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Flooding, Landslides, Wildfires, Air Pollution, and Income: Risk in California Flooding, Landslides, Wildfires, Air Pollution, and Income: Risk in California 

Abstract Abstract 
California is infamously known for its likelihood of environmental hazards such as flooding, landslides, air 
pollution, and forest fires which can be attributed to the natural climate of the area as well as 
anthropologically influenced climate change. Air pollution also poses potential threats and dangers to the 
civilians of California as increasing populations and uses of fossil fuels continue to contribute to the 
growing issue of climate change. The goal of this study was to examine and analyze the geospatial trends 
environmental hazards in California such as landslides, air pollution, flooding, and forest fires. A weighted 
test, zone and slope reclassifications, and quantified tests were conducted in order to study the effects of 
climate change on risk level in California. It was found that the greatest air quality and fire risk is located 
within Central Valley while fire and landslide risk showed opposite effects. Areas of high environmental 
hazard risk and low income were scattered amongst the state but mainly concentrated in the northern 
and eastern areas of California. 
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$EVWUDFW�� &DOLIRUQLD� LV� LQIDPRXVO\� NQRZQ� IRU� LWV� OLNHOLKRRG� RI�
HQYLURQPHQWDO�KD]DUGV�VXFK�DV�IORRGLQJ��ODQGVOLGHV��DLU�SROOXWLRQ��DQG�
IRUHVW�ILUHV�ZKLFK�FDQ�EH�DWWULEXWHG�WR�WKH�QDWXUDO�FOLPDWH�RI�WKH�DUHD�
DV�ZHOO�DV�DQWKURSRORJLFDOO\�LQIOXHQFHG�FOLPDWH�FKDQJH��$LU�SROOXWLRQ�
DOVR�SRVHG SRWHQWLDO�WKUHDWV�DQG�GDQJHUV�WR�WKH�FLYLOLDQV�RI�&DOLIRUQLD�
DV� LQFUHDVLQJ� SRSXODWLRQV� DQG� XVHV� RI� IRVVLO� IXHOV� FRQWLQXHG WR�
FRQWULEXWH� WR� WKH�JURZLQJ� LVVXH�RI�FOLPDWH�FKDQJH��7KH�JRDO�RI� WKLV�
VWXG\�ZDV�WR�H[DPLQH�DQG�DQDO\]H�WKH�JHRVSDWLDO�WUHQGV�HQYLURQPHQWDO�
KD]DUGV�LQ�&DOLIRUQLD�VXFK�DV�ODQGVOLGHV��DLU�SROOXWLRQ��IORRGLQJ��DQG�
IRUHVW� ILUHV�� $�ZHLJKWHG� WHVW�� ]RQH� DQG� VORSH� UHFODVVLILFDWLRQV�� DQG�
TXDQWLILHG�WHVWV�ZHUH�FRQGXFWHG�LQ�RUGHU�WR�VWXG\�WKH�HIIHFWV�RI�FOLPDWH�
FKDQJH�RQ�ULVN�OHYHO�LQ�&DOLIRUQLD��,W�ZDV�IRXQG�WKDW�WKH�JUHDWHVW�DLU�
TXDOLW\�DQG�ILUH�ULVN�LV�ORFDWHG�ZLWKLQ�&HQWUDO�9DOOH\�ZKLOH�ILUH�DQG�
ODQGVOLGH�ULVN�VKRZHG�RSSRVLWH�HIIHFWV��$UHDV�RI�KLJK�HQYLURQPHQWDO�
KD]DUG� ULVN� DQG� ORZ� LQFRPH� ZHUH� VFDWWHUHG� DPRQJVW� WKH� VWDWH� EXW�
PDLQO\�FRQFHQWUDWHG�LQ�WKH�QRUWKHUQ�DQG�HDVWHUQ�DUHDV�RI�&DOLIRUQLD�

.H\ZRUGV� *,6��$UF*,6��&DOLIRUQLD��IORRGLQJ��ODQGVOLGHV��DLU�
SROOXWLRQ��ZLOGILUHV��LQFRPH��ULVN�DVVHVVPHQW��VDWHOOLWH�
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,QWURGXFWLRQ

&DOLIRUQLD�KDV EHHQ LQIDPRXVO\�NQRZQ�IRU�LWV�OLNHOLKRRG�RI�

HQYLURQPHQWDO�KD]DUGV�VXFK�DV�IORRGLQJ��ODQGVOLGHV��DLU�SROOXWLRQ��DQG�

IRUHVW�ILUHV�ZKLFK�FRXOG EH�DWWULEXWHG�WR�WKH�QDWXUDO�FOLPDWH�RI�WKH�DUHD�

DV�ZHOO�DV�DQWKURSRORJLFDOO\�LQIOXHQFHG�FOLPDWH�FKDQJH��$GDPV�HW�DO��

������+DUULV�������0RQWJRPHU\�������+DQVRQ��������$LU�SROOXWLRQ�

DOVR�SRVHG SRWHQWLDO�WKUHDWV�DQG�GDQJHUV�WR�WKH�FLYLOLDQV�RI�&DOLIRUQLD�

DV� LQFUHDVLQJ� SRSXODWLRQV� DQG� XVHV� RI� IRVVLO� IXHOV� FRQWLQXHG WR�

FRQWULEXWH�WR�WKH�JURZLQJ�LVVXH�RI�FOLPDWH�FKDQJH��%HQPDUKQLD��������

&OLPDWH� FKDQJH� DGGLWLRQDOO\�ZRUVHQV� DLU� SROOXWLRQ�� DV� JURXQG�OHYHO�

R]RQH� �2��� IRUPHG WKURXJK� UHDFWLRQV� IURP� VXQOLJKW� DQG� RWKHU� DLU�

SROOXWDQWV�VXFK�DV�QLWURXV�R[LGHV��2]RQH�IRUPDWLRQ�IXUWKHU�DFFHOHUDWHG

XQGHU�KLJKHU�WHPSHUDWXUHV�DV�ZHOO��$OOHQ��������7KH�HIIHFWV�RI�FOLPDWH�

FKDQJH� WKDW� OHDG WR� GDQJHURXV� QDWXUDO� HYHQWV� VXFK� DV� ZLOGILUHV� LQ�

&DOLIRUQLD� RIWHQWLPHV� FUHDWHG SRVLWLYH� IHHGEDFN� ORRSV� WKDW� OHG� WR�

ZRUVHQHG� FRQGLWLRQV� VXFK� DV� GURXJKW� RU� LQXQGDWLRQ� GHSHQGLQJ� RQ�

UHJLRQDO� FLUFXPVWDQFHV� �%DUQDUG� HW� DO�� ������� ([SRVXUH� WR�

HQYLURQPHQWDO�GLVDVWHUV�ZDV�DOVR�IRXQG�WR�LQFUHDVH�ULVN�IRU�ORQJ�WHUP�

PHQWDO� KHDOWK� GLVRUGHUV� VXFK� DV� 3RVW�7UDXPDWLF� 6WUHVV� 'LVRUGHU�

�376'��DQG�PDMRU�GHSUHVVLRQ��/RZH�HW�DO���������(YLGHQFH�VXJJHVWHG�

WKDW�ORZHU�LQFRPH�DUHDV�PD\�EH�SXUSRVHIXOO\�SODFHG�LQ�ORFDWLRQV�WKDW�

H[SRVHG WKHP� WR�PRUH�HQYLURQPHQWDO�GLVDVWHUV�DV�ZHOO� DV� ORZHU�DLU�

TXDOLW\�GXH�WR�IDFWRUV�OLNH�HQYLURQPHQWDO�UDFLVP�DQG�D�ODFN�RI�SROLWLFDO�

FKDQJH��(65,�DQG�*HLOLQJ�������

7KH� JRDO� RI� WKLV� VWXG\� ZDV� WR� H[DPLQH� DQG� DQDO\]H� WKH�

JHRVSDWLDO� WUHQGV� RI� HQYLURQPHQWDO� KD]DUGV� LQ� &DOLIRUQLD� VXFK� DV�
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ODQGVOLGHV��DLU�SROOXWLRQ��IORRGLQJ��DQG�IRUHVW�ILUHV��:H�DOVR�FRPSDUHG�

WKH�ULVN�RI�WKHVH�KD]DUGV�WR�DYHUDJH�LQFRPH�ZLWKLQ�&DOLIRUQLD�FHQVXV�

WUDFWV��7ZR�UHVHDUFK�TXHVWLRQV�ZHUH�LQTXLUHG�LQ�WKLV�VWXG\��:KHUH�LQ�

&DOLIRUQLD� ZHUH� SHRSOH� H[SRVHG� WR� PRUH� HQYLURQPHQWDO� KD]DUGV"�

$GGLWLRQDOO\��ZHUH�&DOLIRUQLD�DUHDV�ZLWK�ORZHU�RYHUDOO�DQQXDO�LQFRPH�

PRUH�H[SRVHG�WR�HQYLURQPHQWDO�KD]DUGV"�

0HWKRGV

,Q� RUGHU� WR� DQDO\]H� ULVN� RI� HQYLURQPHQWDO� KD]DUGV� LQ�

&DOLIRUQLD�RQ�D�FHQVXV�WUDFW�VFDOH��ZH�IROORZHG�PRGLILHG�PHWKRGV�RI�

&DUYHU��7ULFNHU��DQG�/DQGUHV �������E\�FUHDWLQJ�UDQNV�DQG�ZHLJKWV�RI�

TXDOLWLHV�WR�FUHDWH�D�YLVXDO�UHSUHVHQWDWLRQ�RI�D�FHUWDLQ�FKDUDFWHULVWLFV

RI� WKH� HQYLURQPHQW�� ,Q� RUGHU� WR� JHW� D� KROLVWLF� SHUVSHFWLYH� RI�

HQYLURQPHQWDO� KD]DUG� ULVN�� ZH� TXDQWLILHG� WKH� ULVN� RI� DLU� SROOXWLRQ�

�VSHFLILFDOO\� R]RQH� DQG� SDUWLFXODWH� PDWWHU�� H[SRVXUH�� ODQGVOLGHV��

IORRGLQJ�� DQG� ILUH� E\� DVVLJQLQJ� VSHFLILF� SURSHUWLHV�RI� WKH�KD]DUGV� D�

ULVN�UDQNLQJ� IURP� �� �VPDOOHVW� ULVN�� WR� �� �KLJKHVW� ULVN��� 7R� ILQDOL]H�

RYHUDOO�KD]DUGV�ULVN��ZH�GLG�D�ZHLJKWHG�RYHUOD\�DQDO\VLV��FRPELQLQJ�

WKH�IRXU�HQYLURQPHQWDO�KD]DUGV��)LQDOO\��ZH�FRPSDUHG�LQGLYLGXDO�DQG�

RYHUDOO� HQYLURQPHQWDO� KD]DUGV� ULVN� WR� LQFRPH� WR�GHWHUPLQH� LI� WKHUH�

ZDV�D�UHODWLRQVKLS�EHWZHHQ�ULVN�DQG�LQFRPH���

7R� TXDQWLI\� IORRG� ULVN��ZH� UHFODVVLILHG� WKH� IORRG� ]RQHV� RI�

&DOLIRUQLD�DQG�DVVLJQHG�WKHP�D�ULVN�UDQNLQJ�IURP���WR����7DEOH�����)RU�

WKH� ILUH� TXDOLW\�� ZH� GLUHFWO\� XVHG� WKH� ILUH� WKUHDW� UDVWHU� IURP� WKH�

&DOLIRUQLD� )LUH� 5HVRXUFH� $VVHVVPHQW� 3URJUDP� �)5$3�� WKDW� ZDV�
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DOUHDG\� FODVVLILHG� LQWR� ILYH FODVVHV� EDVHG� RQ� VHYHULW\� RI� ILUH� WKUHDW�

�7DEOH����

7R�TXDQWLI\�ODQGVOLGH�ULVN��ZH�ILUVW�UHFODVVLILHG�WKH�VORSH�RI�

&DOLIRUQLD�LQWR�D�ULVN UDQNLQJ��7DEOH�����7R�DFFRXQW�IRU�WKH LQIOXHQFH�

RI� VRLO� FRPSDFWLRQ� DQG� VWDELOLW\�� ZH� UHFODVVLILHG� HDFK� ODQG�

FODVVLILFDWLRQ�LQ�WKH�1DWLRQDO�/DQG�&RYHU�'DWDEDVH�LQWR�ILYH�FODVVHV�

�7DEOH�����%HFDXVH�ZLOGILUHV� ORRVHQ�VRLO�DQG� LQFUHDVH� ODQGVOLGH�ULVN�

�0RQWJRPHU\� ������� ZH� XVHG� WKH� RYHUDOO� ILUH� ULVN� DV� D� TXDOLW\� RI�

ODQGVOLGH� ULVN�� 7R� JHQHUDWH� D� KROLVWLF ODQGVOLGH� ULVN� FKDUDFWHU�� ZH�

FRQGXFWHG�D�ZHLJKWHG�RYHUOD\�DQDO\VLV��JLYLQJ�ERWK�VORSH�DQG�ILUH�ULVN�

D�ZHLJKW�RI������EHFDXVH�D�ODQGVOLGH�LV�GHSHQGHQW�RQ�VORSH�DQG�ILUHV�

FDQ�VLJQLILFDQWO\� LQFUHDVH� ODQGVOLGH�FKDQFHV��:H�JDYH� ODQG�FRYHU�D�

ZHLJKW�RI�����

7R�TXDQWLI\�ULVN� WR�H[SRVXUH�RI�DLU�SROOXWLRQ� LQ�&DOLIRUQLD��

ZH� TXDQWLILHG� WKH� ULVN� RI� H[SRVXUH� WR� ERWK� R]RQH� DQG� SDUWLFXODWH�

PDWWHU�30��� PLFURQV��2]RQH�DQG�SDUWLFOH�SROOXWLRQ�ZHUH�VHOHFWHG�DV�

WKH�WZR�LQGLFDWRUV�RI�H[SRVXUH�WR�DLU�SROOXWLRQ�GXH�WR�WKHLU�GLUHFW�DQG�

VHYHUH� HIIHFWV� RQ� KXPDQ� KHDOWK�� JURXQG�OHYHO� R]RQH� FDQ� OHDG� WR�

UHVSLUDWRU\�GHILFLHQF\�DQG�DVWKPD�ZKLOH�SDUWLFXODWH�PDWWHU�FDQ�FDXVH�

DQ�LQFUHDVH LQ KHDUW�DWWDFNV�DORQJ�ZLWK�RWKHU�GHFUHDVHG�OXQJ�IXQFWLRQV�

�(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��������:H�DVVLJQHG�ERWK�R]RQH�

DQG� 30��� D� ULVN�UDQNLQJ� EDVHG� RQ� WKH� DPRXQW� RI� HDFK� LQ� D� GDLO\�

PD[LPXP� ��KRXU� SHULRG� �7DEOH� ���7DEOH� ��� :H� WKHQ� FRQGXFWHG� D�

ZHLJKWHG�RYHUOD\�DQDO\VLV�RI�WKHVH�WZR�SROOXWDQWV��JLYLQJ�HDFK�HTXDO�

UDQNLQJ�������GXH�WR�WKHLU�KLJK�FRVW�WR�KXPDQ�KHDOWK��



��

7R� TXDQWLI\� WKH� RYHUDOO� ULVN� RI HQYLURQPHQWDO� KD]DUGV� LQ�

&DOLIRUQLD�� ZH� FRQGXFWHG� D� ZHLJKWHG� RYHUOD\� DQDO\VLV� RI� DOO� IRXU�

HQYLURQPHQWDO� KD]DUGV�� 6SHFLILFDOO\��ZH� JDYH� ILUH� ULVN� D�ZHLJKW� RI�

����EHFDXVH�RI�WKH�KLJK�ZLOGILUH�IUHTXHQF\�RI�&DOLIRUQLD�DQG�IORRG�

KD]DUG�D�ZHLJKW�RI�����EHFDXVH�WKH�VHPL�DULG�FOLPDWH�UHVXOWV�LQ�OLWWOH�

SUHFLSLWDWLRQ� WR� FDXVH� PXFK� IORRGLQJ� �%DUQDUG� HW� DO�� �������

0HDQZKLOH��ZH�DVVLJQHG�ERWK�ODQGVOLGH�ULVN�DQG�DLU�SROOXWLRQ�ULVN�D�

UDQNLQJ�RI������DV�WKH\�DUH�VXEMHFW�WR�FKDQJH�EXW�VWLOO�KDYH�D�UDWKHU�

LPSDFWIXO�LQIOXHQFH�RQ�WKH�QDWXUDO�GLVDVWHUV�WKDW�FRXOG RFFXU�ZLWKLQ�D�

JLYHQ�DUHD��%DUQDUG�HW�DO��������

,Q�RUGHU�WR�DQDO\]H�WKH�UHODWLRQVKLS�EHWZHHQ�VRFLRHFRQRPLF�

FODVV� DQG� HQYLURQPHQWDO� KD]DUGV� H[SRVXUH� ULVN��ZH� XVHG�*HR'D� WR�

JHQHUDWH�D�VWDQGDUGL]HG�VFDWWHUSORW�RI�LQFRPH�YHUVXV�RYHUDOO�QDWXUDO�

KD]DUGV� ULVN� ZLWKLQ� WKH� &DOLIRUQLD� FHQVXV� WUDFWV�� :H� VHOHFWHG� WKH�

FHQVXV�WUDFWV�ZLWK�ERWK�DYHUDJH�WR�EHORZ�DYHUDJH�LQFRPH�DQG�DYHUDJH�

WR� DERYH�DYHUDJH� QDWXUDO� KD]DUGV� ULVN� VR� WR� HYDOXDWH� VSDWLDO�

GLVWULEXWLRQ�RI�KLJKHU�ULVN��SRRUHU�DUHDV��:H�DOVR�FUHDWHG�VFDWWHUSORWV�

RI�HDFK�RI�WKH�IRXU�LQGLYLGXDO�HQYLURQPHQWDO�KD]DUGV�LQ�FRPSDULVRQ�

WR�LQFRPH�WR�FORVHO\�DQDO\]H�DQ\�SRVVLEOH�FRUUHODWLRQV�EHWZHHQ�HDFK�

RI�WKH�KD]DUGV�WR�LQFRPH�WKDW�PD\�DIIHFW�WKH�RYHUDOO�UHODWLRQVKLS��

5HVXOWV

7KH�VHYHULW\�RI� IORRG�ULVN�YDULHG WKURXJKRXW�&DOLIRUQLD��DV�

WKH�JUHDWHVW�DPRXQW�RI�ULVN�OLHV�DORQJ�D�YHUWLFDO�PHGLDO�OLQH�RI�WKH�VWDWH�

IURP�WKH�FLW\�RI�5HG�%OXII�WR�5RVDPRQG�ZLWKLQ�&HQWUDO�9DOOH\��7KH�

ORZHVW� DUHDV� RI� IORRG� ULVN� WHQGHG WR� FOXVWHU� WRJHWKHU� VXFK� DV� WKH�
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VRXWKHDVWHUQ�UHJLRQ�RI &DOLIRUQLD�DV�ZHOO�DV�VHYHUDO�DUHDV�DORQJ� WKH�

QRUWKHUQ�DQG�HDVWHUQ�SDUW�RI�WKH�VWDWH��)LJXUH��D����$UHDV�DURXQG�WKH�

&HQWUDO�9DOOH\�EHWZHHQ�5HG�%OXII�DQG�5RVDPRQG�DV�ZHOO�DV�SDUW�RI�

VRXWKHDVWHUQ�&DOLIRUQLD�ZHUH�OHDVW�OLNHO\�WR�EH�LPSDFWHG�E\�ODQGVOLGHV�

DQG ILUHV��)LJXUH��E����F����7KH�JUHDWHVW�DLU�TXDOLW\�ULVN�ZDV�ORFDWHG�

ZLWKLQ�&HQWUDO�9DOOH\�DQG�WKH�DPRXQW�RI�ULVN�JUDGXDOO\�GHFUHDVHG LQ�

DGMDFHQW�DUHDV��)LJXUH��G����

,Q�UHJDUG�WR RYHUDOO�HQYLURQPHQWDO�KD]DUG�ULVNV��WKH�DUHDV�RI�

WKH�ORZHVW�DPRXQW�RI�ULVN�LQFOXGHG UHJLRQV�RI�VRXWKZHVWHUQ�&DOLIRUQLD�

DQG�D�VPDOO�QXPEHU�RI�QRUWKHUQ�DUHDV�DW�WKH�QRUWKHUQ�HQG�RI�&HQWUDO�

9DOOH\� �)LJXUH�����7KH�HDVWHUQ�HGJH�RI� WKH�YDOOH\�DQG� WKH�VRXWKHUQ�

DUHDV�RI�WKH�VWDWH�KDG WKH�KLJKHVW�RYHUDOO�QDWXUDO�KD]DUG�ULVNV��)LJXUH

����7KHUH�ZDV�QRW�D�FOHDU�VSDWLDO�SDWWHUQ�RI�FHQVXV�WUDFWV�ZLWK�DYHUDJH�

WR�DERYH�DYHUDJH�ULVN�DQG�DYHUDJH�WR�EHORZ�DYHUDJH�LQFRPH��)LJXUH

���� 7KHUH� ZDV� QRW� D� FOHDU� UHODWLRQVKLS� EHWZHHQ� DQ\� LQGLYLGXDO�

HQYLURQPHQWDO�KD]DUG�ULVN�DQG�LQFRPH��)LJXUH�����7KHUH�ZDV�DOVR�QRW�

D� FOHDU� UHODWLRQVKLS�EHWZHHQ�RYHUDOO� HQYLURQPHQWDO� KD]DUG� ULVN� DQG�

LQFRPH��)LJXUH�����

'LVFXVVLRQ

)ORRG� ULVN� DQG� DLU� SROOXWLRQ� ULVN� ZHUH KLJKHVW� DURXQG� WKH�

&HQWUDO�9DOOH\� UHJLRQ� �)LJXUH��D�� �G���)LUH� ULVN�DQG� ODQGVOLGH� ULVN�

ZHUH ORZHVW� LQ� WKLV� UHJLRQ� �)LJXUH� �E�� �F���� 2YHUDOO�� WKH� DUHDV� LQ�

&DOLIRUQLD�ZLWK�WKH�KLJKHVW�QDWXUDO�KD]DUG�ULVN�ERUGHUHG�WKH�&HQWUDO�

9DOOH\�UHJLRQ��)LJXUH ����7KHUH�ZDV�QRW�D�FOHDU�UHODWLRQVKLS�EHWZHHQ�

LQFRPH�DQG�DQ\�RU�RYHUDOO�QDWXUDO�KD]DUG�ULVN��)LJXUH��� )LJXUH�����



��

7KHUH�GLG QRW�DSSHDU�WR�EH�D�FOHDU�VSDWLDO�SDWWHUQ�RI�DUHDV�ZLWK�DYHUDJH�

WR�DERYH�DYHUDJH�KD]DUGV�ULVN�DQG�DYHUDJH�WR�EHORZ�DYHUDJH�LQFRPH�

�)LJXUH����

2XU�UHVXOWV�FRXOG EH�JHQHUDOO\�H[SODLQHG�E\�WKH�WRSRJUDSK\�

RI�WKH�UHJLRQ��7KH�&HQWUDO�9DOOH\��IRU�H[DPSOH��ZRXOG�KDYH�KDG�D�KLJK�

IORRG�ULVN�GXH�WR�LWV�IODW�HOHYDWLRQ��&DOLIRUQLD�3K\VLFDO�0DS��������,WV�

IODW�HOHYDWLRQ�DOVR�H[SODLQHG WKH�ORZ�ODQGVOLGH�ULVN��$GGLWLRQDOO\��WKH�

&HQWUDO�9DOOH\�ZDV TXLWH�GHYHORSHG��PLQLPL]LQJ�WKH�QXPEHU RI�VKUXEV��

WUHHV�� DQG� JUDVVODQGV� WKDW� FRXOG� KDYH� RWKHUZLVH� KDG� KLJK� ILUH� ULVN�

�+DQVRQ� ������� ,Q� FRQWUDVW�� KLJK� ILUH� ULVN� DUHDV� ZHUH� FRPSRVHG� RI�

PRUH�JUDVVODQGV�DQG�VKUXEV�WKDW�FDXVHG D�SRVLWLYH�IHHGEDFN�HYHQW�RI�

ZLOGILUHV� �+DQVRQ� ������� )LQDOO\�� WKH� PRXQWDLQV� VXUURXQGLQJ� WKH�

&HQWUDO�9DOOH\�FRXOG WUDS�JURXQG�OHYHO�R]RQH�DQG�30����ZLWKLQ�LWV�

ERUGHUV���,UFHOLQH �������7KHUH�ZDV�OHVV�DLU�SROOXWLRQ�ULVN�DORQJ�WKH�

ZHVWHUQ�FRDVW�GXH�WR�WKH�VWUHQJWK�DQG�KLJK�IUHTXHQF\�RI�FRDVWDO�ZLQGV�

ZKLFK� SXVKHG DLU� SROOXWLRQ� HDVWERXQG� �$GDPV� HW� DO�� ������� ,Q�

UHIHUHQFH� WR� RYHUDOO� ULVN�� WKH� UHODWLYHO\� KLJKHU� ZHLJKW� RI� ILUH� ULVN�

������DQG�UHODWLYHO\�ORZHU�ZHLJKW�RI�IORRGLQJ��������PD\�H[SODLQ�WKH�

KLJK�ULVN�LQ�WKH�DUHDV�VXUURXQGLQJ�WKH�FHQWUDO�YDOOH\�DQG�WKH�ORZ�ULVN�

ZLWKLQ� LW��:LWK� ODQGVOLGH� ULVN� DOVR� LQFRUSRUDWLQJ� ILUH� ULVN�� ILUH� ULVN�

VLJQLILFDQWO\�LPSDFWHG RYHUDOO�QDWXUDO�KD]DUG�ULVN��

2XU�RYHUDOO�UHVXOWV�ZHUH�QRW�VXSSRUWHG�E\�SUHYLRXV�VWXGLHV��

2QH�VWXG\�E\�%ROLQ��%RRQH��DQG�*ULQHVNL �������IRXQG�WKDW�DIIOXHQW�

SRSXODWLRQV�ZHUH�RIWHQWLPHV�PRUH�H[SRVHG�WR�FHUWDLQ�QDWXUDO�KD]DUGV��

VXFK� DV� IORRGLQJ�� DV� DIIOXHQW� SRSXODWLRQV� FRXOG DIIRUG� LQVXUDQFH� WR�

PLWLJDWH�WKH�ULVNV�ZKLOH�HQMR\LQJ�DQG�DIIRUGLQJ�WKH�OX[XULHV�DVVRFLDWHG�



��

ZLWK� ZDWHU�IURQW� SURSHUW\�� 7KH� VWXG\� DOVR� IRXQG� WKDW� OHVV� DIIOXHQW�

SRSXODWLRQV�RIWHQ�UHVLGHG QHDU�DUHDV�ZLWK�KLJK�DLU�SROOXWLRQ��DV�WKHUH�

LV�QRW�DQ\�LQVXUDQFH�WKDW�FRXOG PLWLJDWH�WKH�FRVWV�RI�WKLV�KD]DUG��%ROLQ�

HW� DO�� ������� 6HYHUDO� RWKHU� VWXGLHV� KDYH� IRXQG� WKDW� ORZHU�LQFRPH

FRPPXQLWLHV� ZHUH� PRUH� H[SRVHG� WR� DLU� SROOXWLRQ�� DOWKRXJK� RWKHU�

IDFWRUV�VXFK�DV�UDFH�DOVR�SOD\�D�UROH�LQ�GLVWULEXWLRQ��%UXOOH�DQG�3HOORZ�

������0DUVKDOO�������&ODUN�HW�DO��������

2XU�VWXG\�LV�LPSRUWDQW�EHFDXVH�LW�DOORZV�ORFDO�JRYHUQPHQWV�

WR�EHWWHU�SUHSDUH�DQG�PLWLJDWH�HQYLURQPHQWDO�KD]DUGV��,W�LV�LPSRUWDQW�

WR�XQGHUVWDQG�WKH�JHRJUDSKLF�WUHQGV�RI�HQYLURQPHQWDO�KD]DUGV�LQ�RUGHU�

WR� XWLOL]H� WKH� SURSHU�� QHFHVVDU\� UHVRXUFHV� WR� KHOS� KLJK�ULVN�

FRPPXQLWLHV��7KLV�VWXG\�ZDV�QRW�ZLWKRXW�OLPLWDWLRQV��)RU�RQH��ZH�KDG�

WR�JLYH�D�UDQNLQJ�RI����ORZHVW� ULVN�� IRU�DUHDV�ZLWK�QR�GDWD��VXFK�DV�

DUHDV� ZLWK� XQGHWHUPLQHG� IORRG� ]RQHV��� $GGLWLRQDOO\�� ZH� KDG� WR�

VLPSOLI\� WKH� FULWHULD�RI� ULVN� IRU� HDFK�QDWXUDO�KD]DUG DV� WKHUH� DUH� DQ�

LPPHDVXUDEOH� QXPEHU RI� IDFWRUV� WKDW� FRXOG LQIOXHQFH� IORRGLQJ��

ODQGVOLGHV��DQG�ILUHV��+RZHYHU��LQ�RUGHU�WR�TXDQWLI\�WKH�FRPSOH[LW\�RI�

WKHVH�KD]DUGV��ZH�KDG�WR�VLPSOLI\�WKH�IDFWRUV��

7R�IXUWKHU�WKLV�VWXG\��IXUWKHU�UHVHDUFK�VKRXOG�LQFOXGH�DQ�LQ�

GHSWK� DQDO\VLV� LQWR� KRZ� YDU\LQJ� WKH� ZHLJKWV� ZKHQ� TXDQWLI\LQJ�

LQGLYLGXDO� QDWXUDO� KD]DUGV� ULVN� �VXFK� DV� IORRGLQJ�� DV�ZHOO� DV�ZKHQ�

TXDQWLI\LQJ� WKH� WRWDO� HQYLURQPHQWDO� KD]DUG� ULVN� LQ� &DOLIRUQLD ZLOO�

LPSDFW� WKH� ILQGLQJV�� )XUWKHU� UHVHDUFK� VKRXOG� DOVR� LQFRUSRUDWH�

DGGLWLRQDO�HQYLURQPHQWDO�KD]DUGV��VXFK�DV�GURXJKW�� WR�H[SDQG�XSRQ�

WKH�FXUUHQW�UHVXOWV��,W�ZRXOG�DOVR�EH�YDOXDEOH�WR�DVVHVV�WKH�UHODWLRQVKLS�
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RI�ULVN�WR�QDWXUDO�KD]DUGV�ZLWK�RWKHU�VRFLRHFRQRPLF�IDFWRUV��VXFK�DV�

UDFH�

)LJXUHV�DQG�7DEOHV

7DEOH����'DWD�VRXUFHV

1DPH :KR�&UHDWHG 7LPH�9DOLG 'HVFULSWLRQ
1DWLRQDO�
)ORRG�+D]DUG�
/D\HU

)(0$ ���� 6KDSHILOH�RI�IORRG�GDWD�IRU�
&DOLIRUQLD��LQFOXGLQJ�IORRG�
]RQHV

&DOLIRUQLD�
$LU�3ROOXWLRQ�
����

2IILFH�RI�
(QYLURQPHQWDO�
+HDOWK�DQG�
+D]DUG�
$VVHVVPHQW

���� 6KDSHILOH�RI�&DOLIRUQLD�
ZLWK�GDWD�RI�DLU�SROOXWLRQ�
H[SRVXUH��LQFOXGLQJ�EXW�
QRW�OLPLWHG�WR R]RQH�DQG�
SDUWLFXODWH�PDWWHU�������
UHVSLUDWRU\�KHDOWK�GLVHDVHV��
DQG�LQFRPH

1DWLRQDO�
/DQG�&RYHU�
'DWDEDVH�
����

86*6 ���� 5DVWHU�RI�WKH�ODQG�XVH�W\SHV�
LQ�&DOLIRUQLD

)LUH�7KUHDW�LQ�
&DOLIRUQLD

6WDWH�RI�&DOLIRUQLD�
)LUH�5HVRXUFH�DQG�
$VVHVVPHQW�
3URJUDP��)5$3�

���� 5DVWHU�RI�ILUH�ULVN�LQ�
&DOLIRUQLD��&UHDWHG�E\�
FRPELQLQJ�ILUH�IUHTXHQF\�
DQG�SRWHQWLDO�ILUH�EHKDYLRU�

&DOLIRUQLD�
6KDSHILOH

6WDWH�RI�&DOLIRUQLD ���� 6KDSHILOH�RI�WKH�VWDWH�RI�
&DOLIRUQLD

&DOLIRUQLD�
��P�'(0

'DWD�%DVLQ� IURP�
1$6$�DQG�1*$�
GDWD

���� �$Q�LQFRPSOHWH��'LJLWDO�
(OHYDWLRQ�0RGHO�RI�
&DOLIRUQLD�DW����PHWHU
UHVROXWLRQ

&DOLIRUQLD�
��P�'(0�
7LOHV

86*6 ���� 7LOHV�RI�&DOLIRUQLD�DQG�
$UL]RQD�'LJLWDO�(OHYDWLRQ�
0RGHOV�WR�FRPSOHWH�WKH�
&DOLIRUQLD�'(0

&DOLIRUQLD�
&HQVXV�
7UDFWV

$PHULFDQ�)DVW�
)LQGHU

��������� 7DEOH�RI�FHQVXV�GDWD�IRU�
FHQVXV�WUDFWV�RI�&DOLIRUQLD��
LQFOXGLQJ�EXW�QRW�OLPLWHG�WR�
LQFRPH�GDWD�

&DOLIRUQLD�
&HQVXV�
7UDFWV�
6KDSHILOH

86�&HQVXV�
%XUHDX

���� 6KDSHILOH�RI�&DOLIRUQLD�
FHQVXV�WUDFWV
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7DEOH����5DWLRQDOH�IRU�5HFODVVLILHG�)ORRGLQJ�5DQNLQJ��6HFRQG�/RRN�
)ORRG��1�G��

)ORRG�=RQH 5DQN 5HDVRQ
³$UHD�QRW�LQFOXGHG´��³'´ � ³'´�UDQNLQJV�DUH�SRVVLEOH�EXW�XQGHWHUPLQHG�

IORRG�KD]DUG�DUHDV�

³;´ � $UHD�RI�PLQLPDO�RU�PRGHUDWH�IORRG�KD]DUG

³$´��³$��´��³$(´��
³$+´��³2SHQ�:DWHU´

� $UHDV�ZLWK�D����DQQXDO�FKDQFH�RI�IORRGLQJ�RU�
DUHDV�ZKHUH�FOHDU�EDVH�IORRG�HOHYDWLRQV

³$2´ � $UHD�ZLWK�D����RU�JUHDWHU�FKDQFH�RI�IORRGLQJ�
HDFK�\HDUV�ZLWK�DQ�DYHUDJH�GHSWK�RI�����IHHW

³9´��³9(´ � +LJK�ULVN�FRDVWDO�DUHDV

7DEOH����)5$3�)LUH�7KUHDW�5DQNLQJV

)5$3�9DOXH 2XU�5DQN 'HILQLWLRQ

�� � /LWWOH�WR�1R�7KUHDW

� � 0RGHUDWH

� � +LJK

� � 9HU\�+LJK

� � ([WUHPH
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7DEOH����5DWLRQDOH�IRU�5HFODVVLILHG�6ORSH�5DQNLQJ��&ODUN�HW�DO�
�����

7DEOH����5DWLRQDOH�IRU�5HFODVVLILHG�/DQG�&RYHU�5DQNLQJ�
�0RQWJRPHU\������

/DQG�&RYHU 5DQN 5HDVRQ
2SHQ�ZDWHU
:RRG\�:HWODQGV
3HUHQQLDO�6QRZ�,FH

� 2SHQ�ZDWHU��+LJK�WUHH�GHQVLW\�LQ�ZRRG\�
ZHWODQGV��2YHUDOO�OLWWOH�VRLO�WR�PDVV�ZDVWH�

'HFLGXRXV�IRUHVW�
(PHUJHQW�KHUEDFHRXV�
ZHWODQGV�
(YHUJUHHQ�IRUHVW�
0L[HG�IRUHVW

� +LJK�WUHH�GHQVLW\�NHHSV�VRLOV�FRPSDFW�DQG�
SUHYHQWV�PDVV�ZDVWLQJ

6KUXE�VFUXE�
'HYHORSHG�+LJK�
,QWHQVLW\

� 6KUXE�VFUXE�KDV�VRPH�URRWV�WR�VWDELOL]H�VRLOV��
/LWWOH�VRLO�WR�PDVV�ZDVWH�LQ�KLJKO\�GHYHORSHG�
DUHDV

&XOWLYDWHG�&URSV��
3DVWXUH�+D\�
'HYHORSHG�0HGLXP�
,QWHQVLW\��+HUEDFHRXV

� +HUEDFHRXV��&XOWLYDWHG�FURSV��DQG�SDVWXUH�KD\�
ODQGV�KDYH�OLWWOH�URRWV�WR�VWDELOL]H�VRLOV��$�OLWWOH�ELW�
RI�VRLO�WR�PDVV�ZDVWH�LQ�PHGLXP�

'HYHORSHG�2SHQ�
6SDFH�
/RZ�,QWHQVLW\��
%DUUHQ�/DQG��
8QFODVVLILHG

� 'HYHORSHG�2SHQ�6SDFH��/RZ�,QWHQVLW\��DQG�
%DUUHQ�ODQG�KDYH�OLWWOH�WR�QR�URRWV�RU�VWUXFWXUHV�WR�
FRPSDFW�DQG�VWDELOL]H�VRLOV�

6ORSH�
'HJUHHV

5DQN 5HDVRQ

��� � 1HHG�VRPH�VORSH�LQ�RUGHU�IRU�D�ODQGVOLGH�WR�RFFXU
���� � 6WHHS�VORSHV�QRW�D�QHFHVVDU\�SUHUHTXLVLWH�IRU�ODQGVOLGHV�WR�

RFFXU��*HQWOH�VORSHV�DW��±��GHJUHHV�FDQ�DOVR�FDXVH�
ODQGVOLGHV

����� � ,QFUHDVLQJ�VORSH�DOORZV�IRU�JUHDWHU�FKDQFH�RI�PDVV�
ZDVWLQJ�

����� � 0DMRU�ODQGVOLGHV�DUH�RIWHQ�DVVRFLDWHG�ZLWK�VORSHV�IURP����
���GHJUHHV

����� � ([WUHPHO\�VWHHS
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7DEOH����5DWLRQDOH�IRU�5HFODVVLILHG�2]RQH�5DQNLQJ��(65,�DQG�
*HLOLQJ������

2]RQH��SSP� 5DQN 5HDVRQ
������ ���� � (TXDO�LQWHUYDO�GLYLVLRQ�URXQGHG�EDVHG�RQ�(3$�

VWDQGDUG�RI�������DV�DFFHSWDEOH�R]RQH�OHYHO��
QRWLFHDEOH�DPRXQWV�DQG�UHVSLUDWRU\�HIIHFWV��SDLQOHVV

�������� ����� � 8QFRPIRUWDEOH�SDWWHUQV�RI�EUHDWKLQJ�LQ�VRPH�
LQGLYLGXDOV�

�������� ����� � &RXJKLQJ�DQG�WKURDW�LUULWDWLRQ��PRUH�IUHTXHQW�
HSLVRGHV�RI�FRXJKLQJ�

��������� ����� � &KHVW�SDLQ��FRXJKLQJ��VKRUWQHVV�RI�EUHDWK
������� ����� � 0HHWV�XSSHU�HQG�RI�(3$�VWDQGDUG�� FKHVW�SDLQ��

LQWHQVH�FRXJKLQJ��GLIILFXOW\�EUHDWKLQJ�IRU�LQGLYLGXDOV�
ERWK�ZLWK DQG�ZLWKRXW�DVWKPD

%DVHG�RQ�WKH�DPRXQW�RI�HDFK�LQ�D�GDLO\�PD[LPXP���KRXU�SHULRG

7DEOH����5DWLRQDOH�IRU�5HFODVVLILHG�3DUWLFXODWH�0DWWHU��30�����
5DQNLQJ��(3$������

30 5DQN 5HDVRQ
��� ���� � (TXDO�LQWHUYDO�GLYLVLRQ�URXQGHG�EDVHG�RQ�UDQJH�RI�

��������30����DQQXDOO\�LQ�&DOLIRUQLD�XVLQJ������
&$�VWDWH�DYHUDJH� SDUWLFOHV�OLQJHU�LQ�DWPRVSKHUH�
DQG�DUH�EUHDWKHG�LQWR�OXQJV

�������� ���� � 6OLJKWO\�PRUH�DFLGLF�ZDWHUV�DQG�SRVVLEOH�LUULWDWLRQ�
RI�WKURDW�DQG�H\HV

�������� ����� � $FLGLF�ZDWHUV�DQG�KD]\�DLU��GHSOHWHV�QXWULHQWV�LQ�
VRLO�

��������� ����� � ([HUWLRQ�H[SHULHQFHG�E\�VHQVLWLYH�LQGLYLGXDOV�ZLWK�
LQFUHDVHG�SRVVLELOLWLHV�RI�WKH�IROORZLQJ��QRQIDWDO�
KHDUW�DWWDFNV��LUUHJXODU�KHDUWEHDW��DJJUDYDWHG�
DVWKPD��GHFUHDVHG�OXQJ�IXQFWLRQ� LQFUHDVHG�
UHVSLUDWRU\�V\PSWRPV�

��������� ����� � /DFN�RI�R[\JHQ�LQWDNH�DORQJ�ZLWK�QRQIDWDO�KHDUW�
DWWDFNV��LUUHJXODU�KHDUWEHDW��DJJUDYDWHG�DVWKPD��
GHFUHDVHG�OXQJ�IXQFWLRQ��LQFUHDVHG�UHVSLUDWRU\�
V\PSWRPV��DQG�SUHPDWXUH�GHDWK

%DVHG�RQ�WKH�DPRXQW�RI�HDFK�LQ�D�GDLO\�PD[LPXP���KRXU�SHULRG
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)LJXUH����)RXU�5LVNV�RI�(QYLURQPHQWDO�+D]DUGV�LQ�&DOLIRUQLD



��

)LJXUH����2YHUDOO�1DWXUDO�+D]DUG�5LVNV�LQ�&DOLIRUQLD



��

)LJXUH����2YHUDOO�+LJK�(QYLURQPHQWDO�+D]DUG�5LVNV�$UHDV�ZLWK�
/RZ�,QFRPH�LQ�&DOLIRUQLD�



��

)LJXUH����6FDWWHUSORWV�RI�5HODWLRQVKLS�%HWZHHQ�,QFRPH�DQG�WKH�)RXU�
(QYLURQPHQWDO� +D]DUG� 5LVNV� RI� )ORRG�� )LUH�� /DQGVOLGH�� DQG� $LU�
3ROOXWLRQ�
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)LJXUH����6FDWWHUSORW�RI�5HODWLRQVKLS�%HWZHHQ�,QFRPH�DQG�2YHUDOO�
1DWXUDO�+D]DUG�5LVN�IURP�)ORRGLQJ��)LUHV��/DQGVOLGHV��DQG�$LU�
3ROOXWLRQ�
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5HIHUHQFHV

$GDPV��3HWHU�1���%DUQDUG��3DWULFN�/���(ULNVRQ��/L�+���(VKHOPDQ��

-RGL��)R[JURYHU��$P\�&���+DSNH��&KHU\O��YDQ�2UPRQGW��

0DDUWHQ��DQG�3HWHU�5XJJLHUR��������³'HYHORSPHQW�RI�WKH�

&RDVWDO�6WRUP�0RGHOLQJ�6\VWHP��&R60R6� IRU�3UHGLFWLQJ�

WKH ,PSDFW�RI�6WRUPV�RQ�+LJK�(QHUJ\��$FWLYH�0DUJLQ�

&RDVWV�´ 1DWXUDO�+D]DUGV ����������������

$OOHQ��-HDQQLH��������³7DQJR�LQ�WKH�$WPRVSKHUH��2]RQH�DQG�

&OLPDWH�&KDQJH�´�1$6$��(DUWK�2EVHUYDWRU\��$FFHVVHG

'HFHPEHU���������

KWWSV���HDUWKREVHUYDWRU\�QDVD�JRY�IHDWXUHV�7DQJR��

%DUQDUG��3DWULFN�/���(ULNVRQ��/L�+���(VSHMR��$QWRQLR��+HJHUPLOOHU��

&KULVWLH�$���/LPEHU��3DWULFN�:�� 0HQGH]��)HUQDQGR�-���

2¶1HLO��$QGUHD��5XJJLHUR��3HWHU��DQG�.DWKHULQH�$��6HUDILQ��

������³,GHQWLILFDWLRQ�RI�6WRUP�(YHQWV�DQG�&RQWLJXRXV�

&RDVWDO�6HFWLRQV�IRU�'HWHUPLQLVWLF�0RGHOLQJ�RI�([WUHPH�

&RDVWDO�)ORRG�(YHQWV�LQ�5HVSRQVH�WR�&OLPDWH�&KDQJH�´�

(QYLURQPHQW�7RGD\ ����������������

%HQPDUKQLD��7DULN��������³'HFRPSRVLWLRQ�$QDO\VLV�RI�%ODFN�:KLWH�

'LVSDULWLHV�LQ�%LUWK�2XWFRPHV��7KH�5HODWLYH�&RQWULEXWLRQ�

RI�$LU�3ROOXWLRQ�DQG�6RFLDO�)DFWRUV�LQ�&DOLIRUQLD�´�

(QYLURQPHQWDO +HDOWK�3HUVSHFWLYHV �������������

%ROLQ��%RE��%RRQH��&KULVWRSKHU��DQG�6DUD�*ULQHVNL��������³&ULWHULD�
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$LU�3ROOXWLRQ�DQG�0DUJLQDOL]HG�3RSXODWLRQV��(QYLURQPHQWDO�

,QHTXLW\�LQ�0HWURSROLWDQ�3KRHQL[��$UL]RQD�´�6RFLDO�6FLHQFH�

4XDUWHUO\ �����������

%UXOOH��5REHUW�-��DQG�'DYLG�1DJXLE�3HOORZ��³(QYLURQPHQWDO�-XVWLFH��

+XPDQ�+HDOWK�DQG�(QYLURQPHQWDO ,QHTXDOLWLHV�´�$QQXDO�

5HYLHZ�RI�3XEOLF�+HDOWK ����������������

&DOLIRUQLD�'HSDUWPHQW�RI�)RUHVWU\�DQG�)LUH�3URWHFWLRQ��������

³&DOLIRUQLD�0HWDGDWD�´�$FFHVVHG�1RYHPEHU����������

KWWSV���IUDS�ILUH�FD�JRY�GDWD�VWDWHZLGH�)*'&BPHWDGDWD�IWKUW

��B�BPHWDGDWD�[PO�

&DUYHU��6WHYH��7ULFNHU��-DPHV��DQG�3HWHU�/DQGUHV��������³.HHSLQJ�,W�

:LOG��0DSSLQJ�:LOGHUQHVV�&KDUDFWHU�LQ�WKH�8QLWHG�6WDWHV�´�

-RXUQDO�RI�(QYLURQPHQWDO�0DQDJHPHQW ������������

&ODUN��/DUD�3���0LOOHW��'\ODQ�%���DQG�-XOLDQ�'��0DUVKDOO��������

³1DWLRQDO�3DWWHUQV�LQ�(QYLURQPHQWDO�,QMXVWLFH�DQG�

,QHTXDOLW\��2XWGRRU�12��$LU�3ROOXWLRQ�LQ�WKH�8QLWHG�

6WDWHV�´�3/R6�21( �����������

(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��������³2]RQH�*HQHUDWRUV�WKDW�DUH�

6ROG�DV�$LU�&OHDQHUV�´�$FFHVVHG�1RYHPEHU����������
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