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The Markov model analysis of landscape dynamic: A case researches in

Changbai Mountain Natural Reserve

HAN Wen-Quan'?, CHANG Yu'" (1. Institute of Applied Ecology, Chinese Academy of Sciences, Shenyang 110016.China; 2.
Graduate School of Chinese Academy of Sciences, Beijing 100039 ,China). Acta Ecologica Sinica,2004,24(9) :1958~1965.

Abstract : Markov models provide excellent tools in detecting and predicting landscape changes. In order to determine whether
the Markov models can be used to predict the future landscape pattern in Changbai Mountain Natural Reserve (CMNR), the
reserve was classified into 13 landscape types based on remote sensing (RS) imagery, MSS for 1975 and TM for 1985 and
1997. by using maximum likelihood classification algorithm. Therefore, landscape maps for three different decades were
produced and exported to GIS for further processing. The study of the consistency of landscape change from 1975 to 1997
showed that the landscape change in CMNR is a stochastic process maintaining the property of independence that corresponds
to a Markov process. The transitional probabilities in the period of 1975~1985 and 1985~1997 were obtained by dividing the
area of change from one landscape type to another by the area of the landscape type. respectively. The expected area of each
landscape type in 1985 was calculated by multiplying the area vector of 1975 by the transitional probability matrix of a 10-year
period (1985~1995), which was deduced from the transitional probability matrix of a 12-year period (1985~1997). The
expected area of each landscape type in 1995 can be calculated by multiplying the area vector of 1975 by the transitional

probability matrix of a 10-year period (1975~1985). The area of each landscape type in 2047 multiplied by the transitional
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probability matrix from 1985 to 1997 was also predicted. A Chi-square test showed that the differences between the actual area
vector and the expected area vector in 1985 and 1995, respectively, are significant at a confidence level of 95%. When
combining the transition matrix from 1975 to 1985 with that from 1985 to 1997 the difference is significant at the confidence
level of 95% , which indicates that the landscape changes of the two periods correspond to two different Markov processes. The
contribution ratio of each landscape type to x* suggests its relevance to the landscape dynamic. The most important landscape
types include Korea pine-hardwood forest accounting for 52.00% of the value of X*, Aspen and birch forest 24.66% ,
Evergreen coniferous forest 11.42% , and Larch forest 2.43%. The changes of these four landscape types dominate the
landscape dynamic in CMNR, especially the Korea pine-hardwood forest. Finally, the feasibility of predicting the landscape
change in CMNR is discussed. In conclusion, given an unstable natural condition, an exact long-term prediction is not
practical.
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Fig. 1 Landscape types distribution of Changbai Mountain Natural Reserve
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Table 1 Area of each landscape type of Changbai Mountain Natural Reserve in 1975,1985 and 1997

Year
Landscape type No. 1075 logs 1997
Tundra 10 10208. 07 9293. 94 7256. 25
Mountain birch forest 20 1971. 09 2641. 86 2685. 42
Evergreen coniferous orest 30 129526.7 118599. 9 106833. 7
Korea pine-hardwood forest 40 31550. 31 40918. 68 48874.05
Aspen and birch forest 50 3441. 87 1205. 46 1838.97
Larch forest 60 5607. 09 7995. 06 5773.5
Spare forest 70 9371. 88 11280. 42 17585. 91
Windthrow area 80 2378.07 1973.52 1778. 85
Cut area 90 538. 83 715.5 1034. 82
Residential land 100 85.23 45.9 141. 48
Arrable land 110 0 0 9. 36
Bare land 120 1491. 57 1536. 75 2383.11
Water body 130 401. 76 366. 39 376. 29
2 1975~1985 (hm?)

Table 2 Area of landscape change of Changbai Mountain Natural Reserve 1975~1985

1997
No. 10 20 30 40 50 60 70 80 90 100 110 120 130
10 6543.09 433.89  993.69 0 0 32.31 368.01 0O 0 0 0 920.7  2.16
20 299.16  1811.07 440.64 O 0 4.14 0 0 0 9.63 0 77.22 0
30 219.96  433.53  93938.94 12671.91 103.59  974.16  9950.04 234.9 41.76  26.73 0 3.33 0
40 0 0 5031.45 32831.64 1444.59 48.24 829.17  65.79 611.64 49.32 4.86 0 0
50 0 0 313.02  438.57  290.7 11.97 47. 43 0 86. 4 13.14 3.96 0 0
1985 60 36.72 2. 88 3361.14 60.03 0 4381.2 0 0 148.14 4.68 0 0 0
70 13.95 0 2305.71 2247.3 0O 299.34  6221.61 48.15 144.09 0 0 0 0
80 0 0 394. 2 6.57 0 0 144.36  1428.39 0 0 0 0 0
90 0 0 52.65 612.81 0 21.33 25.2 1. 62 0.9 0.99 0 0 0
100 0 0 1. 89 4.5 0 0.63 0 0 1.8 36. 63 0.45 0 0
110 0 0 0 0 0 0 0 0 0 0 0 0 0
120 141.66  4.05 0 0 0 0 0 0 0 0 0 1378.71 12.33
130 1.53 0 0 0 0 0 0 0 0 0 0 3. 06 361.8
s 9368. 37, 7955. 37hm?, 29.70%
19.44%, N 5 N o
1975~1985 » 1985 ~1997 s

3 ;3

s o 1975~1985 s s 1985~1997 ;



9 : Markov 1963
;1985 ; 1985~1997 BIC 3,
3 1975~1985 (hm?)
Table 3 Area of landscape change of Changbai Mountain Natural Reserve 1975~1985
1985

No. 10 20 30 40 50 60 70 80 90 100 110 120 130
10 8461.71 683.82 420. 3 0 0 100. 35 189.72 0 0 0 0 350.91 0.99
20 267.3 1452. 42 245.97 0 0 0 0 0 0 0 0 5.4 0
30 237.51 437.31 109965. 6 12563. 28 497.16 1352.7 4023.72 167.58 267.39 13.77 0 0 0
40 0 15. 21 4570.29 23589.36 352.35 1160.01 1493.55 4.23 346. 41 17.91 0 0 0
50 0 0 88. 56 2619.45 271.44 0 386. 1 0 76.32 0 0 0 0

1975 60 19.71 10. 08 761.58 0 0 4810.32 0 0 5.22 0 0 0 0
70  3.15 0 2099.7 1463. 4 70. 83 570. 78 5151.78 0 12. 24 0 0 0 0
80 0 0 439. 74 95. 04 0 0 35. 37 1801.71 6.21 0 0 0 0
90 0 0 1.53 521. 82 13.68 0 0 0 1.71 0 0 0 0
100 0 0 5.58 65.16 0 0.18 0 0 0 14. 22 0 0 0
110 0 0 0 0 0 0 0 0 0 0 0 0 0
120 295.83  43.02 0 0 0 0 0 0 0 0 0 1152. 63 0.09
130 8.73 0 0 0 0 0 0 0 0 0 0 27.72  365.31
1985~1997 , , 10a , 1985~

1995 10a s 1975~1985 10a . o 1975
s 1975 » 1985~1997
1985 s 1985 s
. ( 4) . e
V/), V,/
e, = V,,’,
sV,)’ ) ,V,.I, { o le; | s
e;=2.65, e;—=0. 898, R e, >0.4,
X . , x> =4905. 059,
11 s s o
4 1985 (hm?)
Table 4 Area of real and predicted landscape change of Changbai Mountain Natural Reserve in 1985
No. 10 20 30 40 50 60 70 80 90 100 110 120 130
T 9294.17 2641.88 118599.6 40918.47 1205.48 7994.54 11280.31 1973.52 715.51 45.92 0 1536. 67  366.39

@ 8223.57 2251.21 116237.4 40920.91 2288.01 4694.96 16068.56 2121.07 916.15 167.52 13.25 2260.30  409.52

@

(DReal area; @Predicted area

3.3 60a
1975~1985 1985~1997 )
s 60 s 1997 2047 ¢ 5,
X1 . X 40265. 25, o

5 2047 (hm?)
Table 5 Expcted Area of landscape types of Changbai Mountain Natural Reserve in 2047 by different transitional probability matrices
No.
D 10 20 30 40 50 60 70 80 90 100 110 120 130
1975~1985  6384.39 3268.24 96645.41 53572.38 1191.69 18997.79 13178.71 791.83 857.10 49.13 9. 36 1409. 31 216. 36
1985~1997  3449.02 1923.97 84914.01 71129.69 3245.91 3367.412 20651. 73 1440.58 1630.78 507.10 101.49 3726.73 483.28

(DTransitional matrices
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