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Forecast of land use pattern change in Dongling District of Shenyang. an application of Markov pro-
cess. Xu Lan and Zhao Yi (Institute of Applied Ecology, Academia Sinica, Shenyang 110015). -

Chin. J. Appl. Ecol. ,1993,4(3).272—277.

Based on the data obtained from remote sensing aerial photographes and topographic maps during
three different periods, the transition probability of land use pattern in Dongling District of Shenyang
is defined, and the tendency of its change is forecasted with application of Markov process. The re-

sults show that over a long period of time, the arable land area will be decreased gradually and the
area occupied by residence, factory and mine will be increased day by day. Finally, the land use pat-
tern will be lied in a stable state, e. g , non —irrigated farmland occupies by 20. 66% , paddy field by
28.41%, residential area and factory — mine by 37. 4224, vegetable field by 6. 15% ,forest land by
4.36%. At that time, a new land use pattern of urban and rural integration will be formed.

Key words Markov process, Land use pattern, Transition probability.
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Fig. 1 Distribution map of plots in Dongling district of
Shenyang.
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#1 1958—1978 XA E LA AR BDROFE L RA (ba - 20 F)
Tab. 1 Transition state of land use types during 1958 —1978 (ha « 20yr™)
1978 £
# T
B
1958 4 Non - K B x W #* B it Residential K & o
L Paddy  Vegetable Nursery - Unused
irrigated ; . Forest Meadow  area and Water
field field field orchard factory - land
mine
son i—@i’n’igated field 10561.5 6292.3 3263. 7 221.0 535.6 483. 3 1906. 6 108.9 30.7
K H 169.5 732.5 11. 3 0.0 2.6 0.0 85.1 22.9 0.0
Paddy field : : : : : : : ’ :
:(%egei:gble field 0.0 33.6 28.9 0.0 0.0 0.0 53.7 0.0 0.0
F?'xr%ery _orchard 10.9 0.0 0.0 7.1 6.4 0.0 2.7 0.0 0.0
}itreftg 824. 4 2.9 210.5 40. 6 2976.1 512.8 110.3 34.4 17. 6
B o 662. 7 10.5 163.9 50.5 459. 8 765. 4 115.5 4.8 35.7
Moadow . X . . . . . . .
RBRA-Le Rk
Residential area 387.7 52.6 79.5 0.0 55. 6 10. 0 2414.5 0.0 0.0
and factory - mine
‘7};1;& 441.7 184.6 172.6 10.7 15. 4 0.0 258. 3 318.8 32.6
"'ui-u%ed land 374. 4 52.4 149.5 0.0 112. 6 166. 6 53.8 5.2 248
£ MEREELHHAXYUNABBEERS =0
‘Tab. 2 Transition probability matrix of land use types in primary state(n=10)
£/ k+1l Year k+1
# RN
Ak Be Ak B R o# H & it % 4
Year k Non - B N1 B # Residential 7K %
il irrigated P;.“iﬂy Ve{g'e;sble Nur:er{i Forest Meadow  area and Water Ulnuséed
field e 1€ orchar: ‘ﬂctory . an:
mine
?on i@irrigated field 0.9727 0.0134 0. 0070 0. 0005 0. 0011 0. 0010 0. 0041 0. 06002 0. 0000
;add;'ﬂfield 0. 0083 0. 9357 0. 0006 0. 0000 0. 0001 0. 0000 0.0042 0. 0011 0. 0000
g
‘T:'—*g'etable field 0. 0000 0.0145 0.9623 0. 0000 0. 0000 0. 0000 0.0232 0. 0000 0. 0000
H i 0.0203 0. 0000 0. 0000 0.9627 0.0118 0. 0000 0. 0052 0. 0000 0. 0000
Nursery - orchard : ' : : : . : . .
:‘t?ef 0. 0087 0. 0000 0. 0022 0. 0004 0. 9815 0. 0054 0.0012 0. 0004 0. 0002
ieadﬁgw 0.0146 0. 0002 0. 0036 0. 0011 0. 0101 0.9670 0. 0025 0. 0001 .0. 0008
BRA-ILv A
Residential area 0. 0065 0. 0009 0.0013 0. 0000 0. 0009 0. 0002 0. 9902 0. 6000 0. 0000
and factory - mine
X
Water 0.0154 0. 0064 0. 0060 0. 0004 0. 0005 0. 0000 0. 0090 0.9612 0.0011
ok 0. 0161 0.0023 0. 0064 0. 0000 0. 0048 0.0072 0. 0023 0. 0002
Unused land . . . . . . . . 0. 9607
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REKBE R XPL "+ W BREZHE N ]
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WAR S G M B XPa O+ (RS B A B
HHD)XPa™+(WIHEREBRA.LVHEME
B XPn "+ GRS KB A B X Pa*” + (3
AR AT B B X Py = 62. 97 X 0. 4817 +
3 1988 F &M AABHEBMEER (n=130)

2.75X0. 1521+ 0. 31 X 0. 0611 + 0. 07 X 0. 2746 +
12.72X0.163046.1X0.22014+8.1X0. 1235+ 3. 86
X0.2147-+3.12X0. 2288=236.-75% ’

P HE, K 20. 02%, K Hh 7. 65% , &
Hi 0. 64% ,4kHb 10.37%, B 4. 60% , BER &
T 17.16%, K8, 1. 72% .75 1. 1%.

Tab. 3 Transition probability matrix of land use types after 30 steps At(n=30)

E;E -

Ront K B % @ 2 okom o R k w 2 Jm
P, L Paddy  Vegetable Nursery- Unused

irrigated field field rehard Forest Meadow  area and Water land

field ¢ € ore factory - @
mine
2 i@‘ . . 0. 4817 0. 2499 0. 0888 0. 0063 0.0228 0.0146 0.1299 0. 0058 0. 0003
Non -irrigated field
L . 0.1521 0. 6872 0. 0247 0. 0011 0. 0061 0. 0025 0.1101 0.0162 0. 0003
Paddy field
% i . 0. 0611 0. 2221 0. 3276 0. 0003 0. 0063 0. 0018 0.3776 0. 0032 0. 0001
egetable field

B 0. 2746 0. 0683 0. 0332 0. 3226 0.1662 0. 0165 0.1157 0. 0022 0. 0001
Nursery — orchard
# #i Forest 0. 1630 0. 0443 0. 0488 0. 0076 0. 5885 0. 0799 0. 0582 0.0062 0. 0035
¥ b Meadow 0.2201 0. 0664 0. 0653 0. 0141 0.1531 0. 3807 0. 0885 0. 0031 0. 0088
ERA-LV R
Residential area 0.1235 0. 0501 0. 0316 0. 0009 0. 0210 0.0062 0.7657 0. 0009 0. 0001
and factory - mine
K I Water 0.2147 0. 1606 0. 0836 0. 0055 0. 0155 0. 0056 0.1964 0. 3077 0. 0105
o 0.2288 0.1059 0.0913 0. 0032 0. 0825 0. 0836 0. 0990 0. 0042 0. 3015
Unused land
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Tab. 4 Test of simulated land use types through Markov pro-
. cess

1988 4 %
v ¢
iﬁ*}:ﬁ& YRSE YW Difference
type Simulated Actual vaolue
value(%) value(%) ¢
B o 36.74 36. 63 -0.11

Non ~irrigated field

K H )
Paddy field 20. 02 19.76 0. 26
¥ ®

Vegetable field 7.65 8.98 1.33
H #

Nursery —orchard 0. 64 1. 14 0.50
"o 10. 37 15. 09 4.72
Forest

¥ o8 )
Meadow 4.60 0.24 4.36
BRA-Iv A

Residential area 17.16 14. 62 -2.54
and factory—mine

K B

Water 1.72 3.35 1.63
oOX .
Unused land 110 0.19 0.91
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N-1
a, = Z a,Prs
r=0

=4.799%, H X

N-1

1= Za,
s=0

A, N=9, Ry BAN:
a,=a.Po+a,P, +a,P;, +a,P;5 +2a,Py 43P
+a¢Ps, +23,P;4a,Ps,
a,=a,Po,+2a,P,+a,Py,+2a,Py,+a,P. +2asPs,
+a¢Pe;+a,Pr+2,Py;
ay=a,Pos+a,P;+2a,P;+2a,Py,+2a,Py342,Pss
+a¢Pss+2,Pra42a,Pys

ag=aoPos +a,Ps+a,Pp+a;Pss+a,Pis+asPs;
+a¢Pgs+a,Prs+a5Pss
1=a,+a,+a,+a,+a,+as+as+a,+a,

SRR
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a,=a, X 0.0134+a, X0. 9857+a, X 0. 0145+a,

X 0. 0002+4a¢ X 0. 0009+a, X 0. 0064 +a,

X 0.0023
a,=a, X 0.0070+a, X 0. 0006+a, X 0. 9623+a,

X 0. 0022+as X 0. 0036+a, X 0. 0013+-a,

X 0. 0060-4ag X 0. 0064
a;=a, X 0.0005-+as X 0. 9627+a, X 0. 0004 +as

X 0.0011+a, X 0. 0004
a,=a, X0.0011+a,X0.000]+a,X0.0118-+a,

X 0. 9815+a5X 0. 010142, X 0. 0009+a,
< X 0. 0005+4a4 X 0. 0048
as=a, X 0.0010+a, X 0. 0054425 X 0. 9670+a,

X 0.0002+a3 X 0. 0072
ag=a, X 0. 0041+4a, X 0. 0042+a, X 0. 0232+a,

X 0.00524a,X0.0012+a;X0.0025+a,

X 0.9902+a, X 0. 0090+4a, X 0. 0023
a,=a, X0.0002+a,X0.00114a,X0.0004+a,

X 0. 000142, X 0. 96124 a4 X 0. 0002
ag=a, X 0.00024a5 0. 0008+a, X 0. 0011

+ag X 0. 9607
1=a,+a;+a,+as;+a,+tas+as+a,+a,

1% R1B ca,=0. 2066,a,=0. 2841 ,a,
= 0. 0615, a; = 0. 0038, a, = 0. 0436, a; =
0. 0158,a,=0. 3742,a,=0. 0096 ,a,="0. 0008.
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Tab. § Proportion of land use types until stable state (%)
EX RIS F A Year
Land type 2000 2010 2020 2030 2040 2050 At=N-—co
B
Non - irrigated field 31.59 28. 60 26. 45 24.91 23.81 23.01 20. 66
K 23.52 25.53 26. 94 27.82 28.55 28.97 28. 41
Paddy field . . . T . . L
¥ # :
Vegetable field 8. 04 8. 00 7.84 7.60 7.35 7.15 6.15
] ;
Nursery - orchard 0.67 0. 65 0.63 0. 60 0.57 0. 55 0.38
]1} o 9.57 8. 86 8.27 7.76 7.29 6. 88 4.36
orest
oM
Meadow 4.06 3.76 3.33 3.04 2.90 2.61 1.58
BEKX-IT M
Residential area and 20. 44 22. 84 24.92 27.73 28. 26 29. 56 37.42
factory ~ mine
:J; B 1.41 1. 26 1.17 1.12 1.01 1. 06 0. 96
ater
o -
Unused land 0.75 0.55 0.42 0.33 0. 26 0.21 0.08
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