2006 30 (2)239 ~251
Journal of Plant Ecology (formerly Acta Phytoecologica Sinica)

. , 100871)

MSSY ™ 1 %250 000 1978 ~ 2001 .
s , (DEM)

GIS , : 1D 1978 ~2001

. 2) . ,

LAND COVER DYNAMICS OF DIFFERENT TOPO GRAPHIC
CONDITIONS IN BEUJING

WU Xiao-Pu TANG Zhi-Yao CUI Hai-Ting and FANG Jing-Yun
(Dgarment of Eobgy &Ke Laboratory for Earth Surface Processes of the Ministiy of Education, Péking University, Beijing 100871, China)

Abstract Topographic conditions play an important role in controlling land cover dynamic processes. In this
study, remotely sensed data and geographic information system were applied to analyze the changes in land
cover along topographic gradients from 1978 to 2001 in Beijing, a rapidly uibanized mega city in China. The
study was based on five periods of land cover maps derived from remotely semsed data, Landsat MSS for 1978,
Landsat TM for 1984, 1992, 1996 and 2001, and digital elevation model (DEM ) derived from a 1. 250 000
topographic map. The entire ara was divided into 10 land cover types: conifer forest, broadleaf forest, mixed
forest, shrub, brushwood, meadow, farmland, built-up, water body and bare land. The results are summa-
rized below.

1) Shrub, forest, farmland and buili-up consist of the main land cover types of the Beijing area. The
most significant land cover change from 1978 to 2001 was a decrease in fatmland and an expansion of built-up
areas. Farmland decreased from 6 354 to 3 813 km” over the 23 years, while built-up areas increased from 421
to 2 642 km>. Forest cover increased from 17. 2% 10 24.7% of the total area. The conversion matrix analysis
indicated that transformation of farmland to built-up area was the most significant process and afforestation was
the primary cause of replacement of shrub to forest.

2) Topographic conditions are of great importance to the distribution of land cover types and the process of
land cover changes. Elevation has a strong impact on the distribution of land cover types. The area below 100
m mostly consisted of famland and built-up areas, and the area above 100 m is mainly cverd by shrub and
forest. Shrub has a maximum frequency in elevations betwveen 100 and 1 000 m, while forests were dominant in
areas above 800 m. According to the analysis of land wver changes in different elevation ranges, the greatest
change was below 100 m due to urbanization. The main land cver change process that occurred above 100 m
was transformation from shrub to forest. This result was constant with the vertical change of natural vegetation
distribution in Beijing.

3) Slope has a lawze influence on the distribution of land cover types. Farmland and built-up areas are
distributed primarily in flat areas, while shrub and forest occupy steeper lands as compared with other land
cover types. Forest frequency increased with increasing slope. Land cover change processes differed with slope
gradients. In the plain area, land cover change occurred as the result of urbanization. With increasing slope
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gradients, afforestation, which converted shrub to forest, was the primary land cover change pocess.
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Table 1  Remote sensing data used in this study
Time Path code
1978-6-12 MSS132-32, MSS131-32
1984-10-2 T™M123-32
1992-5-18 T™M123-32
199%-5-29 TM123-32, TM124-32
2001-5-19 ETM123-32
:800 ~1 000 m (Betula)
(Qwlus mandshurica) )
(Quercus liaotungensis )
, (Vitex negundo var. het-
aqhylla) (Myripnois dioiaa )
; 500 ~600 m ,
(Quercus dentata)
; (Larix principis 7yp-
prechtii) 1 600 m . s
100 m ( , 1989;
, 1990). , 100. 500. 800. 1 000
1 600 m

DEM

6 ;. 100 m , 100~



2 241
500 m, 500 ~800 m, 800 ~1 000 m, 1 000~ 1 600 m A ssessment ,
1 600 m . Erdas Imagine 8.5 76.3%.
, 1
. . ( 250 000 , ArdGIS 9.0
, 1988) ( N . )
( , 1994), .
, 1.
10 : . 2.2
. . . . 2.2.1
. . ( . Erdas Imagine 8.5
. ) ,
2. ( , 2000,
300 Sij
Di= ¢D)
’ ° Z Sy"
i=1li=1
’ ’ S i Jj
(
. Dj i J
» 1988) Erdas Imagine 8.5 A ccuracy
s N o
2 10 ( )

Table 2 Definitions and components of the ten land cover types used in the present study (Based on field investigation and vegetation map)

Land cover types

Definition& main components

Conifer forest

Broadleaf forest

Mixed forest

Shrub

Grassland

Subalpine meadow

Famhnd

Built-up

Water body

Bare land

( . ) ( ) It inclides wamm-temperate cnifer forests, such as
Pinus tabulaeformis and Platycladus orientalis, and cold-temperate conifer foreds, such as Larix principis-ruppredhtii
. . . It includes oak forests vally shavs, Tika
forests, Populus and Betula forests and plantations in low elevation area
It indicates broadleaf and conifer mixed forest, most of which consigsof Pinus
and Quercus
s . : . .
Secondary vegetation types with complex components, formed as human distuthance to
primary f()Iebtb The main shrub types in Beijing include Vitex negundo var. heerophylla, Spiraea, Corylus heterophylla, Prunus
ameniaca var. ansu and Lespedea
An unstable vegetation type as primary vegetation was destroyeds mostly wrsisted with xerophilous herbages
such as Bothriodhloa ischaemum and Theneda japonica, some shiubs distrbute in it occasionally
1 800m . . . . . Distribute at top of slopes above 1 800
m, mostly includes Carex, Hemeroaullis minor, Sanguisorba officinalis, Polygonum bistorta and Trollus chinensis

Including lirge area cropland in plain area and intercrop land in suburb

Including builtup temitory, mral residential area and large buildings
such as aiports

. Including reservoirs, rivers, lakes and wethnds

Including light reflectivity area such as no vegetation covered region and
wasteland
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Table 3 Land cover change in Beijing Area from 1978 to 2001
1978 9% 1992 1996 2001
Land cover types Area (hm?) Transformation rate (hm**a™ 1)
Forest 283 117 328 771 389 395 369 518 403 680 5023
Shrub 445 336 479 746 422 590 434 210 353 817 —3813
Grasshnd 173 607 70 088 80 26 86 676 132938 —1695
Subalpine meadow 280 481 453 425 538 11
Farmland 635433 564 99 500 121 449 898 381271 —10 590
Builtup 42116 136 483 147 100 199 549 264 229 9255
Water body 16272 27 522 40 337 44 571 33688 726
Bare-land 45173 28 341 39 581 51719 65 045 828
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. g 2 Didribution of land cover types in Beijing from 1978 to 2001, interpreted from RS images
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Table 4 Percentage of land cover transformation in Beijing Area from1978 to 2001 (%)
Land cover types Forest Shrub Grasdand Subalpine me adow Farmland Builtup ~ Water body  Bare land
1978 1984
Forest 78.3 18.3 1.0 0.0 1.0 0.5 0.1 0.7
Shrub 2.5 61.7 6.1 0.1 4.2 0.9 0.3 L3
Grasshnd 7.4 47.4 15.6 0.0 24.9 2.7 0.9 L1
Subalpine meadow 5.8 17.4 0.0 6. 2 0.0 0.0 0.0 10. 6
Famland 3.4 3.8 1.5 0.0 70. 8 15.8 2.4 24
Builtup 1.2 6.1 1.7 0.0 31.7 51.3 5.5 24
Water body 3.1 9.7 6.3 0.0 26.7 8.5 41. 6 40
Bare land 1.4 3.3 5.2 0.4 75.3 8.0 1.0 5.4
1984 1992
Forest 8.8 8.4 1.0 0.0 5.2 0.9 0.4 03
Shrub 18.5 70.4 7.2 0.0 1.7 0.9 0.7 0.6
Grasshnd 7.2 37.8 361 0.0 11.8 2.4 2.5 21
Subalpine meadow 8.3 16.2 0.0 51.7 0.0 0.0 0.0 17.7
Famland 2.4 4.9 2.6 0.0 73.6 9.3 2.7 45
Builtup 3.2 1.7 1.4 0.0 31.4 56.6 3.0 2.8
Water body 1.9 3.5 0.9 0.0 26. 6 15.3 50.3 LS
Bare land 13.0 10.2 5.7 0.0 34.2 13.5 2.4 21. 1
1992 1996
Forest 81.8 12.7 1.7 0.0 1.8 1.3 0.2 0.5
Shrub 8.3 80.4 7.6 0.0 2.2 0.5 0.2 08
Grasshnd 3.7 39.5 40.6 0.0 6.7 4.0 0.4 4.9
Subalpine Meadow 6.3 10.8 0.0 76.3 0.0 0.0 0.0 6.7
Farmland 1.5 1.0 1.4 0.0 77.1 13.2 2.1 3.7
Builtup 1.0 1.4 3.7 0.0 13.1 75.0 2.6 3.3
Water body 1.2 1.6 1.7 0.0 13.2 12.7 67.7 1.8
Bare land 1.1 5.0 4.0 0.1 27.3 15.6 2.1 4.8
19% 2001
Forest 8.8 10.9 2.2 0.0 2.1 1.4 0.2 0.5
Shrub 16.3 66.6 14.1 0.0 1.7 0.3 0.1 L0
Grasshnd 10. 8 17.0 49.6 0.0 12.5 3.5 0.5 59
Subalpine Meadow 9.9 6.2 0.0 71.5 0.0 0.0 0.0 12.4
Farmland 2.4 1.4 2.6 0.0 66. 5 20.1 1.6 5.4
Builtup 1.8 0.6 1.1 0.0 15.5 71.9 2.2 68
Water body 2.1 2.6 3.5 0.0 19.7 20.6 44.6 6.9
Bare land 4.7 2.9 10. 6 0.8 31.5 23.1 1.3 25.0
tabulagdomis) . (Platycladus orientalis )
.>1000m : 1978 ~ 1984
(Quercus) (Populus) , 1996 ~ 2001 15.5% 13.5%
=1 600 m , . 2)
( . 1990). 100 ~500 m 26.9Y%,
5 .
° ’
. : D 100 m 1984 ~1992 1996 ~2001
9.9%, :
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Tabk 5 Land cover transformation in different elevation ranges in Beijing Area from 1978 to 2001

Tranfomation percentage (%5)

Altitude (m) Total areaChm?) Change types 1978~ 1984 1984~1992  192~19% 1996~ 2001
<100 637 131 Forest 0.3 0.4 1.0 05
Shrub 0.5 0.5 0.8 06
Farmland 65.0 57.1 53.5 40. 4
Built-up 3.2 11.2 15.3 2.5
Farmland to built-up 15.5 6.6 10.3 13.5
Built-up to farmland 1.5 6.5 2.6 4.3
100 ~500 440 168 Forest 10. 1 16.0 186 17.3
Shrub 47.0 46.8 50. 6 46. 5
Farmland 5.3 6.0 6.0 51
Built-up 0.6 0.6 1.3 1.4
Shrub to forest 7.4 7.7 1.9 83
Shrub o farmland 8.7 2.2 2.4 26
Farmland to shrub 5.9 6.5 1.6 25
500 ~1 000 463 940 Forest 20.7 29.8 345 4.2
Shrub 45.0 42.8 42.6 40. 4
Farmland 2.3 5.4 5.4 4.2
Shrub to forest 13.3 10.5 5.2 82
= 1000 % 136 Forest 63. 1 65.0 72.6 4.4
Shrub 10. 8 12.5 10.9 1.8
Forest to shrub 7.6 2.9 5.7 51
Shrub to forest 1.6 11.1 5.8 54
28. 3%, .
N ’ ’
. 1978 ~ 1992 .
, 6 0~5, 5~10, 10 ~20 >20 4
4 1 000 m 5. 87%, .
o . o
. 1) 0-~5
, 54.8% , .
3.2.2 s
4h . . , 1978 ~ 19&4 1996 ~
» 9 .1 © 200 .2 5 ~10
o
~5 ) 7%9 °
’ ’
’ ’ N ° 1992 ~ 19% ’
S ’
D » .3 10° ~20
. 2) 2.3 (5 ~15) 20.2 %,
) )] ,
, 5 (@25) . 1978 ~2001 ,
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Table 6 Land cover transformation along dope gradient in Beijing Area from 1978 to 2001
Trandomation percentage (%))
Slope Total area (hm?) Change types 1978 ~ 1984 1984~ 1992  192~19% 1996~ 2001
0~5 897 107 Forest 2.3 3.4 4.4 36
Shrub 10. 4 10.6 1.9 11.0
Farmland 49.2 45.4 42.8 2.7
Built-up 2.3 8.4 1.9 15.5
Others 9.8 10.2 12.2 14.8
Shrub to forest 1.6 1.5 0.6 1.4
Fammland to built-up 1. 1 5.5 7.4 10. 0
Built-up to farmland 1.4 4.7 2.1 34
5~ 10 115 164 Forest 14.7 20.4 24.2 2.9
Shrub 9.7 48.9 512 9.7
Famland 3.4 3.6 3.8 2.6
Forest to shrub 5.1 3.0 4.9 48
Shrub to forest 9.6 8.5 4.0 7.2
Shiub b fambnd 7.1 1.9 1.6 L7
100 ~20 330 572 Forest 3.8 32.6 37.4 36.7
Shrub 46.5 44.8 45.1 3.1
Famland 0.8 0.8 1.0 06
Forest to shrub 9.0 3.3 5.2 51
Shrub to forest 2.3 10.7 5.6 8.8
=20 204 534 Forest 2.9 37.9 43.3 0.5
Shrub 4.4 41.0 41.1 36.9
Famland 0.2 0.3 0.5 03
Forest to shrub 9.8 3.7 6.5 55
Shrub to forest 2.9 11.8 4.4 10. 6
S =20 18%. : D
) 6.6%, )
, 1992 ~ 1996 ) ,
. 1992 ~19%
3.2.3 . 2) 25. 1%,
. )
, ) . 3
. 4c . 22.4%, .
. 3 ) Y]
. . 12.7%, ,
p . .5
) 33.2%,
. ) )
. )
. , )
7 1978 ~ 2001

N
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Tabk 7 Land cover tranformation in different aspects in Beijing Area fran 1978 to 2001

Tranfomation percentage (%5)

Aspect Total area Chnr") Change types 1978~ 1984 198~ 1992  192~19% 1996~ 2001
North 108 398 Forest 2.0 38.9 43.8 43.5
Shrub 37.1 35.6 36.7 4.0
Farmland 2.3 2.5 2.4 L5
Built-up 0.1 0.3 0.3 02
Others 1.7 2.4 2.2 2.1
Forest to shrub 8.8 3.9 6.4 4.9
Shrub to forest 3.8 11.2 4.1 89
East 410 363 Forest 11.2 15.2 17.1 17.2
Shrub 26.6 26.7 27.3 4.5
Farmland 2.6 25.6 25.2 18.3
Built-up 0.9 3.4 1.3 L5
Others 5.3 6.6 6.7 7.8
Forest to shrub 4.0 2.1 2.9 26
Shrub to forest 6.1 4.3 2.7 53
South 366 444 Forest 9.8 13.7 165 15.5
Shrub 31.8 30.7 31.3 2.4
Farmland 27.5 25.6 25.7 19.5
Built-up 1.2 2.4 0.9 L7
Others 5.1 6.7 6.4 7.4
Forest to shrub 4.4 1.7 3.3 3.4
Shrub to forest 5.5 5.5 2.7 49
West 208 626 Forest 2.9 32.5 381 3. 1
Shrub 37.8 35.1 34.0 35.2
Farmland 6.0 6.8 6.3 51
Built-up 0.1 0.3 0.3 05
Others 2.2 2.9 3.5 36
Forest to shrub 9.5 2.7 6.4 53
Shrub to forest 1.5 11.9 3.3 7.6
Flat 543 546 Forest 6.8 9.4 111 10. 3
Shrub 16. 1 15.8 17.3 16.3
Farmland 39.6 36.7 33.0 25.8
Built-up 1.2 5.7 8.5 11. 8
Others 8.9 9.5 122 4.6
Shrub to forest 3.7 3.5 1.2 2.7
Shiub o famhnd 5.0 1.3 1.1 1.4
Farmland to built-up 8.4 4.7 6.8 7.1
Built-up to farmland 1.2 3.6 1.8 32
~ o b b
’
s
( , 2004), ,
/ . .
, 2003), .
, . . 1978 ~ 2001 ,

17. 2%
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24.7%.
2) .
<100 m
, > 100 m
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