŶŽů�ϭϴ͕�ϯϰϬͲϯϰϱ͕�ĚŽŝ͗ϭϬ͘ϭϴϱϬϮͬŝũĂĂŝ͘ǀϭϴŝϯ͘ϭϭϮϳ�;ϮϬϭϵͿ͘ 

ϲϬ �ŚŽƵ͕�,͕͘��ŚĞŶ͕��͕͘��ŚĂŽ͕�t͕͘�>ŝƵ͕�z͘ �Θ��Ƶŝ͕�z͘ ��ǀĂůƵĂƚŝŽŶ�ŽĨ�ŶĞƵƌŽƉƐǇĐŚŝĂƚƌŝĐ�
ĐŽŵŽƌďŝĚŝƚŝĞƐ�ĂŶĚ�ƚŚĞŝƌ�ĐůŝŶŝĐĂů�ĐŚĂƌĂĐƚĞƌŝƐƚŝĐƐ�ŝŶ��ŚŝŶĞƐĞ�ĐŚŝůĚƌĞŶ�ǁŝƚŚ�ĂƐƚŚŵĂ�ƵƐŝŶŐ�
ƚŚĞ�D/E/�ŬŝĚ�ƚŽŽů͘��D��WĞĚŝĂƚƌ�ϭϵ͕�ϰϱϰ͕�ĚŽŝ͗ϭϬ͘ϭϭϴϲͬƐϭϮϴϴϳͲϬϭϵͲϭϴϯϰͲϳ�;ϮϬϭϵͿ͘ 

ϲϭ <ĞůůĞƌ͕ �t͘�Ğƚ�Ăů͘��ƚŽƉŝĐ�ĚŝƐĞĂƐĞƐ�ŝŶ�ĐŚŝůĚƌĞŶ�ĂŶĚ�ĂĚŽůĞƐĐĞŶƚƐ�ĂƌĞ�ĂƐƐŽĐŝĂƚĞĚ�ǁŝƚŚ�
ďĞŚĂǀŝŽƵƌĂů�ĚŝĨĨŝĐƵůƚŝĞƐ͘��D��WĞĚŝĂƚƌŝĐƐ�Ϯϭ͕�ĚŽŝ͗ϭϬ͘ϭϭϴϲͬƐϭϮϴϴϳͲϬϮϭͲϬϮϲϲϯͲϳ�;ϮϬϮϭͿ͘ 

ϲϮ DŽŽůĂ�^͕�D͘��͕͘�dƵĨĂŶĂƌƵ��͕��ƌŽŵĂƚĂƌŝƐ��͕�^ĞĂƌƐ�<͕�^ĨĞƚĐƵ�Z͕��ƵƌƌŝĞ�D͕�YƵƌĞƐŚŝ�Z͕�
DĂƚƚŝƐ�W͕ �>ŝƐǇ�<͕�DƵ�WͲ&� � � � � ŝŶ�:�/�DĂŶƵĂů�ĨŽƌ��ǀŝĚĞŶĐĞ�^ǇŶƚŚĞƐŝƐ� � � ;ĞĚ�DƵŶŶ���
�ƌŽŵĂƚĂƌŝƐ��Ϳ�;:�/͕�ϮϬϮϬͿ͘ 

ϲϯ DĐ'ƵŝŶŶĞƐƐ͕�>͘��͘�Θ�,ŝŐŐŝŶƐ͕�:͘�W͘ �d͘ �ZŝƐŬͲŽĨͲďŝĂƐ�s/^ƵĂůŝǌĂƚŝŽŶ�;ƌŽďǀŝƐͿ͗��Ŷ�Z�ƉĂĐŬĂŐĞ�
ĂŶĚ�^ŚŝŶǇ�ǁĞď�ĂƉƉ�ĨŽƌ�ǀŝƐƵĂůŝǌŝŶŐ�ƌŝƐŬͲŽĨͲďŝĂƐ�ĂƐƐĞƐƐŵĞŶƚƐ͘�ZĞƐĞĂƌĐŚ�^ǇŶƚŚĞƐŝƐ�
DĞƚŚŽĚƐ�ŶͬĂ͕�ĚŽŝ͗ϭϬ͘ϭϬϬϮͬũƌƐŵ͘ϭϰϭϭ�;ϮϬϮϬͿ͘ 

 


