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Tab.1 Land use status in 2000 in Lhasa district, Tibet (unit: hm?)
70022. 10 176. 05 108856. 50 2110843. 00 8935. 40 580. 34 155079. 90 498396. 90 2952890. 2
%) 2.371 0. 006 3. 686 71. 484 0. 303 0.020 5.252 16. 878 100. 000
4.2 1990 2000
2 , 10 , 186.53 hm?®,
54. 857 %, 38.247%, 130. 05hm?,
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2338. 25 hm?, 94.093 %,
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2

1990 2000 ( : hm?)

Tab. 2 Transition matrix of Land use changes from 1999 to 2000 in Lhasa district, Tibet (unit: hm?)

69934. 72 186. 53 19. 71 130. 05 3.73 70274.76
165. 74 165. 74
106067. 79 3.59 71. 66 106143. 04
84. 00 10. 31 2338.25 2110817.49 47.59 4. 91 2113302. 54
4. 69 0. 34 8672.93 8677.95
580. 34 580. 34
3.37 243.13 2. 15 12.42 155071. 31 155332. 38
16.13 0.75 498396. 90 498413.78
70022. 10 176. 05 108856. 51 2110843.28 8935. 40 580. 34 155079. 95 498396. 90 2952890. 52
4.3 2000
1990 . 1995 2000 ,
. 1995 .
1990 1995 «( D 2000
( 3), , 2000 , (
5.86%), C 1.62%), 1%,
3 2000 ( : hm?)

Tab.3 Difference analysis of predicted area of land use change for 2000 in Lhasa district (unit; hm?)

1995 70017.19  165.74 107589.20 2111927  8879.19 580.34 155326.00 498405. 60
2000 70022. 10 176.05 108856.50 2110843  8935.40 580.34 155079.90 498396. 90
2000 69760. 60 165.74 109033.60 2110553  9080. 36 580.34 155319.60 498397. 40
—261.50 —10.31 177.10 —290. 00 144. 96 0 239.70 0.50
% —0.37 —5.86 0.16 —0.01 1.62 0. 00 0.15 0. 00

a=0
z? +=1.237 =«
4.4 2000
2000
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, M(O)
s M

,_ 2 (Y=Y
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=10. 68
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4 1990 1995

( :%)

Tab. 4 Transition probability matrix of land use change from 1990 to 1995 in Lhasa district (unit: %)

99. 6205 0.1766 0.0174 0. 1801 0.0053
100. 0000
99.9678 0.0322
0. 0004 0. 0630 99. 9343 0.0020 0. 0002
0.0211 99. 9789
100. 0000
0. 0097 99. 9903
0. 0015 0. 0002 99. 9984
5 1995 2000 ( 1 %)

Tab. 5 Transition probability matrix of land use change from 1995 to 2000 in Lhasa district (unit: %)

99. 8952 0. 0892 0.0107 0. 0050
100. 0000
99.9619 0.0033 0.0348
0.0035 0.0005 0.0476 99. 9480 0.0003
0.0322 0.0038 99. 9640
100. 0000
0.0022 0. 1469 0.0014 0. 0080 99. 8416
0.002 99. 998
6 ( : %)

Tab. 6 Primary transition probability matrix of land use change in Lhasa district (unit: %)

99. 7579 0.1329 0. 0140 0.0925 0.0027
100. 0000
99. 9648 0.0017 0.0335
0. 0020 0. 0002 0.0553 99. 9412 0.0011 0. 0001
0.0266 0.0019 99.9715
100. 0000
0.0011 0.0783 0. 0007 0. 0040 99. 9160
0.0016 0. 0001 99.9983
6 , 2000 ,
5 , 2005 2020 ¢ 5 )
C D,
3 N . 2000 2020 20
; 0.6135  hm*,
) 0.0630  hm’, ; 42.20hm” ;
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0. 0650

. 0.6759  hm?, .
hm? ; , 25. 74hm?, .

7 2005 2020 ( : hm?*)

Tab. 7 Predicted area of land use change from 2005 to 2020 using Markov model (unit: hm?)

2005 69896. 23 181. 21 110211. 10 2109615 9064. 48 580. 34 154953. 90  498388. 50
2010 69770. 63 186. 36 111564. 40 2108387 9193. 84 580. 34 154828. 00 498380. 00
2015 69645. 31 191. 50 112916. 30 2107160 9323. 48 580. 34 154702. 20  498371. 60
2020 69395. 50 201.79 115615. 90 2104708 9583. 61 580. 34 154450. 90  498354. 70
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Fig. 1 Changing trend of cultivated land area from 2000 to 2020 in Lhasa district (unit; hm*)
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Fig. 2 Changing trend of forest land area from 2000 to 2020 in Lhasa district (unit: hm*)

2112000
2110000
2108000

2100000 : :
2000 2005 2010 2015 2020 1T

i (hm?)

3 2000 2020 ( : hm?®)

Fig. 3 Changing trend of grassland area from 2000 to 2020 in Lhasa district (unit; hm®)



6 875
155200
—~ 155000
B 154800 [
% 154600 T I [ e [ e [
= 154400
154200 -
154000 = '
2000 2005 2010 2015 2020 %
4 2000 2020 ( : hm?*)
Fig. 4 Changing trend of water body area from 2000 to 2020 in Lhasa district (unit; hm?®)
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. 2000 Tab. 8 Land use plan area by Tibet Autonomous
2000 14022. 10hm? . Region (TAR) government in 1998 (unit: 10* hm?)
, 2000 5. 60 10. 54 216. 50
. 2000 2010 5.55 11. 14 230. 50
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Land use change scenario in Lhasa district using
Markov chain model

CHU Duo', ZHANG Yi-li*?*, ZHENG Du?
(1. Tibet Institute of Plateau Atmospheric and Environmental Sciences, Lhasa 850000, China;
2. Institute of Geographic Sciences and Natural Resources Research, CAS, Beijing 100101, China;
3. Institute of Tibetan Plateau Research, CAS, Beijing 100085, China)

Abstract: Markov model was used to represent the land-use change data for several rea-
sons. Firstly, land use change is not unidirectional in nature. A given parcel of land theo-
retically may change from one category of land-use to any other at any time. Markovian a-
nalysis uses matrices that represent all the multi-directional land-use changes between all
the mutually exclusive land-use categories. Land use changes and scenarios in Lhasa dis-
trict were analyzed in this paper using Markov model. The main conclusions are as fol-
lows:

(1) Land use changes in Lhasa district during the last ten years were related to this
period’s integrated agricultural development project. In 10 years from 1990 to 2000, 186. 53
ha of cultivated land were converted into forest land, accounting for 54. 857 % of the total
cultivated land area converting into the other land use categories; and 130. 05 ha were con-
verted into residential area, being 38. 247%. The remaining limited area was converted in-
to the other land use categories such as rangeland and water body.

(2) The most extensive changes of land use from 1990 to 2000 in Lhasa district was
rangeland conversion. Rangeland was converted into cultivated land, horticultural land,
forestland, residential area and water body. Among them, 2333. 33 ha of forestland were
converted from rangeland, or 94. 093 %, the largest of all in area. These land use changes
were related directly to the integrated development and construction project carried out in
the central Tibetan Plateau in the mid 1990s. Because of the implementation of biological
and engineering measures consisting of large scale of forestation and construction of field
safeguarding forest, since the 1990s, remarkable effects in soil erosion control have been
obtained through improving surface vegetation and land cover conditions.

(3) Markov chain model prediction indicated that the general trends of land use chan-
ges, in Lhasa district in future were that cultivated land, rangeland, water body and un-
used land will decrease and forest, horticultural land and residential area will increase.

(4) Tt should be pointed out that since there are many factors impacting land use chan-
ges, in particular in a short period of time, policies, regulations, important regional pro-
jects and human activities and other uncertain factors will affect regional land use changes,
hence causing certain errors in prediction accuracy of land use changes in Lhasa district.

(5) The simulated areas of land use changes in the future in Lhasa district by Markov
mode are very close to the planning areas of land use changes of Tibet, therefore, land use
change scenario based on the Markov model has an important value for making land use
plan.

Key words:land use change; scenario analysis; Lhasa district; Markov chain model





