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6RPH�ZLOGOLIH�FUHDWXUHV��H�J���EHDUV��FR\RWHV��ERDUV�DQG�PRVTXLWRHV��HQFURDFK�LQWR�FLWLHV�DQG�KDUP�KXPDQ�
OLYHV��FDXVLQJ�LQMXULHV��LQIHFWLRXV�GLVHDVH��EXW�WKH\�DUH�LPSRUWDQW�EHFDXVH�WKH\�FRQWULEXWH�WR�ELRGLYHUVLW\��:H�
GHYHORS�D�QHZ�PRGHO�WKDW�LQFOXGHV�WZR�OLIH�VWDJHV�RI�RPQLYRUHV��LPPDWXUH�DQG�PDWXUH�RPQLYRUHV��DQG�D�
G\QDPLF�PRGHO�E\�LQWURGXFLQJ�WKH�RYHUODSSLQJ�JHQHUDWLRQV��2/*��PRGHO�LQWR�WKH�DQLPDO�PRGHO��:LWK�WKLV�
GHYHORSHG�PRGHO��ZH�UHYHDO�WKH�HIIHFWV�RI�JOREDO�ZDUPLQJ�RQ�WKH�SRSXODWLRQ�DQG�GLVWULEXWLRQ�RI�ZLOGOLIH�DW�
HTXLOLEULXP��DQG�WKH�YDOXH�RI�ZLOGOLIH�KXPDQV�SHUFHLYH��WKH�IHDU�KXPDQV�IHHO�ZKHQ�HQFRXQWHULQJ�RPQLYRUHV��
DQG�WKH�ULVN�RI�EHLQJ�LQIHFWHG�ZLWK�IDWDO�YLUXVHV�IURP�WKHP��7KH�UHVXOWV�RI�QXPHULFDO�VLPXODWLRQV�VKRZ�WKDW�WKH�
WLPH�GXUDWLRQ�RI�RPQLYRUHV¶�VWD\LQJ�ZLWKLQ�WKH�FLW\�WHPSRUDULO\�GHFUHDVHV��EXW�DIWHU�D�FHUWDLQ�SHULRG��LW�EHJLQV�
WR�LQFUHDVH�LQ�WKH�H[LVWHQFH�RI�JOREDO�ZDUPLQJ��,Q�DGGLWLRQ��FKDQJLQJ�WKH�OHYHO�RI�WKH�H[WHUPLQDWLRQ�LQWHQVLW\��
ZH�VHH�WKDW��DV�WKH�OHYHO�LQFUHDVHV��SRSXODWLRQ�FKDQJH�LV�GLIIHUHQW�EHWZHHQ�LPPDWXUH�DQG�PDWXUH�RPQLYRUHV�LQ�
HDUO\�SHULRGV� 

 

.H\�:RUGV��KXPDQ�ZLOGOLIH�FRQIOLFWV��LPPDWXUH�DQG�PDWXUH�RPQLYRUHV��G\QDPLF�PRGHO��JOREDO�ZDUPLQJ 

 
 

1.  INTRODUCTION 
 

Some wildlife creatures (e.g., bears, coyotes, boars 
and mosquitoes) encroach into cities and harm 
human lives, causing injuries, serious infectious 
disease, but they are important because they 
contribute to biodiversity. In order for humans to 
coexist with wildlife, we must properly manage their 
populations and habitat distribution. It is thought to 
be efficient to use different measures for immature 
and mature animals to manage populations because 
immature and mature animals have different 
behavioral patterns and characteristics. In addition, 
changes in growth of vegetation due to global 
warming affects the populations of animals.  

However, there are no studies that can reflect the 
effects of global warming and dynamic changes in 
population and habitat distribution, considering the 
interactions between humans and wildlife. Several 
studies investigate how large the natural habitat must 
be to sustain the ecosystem service, focusing on land  

 
use competition between humans and wildlife, but 
ignoring the conflict between them (Brueckner,2000; 
Walker, 2001; Eppink et al., 2004; Eichner and 
Pethig, 2006, 2009). They focus on land-use 
competition between wildlife and humans. Yoshida 
and Kono (2017, 2020) develop a new model that add 
a continuous distance dimension to the urban-habitat 
allocation model of Eichner and Pethig (2006) and 
investigate how the spatially dependent human±
wildlife interaction in cities gives rise to inefficient 
outcomes and to propose second-best optimal 
policies. 

Therefore, we construct a theoretical model 
including two generations of omnivores (immature 
and mature omnivores) and a dynamic model by 
introducing the overlapping generations (OLG) 
model into the animal model. Using the model, we 
reveal the effects of global warming on the 
population and spatial distribution of omnivores at 
equilibrium, and the value of wildlife humans 
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perceive, the fear humans feel when encountering 
omnivores, and the risk of being infected with fatal 
viruses from them. 

 
 

2.  THE MODEL 
 
:H�FRQVLGHU�D�FORVHG�PRQRFHQWULF�FLW\�DGMDFHQW�WR�

D�QDWXUDO�KDELWDW��The city is linear with the width of 
one unity, and the size is defined by [ ,  Z ]H Hx Z� � ��
ZKHUH�[�GHQRWHV�D�GLVWDQFH�IURP�WKH�FLW\�FHQWHU�DQG�

HZ � LV�WKH�XUEDQ�ERXQGDU\��7KH�ODQG�LV�GLYLGHG�LQWR�
WKH�IROORZLQJ�WKUHH�]RQHV���L��D�SRLQW�&%'�� 0x  ���
�LL�� D�KRXVLQJ�]RQH� � [0,  ]Hx Z� ��� DQG� �LLL�� WKH�QDWXUDO�
KDELWDW�� [ ,  ]H Ax Z Z� ���ZKHUH� AZ � LV�WKH�ERXQGDU\�RI�
WKH�KDELWDW��6XSHUVFULSW�+�LQGLFDWHV�WKH�KRXVLQJ�]RQH��
DQG� VXSHUVFULSW� $� LQGLFDWHV� WKH� QDWXUDO� KDELWDW�
WKURXJKRXW�WKH�SDSHU��  
7KH� PRGHO� LQFOXGHV� RPQLYRUHV� DQG� KRXVHKROGV��

2PQLYRUHV� DUH� FRPSRVHG� RI� WZR� JHQHUDWLRQV��
LPPDWXUH� DQG�PDWXUH� RPQLYRUHV�� 6RPH� RPQLYRUHV�
HDW�QXWV�RI�SODQWV�LQ�WKH�QDWXUDO�KDELWDW�� [ ,  ]H Ax Z Z� ���
DQG�RWKHUV�leave the habitat up to location [0,  ]HX Z�  
in the residential area to seek a human-related source 
of food such as garbage. We assume that the number 
of births depends on food intake. The populations of 
immature and mature omnivores are represented by 
the�RYHUODSSLQJ�JHQHUDWLRQV��2/*��PRGHO. We set the 
duration of immature and mature omnivores to be 
two and eight years, respectively. The terms that 
affect the population change are food intake, which 
depends on the number of births, and the number of 
omnivores exterminated by humans. These terms 
depend on WKH� WRWDO� OHQJWK�RI� WLPH��:H�GHILQH� WLPH�
GHQVLW\� ( )j

t xS � �M� �+��$��DV�WKH�WRWDO�OHQJWK�RI�WLPH�
WKDW� DQ� LQGLYLGXDO�RPQLYRUH� VSHQGV� DW� ORFDWLRQ� [� LQ�
\HDU�W��  
$Q� LQGLYLGXDO� RPQLYRUH� PD[LPL]HV� WKH� QHW�

LQFUHDVH�LQ�WKH�SRSXODWLRQ�RI�LPPDWXUH�RPQLYRUHV�LQ�
\HDU�W��WKDW�LV��WKH�GLIIHUHQFH�EHWZHHQ�WKH�QXPEHU�RI�
ELUWKV�DQG�WKH�QXPEHU�RI�LPPDWXUH�RPQLYRUHV�NLOOHG�
E\� KXPDQV� LQ� \HDU� W� E\� FRQWUROOLQJ� ( )H

t xS ��� 7KH�
RSWLPDO�EHKDYLRU�RI�DQ�RPQLYRUH�LV�DV�IROORZV� 

� � � � � � � � � � � � � � � � � � � � � � � � � ��� 
 
ZKHUH� Į� LV� LQGLYLGXDO� UHSURGXFWLRQ� HIILFLHQF\� SHU�
SUH\�HDWHQ�� ,m tQ � LV�IRRG�LQWDNH�RI�LQGLYLGXDO�PDWXUH�
RPQLYRUH� LQ�\HDU� W�DQG� ,i tM � LV� WKH�QXPEHU�RI� WKH�
QXPEHU�RI�LPPDWXUH�RPQLYRUHV�NLOOHG�E\�KXPDQV�LQ�
\HDU�W��7KH�ILUVW�WHUP�UHSUHVHQWV�WKH�QXPEHU�RI�ELUWKV�
LQ�\HDU�W��  
7KH�LQGLYLGXDO�PDWXUH�RPQLYRUH��\ P��HDWV� IRRG�

ZDVWH� LQ� KXPDQ� ]RQH� DQG� SODQWV� LQ� DQLPDO� ]RQH� WR�
VKDUH� ZLWK� LWV� LPPDWXUH� RQHV�� 6R��

, , , ,
H A

m t m t m t i tQ Q Q Q{ � � � �� 5HJDUGLQJ� WKH� VXP� RI�
LQWDNH�RI�SUH\�VSHFLHV�SHU�LQGLYLGXDO�LPPDWXUH�LQ�\HDU�
W�� ZH� GHILQH� ,i tQ q �� �� ZKHUH� T� LV� FRQVWDQW�� 7KLV�
PHDQV� WKDW� WKH� IRRG� RI� LPPDWXUH� RQH� LV� FHUWDLQO\�
VHFXUHG�E\�LWV�SDUHQWV� 
7KH� VXP�RI� LQWDNH�RI�SUH\� VSHFLHV�SHU� LQGLYLGXDO�

PDWXUH�RPQLYRUH�LQ�]RQH�M�LQ�\HDU�W�LV�H[SUHVVHG�E\�
LQWHJUDWLQJ� WKH� H[SHFWHG� LQWDNH� RI� SUH\� VSHFLHV� DW�
ORFDWLRQ�[�RYHU�WKH�VHDUFK�UDQJH��  

� � � � � � ��� 

� � � � � � ��� 

 

ZKHUH ( ( ))H H
t xU S � H[SUHVVHV�WKH�DYDLODELOLW\�RI�IRRG�

ZDVWH�� ( )hn x � LV� KXPDQ� SRSXODWLRQ� GHQVLW\��
( ( ))A A

t xU S � � H[SUHVVHV� WKH� DYDLODELOLW\� RI� SODQWV�� �
1 ( )n x �� LV� WKH� GHQVLW\� RI� SODQWV�� j

yD �� LV� RPQLYRUH¶V�
VHDUFK�UDQJH�LQ�]RQH�M�� �  
6LPLODUO\�� ,i tM � � LV� H[SUHVVHG� E\� LQWHJUDWLQJ� �
( )H

t xS � PXOWLSOLHG�E\� WKH�GHQVLW\�RI�KXPDQV� ( )hn x � �
RYHU�LWV�VHDUFK�UDQJH� 

                ��� 

 

ZKHUH� ( )i xE � LV�WKH�SUREDELOLW\�RI�H[WHUPLQDWLRQ�SHU�
XQLW� RI� WLPH� WKH� LQGLYLGXDO� LPPDWXUH� RPQLYRUH�
VSHQGV� DW� ORFDWLRQ� [� ZLWKLQ� WKH� FLW\�� ( )k x �� LV� D�
SDUDPHWHU� WKDW� H[SODLQV� KXPDQV¶� FKDQFH� RI�
HQFRXQWHULQJ�RPQLYRUHV�DQG� ( )hn x � LV�WKH�QXPEHU�RI�
KXPDQV�DW�ORFDWLRQ�[�LQ�WKH�KXPDQ�]RQH�DQG�PLJKW�EH�
NLOOHG�E\�WKHP�� �  
(DFK�KRXVHKROG�UHVLGHV�DW�ORFDWLRQ� [0, ]Hx Z� ��7KH\�

FRPPXWH�WR�WKH�&%'�DQG�HDUQ�DQ�H[RJHQRXV�ZDJH�Z��
$V� RPQLYRUHV� VHDUFK� WKH� UHVLGHQWLDO� DUHD� IRU� IRRG��
KRXVHKROGV�PD\�HQFRXQWHU�WKHP��7R�UHGXFH�WKHLU�WLPH�
GHQVLW\�� KRXVHKROGV� WU\� WR� LQFUHDVH� RPQLYRUHV¶� ULVN�
GLUHFWO\� E\� XVLQJ� WKH� ULVN�LQFUHDVH�PHDVXUH� VXFK� DV�
JXQV� RU� DOHUW� RU� PRQLWRULQJ� V\VWHPV�� 7KH� XWLOLW\�
IXQFWLRQ�LQ�\HDU�W�LV�  

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��� 
 
ZKHUH� ( )tC x � � LV� WKH� FRQVXPSWLRQ� RI� QXPHUDLUH�
FRPSRVLWH�JRRGV�LQ�\HDU�W�� ( )f x � LV�WKH�KRXVLQJ�ORW�
VL]H��

1 ,( ( ))h tg M x �� LV� WKH� GLVXWLOLW\� IURP� D� IHDU� RI�
HQFRXQWHULQJ�RPQLYRUHV� DQG� WKH� ULVN�RI� FRQWUDFWLQJ�
LQIHFWLRXV� GLVHDVHV� LQ� \HDU� W�� ( )y xE �LQGLFDWHV� WKH�
H[WHUPLQDWLRQ� LQWHQVLW\� 2 ( ( ), ( ), ( ))i mg x x f xE E �� LV� WKH�
XWLOLW\�JDLQHG� IURP�D� VHQVH�RI� VHFXULW\�E\� LQVWDOOLQJ�
WKH�GHIHQVLYH�PHDVXUHV��  
6XEMHFW�WR�WKH�FRQVWDQW�XWLOLW\�OHYHO�GHILQHG�LQ������

KRXVHKROGV� GHFLGH� WKH� FRQVXPSWLRQ� RI� QXPHUDLUH�
FRPSRVLWH� JRRGV�� WKH� KRXVLQJ� ORW� VL]H� DQG�
H[WHUPLQDWLRQ�LQWHQVLW\�EDVHG�RQ�ELG�UHQW�WKHRU\��7KH�
PD[LPL]DWLRQ�SUREOHP�RI�KRXVHKROGV�LV�DV�IROORZV� 

� ��� 

, ,
( ), ( )
max ,

A H
t t

m t i t
x x

aQ M
S S

�

� � � � � �1 , 2 1, 2,( ) ( ), ( ) ( ) ( ), ( ), ( ) ( , ),t h t h t i m t tv x U C x f x g M x g x x f x E N NE E � � �

( ),  ( ),  ( ),  ( )

( ) ( ( ) ( )) ( )max ( ) ,
( )t mi

t i m t
tC x f x x x

w x p x x C xr x
f xE E

W E E�: � � � �
 

, 1( ) ( ( )) ( ) ,
A

A A A A
m t t tD

Q x x n x dxS U S ³
, ( ) ( ( )) ( ) ,

H

H H H H
m t t t hD

Q x x n x dxS U S ³

, ( ) ( ) ( ) ( ) ,
H

H
i t i t hD

M x x k x n x dxE S ³
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ZKHUH� � t: �� LV� WKH� SHU�UHVLGHQW� UHYHQXH� IURP� ODQG�
RZQHUVKLS�LQ�\HDU�W�� ( )tr x � LV�WKH�ODQG�UHQW�DW�ORFDWLRQ�
[�LQ�\HDU�W��Ĳ�[��LV�WKH�FRPPXWLQJ�FRVW�DQG�S�LV�WKH�FRVW�
RI� SUHSDULQJ� WKH� GHIHQVLYH� PHDVXUHV� DJDLQVW�
RPQLYRUHV��:H�DVVXPH�WKDW��DIWHU�WKH�VHFRQG�SHULRG��
KRXVLQJ�ORW�VL]H� ( )f x � DQG� ( )y xE � DUH�NHSW�DW�WKRVH�
DW� WKH� ILUVW� SHULRG� EHFDXVH� UHVLGHQWV� FDQQRW� FKDQJH�
WKHVH�VL]HV�DW�OHDVW�IRU�D�VKRUW�WHUP� 
5HJDUGLQJ�SODQWV��ZH�DVVXPH�WKDW�WKH�WRWDO�DPRXQW�

RI�QXWV��ZKLFK� LV� IRRG�RI�RPQLYRUHV�� LQFUHDVHV�\HDU�
E\�\HDU�EHFDXVH�WKH�QXWV�SURGXFWLRQ�LQFUHDVH�GXH�WR�
JOREDO�ZDUPLQJ� 

 
 

3.  SIMULATIONS AND RESULTS 
 
:H� FRQGXFW� QXPHULFDO� VLPXODWLRQV� WR� UHYHDO� WKH�

HIIHFWV� RI� JOREDO� ZDUPLQJ� RQ� WKH� SRSXODWLRQ� DQG�
VSDWLDO�GLVWULEXWLRQ�RI�RPQLYRUHV�DW�HTXLOLEULXP�XQGHU�
WKH�FRQGLWLRQ�WKDW�WKH�H[WHUPLQDWLRQ�LQWHQVLW\�LV�IL[HG��
:H� DOVR� FODULI\� WKH� PHFKDQLVP� RI� WKH� HIIHFWV� RI�
FKDQJHV�LQ�H[WHUPLQDWLRQ�LQWHQVLW\� 
 
����7KH�HIIHFWV�RI�JOREDO�ZDUPLQJ 
:H� VKRZ� WKH� HIIHFWV� RI� JOREDO� ZDUPLQJ� RQ� WKH�

SRSXODWLRQ� DQG� VSDWLDO� GLVWULEXWLRQ� RI� RPQLYRUHV��
)LJXUH���VKRZV�WKH�WRWDO�WLPH�RI�RPQLYRUHV¶�VWD\LQJ�
ZLWKLQ�WKH�FLW\�DQG�WKH�SRSXODWLRQV�RI�LPPDWXUH�DQG�
PDWXUH� RPQLYRUHV�� ,Q� )LJXUH� ��� WKH� WRWDO� WLPH� RI�
RPQLYRUHV¶� VWD\LQJ� ZLWKLQ� WKH� FLW\� �VKRZQ� E\� WKH�
JUHHQ�EDUV��GHFUHDVHV�XQWLO�SHULRG����EXW�DIWHU�SHULRG�
���LW�LQFUHDVHV�\HDU�E\�\HDU��7KH�UHDVRQ�LV�DV�IROORZV��
,Q� HDUO\� SHULRGV�� QXWV� SURGXFWLRQ� LQFUHDVHV� LQ� WKH�
QDWXUDO�KDELWDW�GXH�WR�JOREDO�ZDUPLQJ��DQG�PRUH�IRRG�
LV� DYDLODEOH� LQ� WKH� QDWXUDO� KDELWDW�� 6R�� RPQLYRUHV�
GHFLGH� WR� VWD\� LQ� WKH� QDWXUDO� KDELWDW� UDWKHU� WKDQ� LQ�
KRXVLQJ�]RQHV��6LPXOWDQHRXVO\��WKH�QXPEHU�RI�ELUWKV�
LQFUHDVHV��DQG�WKH�SRSXODWLRQ�RI�RPQLYRUHV�LQFUHDVHV�
ZLWK� D� GHOD\� EHFDXVH� WKH� FRQVXPSWLRQ� RI� IRRG�
LQFUHDVHV��$V�WKHLU�SRSXODWLRQ�JURZV��WKH\�HDW�XS�WKH�
IRRG�LQ�WKH�QDWXUDO�KDELWDW��DQG�LW�LV�KDUG�IRU�WKHP�WR�
ILQG�IRRG��$FFRUGLQJO\��WKH\�DSSHDU�LQ�XUEDQ�DUHDV� 

 
)LJXUH����7KH�WRWDO�WLPH�RI�RPQLYRUHV¶�VWD\LQJ�ZLWKLQ�WKH�FLW\�

DQG�WKH�SRSXODWLRQV�  

���� &KDQJHV� LQ� WKH� H[WHUPLQDWLRQ� LQWHQVLW\� LQ�
XUEDQ�DUHDV 
)LJXUH� �� VKRZV� WKH� SRSXODWLRQV� RI� PDWXUH� DQG�

LPPDWXUH�RPQLYRUHV��,Q�)LJXUH����SRSXODWLRQ�FKDQJH�
LV�GLIIHUHQW�EHWZHHQ�LPPDWXUH�DQG�PDWXUH�RPQLYRUHV�
LQ� HDUO\� SHULRGV�� 7KH� LQWXLWLYH� LQWHUSUHWDWLRQ� LV� DV�
IROORZV�� :KHQ� WKH� H[WHUPLQDWLRQ� LQWHQVLW\� LV�
HQKDQFHG��RPQLYRUHV�PRYH� LQWR� WKH�QDWXUDO�KDELWDW��
DQG�DYRLG�WKH�ULVN�RI�EHLQJ�NLOOHG�E\�KXPDQV��6R��WKH�
SRSXODWLRQ� RI� PDWXUH� RPQLYRUHV� WHPSRUDULO\�
LQFUHDVHV�� FRPSDUHG� WR� WKH� FDVH� ZLWK� D� IL[HG�
H[WHUPLQDWLRQ� LQWHQVLW\�� :KLOH� WKH� SRSXODWLRQ� RI�
LPPDWXUH� RPQLYRUHV� GHFUHDVHV� LQ� HDUO\� SHULRGV�
EHFDXVH�WKH�FRQVXPSWLRQ�RI�IRRG�GHFUHDVHV�ZKHQ�WKH�
RPQLYRUHV�PRYH� WR� WKH� QDWXUDO� KDELWDW� EHFDXVH� WKH�
QDWXUDO� KDELWDW� EHFRPHV� PRUH� FURZGHG� DQG� WKH�
HIILFLHQF\� RI� IHHGLQJ� GHFOLQHV�� 7KLV� GLIIHUHQFH� LQ�
SRSXODWLRQ� IOXFWXDWLRQV� EHWZHHQ� LPPDWXUH� DQG�
PDWXUH� RPQLYRUHV� LPSOLHV� WKDW� LW� LV� HIIHFWLYH� WR�
LPSOHPHQW� GLIIHUHQW� SROLFLHV� IRU� LPPDWXUH� DQG�
PDWXUH� DQLPDOV� LQ� RUGHU� WR� HIIHFWLYHO\� FRQWURO� WKH�
SRSXODWLRQ�RI�WKH�WDUJHW�DQLPDO� 

 
 
 
 
 
 
 

PDWXUH�RPQLYRUHV� � � � � � � � � � � � LPPDWXUH�RPQLYRUHV 
)LJXUH�����7KH�SRSXODWLRQV�RI�RPQLYRUHV 

 
 
4.  CONCLUSION 
 
7KLV�SDSHU�GHYHORSV�D�QHZ�PRGHO�WKDW�LQFOXGHV�WZR�

OLIH� VWDJHV� RI� RPQLYRUHV� �LPPDWXUH� DQG� PDWXUH�
RPQLYRUHV�� DQG� D� G\QDPLF� PRGHO� FRQVLGHULQJ� WKH�
LQWHUDFWLRQ� EHWZHHQ� KXPDQV� DQG� WKH� HFRV\VWHP��
8VLQJ� RXU� PRGHO�� ZH� UHYHDO� WKDW� WKH� WRWDO� WLPH� RI�
RPQLYRUHV� VWD\LQJ� ZLWKLQ� WKH� FLW\� WHPSRUDULO\�
GHFUHDVH�� EXW� DIWHU� D� FHUWDLQ� SHULRG�� LW� EHJLQV� WR�
LQFUHDVH�GXH� WR�JOREDO�ZDUPLQJ��ZH�DOVR�FODULI\� WKH�
PHFKDQLVP� RI� WKH� FKDQJH� LQ� WKH� SRSXODWLRQ� DQG�
VSDWLDO� GLVWULEXWLRQ� RI� KDELWDW� RI� RPQLYRUHV� ZLWK�
FKDQJHV�LQ�H[WHUPLQDWLRQ�LQWHQVLW\� 
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