
&29,'����9XOQHUDELOLW\�LQ�$PHULFD
,QHTXDOLW\�LQ�5LVN�DQG�([SRVXUH�WR�D�*OREDO�3DQGHPLF

&KULVWRSKHU�'HODQH\��$XVWLQ�(DWRQ��&ODUD�5LFKWHU��(OLVH�5XVW

$1/<�����)LQDO�3URMHFW

*HRUJHWRZQ�8QLYHUVLW\

��'HFHPEHU�����
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,� ,QWURGXFWLRQ

7KH�\HDU������URFNHG�JOREDO�VRFLHW\�DQG�WKH�HFRQRP\�DV�WKH�QRYHO�&RURQDYLUXV�VSUHDG

UDSLGO\�WKURXJKRXW�WKH�ZRUOG��&LWL]HQV�ZHUH�RUGHUHG�WR�TXDUDQWLQH�DW�KRPH�LQGHILQLWHO\�DV�SXEOLF

WUDQVLW�FDPH�WR�D�KDOW��FRPSDQ\�RIILFHV�DQG�EXVLQHVVHV�FORVHG�WKHLU�GRRUV��DQG�KRVSLWDO�V\VWHPV

EHJDQ�WR�IDFH�RYHUZKHOPLQJ�QXPEHUV�RI�SDWLHQWV��8SRQ�SXEOLFDWLRQ�RI�WKLV�UHSRUW�WKH�ZRUOG�LV

FRPLQJ�XS�RQ�WKH�WZR�\HDU�DQQLYHUVDU\�RI�&29,'���¶V�HQWUDQFH�RQ�WKH�LQWHUQDWLRQDO�VWDJH�DQG

WKH�SDQGHPLF�KDV�EHHQ�D�OLIH�GHILQLQJ�PRPHQW�WKDW�KDV�DIIHFWHG�KRZ�VRFLHW\�IXQFWLRQV�RQ�ERWK�DQ

LQGLYLGXDO�DQG�LQVWLWXWLRQDO�EDVLV��7KH

8QLWHG�6WDWHV�RI�$PHULFD�KDV�KDG�DQ

HVSHFLDOO\�GLIILFXOW�WLPH�FRQWDLQLQJ�WKH

VSUHDG�RI�WKH�YLUXV�DQG�KDV�VHHQ�VRPH�RI

WKH�ZRUVW�GHYDVWDWLRQ�RQ�D�SHU�FDSLWD

EDVLV�WKDQ�PRVW�RWKHU�FRXQWULHV�

$FFRUGLQJ�WR�7KH�1HZ�<RUN

7LPHV��ZKHQ�FRPSDULQJ�DOO�QDWLRQV��WKH

8QLWHG�6WDWHV�UDQNV�ILUVW�LQ�ERWK�WKH

QXPEHU�RI�WRWDO�UHSRUWHG�FDVHV�DQG�WKH

QXPEHU�RI�WRWDO�GHDWKV�GXH�WR�WKH�YLUXV

�1<7��������$�P\ULDG�RI�IDFWRUV��

DPRQJ�WKHP�WKH�SROLWLFL]DWLRQ�RI�PDVN

ZHDULQJ�DQG�YDFFLQH�KHVLWDQF\���KDYH�FRQWULEXWHG�WR�WKLV�DQG�KDYH�OHG�WR�RYHU����PLOOLRQ�FDVHV

DQG���������GHDWKV�IURP�&29,'����LQ�WKH�8�6�
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7KXV��WKH�KHDOWK�ULVNV�RI�&29,'����UHPDLQ�SURPLQHQW��)RU�WKRVH�WKDW�VXUYLYH�DQ�LQIHFWLRQ

ZLWK�WKH�YLUXV��PDQ\�QHZ�UHSRUWV�DUH�FRPLQJ�RXW�DERXW�ORQJ�WHUP�FRQVHTXHQFHV�RQ�EUDLQ��OXQJ�

DQG�KHDUW�KHDOWK��0DQ\�SHRSOH��HYHQ�WKRVH�ZKR�DUH�\RXQJ��KDYH�EHHQ�NQRZQ�WR�GHVFULEH�D�³IRJ´

WKDW�OLQJHUV�DIWHU�&29,'����LQIHFWLRQ�WKDW�PDNHV�ZRUN�DQG�SURGXFWLYLW\�PXFK�PRUH�GLIILFXOW�

*LYHQ�WKHVH�KHDOWK�FRQVHTXHQFHV��EHLQJ�DEOH�WR�LGHQWLI\�WUHQGV�DQG�SDWWHUQV�LQ�ZKR�LV�PRVW

YXOQHUDEOH�WR�FRQWUDFWLQJ�&29,'����LV�SRZHUIXO�

&29,'����FDVHV�DUH�QRW�XQLIRUP�WKURXJKRXW�WKH�FRXQWU\��DQG�PDQ\�UHJLRQV�KDYH

H[SHULHQFHG�KLJKHU�UDWHV�RI�WKH�YLUXV�WKDQ�RWKHUV��,GHQWLI\LQJ�WKHVH�DW�ULVN�ORFDWLRQV�FDQ�KHOS

GLUHFW�PRUH�UHVRXUFHV�DQG�LQIRUPDWLRQ�WRZDUGV�WKHP�WR�EHVW�PLWLJDWH�WKH�ULVN�DQG�SUHYHQW�WKH

PRVW�QXPEHU�RI�SHRSOH�IURP�VXIIHULQJ�IURP�WKLV�YLUXV¶�FRQVHTXHQFHV��7KHUHIRUH��WKH�PDLQ

TXHVWLRQV�WKLV�UHSRUW�VHHNV�WR�DGGUHVV�DUH�

�� 'R�SHRSOH�LQ�$PHULFD�IDFH�GLIIHUHQW�ULVN�SURILOHV�LQ�FRQWUDFWLQJ�&29,'����EDVHG�RQ�WKHLU

ORFDWLRQ"

�� $UH�VRPH�VXEVHWV�RI�WKH�$PHULFDQ�SRSXODWLRQ�PRUH�VXVFHSWLEOH"�$UH�VRPH�VXEVHWV�EHWWHU

HTXLSSHG�WR�DYRLG�FRQWUDFWLQJ�&29,'���"

�� :KDW�IDFWRUV�LQIOXHQFH�WKLV�ULVN"

7KH�NH\�ULVN�IDFWRUV�H[DPLQHG�DUH SRSXODWLRQ�VL]H� PDVN�XVH��DQG�SROLWLFDO�OHDQLQJV RI

SRSXODWLRQ�VXEJURXSV��7KLV�LV�H[DPLQHG�DW�ERWK�WKH�FRXQW\�DQG�VWDWH�OHYHO��DV�ZHOO�DV�LQ�KLJK�ULVN

HSLFHQWHUV�VXFK�DV�SULVRQV�DQG�FROOHJH�FDPSXVHV�QDWLRQZLGH�



�

,,��$ERXW�WKH�'DWD

$� 'DWD�6RXUFHV

7KLV�DQDO\VLV�SULPDULO\�XVHV�7KH�1HZ�<RUN�7LPHV�&RURQDYLUXV��&29,'�����GDWD�WR

DQVZHU�WKHVH�TXHVWLRQV��7KLV�GDWDVHW�FRQWDLQV�IRXU�WDEOHV�RI�FXPXODWLYH�FRXQWV�RI�FRURQDYLUXV

FDVHV�LQ�WKH�8QLWHG�6WDWHV��DW�WKH�VWDWH�DQG�FRXQW\�OHYHO��DV�ZHOO�DV�DW�WKH�SULVRQ�DQG�FROOHJH�OHYHO

IURP�WKH�VWDUW�RI�WKH�SDQGHPLF�XQWLO�1RYHPEHU��VW������� ,QGLYLGXDOV�LQFOXGHG�LQ�WKH�GDWD�DUH

FRXQWHG�ZKHUH�WKH\�DUH�EHLQJ�WUHDWHG�WHVWHG�IRU�&29,'�����QRW�QHFHVVDULO\�ZKHUH�WKH\�OLYH�

7KH�FROOHJH�GDWDVHW�ZDV�FRQVWUXFWHG�IURP�D�VXUYH\�EHWZHHQ�-XO\������DQG�0D\������

7KH�VXUYH\�XVHG�UHSRUWV�IURP�VWXGHQWV�DQG�HPSOR\HHV�IURP�HYHU\�IRXU�\HDU�SXEOLF�LQVWLWXWLRQ�DQG

HYHU\�SULYDWH�FROOHJH�WKDW�FRPSHWHV�LQ�1�&�$�$��VSRUWV�

7KH�PDVN�XVH�E\�FRXQW\�GDWD�FDPH�IURP�D�ODUJH�QXPEHU�RI�LQWHUYLHZV�WKDW�DVNHG�³+RZ

RIWHQ�GR�\RX�ZHDU�D�PDVN�LQ�SXEOLF�ZKHQ�\RX�H[SHFW�WR�EH�ZLWKLQ�VL[�IHHW�RI�DQRWKHU�SHUVRQ"´

7KH�LQWHUYLHZV�ZHUH�JDWKHUHG�RQFH�LQ�HDUO\�-XQH������DQG�REWDLQHG���������UHVSRQVHV�

'DWD�IRU�WKH�)DFLOLWLHV�GDWDVHW�ZDV�FROOHFWHG�IURP�0DUFK������WR�0DUFK������RQ�FDVHV

DQG�GHDWKV�LQ�VWDWH�DQG�IHGHUDO�SULVRQV��LPPLJUDWLRQ�GHWHQWLRQ�FHQWHUV��MXYHQLOH�GHWHQWLRQ

IDFLOLWLHV��ORFDO��UHJLRQDO�DQG�UHVHUYDWLRQ�MDLOV��DQG�WKRVH�LQ�WKH�FXVWRG\�RI�WKH�8�6��0DUVKDOV

6HUYLFH��7KH�GDWD�ZDV�FROOHFWHG�IURP�ZHEVLWHV�RYHUVHHQ�E\�VWDWH�DQG�IHGHUDO�SULVRQ�V\VWHPV�DQG

,PPLJUDWLRQ�DQG�&XVWRPV�(QIRUFHPHQW�RU�WKURXJK�GLUHFW�LQTXLULHV�DQG�SXEOLF�UHFRUGV�UHTXHVWV�

DQG�IURP�GDWD�SUHVHQWHG�DW�QHZV�FRQIHUHQFHV�DQG�PHHWLQJV�RI�FRXQW\�RU�VWDWH�RIILFLDOV�

&ROOHJH�HQUROOPHQW�GDWD�LQ������ZDV�JDWKHUHG�IURP�SULYDWH�FRPSDQ\�6WDWH8QLYHUVLW\�FRP

ZKR�SURYLGH�WKH�RQO\�SXEOLFO\�DYDLODEOH�HQUROOPHQW�GDWD�IRU�WKH�WRS�����UDQNHG�FROOHJHV�DFURVV

WKH�QDWLRQ��3ROLWLFDO�DIILOLDWLRQ�GDWD�ZDV�SURYLGHG�E\�0,7¶V�(OHFWLRQ�'DWD�6FLHQFH�/DE�ZKLFK

FRQWDLQHG�FRXQW\�OHYHO�UHVXOWV�IRU�SUHVLGHQWLDO�HOHFWLRQV�IURP������WR������ $GGLWLRQDOO\��D
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GDWDVHW�ZLWK�WRWDO�SRSXODWLRQ�E\�FRXQW\�DQG�D�GDWDVHW�ZLWK�QXPEHU�RI�YRWHV�FDVW�IRU�HDFK�SDUW\�LQ

WKH������HOHFWLRQ�ZHUH�DFTXLUHG�IURP�WKH�86�&HQVXV�%XUHDX�

%� 'DWD�&OHDQLQJ���([SORUDWRU\�'DWD�$QDO\VLV

7KH�FROOHJH�GDWDVHW�ZDV�IDLUO\�ZHOO�PDLQWDLQHG�EXW�UHTXLUHG�VXEVWDQWLDO�PHUJLQJ�WR

FRPELQH�FROOHJH�FDVH�GDWD�ZLWK�HQUROOPHQW�QXPEHUV�LQ�������PDVN�XVH�GDWD�LQ�WKH�VXUURXQGLQJ

FRXQWLHV��DQG�HOHFWLRQ�UHVXOWV�RI�WKH�VXUURXQGLQJ�FRXQWLHV��$IWHU�LQLWLDO�GDWD�W\SH�FRUUHFWLRQ�DQG

ILOWHULQJ�IRU�HOHFWLRQ�UHVXOWV�LQ������RQO\��1$�YDOXHV�ZHUH�DGGUHVVHG�YLD�PHGLDQ�LPSXWDWLRQ�

0HGLDQ�LPSXWDWLRQ�ZDV�FKRVHQ�DV�DQ�DOWHUQDWLYH�WR�PHDQ�LPSXWDWLRQ�WR�SUHVHUYH�PRUH�RI�WKH

GDWD¶V�LQWHJULW\�ZLWKRXW�ORVLQJ�REVHUYDWLRQV�VR�DV�WR�DQDO\]H�DV�PDQ\�FROOHJHV�DV�SRVVLEOH��$IWHU

FOHDQLQJ��FROOHJH�&29,'����FDVH�GDWD�ZDV�MRLQHG�ZLWK�HQUROOPHQW�DQG�PDVN�XVDJH�GDWD�E\

³FRXQW\�QDPH´�DQG�³VWDWH´��&DVH�UDWH�ZDV�DJDLQ�FDOFXODWHG�E\�GLYLGLQJ�WRWDO�QXPEHU�RI�FDVHV�E\

VWXGHQW�HQUROOPHQW�QXPEHUV�LQ�������7KH�SULVRQ�GDWDVHW�XQGHUZHQW�D�YHU\�VLPLODU�FOHDQLQJ

SURFHVV�LQ�RUGHU�WR�MRLQ�IDFLOLW\�GDWD�VXFK�DV�LQPDWH�SRSXODWLRQ��FDVH�UDWHV��DQG�IDFLOLW\�W\SH�ZLWK

H[WHUQDO�GDWD�VXFK�DV�VXUURXQGLQJ�FRXQW\�PDVN�XVDJH�DQG�SROLWLFDO�OHDQLQJ�

7R�HYDOXDWH�GLIIHULQJ�FRYLG�FDVH�DQG�GHDWK�UDWHV�EHWZHHQ�JURXSV�RI�FRXQWLHV�EDVHG�RQ

IUHTXHQF\�RI�PDVNLQJ��WKH�PDVN�GDWDVHW��FRXQW\�SRSXODWLRQ�GDWDVHW��DV�ZHOO�DV�WKH�FRYLG�FDVH�DQG

GHDWK�QXPEHUV�ZHUH�XWLOL]HG��)RU�HDFK�GDWDVHW��WKH�FROXPQ�QDPH�FRUUHVSRQGLQJ�WR�WKH�ILSV�FRXQW\

FRGH�ZDV�QDPHG�³ILSV´�DQG�WUDQVIRUPHG�WR�D�QXPHULF�YDOXH�LI�QHFHVVDU\�LQ�RUGHU�WR�PHUJH�WKH

WKUHH�GDWDVHWV��2QFH�PHUJHG��WKH�FRYLG�FDVH�UDWH�ZDV�FDOFXODWHG�E\�GLYLGLQJ�WKH�QXPEHU�RI

FRQILUPHG�FDVHV�REWDLQHG�IURP�WKH�FRYLG�GDWDVHW�E\�WKH�WRWDO�SRSXODWLRQ�IURP�HDFK�FRXQW\�JLYHQ

E\�WKH�&HQVXV�%XUHDX�GDWDVHW��7KH�VDPH�SURFHVV�ZDV�XVHG�WR�FDOFXODWH�WKH�FRYLG�GHDWK�UDWH��7KH

URZV�ZHUH�WKHQ�DUUDQJHG�IURP�KLJKHVW�WR�ORZHVW�IRU�WKH�SURSRUWLRQ�RI�SHRSOH�ZKR�DQVZHUHG
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³QHYHU´�LQ�UHVSRQVH�WR�KRZ�RIWHQ�WKH\�ZRUH�PDVNV��FRXQWLHV�ZLWK�FDVHV�RU�GHDWKV�OLVWHG�DV�1$

ZHUH�GURSSHG�WR�DYRLG�PLVVLQJ�YDOXHV��DQG�WKH�WRS����UHVXOWLQJ�FRXQWLHV�ZHUH�VHOHFWHG�DQG�LQSXW

LQWR�D�VHSDUDWH�GDWDVHW�WR�UHSUHVHQW�D�VXEVHW�RI�FRXQWLHV�ZLWK�ORZ�PDVN�XVDJH��7KH�VDPH�SURFHVV

ZDV�UHSHDWHG��H[FHSW�ZLWK�FRXQWLHV�ZKR�DQVZHUHG�³DOZD\V´�LQ�UHVSRQVH�WR�KRZ�RIWHQ�WKH\�ZRUH

PDVNV��WR�ILQG�WKH����FRXQWLHV�ZLWK�WKH�KLJKHVW�PDVN�XVDJH��7KHVH�WZR�VHSDUDWH�GDWDVHWV�ZHUH

WKHQ�FRPELQHG�LQWR�D�ILQDO�GDWDVHW��ZLWK�WKH�ORZ�PDVN�FRXQWLHV�DQG�KLJK�PDVN�FRXQWLHV�ODEHOHG

DFFRUGLQJO\��DORQJ�ZLWK�WKHLU�UHVSHFWLYH�FRUUHVSRQGLQJ�FRYLG�FDVH�DQG�GHDWK�UDWHV��/DVWO\��ZH

PHUJHG�WKH�FRXQWLHV�GDWDVHW�ZLWK�GDWDVHWV�FRQWDLQLQJ�LQIRUPDWLRQ�UHJDUGLQJ�KRZ�WKH�FRXQW\�YRWHG

LQ�WKH������SUHVLGHQWLDO�HOHFWLRQ��DV�ZHOO�DV�LQIRUPDWLRQ�UHJDUGLQJ�KRZ�WKH�VWDWH�WKH�FRXQW\�LV

ORFDWHG�LQ�YRWHG�LQ�WKH������SUHVLGHQWLDO�HOHFWLRQ�

([SORUDWRU\�'DWD�$QDO\VLV

,QLWLDO�H[SORUDWRU\�GDWD�DQDO\VLV�RIIHUV�LQWHUHVWLQJ LQVLJKW�LQWR�SDWWHUQV�EHWZHHQ�WKHVH

YDULDEOHV��)LJXUH���KLJKOLJKWV�&29,'����LQIHFWLRQ�UDWHV�YHUVXV�WKH�SHUFHQWDJH�RI�D�FRXQW\�WKDW

DOZD\V�ZHDUV�PDVNV��VKRZLQJ�WKDW�PRVW�FRXQWLHV�ZLWK�D�KLJK�PDVN�XVDJH�UDWH�DOVR�YRWHG

'HPRFUDWLF�LQ�WKH������HOHFWLRQ��+RZHYHU��WKLV�SORW�GRHVQ¶W�QHFHVVDULO\�LQGLFDWH�D�VWURQJ�OLQHDU

UHODWLRQVKLS�EHWZHHQ�LQIHFWLRQ�PDVN�XVDJH�DQG�LQIHFWLRQ�UDWH�

)LJXUH��
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$�VHULHV�RI�ER[SORWV�H[DPLQH�WKH�GLIIHUHQFH�LQ�PHDQ�FDVH�UDWHV�DFURVV�GLIIHUHQW

VXEJURXSV��)RU�FRXQWLHV�DQG�VWDWHV�WKDW�YRWHG�5HSXEOLFDQ�LQ�WKH������HOHFWLRQ��WKH�DYHUDJH

&29,'����LQIHFWLRQ�UDWH�LV�VOLJKWO\�KLJKHU�WKDQ�FRXQWLHV�DQG�VWDWHV�WKDW�YRWHG�'HPRFUDWLF�

5HSXEOLFDQ�FRXQWLHV�DOVR�WHQGHG�WR�KDYH�D�ZLGHU�UDQJH�RI�LQIHFWLRQ�UDWHV�WKDQ�'HPRFUDWLF

FRXQWLHV��ZKLFK�UDLVHV�TXHVWLRQV�DERXW�WKH�VRFLRHFRQRPLF�DQG�GHPRJUDSKLF�FRPSRVLWLRQ�RI�WKH

WZR�JURXSV�RI�FRXQWLHV�

)LJXUH��

)RU�FRXQWLHV�DQG�VWDWHV�WKDW�YRWHG�5HSXEOLFDQ�LQ�WKH������HOHFWLRQ��WKH�PDVN�XVDJH�UDWH�LV

ORZHU�RQ�DYHUDJH�WKDQ�IRU�FRXQWLHV�DQG�VWDWHV�WKDW�YRWHG�'HPRFUDWLF��$�PHGLDQ�RI�����RI

FRXQWLHV�WKDW�YRWHG�'HPRFUDW�UHSRUWHG�DOZD\V�ZHDULQJ�PDVNV��ZKLOH�D�PHGLDQ�RI�����RI

FRXQWLHV�WKDW�YRWHG�5HSXEOLFDQ�UHSRUWHG�DOZD\V�ZHDULQJ�PDVNV�

)LJXUH��
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&ROOHJH�/HYHO�5HODWLRQVKLSV

)LJXUH��

6LPLODU�UHODWLRQVKLSV�ZHUH�YLVXDOL]HG�DW�WKH�FROOHJH�OHYHO��)LJXUH���LOOXVWUDWHV�&29,'���

LQIHFWLRQ�UDWH�DJDLQVW�SROLWLFDO�OHDQLQJ�RI�WKH�VXUURXQGLQJ�FRXQW\�XVLQJ�D�FROOHJH¶V�&29,'���

UDWH��7KH�VDPH�WUHQG�KROGV�RI�FROOHJHV�LQ�5HSXEOLFDQ�YRWLQJ�FRXQWLHV�VHHLQJ�KLJKHU�LQIHFWLRQ�UDWHV

RQ�DYHUDJH�WKDQ�FROOHJHV�LQ�'HPRFUDWLF�FRXQWLHV��,W�LV�LQWHUHVWLQJ�WR�FRPSDUH�WKHVH�UDWHV�WR�WKRVH

RI�WKH�VXUURXQGLQJ�FRXQW\�WR�SLQSRLQW�KRZ�VLPLODU�D�FROOHJH¶V�LQIHFWLRQ�UDWH�LV�WR�WKHLU�FRXQW\
V

LQIHFWLRQ�UDWH��$UH�WKH�FDPSXV�ERXQGDULHV�IDLUO\�SRURXV"�,V�WKHUH�VLJQLILFDQW�RYHUODS�EHWZHHQ�WKH

FROOHJH�SRSXODWLRQ�DQG�WKH�FRXQW\�SRSXODWLRQ�WKDW�ZRXOG�OHDG�WR�KLJK�WUDQVPLVVLRQ�UDWHV�EHWZHHQ

WKH�JURXSV"�2U�LV�WKH�FROOHJH�IDLUO\�VHOI�FRQWDLQHG"�)URP�WKHVH�SORWV�LW�DSSHDUV�WKDW�RQ�DYHUDJH�D

FDPSXVHV�LQIHFWLRQ�UDWHV�PLUURU�WKRVH�RI�LWV�VXUURXQGLQJ�FRXQW\��EXW�WKH�YDULDQFH�RQ�FDPSXVHV�LV

ODUJHU��7KLV�PDNHV�VHQVH�JLYHQ�WKDW�FROOHJH¶V�PDNH�VHSDUDWH�&29,'����SUHYHQWLRQ�SODQV�WKDQ

WKHLU�ORFDO�JRYHUQPHQW�
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)LJXUH��

)LJXUH���H[DPLQHV�PDQ\�RI�WKHVH�UHODWLRQVKLSV�VLPXOWDQHRXVO\�E\�JUDSKLFDOO\�GHSLFWLQJ

&29,'����FDVH�UDWHV�LQ�FROOHJHV�DJDLQVW�WKH�SHUFHQW�RI�WKH�VWDWH�WKDW�DOZD\V�ZHDUV�D�PDVN�

&RXQWLHV�DUH�FRORUHG�E\�WKHLU�SROLWLFDO�UHVXOWV�LQ�WKH������HOHFWLRQ�DQG�VL]H�RI�WKH�SRLQW�YDULHV�E\

FDVH�UDWH��$V�VHHQ��PDQ\�'HPRFUDWLF�FRXQWLHV��LQ�EOXH��H[LVW�LQ�WKH�XSSHU�OHIW�FRUQHU�RI�WKH�SORW

ZKHUH�FDVHV�DUH�ORZ�DQG�PDVN�XVDJH�LV�KLJK���VXSSRUWLQJ�WKH�K\SRWKHVLV�WKDW�'HPRFUDWLF�FRXQWLHV

WHQG�WR�KDYH�KLJKHU�UDWHV�RI�PDVN�XVDJH�WKDQ�5HSXEOLFDQ�FRXQWLHV��7KLV�SORW�DOVR�RIIHUV�SURPLVLQJ

HDUO\�HYLGHQFH�RI�D�QHJDWLYH�OLQHDU�FRUUHODWLRQ�EHWZHHQ�PDVN�XVH�DQG�LQIHFWLRQ�UDWHV�WR�VXSSRUW

WKH�FODLP�WKDW�PDVNV�'2�ZRUN�LQ�PLWLJDWLQJ�WKH�ULVN�RI�&29,'����

3ULVRQ�/HYHO�5HODWLRQVKLSV

%DVLF�ER[SORWV�ZHUH�DOVR�JHQHUDWHG�WR�H[DPLQH�WKH�UHODWLRQVKLS�EHWZHHQ�WKHVH�YDULDEOHV�LQ

SULVRQV��3ULVRQV�ZLWK�ODUJH�SRSXODWLRQV�VHHP�WR�KDYH�D�VOLJKWO\�KLJKHU�LQIHFWLRQ�UDWH�WKDQ�SULVRQV

ZLWK�VPDOO�SRSXODWLRQV�DW�DURXQG�����DQG�����UHVSHFWLYHO\�



�

)LJXUH��

)LQDOO\��)LJXUH���LOOXVWUDWHV�WKH�UHODWLRQVKLS�EHWZHHQ�SULVRQ�LQIHFWLRQ�UDWHV�DQG�WKH

SROLWLFDO�DIILOLDWLRQ�RI�WKHLU�VXUURXQGLQJ�FRXQW\��3ULVRQV�ORFDWHG�LQ�FRXQWLHV�WKDW�YRWHG�5HSXEOLFDQ

LQ�WKH������HOHFWLRQ�DSSHDU�WR�KDYH�D�VOLJKWO\�KLJKHU�PHDQ�&29,'����LQIHFWLRQ�UDWH�WKDQ�WKH

SULVRQV�ORFDWHG�LQ�FRXQWLHV�WKDW�YRWHG�'HPRFUDWLF��7KHVH�UHODWLRQVKLSV�DUH�H[SORUHG�PRUH�LQ�WKH

PRGHOV�

)LJXUH��
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,,,��$QDO\VLV�DQG�6WDWLVWLFDO�0HWKRGV

$� &RQGLWLRQDO�3UREDELOLW\�0RGHOV

2QH�LQLWLDO�PHWKRG�XVHG�WR�PHDVXUH�WKHVH�UHODWLRQVKLSV�DW�WKH�FRXQW\�OHYHO�ZDV

FRQGLWLRQDO�SUREDELOLW\�PRGHOV��&RQGLWLRQDO�SUREDELOLWLHV�PHDVXUH�WKH�SUREDELOLW\�WKDW�DQ�HYHQW

RFFXUV��JLYHQ�WKH�SUREDELOLW\�WKDW�DQRWKHU�HYHQW�KDV�DOUHDG\�RFFXUUHG��7KH�FRQGLWLRQDO�SUREDELOLW\

ZDV�XWLOL]HG�WR�GHWHUPLQH�LI�PDVN�XVDJH�DV�ZHOO�DV�LI�WKH�SROLWLFDO�OHDQLQJ�RI�D�FRXQW\�KDG�DQ

HIIHFW�RQ�FRYLG�FDVH�UDWHV�

%� +\SRWKHVLV�7HVWLQJ

+\SRWKHVLV�WHVWLQJ�LV�XVHIXO�LQ�GHWHUPLQLQJ�ZKHWKHU�WKH�GLIIHUHQFH�EHWZHHQ�D�QXPHULFDO

PHDVXUH�LQYROYLQJ�WZR�RU�PRUH�JURXSV�LV�VWDWLVWLFDOO\�VLJQLILFDQW��,Q�K\SRWKHVLV�WHVWLQJ��D�QXOO

K\SRWKHVLV�LV�GHILQHG�LQ�UHIHUHQFH�WR�D�SDUWLFXODU�TXHVWLRQ�WKDW�FDQ�EH�DQVZHUHG�ZLWK�VWDWLVWLFDO

DQDO\VLV��$Q�DOWHUQDWLYH�K\SRWKHVLV�LV�WKHQ�GHFODUHG�LQ�RSSRVLWLRQ�WR�WKDW�QXOO�K\SRWKHVLV��7KH�QXOO

K\SRWKHVLV�FDQ�EH�UHMHFWHG�RQO\�LI�LW�IDOOV�EHORZ�D�FHUWDLQ�VLJQLILFDQFH�OHYHO��7KH�VLJQLILFDQFH

OHYHO�LV�WKH�SUREDELOLW\�WKDW�D�JLYHQ�UHVXOW�RFFXUV�JLYHQ�WKDW�WKH�QXOO�K\SRWKHVLV�LV�WUXH��$

SHUPXWDWLRQ�WHVW�LV�RQH�SDUWLFXODU�PHWKRG�RI�K\SRWKHVLV�WHVWLQJ��7R�FRQGXFW�D�SHUPXWDWLRQ�WHVW�

WKHUH�PXVW�EH�WZR�RU�PRUH�FDWHJRULHV�ZLWK�FRUUHVSRQGLQJ�QXPHULFDO�YDOXHV��7KH�QXPHULFDO�YDOXHV

DUH�WKHQ�UDQGRPO\�UHDVVLJQHG�DPRQJ�WKH�YDULRXV�FDWHJRULHV��7KLV�UDQGRP�UHDVVLJQPHQW�SURFHVV�LV

UHSHDWHG�IRU�D�ODUJH�QXPEHU�RI�LWHUDWLRQV�WR�SURGXFH�D�GLVWULEXWLRQ�RI�YDOXHV��,I�WKH�RULJLQDO�YDOXH

IDOOV�VXIILFLHQWO\�ZLWKLQ�WKLV�GLVWULEXWLRQ�DV�GHWHUPLQHG�E\�WKH�VLJQLILFDQFH�OHYHO��WKHQ�WKH�QXOO

K\SRWKHVLV�FDQ�EH�DFFHSWHG�
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:LWKLQ�WKH�FRQWH[W�RI�WKH�&29,'�DQDO\VLV��WKHUH�DUH�WZR�GLIIHUHQW�DYHUDJH�FRYLG�FDVH

UDWHV�EHWZHHQ�FRXQWLHV�ZLWK�KLJK�PDVN�XVDJH�DQG�FRXQWLHV�ZLWK�ORZ�PDVN�XVDJH��7KH�QXOO

K\SRWKHVLV�LV�WKDW�WKH�PHDQ�FRYLG�FDVH�UDWH�LV�WKH�VDPH�EHWZHHQ�WKH�WZR�GLIIHUHQW�JURXSV�RI

FRXQWLHV��7KH�DOWHUQDWLYH�K\SRWKHVLV�LV�WKDW�WKH�FRYLG�FDVH�UDWH�LQ�WKH�JURXS�RI�FRXQWLHV�ZLWK�KLJK

PDVN�XVDJH�LV�ORZHU�WKDQ�WKH�JURXS�RI�FRXQWLHV�ZLWK�ORZ�PDVN�XVDJH��7R�WHVW�WKLV�K\SRWKHVLV��WKH

DFWXDO�GLIIHUHQFH�EHWZHHQ�WKH�DYHUDJH�FRYLG�FDVH�UDWH�RI�WKH�ORZ�PDVN�XVDJH�FRXQWLHV�DQG�KLJK

PDVN�XVDJH�FRXQWLHV�ZDV�FDOFXODWHG��7KH�UHVXOWLQJ�GLIIHUHQFH�LQ�PHDQV�ZDV�IRXQG�WR�EH

��������������7R�FRQGXFW�WKH�SHUPXWDWLRQV��HDFK�FRYLG�FDVH�UDWH�IURP�D�SDUWLFXODU�FRXQW\�ZDV

UDQGRPO\�UHDVVLJQHG�WR�HLWKHU�D��³ORZ�PDVN�XVDJH´�RU�³KLJK�PDVN�XVDJH´�FRXQW\��7KH�GLIIHUHQFH

RI�WKH�PHDQ�RI�WKH�ORZ�PDVN�XVDJH�GDWDVHW�E\�WKH�KLJK�PDVN�XVDJH�GDWDVHW�ZDV�WKHQ�FDOFXODWHG

IRU�HDFK�SHUPXWDWLRQ��7KLV�SURFHVV�ZDV�WKHQ�UHSHDWHG������WLPHV��,I�WKH�WZR�JURXSV�KDYH�WKH

VDPH�PHDQ�FDVH�UDWH��LW�VKRXOG�IROORZ�WKDW�WKH�GLIIHUHQFH�EHWZHHQ�WKH�WZR�PHDQV�VKRXOG�EH���RQ

DYHUDJH��7KH�DFWXDO�GLIIHUHQFH�LQ�WKH�JURXSV¶�PHDQ�FDVH�UDWHV�PXVW�WKHQ�EH�HYDOXDWHG�WR�WKH

GLVWULEXWLRQ�RI�WKH�PHDQ�GLIIHUHQFH�LQ�SHUPXWDWLRQV��7KH�H[DFW�VDPH�SURFHVV�ZDV�XWLOL]HG�WR

FRPSDUH�WKH�DYHUDJH�FRYLG�GHDWK�UDWHV�EHWZHHQ�WKH�WZR�JURXSV�RI�FRXQWLHV�

&� &RQILGHQFH�,QWHUYDOV

$�FRQILGHQFH�LQWHUYDO�GHILQHV�D�UDQJH�WKDW�D�JLYHQ�SDUDPHWHU�ZLOO�IDOO�LQWR�ZLWKLQ�D

VSHFLILHG�SUREDELOLW\��,Q�ERRWVWUDS�VDPSOLQJ��WKH�YDOXHV�IURP�D�GDWDVHW�DUH�UHVDPSOHG�ZLWK

UHSODFHPHQW�WR�FUHDWH�D�QHZ�GDWDVHW�WKDW�LV�WKH�VDPH�VL]H�DV�WKH�RULJLQDO��$�VWDWLVWLF�IURP�WKLV

GDWDVHW�LV�WKHQ�FDOFXODWHG��ZKLFK�LV�XVXDOO\�WKH�PHDQ�RU�PHGLDQ��7KH�SURFHVV�LV�WKHQ�UHSHDWHG

PDQ\�WLPHV��XQWLO�D�VXIILFLHQW�GLVWULEXWLRQ�RI�WKH�FDOFXODWHG�VWDWLVWLFV�LV�SURGXFHG�

:LWKLQ�WKH�FRQWH[W�RI�WKH�&29,'�DQDO\VLV��FRQILGHQFH�LQWHUYDOV ZHUH�FDOFXODWHG�WR

FRPSDUH�WKH�PHDQ�GLIIHUHQFH�LQ�FDVH�UDWHV�DFURVV�VXEVHWV�RI�WKH�FROOHJH�DQG�SULVRQ�SRSXODWLRQV�
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%RRWVWUDS�VDPSOLQJ�ZDV�XVHG�IRU�WKLV�SURFHVV�WR�ILQG�WKH�PHDQ�RI�GDWD�VXEVHWV��FDOFXODWH�WKH

GLIIHUHQFH�RI�PHDQV��DQG�WKHQ�JHQHUDWH�WKH����DQG�����TXDQWLOHV�RI�WKDW�ERRWVWUDS�PHDQ

GLIIHUHQFH��%RRWVWUDS�VDPSOLQJ�ZDV�XVHG�EHFDXVH�WKH�FROOHJH�FDVH�UDWH�GDWD�ZDV�QRW�QRUPDOO\

GLVWULEXWHG�DQG�WKH�GDWDVHWV�ZHUH�ODUJH�

6XEVHWV�ZHUH�FRQVWUXFWHG�IRU�WKH�FROOHJH�FDVH�UDWH�GDWD�IRU�VFKRRO�VL]H��SROLWLFDO�OHDQLQJ�

DQG�PDVN�XVDJH���7KH�VFKRRO�VL]H�VXEVHWV�FRQVLVWHG�RI�VPDOO�DQG�ODUJH�VFKRRO�VXEVHWV��7KH�VPDOO

VFKRROV¶�VXEVHW�FRQWDLQV�WKH�FDVH�UDWHV�RI�FROOHJHV�ZLWK�OHVV�WKDQ�RU�HTXDO�WR�������HQUROOHG�IRU

������7KH�ELJ�VFKRROV¶�VXEVHW�FRQWDLQV�WKH�FDVH�UDWHV�RI�FROOHJHV�ZLWK�PRUH�WKDQ�������HQUROOHG

IRU�������7KH�SROLWLFDO�OHDQLQJ�VXEVHWV�FRQVLVWHG�RI�WKH�FDVH�UDWHV�RI�FROOHJHV�LQ

5HSXEOLFDQ�YRWLQJ�FRXQWLHV�DQG�RI�FROOHJHV�LQ�'HPRFUDWLF�YRWLQJ�FRXQWLHV�LQ�WKH�����

SUHVLGHQWLDO�HOHFWLRQ��7KH�PDVN�XVDJH�VXEVHWV�FRQVLVWHG�RI�D�KLJK�DQG�ORZ�PDVN�XVDJH�VXEVHWV�

7KH�KLJK�PDVN�XVDJH�VXEVHW�FRQWDLQV�FDVH�UDWHV�RI�FROOHJHV�ZKHUH�WKH�VXUURXQGLQJ�FRXQW\�KDV�D

YDOXH�JUHDWHU�WKDQ�����IRU�³$OZD\V´�ZHDULQJ�D�PDVN��7KH�ORZ�PDVN�XVDJH�VXEVHW�FRQWDLQV�FDVH

UDWHV�RI�FROOHJHV�ZKHUH�WKH�VXUURXQGLQJ�FRXQW\�KDV�D�YDOXH�RI�����RU�OHVV�IRU�³$OZD\V´�ZHDULQJ�D

PDVN�

6XEVHWV�ZHUH�FRQVWUXFWHG�RI�WKH�SULVRQ�FDVH�UDWH�GDWD�IRU�SULVRQ�VL]H��SROLWLFDO�OHDQLQJ��DQG

VWDWH�YV��IHGHUDO�SULVRQV��7KH�SULVRQ�VL]H�VXEVHWV�FRQVLVWHG�RI�D�VPDOO�DQG�ODUJH�SULVRQ�VXEVHW��7KH

VPDOO�SULVRQV�VXEVHW�FRQWDLQV�WKH�FDVH�UDWHV�RI�SULVRQV�ZLWK�SRSXODWLRQV�RI�OHVV�WKDQ������7KH�ELJ

SULVRQV�VXEVHW�FRQWDLQV�WKH�FDVH�UDWHV�RI�SULVRQV�ZLWK�SRSXODWLRQV�PRUH�WKDQ�RU�HTXDO�WR������7KH

SROLWLFDO�OHDQLQJ�VXEVHWV�FRQVLVWHG�RI�FDVH�UDWHV�RI�SULVRQV�LQ�5HSXEOLFDQ�YRWLQJ�FRXQWLHV�DQG�RI

SULVRQV�LQ�'HPRFUDWLF�YRWLQJ�FRXQWLHV��7KHQ�WKHUH�LV�WKH�VWDWH�VXEVHW�DQG�IHGHUDO�VXEVHW��7KH�VWDWH

SULVRQV�VXEVHW�FRQWDLQV�WKH�FDVH�UDWHV�RI�SULVRQV�FODVVLILHG�DV��6WDWH�KDOIZD\�KRXVH����6WDWH�ZRUN

FDPS����6WDWH�MXYHQLOH�GHWHQWLRQ����6WDWH�SULVRQ����6WDWH�IDFLOLW\���RU��6WDWH�UHKDELOLWDWLRQ�FHQWHU��



��

7KH�IHGHUDO�SULVRQV�VXEVHW�FRQWDLQV�WKH�FDVH�UDWHV�RI�SULVRQV�FODVVLILHG�DV��'HWHQWLRQ�FHQWHU��

�-XYHQLOH�GHWHQWLRQ�DW�MDLO����)HGHUDO�KDOIZD\�KRXVH����/RZ�VHFXULW\�ZRUN�UHOHDVH����)HGHUDO

SULVRQ����5HVHUYDWLRQ�MDLO���RU��-DLO��

'� 0XOWLYDULDWH�5HJUHVVLRQ�$QDO\VLV

7KH�QH[W�PRGHO�XVHG�WR�DQDO\]H�WKHVH�SDWWHUQV�ZDV�D�PXOWLYDULDWH�OLQHDU�UHJUHVVLRQ�PRGHO�

LPSOHPHQWHG�IRU�ERWK�FROOHJH�DQG�SULVRQ�ULVN�IDFWRUV��0XOWLYDULDWH�UHJUHVVLRQ�LV�D�NH\�VWDWLVWLFDO

WRRO�WR�PHDVXUH�KRZ�OLQHDUO\�UHODWHG�D�SUHGLFWRU�YDULDEOH�LV�ZLWK�D�UHVSRQVH�YDULDEOH��:KHQ

H[DPLQLQJ�ULVN�IDFWRUV�IRU�&29,'����FDVH�UDWHV�LQ�8�6��FROOHJHV�DQG�SULVRQV��LW�LV�D�SRZHUIXO

ZD\�WR�H[DPLQH�KRZ�FDVHV�FKDQJH�EDVHG�RQ�GLIIHUHQW�SUHGLFWRU�YDULDEOHV�VXFK�DV�SRSXODWLRQ�VL]H�

SROLWLFDO�OHDQLQJ��DQG�PDVN�XVDJH�

)RU�&29,'����FDVHV�LQ�8�6��FROOHJHV�DQG�XQLYHUVLWLHV��WKH�FRUH�PRGHO�XVHG�ZDV

&DVHBUDWHL  �᷎� ��᷎� 
�6WDWHL ��᷎� 
�5DQN����L �᷎� 
�(QUROOPHQW����L ���
����᷎� 
�0DVN�8VDJHL ��᷎� 
�(OHFWLRQ�:LQQHUL

ZKHUH��IRU�HDFK�FROOHJH��WKH�QXPEHU�RI�&29,'����FDVHV�SHU�������SHRSOH�ZDV�UHJUHVVHG�DJDLQVW

WKH�FROOHJH¶V�VWDWH��LWV������86�1HZV�5DQNLQJ��LWV������HQUROOPHQW��PDVN�XVDJH�RI�WKH

VXUURXQGLQJ�FRXQW\��DQG�WKH�SROLWLFDO�DIILOLDWLRQ�RI�WKH�VXUURXQGLQJ�FRXQW\�EDVHG�RQ������HOHFWLRQ

UHVXOWV��7KH�VWDWH�YHFWRU�ZDV�D�VHULHV�RI�GXPP\�YDULDEOHV�IRU�HDFK�VWDWH�ZKHUH�³$ODEDPD´�ZDV�LWV

UHIHUHQFH�FDWHJRU\��0DVN�XVDJH�ZDV�WKH�SHUFHQWDJH�RI�WKH�FRXQW\�WKDW�³QHYHU�ZHDUV�PDVNV´�ZKLOH

UDQN�DQG�HQUROOPHQW�ZHUH�FRQWLQXRXV�YDULDEOHV��(OHFWLRQ�ZLQQHU�ZDV�D�FDWHJRULFDO�YDULDEOH�DV

ZHOO���WDNLQJ�RQ�³5HSXEOLFDQ´�RU�³'HPRFUDW´�DV�LWV�OHYHOV���DQG�WKXV�'HPRFUDW�ZDV�WKH�UHIHUHQFH

FDWHJRU\�



��

$�PXOWLYDULDWH�OLQHDU�UHJUHVVLRQ�PRGHO�ZDV�DJDLQ�XVHG�WR�GLYH�GHHSHU�LQWR�ULVN�IDFWRUV�RI

8�6��SULVRQV�DQG�SHQLWHQWLDU\�&29,'����H[SRVXUH��7KH�PDLQ�PRGHO�JHQHUDWHG�ZDV

&DVHBUDWHL  �᷎� ��᷎� 
�)DFLOLW\�7\SHL ��᷎� 
�6WDWHL �᷎� 
�3RSXODWLRQL ���
� ᷎� 
�3ROLWLFDO�3DUW\L ��᷎� 
�&RXQW\�3RSXODWLRQL

ZKHUH�FDVH�UDWH�ZDV�WKH�QXPEHU�RI�&29,'����FDVHV�SHU�������SHRSOH��IDFLOLW\�W\SH�LQFOXGHG�DQ

DUUD\�RI�YDULRXV�VWDWH�RSHUDWHG��IHGHUDOO\�RSHUDWHG��KLJK�VHFXULW\��DQG�ORZ�VHFXULW\�SULVRQV��DQG

VWDWH�ZDV�D�YHFWRU�RI�DOO�86�VWDWHV�XVLQJ�$ODEDPD�DV�WKH�UHIHUHQFH�FDWHJRU\��3RSXODWLRQ�UHIHUV�WR

WKH�ODWHVW�LQPDWH�SRSXODWLRQ�DW�HDFK�SULVRQ��SROLWLFDO�SDUW\�UHIHUV�WR�WKH�SROLWLFDO�OHDQLQJV�RI�WKH

VXUURXQGLQJ�FRXQW\�EDVHG�RQ������HOHFWLRQ�UHVXOWV��DQG�FRXQW\�SRSXODWLRQ�LV�GHILQHG�DV�WKH

SRSXODWLRQ�RI�WKH�VXUURXQGLQJ�FRXQW\�

,9��5HVXOWV

$� &RQGLWLRQDO�3UREDELOLW\�0RGHOV

7KH�UHVXOWV�RI�WKH�FDOFXODWHG�FRQGLWLRQDO�SUREDELOLWLHV�DUH�VKRZQ�EHORZ��7KHVH�ER[HV

GLVSOD\�FRQGLWLRQDO�SUREDELOLWLHV�EDVHG�RQ�WKH�SHUFHQWDJH�RI�D�FRXQW\
V�SRSXODWLRQ�WKDW�UHSRUWHG

WKDW�WKH\�HLWKHU�DOZD\V�ZHDU�D�PDVN�LQ�SXEOLF�RU�WKDW�WKH\�QHYHU�ZHDU�D�PDVN�LQ�SXEOLF��7KH�WZR

SHUFHQWDJHV��³QHYHU´�DQG�³DOZD\V�´�DUH�WZR�VHSDUDWH�YDULDEOHV��DQG�WKH�GLVWULEXWLRQ�RI��HDFK�LV

JLYHQ�LQ�WKHLU�FRUUHVSRQGLQJ�ER[��7KH�ER[�RQ�WKH�OHIW�VKRZV�GDWD�IRU�WKH�FRXQW\¶V�SRSXODWLRQ�WKDW

DOZD\V�ZHDUV�D�PDVN�LQ�SXEOLF��%\�FRPSDULQJ�WKH�GLVWULEXWLRQ�RI�SRSXODWLRQV�WKDW�DOZD\V�ZHDU

PDVNV�WR�KRZ�WKHLU�FRXQW\�YRWHG�LQ�WKH������SUHVLGHQWLDO�HOHFWLRQ��ZH�ZHUH�DEOH�WR�FDOFXODWH�WKH



��

FRQGLWLRQDO�SUREDELOLW\�WKDW�D�FRXQW\�KDG�D�KLJK�LQVWDQFH�RI�PDVN�XVDJH�JLYHQ�WKH\�YRWHG�HLWKHU

5HSXEOLFDQ�RU�'HPRFUDW��)RU�LQVWDQFH��WKH�SUREDELOLW\�WKDW�D�FRXQW\�LV�LQ�WKH�WRS�����WKDW�UHSRUWV

DOZD\V�ZHDULQJ�PDVNV�JLYHQ�WKDW�WKH\�YRWHG�'HPRFUDW�LV������&RQGLWLRQDO�SUREDELOLWLHV�ZHUH

DOVR�FDOFXODWHG�IRU�FRXQWLHV�EDVHG�RQ�WKH�DPRXQW�RI�WKHLU�SRSXODWLRQ�WKDW�UHSRUWHG�QHYHU�ZHDULQJ

PDVNV��%\�ORRNLQJ�DW�WKH�FRQGLWLRQDO�SUREDELOLWLHV�RI�KRZ�PXFK�D�FRXQW\¶V�SRSXODWLRQ�UHSRUWV

HLWKHU�DOZD\V�ZHDULQJ�PDVNV�RU�QHYHU�ZHDULQJ�PDVNV��JLYHQ�WKH\�YRWHG�5HSXEOLFDQ�RU�'HPRFUDW�

ZH�VHH�WKDW�FRXQWLHV�YRWHG�'HPRFUDW�DUH�PRUH�OLNHO\�WR�ZHDU�PDVNV��ZKHUHDV�FRXQWLHV�ZLWK�ORZ

PDVN�XVDJH�DUH�PRUH�OLNHO\�WR�KDYH�YRWHG�5HSXEOLFDQ�

)LJXUH��

%� +\SRWKHVLV�7HVWLQJ
7KH�GLVWULEXWLRQ�RI�WKH�GLIIHUHQFH�RI�PHDQV�IURP�WKH�UDQGRP�SHUPXWDWLRQV�LV�GLVSOD\HG�E\

WKH�KLVWRJUDP�EHORZ��7KH�DFWXDO�GLIIHUHQFH�LQ�PHDQV�EHWZHHQ�WKH�PHDQ�FDVH�UDWH�RI�WKH�ORZ�PDVN

XVDJH�JURXS�DQG�WKH�KLJK�PDVN�XVDJH�JURXS�LV�PDUNHG�E\�WKH�UHG�OLQH��7KH�UHVXOW�LV�WKDW�WKH�DFWXDO

PHDQ�UHVXOW�ZDV�ODUJHU�WKDQ������RI�WKH�PHDQV�IURP�WKH�UDQGRP�SHUPXWDWLRQV��7KLV�LV�OHVV�WKDQ

WKH�VLJQLILFDQFH�OHYHO�RI�����7KXV��WKH�QXOO�K\SRWKHVLV�FDQ�EH�UHMHFWHG�DQG�WKH�DOWHUQDWLYH�FDQ�EH



��

DFFHSWHG��DQG�WKHUHIRUH�WKH�FRQFOXVLRQ�FDQ�EH�UHDFKHG�WKDW�WKH�PHDQ�FDVH�UDWH�LQ�FRXQWLHV�ZLWK

ORZ�PDVN�XVDJH�ZDV�ORZHU�WKDQ�WKDW�RI�FRXQWLHV�ZLWK�KLJK�PDVN�XVDJH�

)LJXUH���

7KH�GLVWULEXWLRQ�RI�WKH�UHVXOW�RI�WKH�VDPH�SURFHVV�IRU�&29,'�GHDWKV�EHWZHHQ�WKH�WZR

JURXSV�RI�FRXQWLHV�LV�GLVSOD\HG�EHORZ��=HUR�RI�WKH�PHDQ�GLIIHUHQFHV�IURP�WKH�UDQGRP

SHUPXWDWLRQV�ZHUH�JUHDWHU�WKDQ�WKH�DFWXDO�GLIIHUHQFH�RI�WKH�FRXQWLHV��7KLV�OHDYHV�XV�ZLWK�D

S�YDOXH�RI����ZKLFK�LV�ORZHU�WKDQ�WKH�VLJQLILFDQFH�OHYHO�RI�����6LQFH�WKH�S�YDOXH�LV�ORZ��ZH�FDQ

UHMHFW�WKH�QXOO�K\SRWKHVLV�DQG�DFFHSW�WKH�DOWHUQDWLYH��DQG�FRQFOXGH�WKDW�WKH�PHDQ�FRYLG�GHDWK�UDWH

LV�ORZHU�LQ�FRXQWLHV�ZLWK�KLJKHU�PDVN�XVH�



��

)LJXUH���

&� &RQILGHQFH�,QWHUYDOV

7KH�����FRQILGHQFH�LQWHUYDO�IRU�WKH�PHDQ�GLIIHUHQFH�LQ�FROOHJH�FDVH�UDWHV�EHWZHHQ�ELJ

DQG�VPDOO�VFKRROV�LV ����������

��������� =HUR�LV�FRQWDLQHG�LQ�WKLV

FRQILGHQFH�LQWHUYDO���7KLV�VXJJHVWV

WKDW�WKHUH�LVQ¶W�D�GLIIHUHQFH�EHWZHHQ

WKH�PHDQ�RI�FDVH�UDWHV�IURP�ODUJH

FROOHJHV�DQG�WKH�PHDQ�RI�FDVH�UDWHV

IURP�VPDOO�FROOHJHV��7KHUH�LV����

FHUWDLQW\�WKDW�WKLV�FRQILGHQFH�LQWHUYDO

FRQWDLQV�WKH�WUXH�GLIIHUHQFH�LQ�PHDQ

RI�FDVH�UDWHV�EHWZHHQ�WKH�ODUJH�DQG

VPDOO�VFKRROV�
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7KH�����FRQILGHQFH�LQWHUYDO�IRU�WKH�PHDQ�GLIIHUHQFH�LQ�FROOHJH�FDVH�UDWHV�EHWZHHQ

FROOHJHV�LQ�5HSXEOLFDQ�YRWLQJ�FRXQWLHV�DQG�RI�FROOHJHV�LQ�'HPRFUDWLF�YRWLQJ�FRXQWLHV�LV

�������������������� =HUR�LV�FRQWDLQHG�LQ�WKLV�FRQILGHQFH LQWHUYDO��7KLV�VXJJHVWV�WKDW�WKHUH�LVQ¶W�D

GLIIHUHQFH�EHWZHHQ�WKH�PHDQ�RI�FROOHJH�FDVH�UDWHV�RI�FROOHJHV�LQ�FRXQWLHV�WKDW�YRWHG�'HPRFUDW�LQ

�����DQG�WKH�PHDQ�RI�WKH�FROOHJH�FDVH�UDWHV�RI�FROOHJHV�LQ�FRXQWLHV�WKDW�YRWHG�5HSXEOLFDQ�LQ

�����

7KH�����FRQILGHQFH�LQWHUYDO�IRU�WKH�PHDQ�GLIIHUHQFH�LQ�FROOHJH�FDVH�UDWHV�EHWZHHQ

FROOHJHV�LQ�KLJK�PDVN�XVDJH�FRXQWLHV�DQG�RI�FROOHJHV�LQ�ORZ�PDVN�XVDJH�FRXQWLHV�LV ����������

���������� =HUR�LV QRW FRQWDLQHG�LQ�WKLV�FRQILGHQFH LQWHUYDO��7KLV�LPSOLHV�WKDW�WKHUH�LV�D�GLIIHUHQFH

EHWZHHQ�WKH�PHDQ�RI�FDVH�UDWHV�RI�FROOHJHV�LQ�KLJK�PDVN�XVDJH�FRXQWLHV�DQG�WKH�PHDQ�RI�FDVH

UDWHV�RI�FROOHJHV�LQ�ORZ�PDVN�XVDJH�FRXQWLHV���7KLV�VXJJHVWV�WKDW�FROOHJHV�LQ�FRXQWLHV�ZLWK�ORZ

PDVN�XVDJH�KDYH�KLJKHU�FDVH�UDWHV�WKDQ�WKH�FROOHJHV�LQ�FRXQWLHV�ZLWK�KLJK�PDVN�XVDJH�

7KH�����FRQILGHQFH�LQWHUYDO�IRU�WKH�PHDQ�GLIIHUHQFH�LQ�SULVRQ�FDVH�UDWHV�EHWZHHQ�ELJ�DQG

VPDOO�SULVRQV�LV ������������������� =HUR�LV QRW FRQWDLQHG LQ�WKLV�FRQILGHQFH�LQWHUYDO���7KLV

LPSOLHV�WKDW�WKHUH�LV�D�GLIIHUHQFH�EHWZHHQ�WKH�PHDQ�RI�FDVH�UDWHV�IURP�ODUJH�SULVRQV�DQG�WKH�PHDQ

RI�FDVH�UDWHV�IURP�VPDOO�SULVRQV��7KLV�VXJJHVWV�WKDW�ODUJH�SULVRQV�KDYH�KLJKHU�FDVH�UDWHV�WKDQ

VPDOO�SULVRQV�

7KH�����FRQILGHQFH�LQWHUYDO�IRU�WKH�PHDQ�GLIIHUHQFH�LQ�SULVRQ�FDVH�UDWHV�EHWZHHQ�SULVRQV

LQ�5HSXEOLFDQ�YRWLQJ�FRXQWLHV�DQG�RI�SULVRQV�LQ�'HPRFUDWLF�YRWLQJ�FRXQWLHV�LV ���������

��������� =HUR�LV QRW FRQWDLQHG�LQ�WKLV�FRQILGHQFH LQWHUYDO���7KLV�LPSOLHV�WKDW�WKHUH�LV�D�GLIIHUHQFH

EHWZHHQ�WKH�PHDQ�RI�SULVRQ�FDVH�UDWHV�RI�SULVRQV�LQ�FRXQWLHV�WKDW�YRWHG�'HPRFUDW�LQ������DQG�WKH

PHDQ�RI�WKH�SULVRQ�FDVH�UDWHV�RI�SULVRQV�LQ�FRXQWLHV�WKDW�YRWHG�5HSXEOLFDQ�LQ�������7KLV�VXJJHVWV
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WKDW�SULVRQV�LQ�FRXQWLHV�WKDW�YRWHG�5HSXEOLFDQ�KDYH�KLJKHU�FDVH�UDWHV�WKDQ�SULVRQV�LQ�FRXQWLHV�WKDW

YRWHG�'HPRFUDWLF�

7KH�����FRQILGHQFH�LQWHUYDO

IRU�WKH�PHDQ�GLIIHUHQFH�LQ�SULVRQ

FDVH�UDWHV�EHWZHHQ�VWDWH�DQG�IHGHUDO

SULVRQV�LV �������������������� =HUR

LV�FRQWDLQHG�LQ�WKLV�FRQILGHQFH

LQWHUYDO��7KLV�VXJJHVWV�WKDW�WKHUH

LVQ¶W�D�GLIIHUHQFH�EHWZHHQ�WKH�PHDQ

RI�FDVH�UDWHV�LQ�SULVRQV�SUHYLRXVO\

FODVVLILHG�DV�VWDWH�SULVRQV�DQG�WKH

PHDQ�RI�FDVH�UDWHV�LQ�SULVRQV

SUHYLRXVO\�FODVVLILHG�DV�IHGHUDO

SULVRQV�

7KHVH�FRQILGHQFH�LQWHUYDOV

VXJJHVW�WKDW�PDVN�XVDJH��SULVRQ�VL]H�DQG�WKH�SROLWLFDO�OHDQLQJ�RI�WKH�FRXQW\�WKH�SULVRQ�LV�ORFDWHG

LQ�DUH�VLJQLILFDQW�IDFWRUV�IRU�WKH�YXOQHUDELOLW\�RI�FRYLG�LQIHFWLRQ�UDWH��6WXGHQWV�DW�FROOHJHV�LQ

FRXQWLHV�ZLWK�ORZ�PDVN�XVDJH�DUH�DW�D�JUHDWHU�ULVN�IRU�FRYLG�LQIHFWLRQ�WKDQ�VWXGHQWV�DW�FROOHJHV�LQ

FRXQWLHV�ZLWK�KLJK�PDVN�XVDJH��,QPDWHV�DW�ELJ�SULVRQV�DUH�PRUH�DW�ULVN�RI�FDWFKLQJ�FRYLG�WKDQ�DW

VPDOO�SULVRQV��3ULVRQV�LQ�FRXQWLHV�WKDW�YRWHG�UHSXEOLFDQ�LQ�WKH������HOHFWLRQ�DUH�DW�ULVN�IRU�KLJKHU

LQPDWH�FRYLG�LQIHFWLRQV�WKDQ�SULVRQV�LQ�GHPRFUDWLF�YRWLQJ�FRXQWLHV��0DVN�XVDJH��SRSXODWLRQ�VL]H�

DQG�SROLWLFDO�OHDQLQJ��DUH�VLJQLILFDQW�YXOQHUDELOLW\�IDFWRUV�WKDW�VKRXOG�EH�WDNHQ�QRWH�RI�
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'� 0XOWLYDULDWH�5HJUHVVLRQ�$QDO\VLV

5HVXOWV�IURP�UHJUHVVLRQ�HTXDWLRQ�����DUH�VKRZQ�WR�WKH�OHIW��$�VDPSOLQJ�RI�NH\�SUHGLFWRU

YDULDEOHV�DUH�LQFOXGHG�EDVHG�RQ�WKHLU�VWDWLVWLFDO�VLJQLILFDQFH�DQG�HFRQRPLF�SUHGLFWLYH�SRZHU�DQG

WKH�IXOO�OLVW�RI�YDULDEOHV�ZLWK�WKHLU�FRHIILFLHQWV�FDQ�EH�IRXQG�LQ�WKH�5�0DUNGRZQ�ILOH�

&ROOHJH�ORFDWLRQ��E\�VWDWH��ZDV�LPSRUWDQW�LQ�SUHGLFWLQJ�LWV�FDVH�UDWH��+DYLQJ�D�FROOHJH�LQ

WKH�VWDWH�RI�&DOLIRUQLD�ZDV�DVVRFLDWHG�ZLWK������IHZHU�FDVHV�������SHRSOH�WKDQ�WKH�UHIHUHQFH

FDWHJRU\�RI�$ODEDPD�ZKLOH�D�FROOHJH�LQ�WKH�VWDWH�RI�6RXWK�&DUROLQD�ZDV�DVVRFLDWHG�ZLWK������

PRUH�FDVHV�������SHRSOH�WKDQ�$ODEDPD��KROGLQJ�DOO�RWKHU

YDULDEOHV�IL[HG�����RI����VWDWHV�ZHUH�VWDWLVWLFDOO\�VLJQLILFDQW

SUHGLFWRUV�RI�FDVH�UDWH��LQFOXGLQJ�&DOLIRUQLD��&RORUDGR�

)ORULGD��+DZDLL��,OOLQRLV��.DQVDV��1HYDGD��1HZ�+DPSVKLUH�

1HZ�-HUVH\��1HZ�<RUN��1RUWK�'DNRWD��2UHJRQ��6RXWK

&DUROLQD��7H[DV��:DVKLQJWRQ��DQG�:\RPLQJ���DOO�RI�ZKLFK

KDYH�ORZHU�FDVH�UDWHV�WKDQ�$ODEDPD�H[FHSW�IRU�1RUWK

'DNRWD��6RXWK�&DUROLQD��DQG�:\RPLQJ��ZKLFK�KDYH�KLJKHU

FDVH�UDWHV���7KH������UDQN�ZDV�QRW�D�VWDWLVWLFDOO\�VLJQLILFDQW

SUHGLFWRU�RI�D�FROOHJH¶V�FDVH�UDWH�QRU�ZDV�WKH�SROLWLFDO

OHDQLQJ�RI�WKH�FRXQW\�DV�ZHOO�DV�WKH�FROOHJH¶V�����

HQUROOPHQW��$GGLWLRQDOO\��KROGLQJ�DOO�RWKHU�YDULDEOHV

FRQVWDQW��IRU�HDFK�SHUFHQWDJH�SRLQW�LQFUHDVH�LQ�WKH�QXPEHU

RI�SHRSOH�LQ�D�FRXQW\�WKDW�QHYHU�ZRUH�D�PDVN��WKHUH�LV�D

VWDWLVWLFDOO\�VLJQLILFDQW�FRUUHODWLRQ�WR�D�������GHFUHDVH�LQ

FDVHV�������SHRSOH�
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7KXV��NH\�UHVXOWV�DUH�WKDW�VWDWHV�KDG�D�KLJK�FRUUHODWLRQ�WR�WKH�&29,'����FDVH�UDWH�RQ

FROOHJH�FDPSXVHV�DQG�XQLYHUVLWLHV��KROGLQJ�RWKHU�YDULDEOHV�FRQVWDQW��7KRXJK�SRSXODWLRQ�ZDV

IRXQG�WR�EH�KLJKO\�FRUUHODWHG�ZLWK�&29,'����FDVHV�LQ�RWKHU�PRGHOV��HQUROOPHQW�ZDV�QRW�KHUH��

OLNHO\�GXH�WR�WKH�QRUPDOL]DWLRQ�RI�FDVH�UDWH��LQVWHDG�RI�ORRNLQJ�DW�WRWDO�FDVHV���7KH�ODFN�RI

LQIOXHQFH�RI�SROLWLFDO�OHDQLQJV�LV�OLNHO\�DWWULEXWHG�WR�WKH�IDFW�WKDW�SROLWLFDO�GDWD�ZDV�WDNHQ�DW�WKH

FRXQW\�OHYHO�ZKLOH�PRVW�XQLYHUVLWLHV�HQDFWHG�GLIIHUHQW�&29,'����SROLFLHV�WKDQ�WKHLU�ORFDO

JRYHUQPHQW��&ROOHJHV��HVSHFLDOO\�SULYDWH�FROOHJHV��ZHUH�DEOH�WR�IUHHO\�PDNH�UXOHV�DQG�PLWLJDWLRQ

SODQV�WKDW�GLIIHUHG�IURP�WKHLU�ORFDO�WRZQ�RU�FLW\�DQG�JHQHUDOO\�KDYH�LQVXODU�FDPSXVHV�ZLWK�OLPLWHG

FRQWDFW�WUDQVPLVVLRQ�VSUHDG�WR�WKH�RXWVLGH�FRPPXQLW\�

7KH�DGMXVWHG�5� YDOXH�LV��������LQGLFDWLQJ�WKDW������� RI�D�FROOHJH¶V�FDVH�UDWH�FDQ�EH

H[SODLQHG�E\�WKHVH�DWWULEXWHV��7KLV�LV�IDLUO\�ODUJH�IRU�MXVW�D�IHZ�YDULDEOHV�VR�D�FROOHJH¶V�ORFDWLRQ�

HQUROOPHQW��UDQN��ORFDO�SROLWLFDO�OHDQLQJ��DQG�ORFDO�PDVN�XVH�DFFRXQW�IRU��������RI�WKH�YDULDWLRQ

LQ�FDVH�UDWH��7KLV�LV�VXSSRUWHG�E\�DQ�)�VWDWLVWLF�RI�������RQ����DQG�����')�DQG�D�S�YDOXH�RI

����[���� ��DOORZLQJ�XV�WR�UHMHFW�WKH�QXOO�K\SRWKHVLV WKDW�WKH�MRLQW�SUHGLFWLYH�SRZHU�RI�WKHVH

YDULDEOHV�LV���

3ULVRQ�ORFDWLRQ��E\�VWDWH��ZDV�DJDLQ�LPSRUWDQW�LQ�SUHGLFWLQJ�LWV�FDVH�UDWH��+ROGLQJ�RWKHU

YDULDEOHV�FRQVWDQW��KDYLQJ�D�SULVRQ�LQ�WKH�VWDWH�RI�&DOLIRUQLD�ZDV�DVVRFLDWHG�ZLWK�������PRUH

FDVHV�������SHRSOH�WKDQ�WKH�UHIHUHQFH�FDWHJRU\�RI�$ODEDPD��VWDWLVWLFDOO\�VLJQLILFDQW�DW�WKH���

OHYHO��ZKLOH�D�SULVRQ�LQ�WKH�VWDWH�RI�1HYDGD�ZDV�DVVRFLDWHG�ZLWK�������PRUH�FDVHV�������SHRSOH

WKDQ�$ODEDPD��VLJQLILFDQW�DW�WKH����OHYHO������RI����VWDWHV�ZHUH�VWDWLVWLFDOO\�VLJQLILFDQW�SUHGLFWRUV

RI�FDVH�UDWH��LQGLFDWLQJ�WKDW�ORFDWLRQ�RI�D�SULVRQ�KDV�D�VWURQJ�FRUUHODWLRQ�WR�&29,'����FDVH�UDWHV�

/DWHVW�LQPDWH�SRSXODWLRQ�ZDV�QRW�D�VWDWLVWLFDOO\�VLJQLILFDQW�SUHGLFWRU�RI�D�SULVRQ¶V�FDVH�UDWH�QRU

ZDV�WKH�SRSXODWLRQ�RI�WKH�VXUURXQGLQJ��FRXQW��+RZHYHU��SROLWLFDO�SDUW\ ZDV��DV�SULVRQV�LQ
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5HSXEOLFDQ�FRXQWLHV�ZHUH�FRUUHODWHG�ZLWK�������PRUH

FDVHV�������SHRSOH�WKDQ�LQ�'HPRFUDWLF�FRXQWLHV��DJDLQ�KROGLQJ

RWKHU�YDULDEOHV�IL[HG��

7KXV��NH\�UHVXOWV�ZHUH�WKDW�&29,'����FDVHV�LQ�SULVRQV�ZHUH

FRUUHODWHG�ZLWK�WKHLU�JLYHQ�VWDWH�DQG�WKH�VXUURXQGLQJ�SROLWLFV�RI

WKHLU�FRXQW\��,QPDWH�SRSXODWLRQ�DQG�FRXQW\�SRSXODWLRQ�ZHUH

QRW�VWDWLVWLFDOO\�VLJQLILFDQWO\�FRUUHODWHG�ZLWK�&29,'����FDVHV�

ZKLFK�LV�DW�OHDVW�SDUWO\�GXH�WR�WKH�H[DPLQDWLRQ�RI FDVH�UDWH

UDWKHU�WKDQ�WRWDO�FDVHV��+RZHYHU��LW�ZDV�VWLOO�K\SRWKHVL]HG�WKDW

ODUJHU�IDFLOLWLHV�ZRXOG�KDYH�KLJKHU�UDWHV�RI�WUDQVPLVVLRQ�ZKLFK

LV�IDLUO\�LQWHUHVWLQJ�WR�VHH�UHMHFWHG�E\�WKLV�VSHFLILF�PRGHO�

3ROLWLFDO�SDUW\�ZDV�D�VWURQJ�SUHGLFWRU�RI�D�SULVRQ¶V�FDVH�UDWH�

ZLWK�5HSXEOLFDQ�FRXQWLHV�VHHLQJ�KLJKHU�&29,'����FDVHV�LQ

WKHLU�SULVRQV��7KLV�PD\�EH�GXH�WR�VSHFLILF�OHJLVODWLRQ�EHLQJ

SDVVHG�LQ�WKHVH�FRXQWLHV�LQ�UHJDUGV�WR�YDFFLQDWLRQV��&29,'���

WHVWLQJ�DQG�TXDUDQWLQH�SURWRFROV��DQG�KHDOWKFDUH�DFFHVV

SURYLGHG�WR�HDFK�SULVRQ�E\�LWV�JRYHUQLQJ�ERG\�

7KH�DGMXVWHG�5� YDOXH�LV��������LQGLFDWLQJ�WKDW������� RI�D�SULVRQ¶V�FDVH�UDWH�FDQ�EH

H[SODLQHG�E\�WKHVH�DWWULEXWHV��7KXV��D�SULVRQ¶V�ORFDWLRQ�DQG�ORFDO�SROLWLFV�DFFRXQW�IRU��������RI

WKH�YDULDWLRQ�LQ�FDVH�UDWH���ZKLFK�LV�VXUSULVLQJO\�KLJK��7KLV�LV�VXSSRUWHG�E\�DQ�)�VWDWLVWLF�RI�������

RQ����DQG�������')�DQG�D�S�YDOXH�RI����[����� ��DOORZLQJ XV�WR�UHMHFW�WKH�QXOO�K\SRWKHVLV�WKDW�WKH

MRLQW�SUHGLFWLYH�SRZHU�RI�WKHVH�YDULDEOHV�LV���



��

&RQFOXVLRQV

&29,'����KDV�VSUHDG�OLNH�ZLOGILUH�WKURXJKRXW�$PHULFD�DQG�ZLOO�EH�UHPHPEHUHG�DV�D

RQFH�LQ�D�JHQHUDWLRQ�JOREDO�HYHQW��$V�$PHULFDQV�JUDSSOH�ZLWK�WKH�HFRQRPLF�DQG�KHDOWK�LPSDFWV

RI�WKH�YLUXV�DQG�DWWHPSW�WR�UHWXUQ�WR�QRUPDOF\�WKH�TXHVWLRQ�RI�ZKR�LV�PRVW�YXOQHUDEOH�WR�LQIHFWLRQ

UHPDLQV�KLJKO\�LPSRUWDQW��'HWHUPLQLQJ�ZKLFK�VXEVHWV�RI�WKH�SRSXODWLRQ�H[SHULHQFH�KLJKHU�WKDQ

DYHUDJH�LQIHFWLRQ�UDWHV�DQG�ZK\�WKHLU�ULVN�LV�VR�PXFK�KLJKHU�DOORZV�IRU�LPSOHPHQWDWLRQ�RI

PLWLJDWLRQ�SURWRFROV�VXFK�DV�PDVN�PDQGDWHV�LI�DQG�ZKHUH�WKH\�DUH�HIIHFWLYH�

7KH�LPSDFW�RI�SRSXODWLRQ�VL]H�RQ�FDVH�UDWHV�GLIIHUHG�LQ�WKH�DQDO\VLV�DQG�WKXV�WKHUH�LV

LQFRQFOXVLYH�HYLGHQFH�RQ�LWV�LPSDFW��)RU�H[DPSOH��LQ�FRXQWLHV�DQG�VFKRROV�WKHUH�LV�QR�FOHDU

HYLGHQFH�WKDW�ODUJHU�SRSXODWLRQV�H[SHULHQFH�ZRUVH�UDWHV�RI�&29,'����ZKHUHDV�LQ�SULVRQV�ODUJH

IDFLOLWLHV�GLG�VHH�KLJKHU�UDWHV�RI�LQIHFWLRQ�WKDQ�VPDOO�IDFLOLWLHV��3ULVRQV��JLYHQ�WKHLU�FORVH�TXDUWHUV

DQG�QRWRULRXVO\�ODUJH�LQFDUFHUDWHG�SRSXODWLRQV��ZHUH�GHHPHG�RYHUFURZGHG�³HSLFHQWHUV´�RI�VSUHDG

E\�D�UHFHQW�1RUWKZHVWHUQ�DQG�:RUOG�%DQN�VWXG\��135��������7KLV�VDPH�VWXG\�DOVR�VXJJHVWV�WKDW

D�UHGXFWLRQ�LQ�WKH�8�6��MDLO�SRSXODWLRQ�FRXOG�KDYH�SUHYHQWHG�³WHQV�RI�WKRXVDQGV�RI�GHDWKV´�DQG

PLOOLRQV�RI�FDVHV��135��������&ROOHJHV��RQ�WKH�RWKHU�KDQG��ZHUH�OLNHO\�LQFHQWLYL]HG�WR�SUHYHQW�DV

PDQ\�FDVHV�DV�SRVVLEOH�JLYHQ�WKDW�WKHLU�VWXGHQWV�ZHUH�SD\LQJ�FOLHQWHOH�DQG�WKH\�WKXV�LPSOHPHQWHG

VWULFW�WHVWLQJ�DQG�TXDUDQWLQH�SURWRFROV�WR�FRXQWHUDFW�WKH�WUDQVPLVVLRQ�WKDW�KDSSHQV�ZLWK�ODUJH

VWXGHQW�SRSXODWLRQV�

7KH�HIIHFWLYHQHVV�RI�PDVN�XVDJH�ZDV�PDGH�FOHDU�YLD�DOO�PRGHOV�XVHG��2Q�DYHUDJH��WKH

FDVH�UDWH�LQ�FRXQWLHV��FROOHJHV��DQG�SULVRQV�ZKHUH�PDVN�XVDJH�ZDV�KLJK�ZDV�ORZHU�WKDQ�LQ

ORFDWLRQV�ZKHUH�PDVNV�ZHUH�XVHG�OHVV�IUHTXHQWO\��7KLV�SRLQWV�WR�WKH�KLJK�GHJUHH�RI�SROLWLFDO

SRODUL]DWLRQ�WKH�FRXQWU\�KDV�H[SHULHQFHG�DURXQG�&29,'����DQG�PDVN�XVH�VSHFLILFDOO\��0DQ\
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SDUWV�RI�WKH�FRXQWU\��ODUJHO\�FRQFHQWUDWHG�LQ�5HSXEOLFDQ�OHDQLQJ�VWDWHV��KDYH�WDNHQ�LVVXH�ZLWK

PDVN�ZHDULQJ�DQG�PDVN�PDQGDWHV�GXH�WR�D�ZDYH�RI�F\QLFLVP�WRZDUGV�VFLHQFH�DQG�WHFKQRORJ\�

7KLV�GLVWUXVW�RI�OHDGLQJ�H[SHUWV�ODUJHO\�FRPHV�IURP�PHVVDJLQJ�SXW�IRUWK�E\�3UHVLGHQW�'RQDOG

7UXPS�ZKHQ�KH�ZDV�LQ�RIILFH�LQ������DV�ZHOO�DV�RQJRLQJ�DQWL�YD[[HU�VHQWLPHQW�WKDW�KDV�EHHQ

JURZLQJ�LQ�WKH�FRXQWU\�IRU�GHFDGHV��6KRZQ�EHORZ�LV�DQ�LPDJH�IURP������ZKHUH�PDQ\�JDWKHUHG

WR�SURWHVW�WKH�XVH�RI�PDVNV�LQ�WKH�ILJKW�DJDLQVW�WKH�SDQGHPLF��,W¶V�EHFRPH�D�FXOWXUDO�SRLQW�RI

GLYLVLRQ�WKDW���JLYHQ�WKH�DQDO\VLV�DQG�UHVXOWV�KHUH���SXWV�DQWL��PDVNHUV�DW�D�KHLJKWHQHG�ULVN�RI

LQIHFWLRQ�

)LJXUH���

,W�LV�FOHDU�WKDW�SHRSOH�LQ�$PHULFD�DUH�IDFLQJ�GLIIHUHQW�ULVN�SURILOHV�EDVHG�RQ�WKHLU�ORFDWLRQ�

&29,'�����DV�LW�FRQWLQXHV�WR�PXWDWH�DQG�HYDGH�YDFFLQDWLRQ�HIIRUWV��ZLOO�UHPDLQ�D�SXEOLF�WKUHDW

LQWR�WKH�IRUHVHHDEOH�IXWXUH��$V�VRFLHW\�DQG�LQGLYLGXDOV�FRQWLQXH�WR�JUDSSOH�ZLWK�WKH�ULVNV�

JRYHUQPHQWV��FROOHJHV��DQG�SULVRQV�FDQ�XVH�WKH�DQDO\VLV�SHUIRUPHG�KHUH�WR�EHWWHU�XQGHUVWDQG�WKH
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ULVN�IDFWRUV�DVVRFLDWHG�ZLWK�LQIHFWLRQ�DQG�ZRUN�WR�SUHYHQW�DV�PDQ\�XQQHFHVVDU\�LQIHFWLRQV�DQG

GHDWKV�DV�SRVVLEOH�
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6RXUFHV
�� %XQGJDDUG��+HQQLQJ��-RKDQ�6NRY�%XQGJDDUG��'DQLHO�(PLO�7DGHXV]�5DDVFKRX�3HGHUVHQ��&KULVWLDQ�YRQ�%XFKZDOG�

7RELDV�7RGVHQ��-DNRE�%RHVJDDUG�1RUVN��0LD�0��3ULHV�+HMH�HW�DO���(IIHFWLYHQHVV�RI�DGGLQJ�D�PDVN�UHFRPPHQGDWLRQ�WR
RWKHU�SXEOLF�KHDOWK�PHDVXUHV�WR�SUHYHQW�6$56�&R9���LQIHFWLRQ�LQ�'DQLVK�PDVN�ZHDUHUV��D�UDQGRPL]HG�FRQWUROOHG�WULDO��
$QQDOV�RI�,QWHUQDO�0HGLFLQH �����QR��������������������

�� &KDSSHOO��%LOO���&URZGHG�8�6��-DLOV�'URYH�0LOOLRQV�2I�&29,'����&DVHV��$�1HZ�6WXG\�6D\V���135��6HSWHPEHU����
������$FFHVVHG�'HFHPEHU����������
KWWSV���ZZZ�QSU�RUJ�����������������������FURZGHG�MDLOV�GURYH�PLOOLRQV�RI�FRYLG����FDVHV�D�QHZ�VWXG\�VD\V�

�� ³&RURQDYLUXV�:RUOG�0DS��7UDFNLQJ�WKH�*OREDO�2XWEUHDN�´ 7KH�1HZ�<RUN�7LPHV��7KH�1HZ�<RUN�7LPHV�����-DQ�������
KWWSV���ZZZ�Q\WLPHV�FRP�LQWHUDFWLYH������ZRUOG�FRYLG�FDVHV�KWPO�

�� (OLDV��7KRPDV�'���7KRPDV�'��(OLDV��$QWL�PDVNHUV��$QWL�YD[[HUV��:KDW
V�WKH�'LIIHUHQFH"��1DSD�9DOOH\�5HJLVWHU�
2FWREHU�����������$FFHVVHG�'HFHPEHU����������
KWWSV���QDSDYDOOH\UHJLVWHU�FRP�RSLQLRQ�FROXPQLVWV�WKRPDV�G�HOLDV�DQWL�PDVNHUV�DQWL�YD[[HUV�ZKDW�V�WKH�GLIIHUHQFH�DUWLF
OHBF���GE���F��G�������������D�I�E�H��G�KWPO�

�� (WWQHU��6XVDQ�/���1HZ�HYLGHQFH�RQ�WKH�UHODWLRQVKLS�EHWZHHQ�LQFRPH�DQG�KHDOWK�� -RXUQDO�RI�KHDOWK�HFRQRPLFV ����QR���
��������������

�� 0D\R�&OLQLF�6WDII���&29,'�����FRURQDYLUXV���/RQJ�WHUP�(IIHFWV���0D\R�&OLQLF��2FWREHU�����������$FFHVVHG
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Libraries Used in Analysis
library(tidyverse)

## ── Attaching packages ─────────────────────────────────────── tidyverse 1.3.1 ──

## ✓ ggplot2 3.3.5     ✓ purrr   0.3.4
## ✓ tibble  3.1.5     ✓ dplyr   1.0.7
## ✓ tidyr   1.1.4     ✓ stringr 1.4.0
## ✓ readr   2.0.2     ✓ forcats 0.5.1

## ── Conflicts ────────────────────────────────────────── tidyverse_conflicts() ──
## x dplyr::filter() masks stats::filter()
## x dplyr::lag()    masks stats::lag()

library(ggplot2)
library(readr)  # for read_csv
library(knitr)  # for kable
library(usmap)
library(formatR)

1. Data Cleaning
a. Colleges
colleges <- read.csv("../colleges/colleges.csv")
attendance <- read.csv("../college_attendance.csv", na.strings=c("","NA"))
mask_use <- read.csv("../Final_Report_Code/MaskUse.csv")
election_results <- read.csv("../countypres_2000-2020.csv")

head(colleges)

##         date   state     county       city ipeds_id
## 1 2021-05-26 Alabama    Madison Huntsville   100654
## 2 2021-05-26 Alabama Montgomery Montgomery   100724
## 3 2021-05-26 Alabama  Limestone     Athens   100812
## 4 2021-05-26 Alabama        Lee     Auburn   100858
## 5 2021-05-26 Alabama Montgomery Montgomery   100830
## 6 2021-05-26 Alabama     Walker     Jasper   102429
##                           college cases cases_2021 notes
## 1          Alabama A&M University    41         NA      
## 2        Alabama State University     2         NA      
## 3         Athens State University    45         10      
## 4               Auburn University  2742        567      
## 5 Auburn University at Montgomery   220         80      
## 6  Bevill State Community College     4         NA

head(attendance)

##   Rank_2020 Rank_2015                                Name Enroll_2020
## 1         1         1 University of Phoenix-Online Campus     212,044
## 2         2        25        Western Governors University     121,437
## 3         3       111   Southern New Hampshire University     104,068
## 4         4       N/A       University of Phoenix-Arizona      95,777
## 5         5        11             Grand Canyon University      90,253
## 6         6         3                  Liberty University      79,152
##     Enroll_2015
## 1     No Change
## 2        46,733
## 3       28,389 
## 4 Not Available
## 5       55,497 
## 6       77,338 

head(mask_use)

##   fips NEVER RARELY SOMETIMES FREQUENTLY ALWAYS   state abbr  county
## 1 1001 0.053  0.074     0.134      0.295  0.444 Alabama   AL Autauga
## 2 1003 0.083  0.059     0.098      0.323  0.436 Alabama   AL Baldwin
## 3 1005 0.067  0.121     0.120      0.201  0.491 Alabama   AL Barbour
## 4 1007 0.020  0.034     0.096      0.278  0.572 Alabama   AL    Bibb
## 5 1009 0.053  0.114     0.180      0.194  0.459 Alabama   AL  Blount
## 6 1011 0.031  0.040     0.144      0.286  0.500 Alabama   AL Bullock

head(election_results)

##   year   state state_po county_name county_fips    office      candidate
## 1 2000 ALABAMA       AL     AUTAUGA        1001 PRESIDENT        AL GORE
## 2 2000 ALABAMA       AL     AUTAUGA        1001 PRESIDENT GEORGE W. BUSH
## 3 2000 ALABAMA       AL     AUTAUGA        1001 PRESIDENT    RALPH NADER
## 4 2000 ALABAMA       AL     AUTAUGA        1001 PRESIDENT          OTHER
## 5 2000 ALABAMA       AL     BALDWIN        1003 PRESIDENT        AL GORE
## 6 2000 ALABAMA       AL     BALDWIN        1003 PRESIDENT GEORGE W. BUSH
##        party candidatevotes totalvotes  version  mode
## 1   DEMOCRAT           4942      17208 20191203 TOTAL
## 2 REPUBLICAN          11993      17208 20191203 TOTAL
## 3      GREEN            160      17208 20191203 TOTAL
## 4      OTHER            113      17208 20191203 TOTAL
## 5   DEMOCRAT          13997      56480 20191203 TOTAL
## 6 REPUBLICAN          40872      56480 20191203 TOTAL

# Basic summary statistics and structure
summary(colleges)

##      date              state              county              city          
##  Length:1948        Length:1948        Length:1948        Length:1948       
##  Class :character   Class :character   Class :character   Class :character  
##  Mode  :character   Mode  :character   Mode  :character   Mode  :character  
##                                                                             
##                                                                             
##                                                                             
##                                                                             
##    ipeds_id           college              cases          cases_2021    
##  Length:1948        Length:1948        Min.   :   0.0   Min.   :   0.0  
##  Class :character   Class :character   1st Qu.:  32.0   1st Qu.:  23.0  
##  Mode  :character   Mode  :character   Median : 114.5   Median :  65.0  
##                                        Mean   : 363.5   Mean   : 168.1  
##                                        3rd Qu.: 303.0   3rd Qu.: 159.0  
##                                        Max.   :9914.0   Max.   :3158.0  
##                                                         NA's   :337     
##     notes          
##  Length:1948       
##  Class :character  
##  Mode  :character  
##                    
##                    
##                    
## 

summary(attendance)

##   Rank_2020          Rank_2015             Name           Enroll_2020       
##  Length:500         Length:500         Length:500         Length:500        
##  Class :character   Class :character   Class :character   Class :character  
##  Mode  :character   Mode  :character   Mode  :character   Mode  :character  
##  Enroll_2015       
##  Length:500        
##  Class :character  
##  Mode  :character

summary(mask_use)

##       fips           NEVER             RARELY          SOMETIMES     
##  Min.   : 1001   Min.   :0.00000   Min.   :0.00000   Min.   :0.0010  
##  1st Qu.:18178   1st Qu.:0.03400   1st Qu.:0.04000   1st Qu.:0.0790  
##  Median :29176   Median :0.06800   Median :0.07300   Median :0.1150  
##  Mean   :30384   Mean   :0.07994   Mean   :0.08292   Mean   :0.1213  
##  3rd Qu.:45080   3rd Qu.:0.11300   3rd Qu.:0.11500   3rd Qu.:0.1560  
##  Max.   :56045   Max.   :0.43200   Max.   :0.38400   Max.   :0.4220  
##    FREQUENTLY         ALWAYS          state               abbr          
##  Min.   :0.0290   Min.   :0.1150   Length:3142        Length:3142       
##  1st Qu.:0.1640   1st Qu.:0.3932   Class :character   Class :character  
##  Median :0.2040   Median :0.4970   Mode  :character   Mode  :character  
##  Mean   :0.2077   Mean   :0.5081                                        
##  3rd Qu.:0.2470   3rd Qu.:0.6138                                        
##  Max.   :0.5490   Max.   :0.8890                                        
##     county         
##  Length:3142       
##  Class :character  
##  Mode  :character  
##                    
##                    
## 

summary(election_results)

##       year         state             state_po         county_name       
##  Min.   :2000   Length:72617       Length:72617       Length:72617      
##  1st Qu.:2004   Class :character   Class :character   Class :character  
##  Median :2012   Mode  :character   Mode  :character   Mode  :character  
##  Mean   :2011                                                           
##  3rd Qu.:2020                                                           
##  Max.   :2020                                                           
##                                                                         
##   county_fips       office           candidate            party          
##  Min.   : 1001   Length:72617       Length:72617       Length:72617      
##  1st Qu.:18103   Class :character   Class :character   Class :character  
##  Median :29205   Mode  :character   Mode  :character   Mode  :character  
##  Mean   :30264                                                           
##  3rd Qu.:45057                                                           
##  Max.   :56045                                                           
##  NA's   :57                                                              
##  candidatevotes      totalvotes         version             mode          
##  Min.   :      0   Min.   :      0   Min.   :20191203   Length:72617      
##  1st Qu.:    119   1st Qu.:   5177   1st Qu.:20191203   Class :character  
##  Median :   1305   Median :  11194   Median :20191203   Mode  :character  
##  Mean   :  10843   Mean   :  42510   Mean   :20197111                     
##  3rd Qu.:   5898   3rd Qu.:  29874   3rd Qu.:20210622                     
##  Max.   :3028885   Max.   :4264365   Max.   :20210622                     
##  NA's   :405       NA's   :5

## # 1. Fix column names
names(attendance) <- c("rank2020", "rank2015", "college", "enroll2020", "enroll2015")
names(election_results) <- c("year", "state", "state_abbr", "county", "fips", 
                             "office", "candidate", "party", "candidatevotes",
                             "totalvotes", "version", "mode")

## 2. Remove unnecessary columns
# colleges --> remove cases2021 (only interested in total cases) and 
#               notes (extraneous), date (all on 5/26/2021)
colleges <- colleges %>%
  select(-c(cases_2021, notes, date))

# mask_use --> remove fips code (not used for join), abr (not useful)
mask_use <- mask_use %>%
  select(-c(fips, abbr))

# election_results --> remove state_abbr, fips, office, totalvotes, version, mode
election_results <- election_results %>%
  filter(year == 2020) %>%  # just 2020 results
  select(-c(year, state_abbr, fips, office, totalvotes, version, mode))

## 4. Missing/incorrect values
# Colleges dataframe
sum(is.na(colleges$cases) == TRUE)  

## [1] 0

sum(is.na(colleges$college) == TRUE)

## [1] 0

colleges$ipeds_id[colleges$ipeds_id=="laccd"] <- NA
# No NULL values in colleges dataframe

# Attendance dataframe
sum(is.na(attendance)) # 31 NAs

## [1] 2

attendance$rank2015[attendance$rank2015=="N/A"] <- NA
attendance$enroll2015[attendance$enroll2015=="Not Available"] <- NA
attendance$enroll2015[attendance$enroll2015=="No Change"] <- NA

sum(is.na(attendance)) # 20 NAs

## [1] 20

# Mask Use dataframe
sum(is.na(mask_use)) # No NAs

## [1] 0

# ElectionResults dataframe
sum(is.na(election_results)) # 1 NA

## [1] 1

election_results <- election_results %>%
  drop_na(candidatevotes)

# FIX NAs
sum(is.na(attendance$enroll2020))

## [1] 1

# Southeastern Louisiana had 2020 enrollment of 13,490
attendance$enroll2020[attendance$college == "Southeastern Louisiana University"] = 13490
# Drop entirely blank rows at bottom
attendance <- attendance %>%
  drop_na(rank2020)

# Remove extra whitespace so type conversion can happen
attendance$enroll2020 = str_trim(attendance$enroll2020, side = c("both"))
attendance$enroll2015 = str_trim(attendance$enroll2015, side = c("both"))
attendance$rank2020 = str_trim(attendance$rank2020, side = c("both"))
attendance$rank2015 = str_trim(attendance$rank2015, side = c("both"))

# Remove commas from numbers
attendance$enroll2020 <- as.numeric(gsub(",","",attendance$enroll2020))
attendance$enroll2015 <- as.numeric(gsub(",","", attendance$enroll2015))

## 3. Correct datatypes before median imputation
str(colleges)

## 'data.frame':    1948 obs. of  6 variables:
##  $ state   : chr  "Alabama" "Alabama" "Alabama" "Alabama" ...
##  $ county  : chr  "Madison" "Montgomery" "Limestone" "Lee" ...
##  $ city    : chr  "Huntsville" "Montgomery" "Athens" "Auburn" ...
##  $ ipeds_id: chr  "100654" "100724" "100812" "100858" ...
##  $ college : chr  "Alabama A&M University" "Alabama State University" "Athens State University" "Auburn Univer
sity" ...
##  $ cases   : int  41 2 45 2742 220 4 263 137 49 76 ...

str(attendance)

## 'data.frame':    500 obs. of  5 variables:
##  $ rank2020  : chr  "1" "2" "3" "4" ...
##  $ rank2015  : chr  "1" "25" "111" NA ...
##  $ college   : chr  "University of Phoenix-Online Campus" "Western Governors University" "Southern New Hampshi
re University" "University of Phoenix-Arizona" ...
##  $ enroll2020: num  212044 121437 104068 95777 90253 ...
##  $ enroll2015: num  NA 46733 28389 NA 55497 ...

colleges <- colleges %>%
  mutate(ipeds_id = as.numeric(colleges$ipeds_id)) %>%
  mutate(cases = as.numeric(cases))

attendance <- attendance %>%
  mutate(rank2020 = as.numeric(rank2020)) %>%
  mutate(rank2015 = as.numeric(rank2015))

# Median imputation for enroll_2015
attendance$enroll2015[is.na(attendance$enroll2015)] <- median(attendance$enroll2015, na.rm = TRUE)

sum(is.na(attendance$enroll2015))

## [1] 0

###### Clean Election Results further to prep for join
# Fix capitalization of election results
election_results <- election_results %>%
  mutate(state = str_to_title(state)) %>%
  mutate(county = str_to_title(county)) %>%
  mutate(candidate = str_to_title(candidate)) %>%
  mutate(party = str_to_title(party))

head(election_results)

##     state  county         candidate      party candidatevotes
## 1 Alabama Autauga Joseph R Biden Jr   Democrat           7503
## 2 Alabama Autauga             Other      Other            429
## 3 Alabama Autauga    Donald J Trump Republican          19838
## 4 Alabama Baldwin Joseph R Biden Jr   Democrat          24578
## 5 Alabama Baldwin             Other      Other           1557
## 6 Alabama Baldwin    Donald J Trump Republican          83544

# Calculate one winner for each county
election_results <- election_results %>%
  group_by(county,state) %>%
  mutate(winner = party[which.max(candidatevotes)])

# Keep only row of winner for each county
election_results <- election_results %>%
  group_by(county, state) %>%
  filter(party == winner) %>%
  select(-c(candidate, party, candidatevotes))

head(election_results)

## # A tibble: 6 × 3
## # Groups:   county, state [6]
##   state   county  winner    
##   <chr>   <chr>   <chr>     
## 1 Alabama Autauga Republican
## 2 Alabama Baldwin Republican
## 3 Alabama Barbour Republican
## 4 Alabama Bibb    Republican
## 5 Alabama Blount  Republican
## 6 Alabama Bullock Democrat

##################
# Join
colleges_full <- inner_join(colleges, attendance, by = "college" )
colleges_full <- left_join(colleges_full, mask_use, by = c("county", "state"))
colleges_full <- left_join(colleges_full, election_results, by = c("county", "state"))
head(colleges_full)

##     state                 county       city ipeds_id
## 1 Alabama                    Lee     Auburn   100858
## 2 Alabama                   Pike       Troy   102368
## 3 Alabama              Jefferson Birmingham   100663
## 4 Alabama                 Mobile     Mobile   102094
## 5  Alaska Anchorage Municipality  Anchorage   102553
## 6 Arizona               Maricopa    Phoenix   104717
##                               college cases rank2020 rank2015 enroll2020
## 1                   Auburn University  2742      101      150      30440
## 2                     Troy University   855      285      217      16981
## 3 University of Alabama at Birmingham  3143      193      256      21923
## 4         University of South Alabama   780      338      346      14834
## 5      University of Alaska Anchorage   186      348      283      14644
## 6             Grand Canyon University  1935        5       11      90253
##   enroll2015 NEVER RARELY SOMETIMES FREQUENTLY ALWAYS     winner
## 1      24864 0.053  0.064     0.138      0.183  0.562 Republican
## 2      20573 0.060  0.131     0.145      0.333  0.330 Republican
## 3      18568 0.049  0.037     0.107      0.179  0.628   Democrat
## 4      15065 0.077  0.070     0.102      0.244  0.506 Republican
## 5      17363 0.042  0.050     0.049      0.196  0.663       <NA>
## 6      55497 0.023  0.025     0.059      0.158  0.734   Democrat

str(colleges_full)

## 'data.frame':    354 obs. of  16 variables:
##  $ state     : chr  "Alabama" "Alabama" "Alabama" "Alabama" ...
##  $ county    : chr  "Lee" "Pike" "Jefferson" "Mobile" ...
##  $ city      : chr  "Auburn" "Troy" "Birmingham" "Mobile" ...
##  $ ipeds_id  : num  100858 102368 100663 102094 102553 ...
##  $ college   : chr  "Auburn University" "Troy University" "University of Alabama at Birmingham" "University of 
South Alabama" ...
##  $ cases     : num  2742 855 3143 780 186 ...
##  $ rank2020  : num  101 285 193 338 348 5 5 5 94 94 ...
##  $ rank2015  : num  150 217 256 346 283 11 11 11 135 135 ...
##  $ enroll2020: num  30440 16981 21923 14834 14644 ...
##  $ enroll2015: num  24864 20573 18568 15065 17363 ...
##  $ NEVER     : num  0.053 0.06 0.049 0.077 0.042 0.023 0.023 0.023 0.039 0.039 ...
##  $ RARELY    : num  0.064 0.131 0.037 0.07 0.05 0.025 0.025 0.025 0.08 0.08 ...
##  $ SOMETIMES : num  0.138 0.145 0.107 0.102 0.049 0.059 0.059 0.059 0.07 0.07 ...
##  $ FREQUENTLY: num  0.183 0.333 0.179 0.244 0.196 0.158 0.158 0.158 0.11 0.11 ...
##  $ ALWAYS    : num  0.562 0.33 0.628 0.506 0.663 0.734 0.734 0.734 0.702 0.702 ...
##  $ winner    : chr  "Republican" "Republican" "Democrat" "Republican" ...

## Calculate "rate" parameter and percent change in enrollment
colleges_full <- colleges_full %>%
  mutate(perc_enroll_change = (enroll2020 - enroll2015)/enroll2015) %>%
  mutate(case_rate = cases/enroll2020)

# Remove any duplicate rows
colleges_full = colleges_full[!duplicated(colleges_full$ipeds_id), ]
  

# write.csv(colleges_full, "~/Desktop/colleges_cleaned2.csv")

b. Mask Use
# read in county mask use data
myfile <- "https://raw.githubusercontent.com/nytimes/covid-19-data/master/mask-use/mask-use-by-county.csv"
MaskUse <- read_csv(myfile)

## Rows: 3142 Columns: 6

## ── Column specification ────────────────────────────────────────────────────────
## Delimiter: ","
## chr (1): COUNTYFP
## dbl (5): NEVER, RARELY, SOMETIMES, FREQUENTLY, ALWAYS

## 
## ℹ Use `spec()` to retrieve the full column specification for this data.
## ℹ Specify the column types or set `show_col_types = FALSE` to quiet this message.

# assigning new column name
colnames(MaskUse)[1] <- "fips"

fipsDF <- fips_info(MaskUse$fips)
head(fipsDF)

##     full abbr                     county  fips
## 1 Alaska   AK Aleutians West Census Area 02016
## 2 Alaska   AK     Aleutians East Borough 02013
## 3 Alaska   AK       Kusilvak Census Area 02158
## 4 Alaska   AK Lake and Peninsula Borough 02164
## 5 Alaska   AK  Matanuska-Susitna Borough 02170
## 6 Alaska   AK           Nome Census Area 02180

MaskUseDF <- merge(x = MaskUse, y = fipsDF, by = "fips", all = TRUE)
head(MaskUseDF)

##    fips NEVER RARELY SOMETIMES FREQUENTLY ALWAYS    full abbr         county
## 1 01001 0.053  0.074     0.134      0.295  0.444 Alabama   AL Autauga County
## 2 01003 0.083  0.059     0.098      0.323  0.436 Alabama   AL Baldwin County
## 3 01005 0.067  0.121     0.120      0.201  0.491 Alabama   AL Barbour County
## 4 01007 0.020  0.034     0.096      0.278  0.572 Alabama   AL    Bibb County
## 5 01009 0.053  0.114     0.180      0.194  0.459 Alabama   AL  Blount County
## 6 01011 0.031  0.040     0.144      0.286  0.500 Alabama   AL Bullock County

# assigning new column name
colnames(MaskUseDF)[7] <- "state"

MaskUseDF <- MaskUseDF[-8]

MaskUseDF <- MaskUseDF %>%
    mutate(county = str_remove_all(county, " County"))

MaskUseDF <- na.omit(MaskUseDF) 

# write.csv(MaskUseDF,"MaskUseClean.csv", row.names = FALSE)

2. Exploratory Data Analysis
a. College Data
Read in file:

colleges <- read.csv("colleges_edited.csv")

Conditional Probabilities for College data
print("Distribution of Covid case rates on college campuses: ")
summary(colleges$case_rate)

print("Distribution of the percent of county population that ALWAYS wears a mask, 
      for counties with college campuses: ")
summary(colleges$ALWAYS)

## P(less than half of county with a college wears a mask | county voted Republican)
print(
  paste0(
    "P(less than half of county with a college wears a mask | county voted Republican) = ",
    nrow(colleges[(colleges$ALWAYS < 0.5) &
                    (colleges$winner == "Republican"),]) / nrow(colleges[(colleges$winner == "Republican"),])))

## P(low covid rate on campus (bottom 50 percentile) | county has high percent of mask wearers (top 50 percentile
))
print(
  paste0(
    "P(low covid rate on campus (bottom 50 percentile) | county has high percent of mask wearers (top 50 percenti
le)) = ",
    nrow(colleges[(colleges$ALWAYS > 0.6805) &
                    (colleges$case_rate < 0.04156),]) / nrow(colleges[(colleges$ALWAYS > 0.6805),])))

## P(low covid rate on campus (lower quantile) | county has high percent of mask wearers (upper quantile))
print(
  paste0(
    "P(low covid rate on campus (lower quantile) | county has high percent of mask wearers (upper quantile)) = ",
    nrow(colleges[(colleges$ALWAYS > 0.7560) &
                    (colleges$case_rate < 0.07609), ]) / nrow(colleges[(colleges$ALWAYS > 0.7560), ])))

## [1] "Distribution of Covid case rates on college campuses: "
##    Min. 1st Qu.  Median    Mean 3rd Qu.    Max. 
## 0.00000 0.01302 0.04081 0.05057 0.07196 0.30448 
## [1] "Distribution of the percent of county population that ALWAYS wears a mask, \n      for counties with coll
ege campuses: "
##    Min. 1st Qu.  Median    Mean 3rd Qu.    Max. 
##  0.2450  0.5675  0.6805  0.6504  0.7560  0.8550 
## [1] "P(less than half of county with a college wears a mask | county voted Republican) = 0.394366197183099"
## [1] "P(low covid rate on campus (bottom 50 percentile) | county has high percent of mask wearers (top 50 perce
ntile)) = 0.660550458715596"
## [1] "P(low covid rate on campus (lower quantile) | county has high percent of mask wearers (upper quantile)) = 
0.833333333333333"

Visuals for College Data
plot<-ggplot(colleges, aes(winner, case_rate)) + 
  geom_boxplot(fill = c("#0096fa", "#fa1100")) +
  labs(title = "Covid Infection Rate on College Campuses", 
         y = "Covid Infection Rate",
         x = "How County Voted in 2020",
         color = "Political Lean",
         subtitle = "Comparing covid infection rate on college campuses to how county voted in the 2020 election"
)
  
plot

plot<-ggplot(colleges, aes(winner, ALWAYS)) + 
  geom_boxplot(fill = c("#0096fa", "#fa1100")) +
  labs(title = "Mask Usage in Counties with College Campuses", 
         y = "Percent that ALWAYS wears masks",
         x = "How County Voted in 2020",
         color = "Political Lean",
         subtitle = "Comparing mask usage in counties with college campuses to how county voted in the 2020 elect
ion")
  
plot

plot<-ggplot(colleges, aes(political_party, case_rate)) + 
  geom_boxplot(fill = c("#0096fa", "#fa1100")) +
  scale_x_discrete(labels = c('Democrat', 'Republican')) +
  labs(title = "Covid Infection Rate on College Campuses", 
         y = "Covid Infection Rate",
         x = "How State Voted in 2020",
         color = "Political Lean",
         subtitle = "Comparing covid infection rate on college campuses to how thier state voted in the 2020 elec
tion")
  
plot

plot<-ggplot(colleges, aes(political_party, ALWAYS)) + 
  geom_boxplot(fill = c("#0096fa", "#fa1100")) +
  scale_x_discrete(labels = c('Democrat', 'Republican')) +
  labs(title = "Mask Usage in Counties with College Campuses", 
         y = "Percent that ALWAYS wears masks",
         x = "How State Voted in 2020",
         color = "Political Lean",
         subtitle = "Comparing mask usage in counties with college campuses to how their state voted in the 2020 
election")
  
plot

## scatter plot with different size points

colleges %>%
  arrange(desc(case_rate)) %>%
  mutate(winner = factor(winner)) %>%
  ggplot(aes(x=case_rate, y=ALWAYS, size=case_rate, color = winner)) +
    geom_point(alpha=0.35) +
    scale_size(range = c(.1, 20), name="Case Rate") +
    scale_color_manual(values = c("blue", "red")) +
    labs(title = "Covid Cases on College Campuses", 
         y = "Percent of State that Always wears Masks",
         x = "COVID-19 Case Rate at the University",
         color = "Political Lean",
         subtitle = "Comparing College Case Rate to Percent of State that Wears Masks")

b. County Data
Read in file:

county_data <- read.csv("counties_edited.csv")

Conditional Probabilities for County data
print(paste0("Distribution of county populations that ALWAYS wear masks: "))
summary(county_data$ALWAYS)

## P(upper quartile of mask use | voted democrat)
print(paste0("P(upper quartile of mask use | voted democrat) = ", 
nrow(county_data[(county_data$ALWAYS > 0.6080)&(county_data$winner == "Democrat"), ])/nrow(county_data[(county_da
ta$winner == "Democrat"), ])))

## P(upper HALF of mask use | voted Democrat)
print(paste0("P(upper HALF of mask use | voted Democrat) = ", 
nrow(county_data[(county_data$ALWAYS > 0.5014)&(county_data$winner == "Democrat"), ])/nrow(county_data[(county_da



ta$winner == "Democrat"), ])))

## P(lower HALF of mask use | voted Republican)
print(paste0("P(lower HALF of mask use | voted Republican) = ", 
             nrow(county_data[(county_data$ALWAYS < 0.5014)&(county_data$winner == "Republican"), ])
             /nrow(county_data[(county_data$winner == "Republican"), ])))

print(paste0("Distribution of county populations that NEVER wear masks: "))
summary(county_data$NEVER)

## P(upper quartile of NEVER mask use | voted democrat)
print(paste0("P(upper quartile of NEVER mask use | voted democrat) = ", 
             nrow(county_data[(county_data$NEVER > 0.1180)&(county_data$winner == "Democrat"), ])
             /nrow(county_data[(county_data$winner == "Democrat"), ])))

## P(upper HALF of NEVER mask use | voted Democrat)
print(paste0("P(upper HALF of NEVER mask use | voted Democrat) = ", 
             nrow(county_data[(county_data$NEVER > 0.0710)&(county_data$winner == "Democrat"), ])
             /nrow(county_data[(county_data$winner == "Democrat"), ])))

## P(lower HALF of NEVER mask use | voted Republican)
print(paste0("P(lower HALF of NEVER mask use | voted Republican) = ", 
             nrow(county_data[(county_data$NEVER < 0.0710)&(county_data$winner == "Republican"), ])
             /nrow(county_data[(county_data$winner == "Republican"), ])))

## P(upper quartile of NEVER mask use | voted republican)
print(paste0("P(upper quartile of NEVER mask use | voted republican) = ", 
             nrow(county_data[(county_data$NEVER > 0.1180)&(county_data$winner == "Republican"), ])
             /nrow(county_data[(county_data$winner == "Republican"), ])))

## P(upper HALF of NEVER mask use | voted republican)
print(paste0("P(upper HALF of NEVER mask use | county voted republican) = ", 
             nrow(county_data[(county_data$NEVER > 0.0710)&(county_data$winner == "Republican"), ])
             /nrow(county_data[(county_data$winner == "Republican"), ])))

## P(lower HALF of NEVER mask use | voted Democrat)
print(paste0("P(lower HALF of NEVER mask use | county voted Democrat) = ", nrow(county_data[(county_data$NEVER < 
0.0710)&(county_data$winner == "Democrat"), ])/nrow(county_data[(county_data$winner == "Democrat"), ])))

## [1] "Distribution of county populations that ALWAYS wear masks: "
##    Min. 1st Qu.  Median    Mean 3rd Qu.    Max. 
##  0.1150  0.3890  0.4920  0.5014  0.6080  0.8840 
## [1] "P(upper quartile of mask use | voted democrat) = 0.623471882640587"
## [1] "P(upper HALF of mask use | voted Democrat) = 0.821515892420538"
## [1] "P(lower HALF of mask use | voted Republican) = 0.589100346020761"
## [1] "Distribution of county populations that NEVER wear masks: "
##    Min. 1st Qu.  Median    Mean 3rd Qu.    Max. 
##  0.0000  0.0350  0.0710  0.0828  0.1180  0.4320 
## [1] "P(upper quartile of NEVER mask use | voted democrat) = 0.0855745721271394"
## [1] "P(upper HALF of NEVER mask use | voted Democrat) = 0.198044009779951"
## [1] "P(lower HALF of NEVER mask use | voted Republican) = 0.444204152249135"
## [1] "P(upper quartile of NEVER mask use | voted republican) = 0.277249134948097"
## [1] "P(upper HALF of NEVER mask use | county voted republican) = 0.551470588235294"
## [1] "P(lower HALF of NEVER mask use | county voted Democrat) = 0.797066014669927"

Visuals for County data
county_data %>%
  arrange(desc(case_rate)) %>%
  mutate(winner = factor(winner)) %>%
  ggplot(aes(x=case_rate, y=ALWAYS)) + #, size=case_rate, color = winner)) +
    geom_point(aes(color = winner), size = 0.5) +
    # scale_size(range = c(.05, 15), name="Case Rate") +
    scale_color_manual(values = c("blue", "red")) +
    labs(title = "Covid Cases by County", 
         y = "Percent of County that ALWAYS wears Masks",
         x = "COVID-19 Infection Rate",
         color = "Political Lean",
         subtitle = "Comparing Covid Case Rate to Percent of State that Wears Masks")

summary(county_data[county_data$winner == "Republican", "case_rate"])
summary(county_data[county_data$winner == "Democrat", "case_rate"])

library(ggplot2)
plot<-ggplot(county_data, aes(winner, case_rate)) + 
  geom_boxplot(fill = c("#0096fa", "#fa1100")) +
  labs(title = "County Cases by Political Stance", 
         y = "Covid Infection Rate",
         x = "How County Voted in 2020",
         color = "Political Lean",
         subtitle = "Comparing covid infection rate to how county voted in the 2020 election")
  
plot

plot2<-ggplot(county_data, aes(political_party, case_rate)) + 
  geom_boxplot(fill = c("#0096fa", "#fa1100")) +
  scale_x_discrete(labels = c('Democrat', 'Republican')) +
  labs(title = "County Cases by Political Stance", 
         y = "Covid Infection Rate",
         x = "How State Voted in 2020",
         color = "Political Lean",
         subtitle = "Comparing covid infection rate to how counties state voted in the 2020 election")
  
plot2

##    Min. 1st Qu.  Median    Mean 3rd Qu.    Max. 
## 0.03629 0.13410 0.15358 0.15402 0.17472 0.61924 
##    Min. 1st Qu.  Median    Mean 3rd Qu.    Max. 
## 0.01928 0.10286 0.12939 0.12952 0.15643 0.43912

plot<-ggplot(county_data, aes(winner, percent_dead_from_covid)) + 
  geom_boxplot(fill = c("#0096fa", "#fa1100")) +
  labs(title = "Covid Mortality Rate per County", 
         y = "Mortality Rate",
         x = "How County Voted in 2020",
         color = "Political Lean",
         subtitle = "Comparing covid mortality rate to how county voted in the 2020 election")
  
plot

plot2<-ggplot(county_data, aes(political_party, percent_dead_from_covid)) + 
  geom_boxplot(fill = c("#0096fa", "#fa1100")) +
  scale_x_discrete(labels = c('Democrat', 'Republican')) +
  labs(title = "Covid Mortality Rate per County", 
         y = "Mortality Rate",
         x = "How State Voted in 2020",
         color = "Political Lean",
         subtitle = "Comparing covid mortality rate to how state voted in the 2020 election")
  
plot2

plot<-ggplot(county_data, aes(winner, ALWAYS)) + 
  geom_boxplot(fill = c("#0096fa", "#fa1100")) +
  labs(title = "County Mask Users by Political Stance", 
         y = "Percent that ALWAYS wears masks",
         x = "How County Voted in 2020",
         color = "Political Lean",
         subtitle = "Comparing mask usage to how county voted in the 2020 election")
  
plot

plot2<-ggplot(county_data, aes(political_party, ALWAYS)) + 
  geom_boxplot(fill = c("#0096fa", "#fa1100")) +
  scale_x_discrete(labels = c('Democrat', 'Republican')) +
  labs(title = "County Mask Users by Political Stance", 
         y = "Percent that ALWAYS wears masks",
         x = "How State Voted in 2020",
         color = "Political Lean",
         subtitle = "Comparing mask usage to how state voted in the 2020 election")
plot2

plot<-ggplot(county_data, aes(winner, NEVER)) + 
  geom_boxplot(fill = c("#0096fa", "#fa1100")) +
  labs(title = "County Mask Users by Political Stance", 
         y = "Percent that NEVER wears masks",
         x = "How County Voted in 2020",
         color = "Political Lean",
         subtitle = "Comparing mask usage to how county voted in the 2020 election")
  
plot

plot2<-ggplot(county_data, aes(political_party, NEVER)) + 
  geom_boxplot(fill = c("#0096fa", "#fa1100")) +
  scale_x_discrete(labels = c('Democrat', 'Republican')) +
  labs(title = "County Mask Users by Political Stance", 
         y = "Percent that NEVER wears masks",
         x = "How State Voted in 2020",
         color = "Political Lean",
         subtitle = "Comparing mask usage to how state voted in the 2020 election")
plot2

3. Hypothesis Testing
#Uploading data, cleaning county census data population estimates & mask data
#-------------------------------------------------------------------------------------
countyDeaths <- read.csv('../live/us-counties.csv')#deaths by county dataset
countyPopulations <- read.csv('PopulationEstimates_csv.csv')#populations by county dataset
masks <- read.csv('../mask-use/mask-use-by-county.csv')#mask usage dataset
names <- countyPopulations[1, ]
names[1] <- "fips" #Changing name for merging
names[1,8] <- "Population"
countyPopulations <- countyPopulations[-c(1:2), ]
names(countyPopulations) <- names
countyPopulations$fips <- as.numeric(countyPopulations$fips) #converting fips codes to numeric for converting

## Warning: NAs introduced by coercion

maskNames <- names(masks)
maskNames[1] <- "fips" #Changing name for merging
names(masks) <- maskNames

#Merging based on fips code, selecting key variables, cleaning resulting dataset
#-------------------------------------------------------------------------------------
df <- merge(countyPopulations, countyDeaths, by = "fips" ) %>% 
  select ('fips', 'state', 'Area name', 'Population', 'confirmed_cases', 'confirmed_deaths') 

## Warning in merge.data.frame(countyPopulations, countyDeaths, by = "fips"):
## column names 'NA', 'NA', 'NA', 'NA', 'NA' are duplicated in the result

df$Population <- gsub("\\,", "", df$Population) #removing commas from population data
df$Population <- as.numeric(df$Population)
df$confirmed_deaths <- as.numeric(df$confirmed_deaths)
df$confirmed_cases <- as.numeric(df$confirmed_cases)
df <- df %>% mutate(case_rate = confirmed_cases/Population, death_rate = confirmed_deaths/Population) #calcualtin
g case rate
newdf <- merge(df, masks, by = "fips")
noMaskCounties <- newdf %>% arrange(desc(NEVER, RARELY)) %>% drop_na() %>% slice(1:30) %>% mutate(label = "Low Ma
sk Usage") #Selecting 30 lowest mask using counties with sufficient data
maskCounties <- newdf %>% arrange(desc(ALWAYS, FREQUENTLY)) %>% drop_na() %>% slice(1:30) %>% mutate(label = "Hig
h Mask Usage")#Selecting 30 highest mask using counties with sufficient data
finalDF <- rbind(noMaskCounties, maskCounties)
View(finalDF)

#Creating visualizations
#------------------------------------------------------------------------------------
finalDF %>% ggplot(aes(x = label, y = death_rate, fill = label)) + geom_boxplot() +
  labs(title = "Death Rates by Counties with Differing Mask Usage", x = "Mask Usage", y = "Death Rate") +
  scale_y_continuous(labels = scales::percent)

finalDF %>% ggplot(aes(x = label, y = case_rate, fill = label)) + geom_boxplot() +
  labs(title = "Case Rates by Counties with Differing Mask Usage", x = "Mask Usage", y = "Case Rate") +
  scale_y_continuous(labels = scales::percent)

#T-Test
#-------------------------------------------------------------------------------------
freqMaskDR <- subset(finalDF, select=death_rate, subset=label=="High Mask Usage", drop=T)
rarelyMaskDR <- subset(finalDF, select=death_rate, subset=label=="Low Mask Usage", drop=T)
t.test(rarelyMaskDR, freqMaskDR, alt="greater")

## 
##  Welch Two Sample t-test
## 
## data:  rarelyMaskDR and freqMaskDR
## t = 3.5594, df = 56.022, p-value = 0.000383
## alternative hypothesis: true difference in means is greater than 0
## 95 percent confidence interval:
##  0.0006240341          Inf
## sample estimates:
##   mean of x   mean of y 
## 0.003031938 0.001854760

freqMaskCR <- subset(finalDF, select=case_rate, subset=label=="High Mask Usage", drop=T)
rarelyMaskCR <- subset(finalDF, select=case_rate, subset=label=="Low Mask Usage", drop=T)
t.test(rarelyMaskCR, freqMaskCR, alt="greater")

## 
##  Welch Two Sample t-test
## 
## data:  rarelyMaskCR and freqMaskCR
## t = 4.3449, df = 55.968, p-value = 2.963e-05
## alternative hypothesis: true difference in means is greater than 0
## 95 percent confidence interval:
##  0.02205518        Inf
## sample estimates:
## mean of x mean of y 
## 0.1393027 0.1034439

#CHI-SQR Test
#-------------------------------------------------------------------------------------
#DEATH RATE:
chisqDF <- finalDF %>% select(label, death_rate)

diffMean = function(chisqDF) { 
  agg = aggregate(death_rate ~ label, data = chisqDF, FUN = mean) 
  return(agg$death_rate[1] - agg$death_rate[2]) #xbar_c - xbar_t 
}
myPerm <- function(){
  dfCopy = chisqDF
  dfCopy$death_rate <- dfCopy$death_rate[sample(60,60,replace=F)]
  diffMean(dfCopy)
}
stat = diffMean(chisqDF)
test = replicate(1000, myPerm())
mean(test < stat) #p-value

## [1] 0

#Frequency distribution visualization
hist(test, main = "Null Distribution, Difference of Means", prob = T, col = "cadetblue")
abline(v = stat,col = 2, lwd = 2)

#----

#CASE RATE:
chisqDF <- finalDF %>% select(label, case_rate)

diffMean = function(chisqDF) { 
  agg = aggregate(case_rate ~ label, data = chisqDF, FUN = mean) 
  return(agg$case_rate[1] - agg$case_rate[2]) #xbar_c - xbar_t 
}
myPerm <- function(){
  dfCopy = chisqDF
  dfCopy$case_rate <- dfCopy$case_rate[sample(60,60,replace=F)]
  diffMean(dfCopy)
}
stat = diffMean(chisqDF)
test = replicate(1000, myPerm())
mean(test < stat) #p-value

## [1] 0

#Frequency distribution visualization
range <- c(-0.04, 0.03)
hist(test, main = "Null Distribution, Difference of Means", prob = T, col = "cadetblue", xlim = range)
abline(v = stat,col = 2, lwd = 2)
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Load in necessary libraries
library(tidyverse)

## ── Attaching packages ─────────────────────────────────────── tidyverse 1.3.1 ──

## ✓ ggplot2 3.3.5     ✓ purrr   0.3.4
## ✓ tibble  3.1.4     ✓ dplyr   1.0.7
## ✓ tidyr   1.1.3     ✓ stringr 1.4.0
## ✓ readr   2.0.1     ✓ forcats 0.5.1

## ── Conflicts ────────────────────────────────────────── tidyverse_conflicts() ──
## x dplyr::filter() masks stats::filter()
## x dplyr::lag()    masks stats::lag()

library(ggplot2)
library(dplyr)

1. Colleges

# Load in data
colleges_full <- read.csv("~/Desktop/Papers/Georgetown/Fall 2021/ANLY 511/Final Project/colleges_cleaned2.csv")

# Examine
head(colleges_full)

##   X   state                 county       city ipeds_id
## 1 1 Alabama                    Lee     Auburn   100858
## 2 2 Alabama                   Pike       Troy   102368
## 3 3 Alabama              Jefferson Birmingham   100663
## 4 4 Alabama                 Mobile     Mobile   102094
## 5 5  Alaska Anchorage Municipality  Anchorage   102553
## 6 6 Arizona               Maricopa    Phoenix   104717
##                               college cases rank2020 rank2015 enroll2020
## 1                   Auburn University  2742      101      150      30440
## 2                     Troy University   855      285      217      16981
## 3 University of Alabama at Birmingham  3143      193      256      21923
## 4         University of South Alabama   780      338      346      14834
## 5      University of Alaska Anchorage   186      348      283      14644
## 6             Grand Canyon University  1935        5       11      90253
##   enroll2015 NEVER RARELY SOMETIMES FREQUENTLY ALWAYS     winner
## 1      24864 0.053  0.064     0.138      0.183  0.562 Republican
## 2      20573 0.060  0.131     0.145      0.333  0.330 Republican
## 3      18568 0.049  0.037     0.107      0.179  0.628   Democrat
## 4      15065 0.077  0.070     0.102      0.244  0.506 Republican
## 5      17363 0.042  0.050     0.049      0.196  0.663       <NA>
## 6      55497 0.023  0.025     0.059      0.158  0.734   Democrat
##   perc_enroll_change  case_rate
## 1         0.22425997 0.09007884
## 2        -0.17459777 0.05035039
## 3         0.18068720 0.14336542
## 4        -0.01533355 0.05258191
## 5        -0.15659736 0.01270145
## 6         0.62626809 0.02143973

str(colleges_full)

## 'data.frame':    249 obs. of  19 variables:
##  $ X                 : int  1 2 3 4 5 6 9 12 15 19 ...
##  $ state             : chr  "Alabama" "Alabama" "Alabama" "Alabama" ...
##  $ county            : chr  "Lee" "Pike" "Jefferson" "Mobile" ...
##  $ city              : chr  "Auburn" "Troy" "Birmingham" "Mobile" ...
##  $ ipeds_id          : int  100858 102368 100663 102094 102553 104717 105330 104179 106467 106397 ...
##  $ college           : chr  "Auburn University" "Troy University" "University of Alabama at Birmingham" "Unive
rsity of South Alabama" ...
##  $ cases             : int  2742 855 3143 780 186 1935 2959 4365 704 3336 ...
##  $ rank2020          : int  101 285 193 338 348 5 94 37 442 129 ...
##  $ rank2015          : int  150 217 256 346 283 11 135 39 491 144 ...
##  $ enroll2020        : int  30440 16981 21923 14834 14644 90253 31066 44097 12101 27778 ...
##  $ enroll2015        : int  24864 20573 18568 15065 17363 55497 26594 40621 11369 25341 ...
##  $ NEVER             : num  0.053 0.06 0.049 0.077 0.042 0.023 0.039 0.023 0.082 0.034 ...
##  $ RARELY            : num  0.064 0.131 0.037 0.07 0.05 0.025 0.08 0.024 0.151 0.028 ...
##  $ SOMETIMES         : num  0.138 0.145 0.107 0.102 0.049 0.059 0.07 0.073 0.181 0.101 ...
##  $ FREQUENTLY        : num  0.183 0.333 0.179 0.244 0.196 0.158 0.11 0.121 0.285 0.186 ...
##  $ ALWAYS            : num  0.562 0.33 0.628 0.506 0.663 0.734 0.702 0.759 0.302 0.651 ...
##  $ winner            : chr  "Republican" "Republican" "Democrat" "Republican" ...
##  $ perc_enroll_change: num  0.2243 -0.1746 0.1807 -0.0153 -0.1566 ...
##  $ case_rate         : num  0.0901 0.0504 0.1434 0.0526 0.0127 ...

###### EDA
boxplot(colleges_full$cases, main = "Colleges Total Cases")

boxplot(colleges_full$case_rate,
        main = "Colleges Normalized Case Rate")

### Create Size Subgroups
summary(colleges_full$enroll2020)

##    Min. 1st Qu.  Median    Mean 3rd Qu.    Max. 
##   11211   14029   18373   22283   26506  104068

small_schools <- colleges_full$case_rate[colleges_full$enroll2020 <= 18000]
big_schools <- colleges_full$case_rate[colleges_full$enroll2020 > 18000]

boxplot(small_schools, big_schools,
        main = "College COVID-19 Case Rates For Small vs. Large Schools",
        names = c("Small Schools", "Large Schools"))

### Create Mask Wearing Subgroups
summary(colleges_full$ALWAYS)

##    Min. 1st Qu.  Median    Mean 3rd Qu.    Max.    NA's 
##  0.2450  0.5675  0.6805  0.6507  0.7560  0.8550      27

high_mask_usage <- colleges_full$case_rate[colleges_full$ALWAYS > 0.5]
low_mask_usage <- colleges_full$case_rate[colleges_full$ALWAYS <= 0.5]
# Remove NAs
high_mask_usage<-high_mask_usage[!is.na(high_mask_usage)]
low_mask_usage<-low_mask_usage[!is.na(low_mask_usage)]

boxplot(low_mask_usage, high_mask_usage,
        main = "College COVID-19 Case Rates For Schools in Counties with Low vs. High Mask Usage",
        names = c("Low Mask Usage", "High Mask Usage"))

### Create Voting Subgroups
red_counties <- colleges_full$case_rate[colleges_full$winner == "Democrat"]
blue_counties <- colleges_full$case_rate[colleges_full$winner == "Republican"]
# Remove NAs
red_counties<-red_counties[!is.na(red_counties)]
blue_counties<-blue_counties[!is.na(blue_counties)]

boxplot(red_counties, blue_counties,
        main = "College COVID-19 Case Rates For Schools Based on 2020 Election Results",
        names = c("Republican-Voting Counties", "Democrat-Voting Counties"))

######### Confidence Intervals
# Difference between small vs. large schools
school_size_bootstrap <- rep(NA,10000) 

for (j in 1:10000) {
  boot.large <- mean(sample(big_schools, length(big_schools), replace = T)) 
  boot.small <- mean(sample(small_schools, length(small_schools), replace = T)) 
  school_size_bootstrap[j] <- boot.large - boot.small #the difference
}

head(school_size_bootstrap)

## [1] 0.013121659 0.003650055 0.003651378 0.004916144 0.008419205 0.015279614

mean(school_size_bootstrap) #bootstrap mean difference

## [1] 0.005595562

CI <- quantile(school_size_bootstrap, c(.05, .95))
CI

##           5%          95% 
## -0.004424769  0.015686788

# Difference between schools in counties that wear masks and those that don't 
mask_bootstrap <- rep(NA,100000) 

for (j in 1:100000) {
  mask_high <- mean(sample(high_mask_usage, length(high_mask_usage), replace = T)) 
  mask_low <- mean(sample(low_mask_usage, length(low_mask_usage), replace = T)) 
  mask_bootstrap[j] <- mask_high - mask_low #the difference
}

head(mask_bootstrap)

## [1] -0.02382377 -0.04405964 -0.01660564 -0.02162277 -0.02479056 -0.02844865

mean(mask_bootstrap) #bootstrap mean difference

## [1] -0.02434536

CI_mask <- quantile(mask_bootstrap, c(.05, .95))
CI_mask

##           5%          95% 
## -0.041403003 -0.008891409

# Difference between schools in counties that wear masks and those that don't 
election_bootstrap <- rep(NA,100000) 

for (j in 1:100000) {
  election_red <- mean(sample(red_counties, length(red_counties), replace = T)) 
  election_blue <- mean(sample(blue_counties, length(blue_counties), replace = T)) 
  election_bootstrap[j] <- election_red - election_blue #the difference
}

head(election_bootstrap)

## [1] -0.006414878 -0.006457495 -0.008835648 -0.016302977 -0.021318037
## [6] -0.004235977

mean(election_bootstrap) #bootstrap mean difference

## [1] -0.007115239

CI_election <- quantile(election_bootstrap, c(.05, .95))
CI_election

##           5%          95% 
## -0.017876188  0.003197215

#########################
##### Prison Data

# Load in data
facilities <- read.csv("~/Desktop/Papers/Georgetown/Fall 2021/ANLY 511/Final Project/facilities_edited.csv")
head(facilities)

##   X                                                         facility_name
## 1 1                                         Alex City Work Release prison
## 2 2                         Alabama Therapeutic Education Facility prison
## 3 3                                            Bibb Correctional Facility
## 4 4 Birmingham Women's Community Based Facility and Community Work Center
## 5 5                                         Bullock Correctional Facility
## 6 6                                                         Camden prison
##                 facility_type    county facility_county_fips   state
## 1   Low-security work release     Coosa                 1037 Alabama
## 2 State rehabilitation center    Shelby                 1117 Alabama
## 3                State prison      Bibb                 1007 Alabama
## 4                State prison Jefferson                 1073 Alabama
## 5                State prison   Bullock                 1011 Alabama
## 6                State prison    Wilcox                 1131 Alabama
##   latest_inmate_population total_inmate_cases total_inmate_deaths
## 1                      188                 77                   0
## 2                      272                 11                   1
## 3                     1725                164                   3
## 4                      192                 17                   0
## 5                     1477                162                   5
## 6                       49                  5                   0
##   political_party county_population
## 1      Republican             10387
## 2      Republican            223024
## 3      Republican             22293
## 4        Democrat            674721
## 5        Democrat             10357
## 6        Democrat             10600

str(facilities)

## 'data.frame':    2553 obs. of  11 variables:
##  $ X                       : int  1 2 3 4 5 6 7 8 9 10 ...
##  $ facility_name           : chr  "Alex City Work Release prison" "Alabama Therapeutic Education Facility pris
on" "Bibb Correctional Facility" "Birmingham Women's Community Based Facility and Community Work Center" ...
##  $ facility_type           : chr  "Low-security work release" "State rehabilitation center" "State prison" "St
ate prison" ...
##  $ county                  : chr  "Coosa" "Shelby" "Bibb" "Jefferson" ...
##  $ facility_county_fips    : int  1037 1117 1007 1073 1011 1131 1121 1073 1051 1005 ...
##  $ state                   : chr  "Alabama" "Alabama" "Alabama" "Alabama" ...
##  $ latest_inmate_population: int  188 272 1725 192 1477 49 322 1508 100 1181 ...
##  $ total_inmate_cases      : int  77 11 164 17 162 5 5 45 121 72 ...
##  $ total_inmate_deaths     : int  0 1 3 0 5 0 0 2 0 2 ...
##  $ political_party         : chr  "Republican" "Republican" "Republican" "Democrat" ...
##  $ county_population       : int  10387 223024 22293 674721 10357 10600 82149 674721 87977 25223 ...

facilities$facility_type = as.factor(facilities$facility_type)
facilities <- facilities %>%
  mutate(case_rate = total_inmate_cases/latest_inmate_population) %>%
  filter(case_rate < 1)

### Confidence Intervals
levels(facilities$facility_type)

##  [1] "Detention center"            "Federal halfway house"      
##  [3] "Federal prison"              "Jail"                       
##  [5] "Juvenile detention at jail"  "Low-security work release"  
##  [7] "Reservation jail"            "State facility"             
##  [9] "State halfway house"         "State juvenile detention"   
## [11] "State prison"                "State rehabilitation center"
## [13] "State work camp"

# Break up data into subgroups 
state_prisons <- facilities$case_rate[facilities$facility_type == c("State halfway house", "State work camp",
                                               "State juvenile detention", "State prison", "State facility",
                                               "State rehabilitation center")]
federal_prisons <- facilities$case_rate[facilities$facility_type == c("Detention center", "Juvenile detention at 
jail",
                                                 "Federal halfway house", "Low-security work release", "Federal p
rison",
                                                 "Reservation jail", "Jail")]

## Warning in `==.default`(facilities$facility_type, c("Detention center", : longer
## object length is not a multiple of shorter object length

## Warning in is.na(e1) | is.na(e2): longer object length is not a multiple of
## shorter object length

state_prisons<-state_prisons[!is.na(state_prisons)]
federal_prisons<-federal_prisons[!is.na(federal_prisons)]

small_prisons <- facilities$case_rate[facilities$latest_inmate_population < 580]
big_prisons <- facilities$case_rate[facilities$latest_inmate_population >= 580]
# Remove NAs
small_prisons<-small_prisons[!is.na(small_prisons)]
big_prisons<-big_prisons[!is.na(big_prisons)]

red_prisons <- facilities$case_rate[facilities$political_party == "Republican"]
blue_prisons <- facilities$case_rate[facilities$political_party == "Democrat"]
red_prisons<-red_prisons[!is.na(red_prisons)]
blue_prisons<-blue_prisons[!is.na(blue_prisons)]

# 1. Mean case numbers between different types of prisons
prison_type_bootstrap <- rep(NA,1000) 

for (j in 1:1000) {
  boot.state <- mean(sample(state_prisons, length(state_prisons), replace = T)) 
  boot.federal <- mean(sample(federal_prisons, length(federal_prisons), replace = T)) 
  prison_type_bootstrap[j] <- boot.state - boot.federal #the difference
}

head(prison_type_bootstrap)

## [1] -0.098180539 -0.031825082 -0.010370224  0.002841252 -0.049518496
## [6] -0.029431810

mean(prison_type_bootstrap) #bootstrap mean difference

## [1] -0.0160858

prison_type_bootstrap<-prison_type_bootstrap[!is.na(prison_type_bootstrap)]

CI_prison1 <- quantile(prison_type_bootstrap, c(.05, .95))
CI_prison1

##          5%         95% 
## -0.08014270  0.04672863

# 2. Mean case numbers between different sized prisons
prison_type_bootstrap2 <- rep(NA,1000) 

for (j in 1:1000) {
  boot.small <- mean(sample(small_prisons, length(small_prisons), replace = T)) 
  boot.big <- mean(sample(big_prisons, length(big_prisons), replace = T)) 
  prison_type_bootstrap2[j] <- boot.big - boot.small #the difference
}

head(prison_type_bootstrap2)

## [1] 0.03812381 0.04982210 0.07058573 0.06497707 0.03413541 0.05169557

mean(prison_type_bootstrap2) #bootstrap mean difference

## [1] 0.05600088

CI_prison2 <- quantile(prison_type_bootstrap2, c(.05, .95))
CI_prison2

##         5%        95% 
## 0.03392240 0.07758713

# 3. Mean case numbers between prisons in Red vs. Blue states - facilities.csv
prison_type_bootstrap3 <- rep(NA,1000) 

for (j in 1:1000) {
  boot.red <- mean(sample(red_prisons, length(red_prisons), replace = T)) 
  boot.blue <- mean(sample(blue_prisons, length(blue_prisons), replace = T)) 
  prison_type_bootstrap3[j] <- boot.red - boot.blue #the difference
}

head(prison_type_bootstrap3)

## [1] 0.05228466 0.04810271 0.05397790 0.03854286 0.02015913 0.02123528

mean(prison_type_bootstrap3) #bootstrap mean difference

## [1] 0.04140843

CI_prison3 <- quantile(prison_type_bootstrap3, c(.05, .95))
CI_prison3

##         5%        95% 
## 0.01782058 0.06313119

##########################
## Visualize

school_results <- data.frame(school = c(1, 2, 3),
                   zero    = c(0, 0, 0),
                   center   = c(0.005595, -0.007355, -0.034185),
                   CI       = c(0.010125, 0.010615, 0.025195))
print(school_results)

##   school zero    center       CI
## 1      1    0  0.005595 0.010125
## 2      2    0 -0.007355 0.010615
## 3      3    0 -0.034185 0.025195

CI_schools <- ggplot(school_results, aes(school, center)) +
  geom_point(color = "red") +
  geom_point(aes(x = school, y = zero)) + 
  geom_errorbar(aes(ymin = center - CI, ymax = center + CI)) +
  labs(x = "",
       y = "Difference of Mean COVID-19 Case Rates",
       title = "Confidence Intervals of Diff. of Means across School Subgroups") +
  theme_classic() 

print(CI_schools)

# Prison data
prison_results <- data.frame(tests = c(1, 2, 3),
                             zero    = c(0, 0, 0),
                             center   = c(0.005595, 0.05542, 0.04157),
                             CI       = c(-0.017795, 0.02133, 0.02111))
print(school_results)

##   school zero    center       CI
## 1      1    0  0.005595 0.010125
## 2      2    0 -0.007355 0.010615
## 3      3    0 -0.034185 0.025195

CI_prisons <- ggplot(prison_results, aes(tests, center)) +
  geom_point(color = "red") +
  geom_point(aes(x = tests, y = zero)) + 
  geom_errorbar(aes(ymin = center - CI, ymax = center + CI)) +
  labs(x = "",
       y = "Difference of Mean COVID-19 Case Rates",
       title = "Confidence Intervals of Diff. of Means across Prison Subgroups") +
  theme_classic() 

print(CI_prisons)


