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3XEOLVKHG�2QOLQH������SULO������

7KH�DEXVH�RI�RSLRLGV�LV�KDUPIXO�WR�WKH�QDWLRQDO�HFRQRP��DQG�KHDOWK��7KH�

8�6��JRYHUQPHQW�KDV�VSHQW�D�ORW�RI�WLPH��HQHUJ��DQG�PRQH��WR�GHDO�ZLWK�

WKLV�SKHQRPHQRQ��%DVHG�RQ�WKH�WRSLF�EDFNJURXQG�DQG�WHDP�GLVFXVVLRQ��ZH�

GHHSO��H[FDYDWHG�WKH�GDWD�DQG� LQIRUPDWLRQ�SURYLGHG�LQ�WKH�WRSLF��GHWHU�

PLQHG�WKH�FXUUHQW�XVH�RI�RSLRLGV��DQG�FRQVWUXFWHG�DQ�LPSURYHG�6,5�PRGHO�

WR�GHWHUPLQH�WKH�VRXUFH�RI�GUXJ�DEXVH��WKH�PHFKDQLVP�RI�GUXJ�DEXVH�GLIIX�

VLRQ�DQG�WKH�RULJLQ�RI�HDFK�VWDWH�WKURXJK�UHYHUVH�GHULYDWLRQ��ZKLFK�SURYLGHG�

JXLGDQFH�IRU�WKH�JRYHUQPHQW�LQ�WKH�FRQWH[W�RI�RSLRLG�DEXVH�%DVHG�RQ�WKH�
DERYH�UHVXOWV��ZH�VLPXODWHG�DQG�DQDO�]HG�WKH�LPSURYHG�6,5�PRGHO�DQG�GH�

WHUPLQHG�WKH�DFFXUDF��DQG�VWDELOLW��RI�WKH�PRGHO�LQ�WKH�GDWD�VHW�

.H�ZRUG��

2SLRLGV

'LIIXVLRQ�PRGHO

*UH��UHODWLRQDO�DQDO�VLV�

��RUUH�SRQGLQ����WKRU�

�DQLQ��7DQ�

1RUWK��KLQD�8QLYHU�LW��RI�6�LHQ�H�DQG�7H�KQR�R����7DQ��KDQ���HEHL�����������KLQD�

���DL�������������#TT��R���

���,QWURGXFWLRQ

,
Q�UHFHQW��HDUV�� WKH�PRUWDOLW��UDWH�RI�RSLRLGV�DEXVH�LQ�

WKH�8QLWHG�6WDWHV�LV�PXFK�KLJKHU� WKDQ� WKDW�RI�RWKHU�

FDXVHV�RI�GHDWK���W�WKH�VDPH�WLPH��WKH�RSLRLGV�FULVLV�LV�

DOVR�HURGLQJ�WKH�8�6��HFRQRP���LQYROYLQJ�DOPRVW�DOO� VHF�

WRUV�RI�WKH�8�6��SRSXODWLRQ��UHVXOWLQJ�LQ�D�VHULHV�RI�SURE�

OHPV�LQ�UHFHQW��HDUV��VXFK�DV�YDFDQFLHV�LQ�FRUSRUDWH�SRVWV��

VRFLDO�WUXVW�FULVLV��DQG�WKH�GHFOLQH�LQ�WKH�KHDOWK�FDUH�DVVLVW�

HG�HFRQRP��LQ�WKH�8QLWHG�6WDWHV>����(IIHFWLYH�DQG�DFFXUDWH�

MXGJPHQW�RI�WKH�GLIIXVLRQ�RI�RSLRLGV�KDV�EHFRPH�WKH�NH��

WR�FRQWUROOLQJ�WKH�DEXVH�RI�RSLRLGV�

���'DWD�3UHSURFHVVLQJ

�����EQRUPDO��DOXH�3URFHVVLQJ

,I�WKH�YDOXHV�LQ�D�VHW�RI�GDWD�H[FHHG�WZLFH� WKH� VWDQGDUG�

GHYLDWLRQ�RI�WKH�DYHUDJH�YDOXH��ZH�FDQ�FDOO�WKHP�RXWOLHUV��

,Q�WKH�GDWD�SURYLGHG�E��1)/,6��ZH�ILQG�VRPH�DEQRUPDO�

YDOXHV�DQG�XVH�WKH�DYHUDJH�YDOXH�WR�UHSODFH�WKHP�

���0RGHO��RQVWUXFWLRQ

����(VWDEOLVKLQJ�6,5�0RGHO

7KH�6,5�PRGHO�LV�D�SURSDJDWLRQ�GLIIXVLRQ�PRGHO�DQG�LW�LV�

DQ�DEVWUDFW�GHVFULSWLRQ�LQ�WKH�SURFHVV�RI�LQIRUPDWLRQ�GLV�

VHPLQDWLRQ�>����

%HWZHHQ�WKH�ILYH�VWDWHV�DQG�WKHLU�FRXQWLHV�DUH�VLPLODU�

WR�WKH�VSUHDG�RI� LQIHFWLRXV�GLVHDVHV�LQ� WKH�SRSXODWLRQ>����

7KHUHIRUH��6,5�PRGHO�VLPXODWLRQ�ZDV�FRQVWUXFWHG�WR�VWXG��

WKH�VSUHDG�RI�RSLRLGV�DQG�WKH�FKDUDFWHULVWLFV�RI�RSLRLGV�DQG�

heroin�time�between�the��ve�states�and�their�counties.�The�

WRWDO�QXPEHU�RI�SHRSOH�.�LV�XQFKDQJHG��DQG�WKH�UHVLGHQWV�

of�these��ve�states�can�be�divided�into�three�categories:
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����7KHUH�LV�QR�DEXVH�RI�RSLRLGV�DQG�KHURLQ��EXW�LW�PD��

EH�DGGLFWHG�WR�LW��DQG�LW�LV�UHFRUGHG�DV�D�VXVFHSWLEOH�SRSX�

ODWLRQ�6��

�����EXVH�RI�RSLRLGV�DQG�KHURLQ��UHFRUGHG�DV�DEXVH�RI�

SRSXODWLRQ�,�

����7KH�SRSXODWLRQ�UHFRYHUHG�DIWHU�DEXVH�LV�UHFRUGHG�DV�

WKH�UHFRYHU��SRSXODWLRQ�5�

:KHQ�DW�WLPH�W��6�W�LV�WKH�QXPEHU�RI�VXVFHSWLEOH�SHRSOH��

,�W�LV�WKH�DEXVHG�SRSXODWLRQ��DQG�5�W��LV�WKH�SRSXODWLRQ�UH�

FRYHUHG�DIWHU�DEXVH��7KH�WRWDO�QXPEHU�.�LV�FRQVWDQW�

. 6 W , W 5 W= + +� � � � � � � ���

Among�them,� the�infection� rate�α�is� the�transmission�

rate�of�opioids�and�heroin,�and�the�recovery�rate�β�is�the�

JRYHUQPHQW�JRYHUQDQFH�UDWH�

7KH�LQIHFWLRQ�PHFKDQLVP�RI�WKH�6,5�PRGHO�LV�DV� IRO�

ORZV�

α � � �6 L , M , L , M( ) + → +( ) ( ) � ���

β � � � � �, L 5 L→ � ���

:KHQ�WKH�PRPHQW�RI�W���WKH�GLIIHUHQWLDO�HTXDWLRQ�RI�6B

�W����,B�W����5B�W�����SURSDJDWLRQ�SURFHVV�LV�

, , G, W GW , W 6 W , W 6, ,W W+� − = = − = −� � � α β α β( ) ( ) ( ) � ���

5 5 G5 W GW , W ,W W+� − = = =� � � β β( ) ���

����'HWHUPLQH�3DUDPHWHUV

,Q�WKLV�SDSHU��WKH�OHDVW�VTXDUH�PHWKRG�LV�XVHG�WR�GHWHUPLQH�

WKH�SDUDPHWHUV��%DVHG�RQ�WKH�NQRZQ�GDWD�� WKH� VTXDUH�RI�

WKH�HUURU�LV�PLQLPL]HG�DQG�WKH�EHVW�IXQFWLRQ�PDWFKLQJ�RI�

WKH�GDWD�LV�IRXQG>����

Estimate�the�given�new�data,�use�the��rst-order�Taylor�

IRUPXOD�WR�H[SDQG��FRPSDUH� WKH�FRQYHUJHQFH�FRQGLWLRQV�

WR�ILW� WKH�RSWLPL]DWLRQ��GHWHUPLQH� WKH�GLVWULEXWLRQ�ODZ�RI�

WKH�SDUDPHWHUV��DQG�WKH�VXP�RI�WKH�VTXDUHV�RI�WKH�HUURU�

EHWZHHQ�WKH�REWDLQHG�GDWD�DQG�WKH�DFWXDO�GDWD�*HW�WKH�SD�

rameter�result�when�it�is�minimum:�α 0.031�and�β ������

����SSOLFDWLRQ�RI�WKH�0RGHO

����'HWHUPLQLQJ�WKH�%LUWKSODFH

,Q�RUGHU� WR�GHWHUPLQH� WKH�RULJLQ�RI� WKH�XVH�RI�RSLRLGV�

GUXJV��ZH�XVH�WKH�����������GDWD�SURYLGHG�E��1)/,6�WR�

GHGXFW�WKH�SDUDPHWHUV�RI�WKH�FDOFXODWHG�6,5�PRGHO�DQG�RE�

WDLQ�W�� W���W����7KH�SURSRUWLRQ�RI�WKH�QXPEHU�RI�SHR�

SOH�LQ�WKH�6,5�PRGHO�FRUUHVSRQGLQJ�WR�WKH�WLPH��XQGHU�WKH�

DVVXPSWLRQ�RI�WKH�PRGHO�� WKH�GDWD�RI������ZDV�REWDLQHG��

ZKLFK�FDQ�EH�XVHG�DV� WKH�ELUWKSODFH�RI�RSLRLGV�DEXVH��

FRPELQHG�ZLWK�6,5�PRGHO�DQDO�VLV��DQG�WKH�FRQFOXVLRQ�LV�

VKRZQ�LQ�)LJXUH����

)LJXUH����2ULJLQDO�SODFH�RI�DEXVH�RI�RSLRLGV

,Q�)LJXUH����WKH�UHG�SDUW�UHSUHVHQWV�WKH�VWDUWLQJ�SRVLWLRQ�

IRU�WKH�EURDG�GLIIXVLRQ�RI�WKH�RSLRLGV���FFRUGLQJ�WR�WKH�

position�of�the�latitude�and�longitude,�the�origin�of�the��ve�

VWDWHV�LV�VKRZQ�LQ�7DEOH���DQG�WKH�SUREDELOLW��RI�WKH�RULJLQ��

7DEOH����3UREDELOLW��RI�RULJLQDO�SODFH�RI�XVH�RI�RSLRLGV�LQ�

�ve�states

6WDWH .< 2+ 3� 9� :9

&RXQW� �//(1 &/�< (5,( &/�5,21 &/,1721

3UREDELOLW� ������ ������ ������ ������ ������

����XUUHQW�6LWXDWLRQ��QDO�VLV

2SLRLGV�DUH�XVHG� LQ�PHGLFLQH�WR�UHOLHYH�SDLQ�LQ�SDWLHQWV��

7KH��LQWHUDFW�ZLWK�RSLRLGV�UHFHSWRUV�LQ�FHOOV� WR� LQFUHDVH�

WKH�SDWLHQW�V�SDLQ�WKUHVKROG�DQG�UHGXFH�WKH�ERG��V�SHUFHS�

WLRQ�RI�SDLQ��7KH��KDYH�D�VWURQJ�DQDOJHVLF�HIIHFW��

�OWKRXJK�VRFLHW��KDV�UHDOL]HG�WKDW�RSLRLGV�FDXVH�JUHDW�

KDUP� WR�WKH�KXPDQ�ERG��� WKHUH�DUH� VWLOO�PDQ��DEXVHV�RI�

RSLRLGV�WKDW�H[LVW�WKURXJKRXW�WKH�ZRUOG��7KH�PDLQ�UHDVRQV�

IRU� WKH�DQDO�VLV�UH�VKRZQ�LQ�)LJXUH���E��DQDO�]LQJ�GUXJ�

ef�cacy�and�human�needs�for�drugs.

)LJXUH����5HDVRQV�IRU�WKH�DEXVH�RI�RSLRLGV
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���0RGHO�,PSURYHPHQW

�����UH��5HODWLRQDO��QDO�VLV

7KH�WRWDO�SRSXODWLRQ��IDPLO��VWDWXV��PDULWDO�VWDWXV��HGXFD�

WLRQ�OHYHO��DQG�DQFHVWUDO�KRPH�DUH�DOO�VRFLDO�DQG�HFRQRPLF�

LQGLFDWRUV�RI�WKH�8�6��&HQVXV�%XUHDX��:H�DSSOLHG�JUH��

FRUUHODWLRQ�DQDO�VLV�WR�VWXG��WKHLU�UHODWLRQVKLS�WR�WKH�DEXVH�

RI�RSLRLGV>����7KH�UHVXOWV�SUHVHQWHG�E��WKH�JUH��FRUUHODWLRQ�

DQDO�VLV�PHWKRG�DUH�GHWHUPLQHG�EDVHG�RQ�WKH�GHYHORSPHQW�

trend�between�the�in�uencing�factors.

:H�VHOHFW�WKH� IDPLO��VWDWXV��HGXFDWLRQ� OHYHO�DQG�DJH�

FRPSRVLWLRQ�DV�WKH�UHVHDUFK�REMHFW��6HW� IDPLO��VWDWXV�DV��

�L�����VHW�HGXFDWLRQ�OHYHO�DV��L�����VHW�DJH�FRPSRVLWLRQ�DV�

�L������ WKH�DEXVH�RI�RSLRLGV�LV�VHW�DV��L������L����DV�D�UHIHU�

HQFH�GDWD�FROXPQ��7KH�JUH�� UHODWLRQDO�GHJUHHV�RI������

�����DQG�����������ZHUH�FDOFXODWHG� UHVSHFWLYHO��� DQG�

the�changing�trends�of�three�in�uencing�factors�were�ana�

O�]HG��DV�VKRZQ�LQ�)LJXUH����

)LJXUH����&KDQJH�RI�JUH��UHOHYDQFH�GHJUHH

�FFRUGLQJ� WR�)LJXUH����ZH�IRXQG�WKH�JUHDWHVW�FRUUHOD�

WLRQ�EHWZHHQ�RSLRLGV�XVH�DQG�HGXFDWLRQ��,Q�WKH�DQDO�VLV�RI�

�ve�states,� the�grey�correlation�of�educational�attainment�

LQFUHDVHG��

����8SGDWH�3DUDPHWHUV

�FFRUGLQJ� WR�WKH�UHVXOWV�RI�JUH�� UHODWLRQDO�DQDO�VLV�� WKH�

factors�in�uencing�family�status,�educational�background,�

DJH�FRPSRVLWLRQ�DQG�JRYHUQPHQW�SROLF��DUH�DGGHG�WR�XS�

GDWH�WKH�SDUDPHWHUV�RI�6,5�PRGHO�

6 6 G6 W GW S, W 6 W T6,W W+� − = = − = −� � � α β( ) ( ) � ���

, , G, W GW S, W 6 W T, W S6, T,W W+� − = = − = −� � � α β α β( ) ( ) ( )
� ���

5 5 G5 W GW T, W T,W W+� − = = =� � � β β( ) � ���

p�is�a�factor�in�uencing�the�combination�of�family�sta�

WXV�� HGXFDWLRQDO�EDFNJURXQG�DQG�DJH�FRPSRVLWLRQ��*LYH�

GLIIHUHQW�ZHLJKWV�����������DQG������7KH�FDOFXODWHG�YDOXH�

of�p�is�0.863.�q�is�the�in�uence�parameter�of�government�

SROLF���7KH�FDOFXODWHG�YDOXH�RI�T� LV��������'HWHUPLQLQJ�

WKH�SDUDPHWHUV�α*q�DQG�β*q�RI� WKH�PRGHO� LV�����������

���������

���6LPXODWLRQ�DQG��QDO�VLV

)RU� WKH�VLPXODWLRQ�DQDO�VLV�RI� WKH� LPSURYHG�6,5�PRGHO��

WDNLQJ������DV�WKH�VWDUWLQJ�SRLQW��FRPELQHG�ZLWK�WKH�GDWD�

SURYLGHG�E��1)/,6��WKH�VLPXODWLRQ�DQDO�VLV�RI�WKH�PRGHO�

LV�FDUULHG�RXW��7DNLQJ�2KLR�DV�DQ�H[DPSOH��WKH�UHVXOWV�DUH�

VKRZQ�LQ�)LJXUH����

)LJXUH����2KLR�0RGHO�VLPXODWLRQ�UHVXOWV

�FFRUGLQJ� WR� WKH�DQDO�VLV� LQ�)LJXUH���� WKH�QXPEHU�

RI�DEXVHUV�DQG� UHFRYHUHUV�RI�RSLRLGV�PDLQWDLQHG�D� ORZ�

SURSRUWLRQ�DW� WKH�EHJLQQLQJ��DQG�WKHUH�ZDV�D�VLJQLILFDQW�

LQFUHDVH�DIWHU� WKH��WK� URXQG�RI�GLIIXVLRQ��ZKLOH� WKH�QXP�

EHU�RI�SHRSOH�ZKR�KDG�QRW�EHHQ�H[SRVHG�WR�RSLRLGV�DOVR�

GHFUHDVHG� VLJQLILFDQWO���:KHQ� WKH� VSUHDG� UHDFKHG� WKH�

WKLUWHHQWK�URXQG��WKH�QXPEHU�RI�RSLRLGV�DEXVHUV�UHDFKHG�D�

PD[LPXP���IWHU�FRQWLQXLQJ�WR�VSUHDG��WKH�QXPEHU�RI�SHR�

SOH�ZKR�DEXVH�RSLRLGV�KDV�GHFOLQHG��WKH�QXPEHU�RI�SHRSOH�

ZKR�UHFRYHU�KDV�FRQWLQXHG�WR�LQFUHDVH��DQG�WKH�QXPEHU�RI�

SHRSOH�ZKR�GR�QRW�DEXVH�RSLRLGV�KDV�GURSSHG� WR�D�UHOD�

WLYHO��VWDEOH�OHYHO��

����RQFOXVLRQ

,Q�WKLV�SDSHU��ZH�DQDO�]HG�GDWD�RQ�RSLRLGV�DEXVH�LQ� ILYH�

86�VWDWHV� WKURXJK�GDWD�� LGHQWLILHG�WKH�RULJLQDO�SODFH�RI�

RSLRLGV�DEXVH� LQ�ILYH�86�VWDWHV� WKURXJK�LPSURYHG�6,5�

PRGHOV��SUHGLFWHG�GUXJ�VSUHDGV�� DQDO�]HG� LPSDFWV�DQG�

SURSRVHG�LPSURYHPHQWV�:H�GHYHORS�VWUDWHJLHV�WR�DGGUHVV�

WKH�RSLRLGV�FULVLV�DQG�XVH�RXU�SURSRVHG�PRGHO� WR� DVVHVV�

WKHLU�HIIHFWLYHQHVV�

5HIHUHQFHV

>���)ORUHQFH�&�6���=KRX�&���/XR�)���HW�DO��7KH�(FRQRPLF�

%XUGHQ�RI�3UHVFULSWLRQ�2SLRLG�2YHUGRVH���EXVH��DQG�

'2,��KWWSV���GRL�RUJ����������MDPV�Y�L������
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'HSHQGHQFH� LQ�WKH�8QLWHG�6WDWHV������>-���0HGLFDO�

&DUH�����������������������

>���<DQJ�-���/LDQJ�6���=KDQJ�<���7UDYHOOLQJ�:DYHV�RI�D�

'HOD�HG�6,5�(SLGHPLF�0RGHO�ZLWK�1RQOLQHDU�,QFL�

GHQFH�5DWH�DQG�6SDWLDO�'LIIXVLRQ>-���3ORV�2QH��������

�����H������

>���7RZHUV�6� �*HLVVH�.�9� ��=KHQJ�<� �� HW�DO���QWLYLUDO�

WUHDWPHQW� IRU�SDQGHPLF� LQIOXHQ]D���VVHVVLQJ� SR�

WHQWLDO� UHSHUFXVVLRQV�XVLQJ�D�VHDVRQDOO��IRUFHG�6,5�

PRGHO>-��� -RXUQDO� RI�7KHRUHWLFDO�%LRORJ���������

����QRQH����������

>���,QDED�+���0DWKHPDWLFDO�DQDO�VLV�RI�DQ�DJH�VWUXFWXUHG�

6,5�HSLGHPLF�PRGHO�ZLWK�YHUWLFDO� WUDQVPLVVLRQ>-���

'LVFUHWH�DQG�&RQWLQXRXV�'�QDPLFDO�6�VWHPV���6HULHV�

%��'&'6�%��������������������

>���;X�-���;X�<���*UH��FRUUHODWLRQ�KLHUDUFKLFDO�DQDO�VLV�

IRU�PHWUR�FDXVHG�VHWWOHPHQW>-���(QYLURQPHQWDO�(DUWK�

6FLHQFHV������������������������

'2,��KWWSV���GRL�RUJ����������MDPV�Y�L������


