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The response of vegetation cover to topography and land use in Beijing
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Beijing Key Laboratory of Ornamental Plants Germplasm Innovation & Molecular Breeding /
National Engineering Research Center for Floriculture, Beijing 100083, China;
2. Beijing Institute of Landscape and Traditional and Research Co. Ltd., Beijing 100081, China)
Abstract: Vegetation coverage is closely related to natural factors such as topography and climate, but it is more affected by
human factors in the short term. This study aimed to analyze the temporal and spatial variation of vegetation coverage in the
central urban area of Beijing and its topographical differentiation, as well as the impact of land use transition on changes in
vegetation coverage. We used remote sensing technology to obtain the data of different periods of vegetation coverage in the
central urban area of Beijing through the improved pixed dichotomous model and its land-use type supervised classification
method. These data, combined with digital earth model data, were comprehensively analyzed by geographic information
system. The results showed that, during 1992— 2020, the vegetation coverage of the study area generally showed a trend of
degradation increase from 1992 to 2011, while the high vegetation coverage increased from 2011 to 2020. Vegetation
coverage is significantly affected by topography and is positively correlated with elevation and slope. There is no significant

difference in vegetation coverage on the slopes; vegetation coverage is higher on shady slopes and lower on sunny slopes.
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The urban expansion of the study area continues to occupy forestland, grassland, and cultivated land and is the leading factor
of vegetation degradation. However, the development of unused land, urban suburban park construction, and reconversion of
farmland to forestland or grassland are the leading factors of the increase in vegetation coverage. This study can provide

strong scientific support for the coordination of land use and ecological environment in rapid urbanization areas.

Keywords: the central city of Beijing; vegetation coverage; pixel binary model; topographic differentiation; spatio-temporal

evolution; land use cover; human activity
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Table 1 Data source information of remote-sensing image
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Figure 1 Elevation, slope, and aspect of the central urban area of Beijing are shown in the schematic diagram
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Table 2 Land use classification in central urban area of Beijing

EAS NN AR RS &

Name Specific meaning Interpretation sign
Bt TR A /R 4 A% FE AT 7] 1 ek, AR, —BoKs%, B0
Plowland Fields and gardens where crops are grown Light green, regular shape, generally long, evenly distributed

. C‘/_\'é} , 2 He \r[rl[, — - L /l:{/\
ity RIS S\ LA ]gkarj?:éreerjjﬁ/i,{zr(e7r j{;i Jsha eﬁﬁear?i?*digrﬁuted over a
Forest Natural mountain forest, urban artificial forest g - 11Teg pe. & y
large area
Tt DRORFEIML L I T AR WER D, RN, &R 310
Grass Natural grassland, urban cultivated grassland Light green, irregular shape, contiguous distribution
R 13 13527 e . \
K FARBAL AL AR AR B I Bt TARKUN, B0 AL
Land for natural land waters and water conservancy
Water e Blue, regular shape, clear boundary
facilities
, . N TR TR, R G BN AT ISR, R
: TR . : L, ER
Construction  Urban and rural residential areas and other industrial,
L . Dark purple, regular shape, often regular street trees around,
land mining, transportation lands . : . . P
with obvious boundaries, contiguous distribution
R HI A UM EER/ER ] 13t KA, RIS, 25040 TR X 15
Unused land  Bare rock, sand, and other unused/difficult land Gray white, shape is not divided, distributed in remote areas
TR R3 ARPOUOHEERBERUSHUETR

TR XEKEBSNDVI NS4 R, 5
NDVI 2 iF 42 43 A7 #h 2k, 73 0 B R AR 2808 5% A
95% ] NDVI{E K ERAEENDVIu HINDV g

2 1 501 5 2 ) wof b SO T8 2 RO R A
SEG AR TU R SR O, Kt T XM A 7 5 AR AR
BE S TE) BE 0 2 Al b AT R, Ry S AN

I 2% N AR HE 1% 78 o5 [0, 20%], T 4% R vh 1% A8 1k 7 o5
(20%, 45%), TTZR A A 4t 78 o6 (45%, 60%], IV H
rh o R 7 (60%, 80%], V KN i FEL 7 5 (80%,
100%

1.3.2 BT ZE{E VR RS 4 7 o 52 1B Yk B2 IR A5 B4R L
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a ] (b— 1) M5 b (8 — 00 M 1 78 o 52 . 2
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Table 3 Classification of vegetation cover degradation and
improvement in central urban area of Beijing

FE 7 ot P A2

D/i%ggr%e M{:&;t)l‘i(ng Var.iation of
vegetation coverage
! Serioizs%eifrﬁation (—=100%, —30%]
2 Modeiitggﬁdation (30%, —15%]
3 sngié fffﬁémn (~15%, =5%]
4 Stabflz?iz%ation (=5%, 5%]
3 Slighﬁﬁiﬁ\%ment (5%, 15%]
6 Moderi%maﬁfvement (15%, 30%]
7 i (30%, 100%)

Extreme improvement

T W7 i 2 A B e O U, R T T XA [
i T DR FA A A o 2 2 A W R i S BN e
i I1d Excel B 15 AN [ X 8] BE 1 3t 17 IR 1 10 48 4
B HE
134 H ORI 4k 5 R A 1 R R

Kappa £ 2 H T4 12 BT ) — Fiors B PF 4
Jiid, MM T SR AR bR VR R R o &
b S B ) 2K 52 43 2 2 TRV Wy 4 0 SR T BE
B i J7 20, R BE AL J5 5 6 Bk 5 X 380 AR
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500 N FEAS L, B R4 S8 B Bk AT I8 IR B VR AN .
SR EIR, 4 MRE KPR, SRR B 0N 76.5%.
72.83%- 81.56% F1 84.32%, Kappa & %1 4 % A 0.74.
0.71. 0.77 F1 0.82, % & Kappa % %5 2 K & 340 ) A
#E, b oy g Rachs, v T S 8 AL

W 430 R &5 BT & i, 3RS
1992—2001 £, 2001—2011 £EF1 2011 —2020 4E 3
R[] B 1 = 1 R AR A, AR AR RS TR 30 . ]
I 55 1 R B X Bk (3R 3 TR R VL VL VD) A R
RIX K (2 39 1. T 1) 43 5 3k 47 X 35k 40 A 35
15 ZF AT AR Goit, w] 43 8 A R 2 2 4 b R
7 AT A 7 5 7 A T R T R

W IR A /23 B o T AR o R — AR SR A T
FALL B A0 8 DT R FE, A 7E 0~1. DL 0.6 1 M il 5t
B, TTBREAE 0.6 DL R WA 4 78 o5 R /i 5
X IS e 2 D) AR O o [R5 A ] IR
e 4 FRBEAT T A, G << g 5 FH A bR b 1R 4K
CHEEAR, B FEER R N C—F.

C=S1/S1- (4)
A COTTMREE, SN B 7 55 A4k R A TR (R
B ), SR R — 7% AR SR X S T AR

2 HR50M

21 FERHEEESEENTSE U

W98 X 4 W B 78 a5 B 3548 4 7 8 0.51. 0.44,
0.41 F1°0.47, B 70 [X % 55 2 HE 4 78 5 B2 Ak B DUIC
MR8 S M SR R . WE 2 Fros, 1992 4
A1 2001 45 3 117 2 1l X {1 A 0 7 5 v P AR R, 1T AT
[X 32 2 Hh 5 AU 1L P 9 b 77 s e 7 6 20 A e N
. 2011 4F 1 2020 4F 3k 17 A Bl XN IR R 7R
I IR B AL, (H = F AR, 2011 %6 X 14 &
b A P R R 7 S e D L R AR, 2020 4 U X 4R A
ok .

1992—2020 4, At 50 T H O 3 X & 55 S A 1 7
i B T AR AR AL B B AN [ (18] 3). AR 4 7 o T A A
HH R A 4 7 6 TR IO S D P BRI e . B
rh, A W% 7 55 T AR AE 1992— 2001 4F 31X — I 9 K e
10, H1 375.58 km® 14 K & 476.41 km®, 1 I & ik
26.85%. 2001 — 2011 K A5 ¥ 75 o5 0 AN A R B,
H 2 B IE LA 3.98%, 2011 £ LLJS, F B FE i K

A 14.89%. HAKAH B 8 55 AR TE 2011 55 BART B9
AN TR B K R 3 0, 2 5 R 6 R B . 5 A e,
e AL A 7 i TSR o B T R T AR 2L R R
B 5 8 m R A . o, 7E 2011—2020 4F, =5 4 B
T AT E 2 H 228.10 km® & 325.11 km”, H1
5 42.53%. HULATPATRH, 1992—2001 4F 2 A6 3¢
RO IR X3 T AT 5K B B, 2001 — 2011 4 IX — B
) B 3R T Ak AT AE 4k gk, P AR RE I T AR S
W, AH R b BT O 3R X R ) HEAT IR T AR A R A
2011 2 J5 -

22 ERHEERIRESKNERSE

BHFFX 1992—2001 4E, 2001 —2011 £EA12011—
2020 EAH % 7 55 FEAE ZE B H, SR AL s O3k X
3 A T) B R 1 5 B R P B B I o0 AR B (] 4)
A AE B (F 4). 1992—2001 4F 4k 5T A0 35 X A
B DAREIR A 3, A ™ E IR AL R BR A B AR E R AL
FoAth 28 R T AR B B, 3k 16.86%, HEH B IR AL 2R
AL TR T IA 42.17%, R 8 20E TR o ER AR
N 29.83%. ™ EL IR AL 3 [ 32 D I T A R X 3 2
BT 24 i () b 5 DY 2R % 4k . 2001—2011 4, JB AL S
R bR B 22 38.39%, 1 AR 4 2503 IR A (1) 5 T A
EC U E T 2 41.45%, IR A0S AR o A Bl ™ H R
A TR 3 R AH A58 T — B TR B AR, AR X 30 2 b s Sy
F, IR A O X IR B A B BB O .
2011—2020 4, P # Ao R T Ab, Bl b % le st 2
RUTH AL 5 b i, N 17.47%, 7 B R AL TR & L
BAK, LR 6.50%. 155 7 — B B A [ 9 A2, 28X 3k
S b A (%) MR A9 B A BE R, T Ik 7T A% L DXRE ROIR
HLED I T R OB AL .

23 WMEEFSEEESENZSZTUNXR

A0 3 R 3 IR A 7 i B B b T R AR A
B S FToR o AR HB S 16 28 245 3R 58 25 R AR R, AT 5
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MW R W B0 M, 7R A
(0—20 m) F| 55 4 B2 (60— 100 m) 4 # 7 7 T s 4k
5B e R I B AR R . o, 2B 1 mR
MEHEEGE RS, 46 LERBER, B 1akE
FE S ARAEFIRH X AR G0 2 (DI T R ), X
— A KGR R AF, NG BB b, WO A B B
FER R, 2011 4 1 g f 1B U AT R -5 R A T T 46 O F

http://cykx.1zu.edu.cn



5% 73] HOR - 5 Ab Rt R 7 25 08 TR AN = b R F R S 1747

1992

A
Y

Vegetation coverage levels

]
[
o
. v
v

2011

0 5 10km
|

El2 1992—2020 FRRPUBEAEFREHBSHN=ZDHE
Figure 2 Spatial and temporal distribution of vegetation cover at different levels in central urban
area of Beijing from 1992 to 2020

I, (REWESE: T, PCHEgEER I, PEMEES: V. helEgES vV, alEESs:. TE.
I, low vegetation cover; I, medium-low vegetation cover; lll, medium vegetation cover; IV, medium-high vegetation cover; V, high vegetation cover.
This is applicable for the following figures and tables as well.

600 ¢ Hi#l 7 06)% 254 Vegetation coverage levels
Or0r@EmmvGgyv

7 I

P W
(=3 (=
S S

X Area/km?
(98]
=
S

200

100 }

1992 2001 2011 2020
Ay Year

B3 1992—2020 FRARPUOBX S EREEEFRER
Figure 3 Area of different vegetation coverage levels in central urban area of Beijing from 1992 to 2020
RERAR. H4mfElE, MEESREESRER K 2 10 ®fE (600—700 m) LLE A 5 2 R A R
EAE S, HoAp s s &R (100—200 m) B 58 6 m 2 FEAAE.
(200—300 m), Fifl i A2 3 0, B A% BB THIR LR WRE b, AR A R R R R TR A G OG
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1992-2001

2001-2011

sa

2011-2020

1,2,3,4,5, 6,and 7 indicate degrees of vegetation cover degradation. This is applicable for the following figures and tables as well.

Figure 4 Spatial and temporal distribution of vegetation degradation and improvement in

[ %5 Loop NN 1 [0 2 [ 13 [ 14 05 WM M7
4 1992—2020 Fit T O XBEHIRU A ZER = 0 E

central urban area of Beijing from 1992 to 2020
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Table 4 Proportion of vegetation decline and improvement area in the central urban area of Beijing from 1992 to 2020

s A Area/km’ AL Area ratio/%

Degree 1992—2001 2001—2011 2011—2020 1992—2001 2001—2011 2011—2020
1 232.21 248.88 89.57 16.86 18.07 6.50
2 162.83 139.14 166.89 11.82 10.10 12.12
3 185.76 140.72 208.93 13.49 10.22 15.17
4 385.54 277.77 337.38 27.99 20.17 24.50
5 231.29 203.81 172.56 16.79 14.80 12.53
6 126.58 201.46 161.32 9.19 14.63 11.71
7 53.06 165.49 240.62 3.85 12.02 17.47
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Figure 5 Variation of vegetation cover with topographic factors
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