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Abstract

This study demonstrates a combined Markov-Cellular Automata model to analyze temporal change and 
spatial distribution of land use stressed by natural and socioeconomic factors in Saga, Japan. Firstly, 
area change and spatial distribution of land use are calculated using GIS technology, and then the 

transition among different land use types is analyzed to obtain the transformation matrices during a period 1976–
2006. Meanwhile, an integration evaluation procedure with natural and socioeconomic data is used to generate the 
transition potential maps. Secondly, using the transition potential maps and transition matrices, a Markov-Cellular 
Automata model is established to simulate spatial distribution of land use in 2006. Finally, we use this Markov-
Cellular Automata model to forecast future land use changes during the period 2015–2042. As a consequence, area 
change simulation predicts a continuing downward trend in agricultural land and forestland areas, as well as an 
upward trend in built-up areas; spatial distribution simulation indicates that built-up land will expand toward 
suburban regions, and land use at the urban center is in the decline stage. Hence, if the current trends keep 
constant without holistic sustainable development measures, severe land use decline will ensue. 

Keywords   Land use change; GIS; Markov model; Cellular automata model; Saga in Japan 
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アジア各国では急速な経済発展によ
り、水陸の生態系に大きな負荷がか
かっている。それを改善する土地利
用の方法をさぐる。
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Analysis of transition potential
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Fig. 5  Spatial distribution of assessment 
index for transition potential map

Fig. 6  Transition potential maps of land use type in 2006
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Analysis of simulation results
%HFDXVH�WKH�DFFXUDF\�RI�IRUHFDVWV�FDQQRW�EH�JXDUDQ-
WHHG�LI�GLIIHUHQW�SRWHQWLDOV�DUH�XVHG�ZH�WKHUHIRUH�RQO\�
XVHG� WKH� WUDQVLWLRQ�SUREDELOLW\�PDWUL[�RI� WKH� ODWHVW�
����±�����SHULRG�WR�IRUHFDVW�ODQG�XVH�FKDQJH�LQ�WKH�
IXWXUH����\HDUV��)LUVW�������LV�VHW�DV�WKH�VWDUWLQJ�\HDU��
WUDQVLWLRQ� SUREDELOLW\� PDWUL[� RI� ����±����� SHUL-
RGV�LV�XVHG�WR�IRUHFDVW������\HDU�ODQG�XVH�FKDQJH��
WKHQ�������\HDU�LV�VHW�DV�WKH�VWDUWLQJ�\HDU��WUDQVLWLRQ�
SUREDELOLW\�PDWUL[�RI�����±�����SHULRGV�LV�XVHG�WR�
IRUHFDVW������ODQG�XVH�FKDQJH��WKLUGO\�������LV�VHW�
DV�WKH�VWDUWLQJ�\HDU��WUDQVLWLRQ�SUREDELOLW\�PDWUL[�RI�
����±�����SHULRGV�LV�XVHG�WR�IRUHFDVW������ODQG�XVH�
FKDQJH��¿QDOO\�������\HDU�LV�VHW�DV�WKH�VWDUWLQJ�\HDU��
WUDQVLWLRQ�SUREDELOLW\�PDWUL[�RI�����±�����SHULRGV�
LV�XVHG�WR�IRUHFDVW������ODQG�XVH�FKDQJH��%DVHG�RQ�
WKH�VXFFHVVIXO�VLPXODWLRQ�RI�DUHD�FKDQJH�DQG�VSDWLDO�
GLVWULEXWLRQ�LQ�������ZH�IRUHFDVW�WKH�DUHD�FKDQJH�RI�
IXWXUH�ODQG�XVH�DQG�ODQG�XVH�PDSV�IURP������WR������
DV�VKRZQ�LQ�)LJ����DQG�)LJ�����E\�XVLQJ�ODQG�XVH�EDVH�
PDS�LQ�������WUDQVLWLRQ�SUREDELOLW\�PDWUL[�RI�����±
�����SHULRG��DQG�WUDQVLWLRQ�SRWHQWLDO�PDSV�LQ�������
6HHQ�IURP�)LJ����DUHD�FKDQJH�UHVXOWV�VKRZ�WKDW�DJUL-
FXOWXUH�ODQG�DUHDV�ZRXOG�GHFUHDVH�IURP�����WR�����
LQ�WKH�VWXG\�DUHD��ZKLOH�EXLOW�XS�ODQG�ZRXOG�LQFUHDVH�
VOLJKWO\�IURP�����WR������2WKHU�ODQG�DUHDV�ZRXOG�
DOVR�LQFUHDVH�IURP������WR�������&RQYHUVHO\��IRU-

HVWODQG�DUHDV�ZRXOG�VOLJKWO\�GHFUHDVH�IURP�����WR�
�����$V�VKRZQ�LQ�)LJ�����VSDWLDO�GLVWULEXWLRQ�UHVXOWV�
LQGLFDWH�WKDW�DOO�ODQG�XVH�W\SH�ZRXOG�H[KLELW�WKH�FRQ-
FHQWUDWHG�VSDWLDO�GLVWULEXWLRQ�SDWWHUQV��XUEDQ�EXLOW�XS�
ODQG�ZRXOG�H[SDQG�WR�VXEXUEDQ��EHFDXVH�DJULFXOWXUH�
ODQG� LQ� WKH� VXEXUEDQ� DUHDV�ZRXOG� UDSLGO\� FRQYHUW�
LQWR� EXLOW�XS� ODQG��0HDQZKLOH�� WKH� WUDQVIRUPDWLRQ�
WHQGHQFLHV�IRU�IRUHVWODQG�DQG�EXLOW�XS�ODQG�LQWR�RWKHU�
ODQG�ZRXOG�EH�HQKDQFHG��,Q�WKH�YLHZ�RI�WRWDO�VWXG\�
DUHD��ZH�FDQ�VHH�YHU\�VWURQJ�WUDQVIRUPDWLRQ�WHQGHQ-
FLHV�RI�DOO�ODQG�W\SHV�LQWR�EXLOW�XS�ODQG��

Discussion and Conclusions
,Q�WKLV�VWXG\��XVLQJ�ODQG�XVH�PDSV�������������������
DQG������\HDU���DQG�QDWXUDO�DQG�VRFLRHFRQRPLF�GDWD��
ZH�FRPELQH�0DUNRY�&$�PRGHO�ZLWK�*,6�WHFKQRO-
RJ\�WR�VXFFHVVIXOO\�VLPXODWH�WKH�ODQG�XVH�FKDQJHV�LQ�
6DJD��-DSDQ��2XU�PRGHO�LV�YDOLGDWHG�ZLWK�WKH�DFWXDO�
GDWD�RI������DQG�VKRZV�YHU\�KLJK�UHOLDELOLW\��%DVHG�
RQ�WKH�YDOLGDWLRQ��WKH�0DUNRY�&$�PRGHO�LV�XVHG�WR�
VLPXODWH�WKH�IXWXUH�ODQG�XVH�FKDQJHV�XS�WR�������7KH�
DUHD� FKDQJH� UHVXOWV� VKRZ� WKH� GHFUHDVH� LQ� DJULFXO-
WXUDO�ODQG�DQG�IRUHVWODQG��DQG�WKH�LQFUHDVH�LQ�EXLOW�
XS�ODQG��)URP�WKH�DVSHFW�RI�VSDWLDO�SDWWHUQ�FKDQJH�
RI�ODQG�XVH�IURP������WR�������XUEDQ�EXLOW�XS�ODQG�
ZRXOG�H[SDQG�WR�VXEXUEDQ��EHFDXVH�D�FHUWDLQ�SURSRU-
WLRQ�RI�DJULFXOWXUDO�ODQG�ZRXOG�EH�WUDQVIRUPHG�LQWR�

��

���

���

���

���

���
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Fig. 7  Area change of land use from 2015 to 2042 in Saga
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XUEDQ�ODQG��UHÀHFWLQJ�WKDW�DJULFXOWXUDO�ODQG�ZRXOG�EH�
XVHG�IRU�XUEDQ�ODQG�LQ�WKH�IXWXUH��ZKHUHDV��RWKHU�ODQG�
DW�WKH�XUEDQ�FHQWHU�ZRXOG�LQFUHDVH��VXJJHVWLQJ�WKDW�
6DJD�FLW\�LV�DW�D�GHFOLQLQJ�VWDJH�RI�XUEDQ�GHYHORS-
PHQW��$V�D�FRQVHTXHQFH��LI�WKH�VXVWDLQDEOH�GHYHORS-
PHQW�SROLFLHV�ZLWK� WKH�FRRSHUDWLRQ�RI� UHVLGHQW�DUH�
QRW�FRQVWLWXWHG�WR�LPSURYH�WKH�FXUUHQW�WUHQGV�RI�ODQG�
XVH��ODQG�XVH�FRQGLWLRQ�ZLOO�VHULRXVO\�GHWHULRUDWH�DQG�
WKUHDWHQ�XUEDQ�VXVWDLQDELOLW\��
� ,Q� VXPPDU\�� RXU� VWXG\� SUHVHQWV� DQ� LPSRUWDQW�
FRQWULEXWLRQ�WR�ODQG�XVH�PRGHOLQJ��ZKLFK�ORJLFDOO\�
LQWHJUDWHV� QDWXUDO� DQG� VRFLRHFRQRPLF� GDWD� LQWR� D�
VSDWLDOO\�H[SOLFLW�0DUNRY�&$�PRGHO�ZLWK�*,6�WHFK-
QRORJ\� WR� VXFFHVVIXOO\� VLPXODWH� DQG� IRUHFDVW� WKH�
WHPSRUDO�DQG�VSDWLDO�FKDQJHV� ODQG�XVH��)DFLQJ� WKH�
SUREOHP�RI�GHFOLQLQJ�XUEDQ�ODQG�LQ�6DJD��WKH�VLPX-

ODWHG� IXWXUH� ODQG� XVH�PDSV� FDQ� VHUYH� DV� DQ� HDUO\�
ZDUQLQJ�V\VWHP�IRU�XQGHUVWDQGLQJ�WKH�IXWXUH�HIIHFWV�
RI� ODQG� XVH� FKDQJHV��7KH� DFTXLUHG� LQIRUPDWLRQ� LV�
EHQH¿FLDO� WR� RWKHU� FRPPXQDO� DUHDV� LQ�$VLD� H[SH-
ULHQFLQJ�VLPLODU� ODQG�XVH�FKDQJHV��7KH�VLPXODWLRQ�
UHVXOWV�FDQ�DOVR�EH�FRQVLGHUHG�DV�D�VWUDWHJLF�JXLGH�
WR�XUEDQ�ODQG�XVH�SODQQLQJ��DQG�KHOS�ORFDO�DXWKRUL-
WLHV� EHWWHU� XQGHUVWDQG� D� FRPSOH[� ODQG� XVH� V\VWHP�
DQG�GHYHORS�WKH�LPSURYHG�ODQG�XVH�PDQDJHPHQW�WKDW�
FDQ�EHWWHU�EDODQFH�XUEDQ�H[SDQVLRQ�DQG�HFRORJLFDO�
HQYLURQPHQW�FRQVHUYDWLRQ��:H�DOVR�VXJJHVW�WKDW�WR�
IXUWKHU�LPSURYH�RXU�0DUNRY�&$�PRGHO��H�J��XVLQJ�
0DUNRY�PRGHO�WR�UHYHDO�WKH�WUDQVLWLRQ�UXOH�RI�&$�LQ�
WKH�FDVH�RI� ODQG�XVH�DV�SURSRVHG�E\�/LX�HW�DO��DQG�
WR� GHPRQVWUDWH� KRZ� VXFK� PRGHOV� FDQ� KHOS� VROYH�
SUDFWLFDO�SODQQLQJ�LVVXHV�DUH�UHTXLUHG��)RU�LQVWDQFH��

)LJ���6LPXODWHG�PDS�RI�ODQG�XVH�W\SH�IURP������WR�����

Fig.8  Simulated map of land use 
type from 2015 to 2042
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EHVLGHV� WKH� SUHGLFWLRQ� SXUSRVH�� WKH� 0DUNRY�&$�
PRGHO�PD\�LQWHUDFWLYHO\�VLPXODWH�GLIIHUHQW�HYROXWLRQ�
VFHQDULRV�DQG�IXUWKHU�SURYLGH�FHUWDLQ�VROXWLRQV�WR�WKH�
SUHVHQW�SUREOHPV�DV�VXJJHVWHG�UHFHQWO\��
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