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2.2.1 FHEREREGZE AL E

BN AR TE 2 B TM 88 £ (123/32,123/
33), AXRATELEEZE TV NE F= P40
AR X B ELIE S 123732 BIPIH Landsat TM %
(1994 — 08 — 28; 1999 — 10) A HEALIEIE, LA 1:
10 J7 B3 T B oy B, ZEXT R R 36 AL e s 5, R A
AP B b S A, F A R B ERE
SRNHERERT 1999 M BB AR T IUTRKLE,
REHEARE,IREE 0.8 MUITH., REHR
IEJE#9 1999 £ BB EIES 1994 WEREREIEH#ITR
#OHREA 0.5 M. REFAALRLRE
B R M 8 IE A B P R B 1L X F B R

BEEN IR IENFEBE R TIRELLHE,
B#Tm R BOK R £, Kk EBRFRHEE
RGBT ELLN G0 B 5 FR AR/, T At b %o
WAL R ST 3R LB R . S EBREFIA
ZEMEHIEMLAEERNERE . ZRER
RN m ERK P EBRTR,
2.2.2 HEEERSHEBERE—BRLERESR

FEBFEBOR B R AR K g e AE KRR
M RRHE RS, AR KE EHE ST
AT S EEN M EEEERORRTAS, &
THEGERI VA IBRE IFERW . AR
TIEFEINDEE 2R A R, B2 KK E L
KO FAE LR, B S R — R B
FHHELAX, AREEZALRFANGE R, 208
R, DHRERT 40 2 HEBHERC, AxFE
AT TFHBHEE:

1. H—4k % R 48 8 5 ¥ (Normalized Differen-
tial Vegetation Index, NDVI): & BBIMN H&S K
T, BEAGEE SRENBX , NDVI Z5%
B AL A HEE SRR X, NDVI %+ 8%
BRI, HiHEARN

NDVI=(NIR - R)/(NIR +R) (1)
A NIR 8T M ; R FRL 6B BL

2. YA BB H(Advanced Vegetation Index,
AVI): 5 NDVI #tt, AV X348 8 5 8 B 55-1E X i
Rl Hitg Ay

AVI=0 (¥(NIR-R)<O0H}) (2)

AVI=(NIR X (256 — R) X

(NIR-R)+1)7
(% 0<(NIR - R)H}) (3)
R, NIR $8IT41 SMNBLEY ; R #8406 B

3. W&k M I3 — AL B #8 # (Advanced Normal-
ized Vegetation Index, ANVI) £ NDVI 1§
AVI #3068 S £ ETA NG S S
ﬁmo

4. ¥+ 3% (Bare soil Index, BI) : — ™M&EFr
Xt R AR 35 R R S BHR B R B VIS, B 5
HHOERE X, Bl T ENEEIRSNEYN
EAH, LEXTREHEHC, HiHEARRY

BI=((SWIR+R)-(B+NIR))/

((SWIR+R)+(B+NIR)) 4)
K SWIR BIEPASEE; B IMEREEGR,
NIR [} L.

XA AR LR E T 2
Zs[A], FEML %S (R R A R 25 R SHE SRR L
BECRBY) AR E SRR, Mg EREsK,
BB/ RZ, B 2R, g s Bl
N EBE S RO, EEWEN g R,
& R 17 [|) 4o iU B B R R B, b 4
HBER B B AR, %k Rz
kL 8

ANAD R AR B TR e SRR/ X B TR O BB — 4

(Al X RIS, FOD A% RY 38 3 76— 425 ] o

PEEUHA S A B 5 R K (100% ) F T2 RER L
HECGRBES 3 N 0% ) B0 B, i 1 T80 ik 26 X 35k
HEBIE BRI B AH R B, 4k TR & IEAC S
B s RE , Xof i — 4 2 (B AT IE AR AR e, P A AR A
T 5 35, B) VD( Vegetation Density) il o 12589
HALERRYE 8.

2.2.3 PAREBEXEEREEWKIE

X, 3R — B AR & , B XA
R STERAT] 23, B il i 8 L 30
RHERESEEERATREP, FAREIEH(Shad-
ow Index, SI) 38 i A W6 B KR ST R 5
BIEBK . HiHEARXH

SI=((256—-B)x(256—G) x(256—R)) (5)
Hep G #HEeEE, HER L,

FARHE R — MAHXHE , Bl T e B ok
A 0~1 B SSI(Scaled Shadow Index)fH. 2§ SSI
B4 0 B, A R BB AR R R B R A B 0; MU,
24 SSI 2 100 &, MBARAE B KB 100 % . TEIHE
FASAEEUS , @l A3 (6) WAR R 25 i TR IE

FCD=(VD * SS[+1)!2 -1 (6)
2.2.4 FabH
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BT ;90% <FCD EX ASHBEE ., BEUE
EX,TEARESERTEE R ESS
ZE(ME 1),
2.3 BHNREHEEESRUARBIH

O'Neill MR K 3R F 58 W IRAN 5 35 2 X B3R
HRRFTENE IR, BT 5RERARES
REX AR RGN S TG R, Xt TR

R RN EE, FENFFEHT, - Rk
RBERAERMP R HEE SR, BEIR WA R
AL, A& LR RN ER R B e
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BRI & R BE B ) 23 R TE 25 F0 40 46 45 4E , BD 5
M EEEREEEL, - BEATER REE
(REEE) SHEESRTHTER", o0k
BB IERRINE 1.3 2.8 3 . BB
B\ A FRAGSTATS METRICS' B h A+ 44, 1
AR,

A3 I E AR AL K4 ENVI 3.5, FCD ~
Mapper 1.15 fl ArcView GIS 3.2, B WA R4 %
Fi FRAGSTATS 3.02 34847,
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Table 1 Quantitative properties of vegetation cover landscape in four areas
BT (hem?) RME (%) BEHACR (1) Shannon Shannon
-9\ AR MR Nafer): i g
CA PLAND NP
SHDI SHDI
LID Type
1994 1999 1994 1999 1994 1999 1994 1999 1994 1999
0 74259.54  50374.26 53.61 36.36 10051 10417
5 1% ~30% 9869.94 2448.27 7.13 1.77 26412 17760
31% ~60% 23622.84  18229.86 17.05 13.16 29087 36429
¥ 1.185 1.062 0.737 0.660
X 61% ~90% 29965.59  67377.15 21.63 48.64 6118 7452
91% ~100% 813.42 101.70 0.59 0.07 2157 635
LAND 138531.33 138531.24  100.00  100.00 73825 72693
0 103940.37  90781.38 49.06 42.85 15399 16367
. 1% ~30% 7663.32 3571.38 3.62 1.69 51108 29884
31% ~60% 38107.80  19054.17 17.99 8.99 75635 72818
Z 1.166 1.135 0.725 0.705
5 61%~90% 60919.83  90489.78 28.75 2.71 21775 17458
91% ~100% 1233.99 7968.60 0.58 3.76 3106 12318
LAND 211865.31 211865.31  100.00  100.00 167020 148845
0 132418.80  131807.52 59.80 59.52 13223 10398
" 1% ~30% 8277.12 4962.51 3.74 2.24 54439 39007
31% ~60% 39510.18  26251.92 17.84 11.85 61952 63818
= 1.238 1.046 0.769 0.650
5 61% ~90% 38642.58  55876.14 17.45 25.23 22692 23399
91% ~100% 2604.69 2555.37 1.18 1.15 4453 5113
LAND 221453.37 221453.46  100.00  100.00 156759 141735
0 41291.37  51802.29 44,56 55.91 7624 4332
¥ 1% ~30% 2191.68 2853.90 2.37 3.08 17849 19033
31% ~60% 19845.36  15117.66 21.42 16.32 27546 21399
= 1.201  1.087 0.746 0.675
61% ~90% 28009.53  22666.59 30.23 24.46 7652 7984
& 91% ~100% 1323.99 221.49 1.43 0.24 3414 650
LAND 92661.93  92661.93  100.00  100.00 64085 53398
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Table 2  Spatial pattern properties of vegetation cover landscape in four areas

R YA () BARFERIH (%) FFEREB () S
PD LPI AREA-MN PAFRAC
LID Type
1994 1999 1994 1999 1994 1999 1994 1999
0 7.26 7.52 45.58 22.59 7.39 4.84 1.30 1.30
1% —30% 19.07 12.82 0.08 0.01 0.37 0.14 1.29 1.28
A 31% ~60% 21.00 26.30 0.88 0.14 0.81 0.50 1.30 1.30
¥ 61% ~90% 4.42 5.38 14.68 14.64 4.90 9.04 1.30 1.29
= 91% ~100% 1.56 0.46 0.02 0.00 0.38 0.16 1.30 1.28
LAND 53.29 52.47 45.58 22.59 1.88 1.91 1.41 1.41
0 7.27 7.73 41.43 20.37 6.75 5.55 1.30 1.30
1% ~30% 24.12 14.11 0.01 0.00 0.15 0.12 1.28 1.28
* 31% ~60% 35.70 34.37 0.37 0.02 0.50 0.26 1.30 1.30
* 61% ~90% 10.28 8.24 2.27 12.57 2.80 5.18 1.30 1.30
2 91% ~100% 1.47 5.81 0.02 0.14 0.40 0.65 1.30 1.30
LAND 78.83 70.26 41.43 20.37 1.27 1.42 1.41 1.40
0 5.97 4.70 52.90 52.711 10.01 12.68 1.30 1.29
1% ~30% 24.58 17.61 0.01 0.00 0.15 0.13 1.29 1.28
ﬁ 31% ~60% 27.98 28.82 0.38 0.07 0.64 0.41 1.30 1.30
= 61% ~90% 10.25 10.57 1.62 1.50 1.70 2.39 1.30 1.30
& 91% ~100% 2.01 2.31 0.04 0.09 0.59 0.50 1.30 1.30
LAND 70.79 64.00 52.90 52.71 1.41 1.56 1.41 1.41
0 8.23 4.68 32.97 46.42 5.42 11.96 1.30 1.29
1% ~30% 19.26 20.54 0.01 0.01 0.12 0.15 1.28 1.29
T 31% ~60% 29.73 23.09 1.39 0.79 0.72 0.71 1.30 1.30
N 61% —90% 8.26 8.62 5.77 4.78 3.66 2.84 1.30 1.29
& 91% ~100% 3.68 0.70 0.02 0.01 0.39 0.34 1.30 1.29
LAND 69.16 57.63 32.97 46.42 1.45 1.74 1.41 1.41
3 RO PRI G LB RS, HRXARNH, PEEE
HEWBERAERE 2 LY EARREENE LD &
3.1 HENESNKBREHNTIL HEEE N S HRNERE 4 R T A4E e

BER 1 PEHRXERE S LEES TS
RGO RARAREEE S RSREH
KBS RnE 3 FR, B 1.2.3.4.5 %
PIRELEEE S RENE S PREgES Bl
PHEENEHEES, SE 3 F TN
BETR X 1 R A % X (5 5 R 81
B KR SRR AR5 2E

Sh HRERRR W E R ERE S LHE AR
BEAEI; AR SRR SR AERE 2
BEARIOE IS, HERmR YR, B V5
DHRBE, XA EEE SR BT,
1 & IRFE = A S SR LB R o

BUBESR BB 5 , B 58 X 4 PR 8 408 & b
(RE 1) MEFKHFEREHH 73 825 M F
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Table 3  Spatial pattern properties of vegetation cover landscape in four areas

59 U = $UE- 3.1 SRR AE R BIEE R 53R BHEEHRE

FRAC-SD CONTAG ur OOHESION

LID Type 1994 1999 1994 1999 1994 1999 1994 1999
0 0.06 0.06 0.86 0.87 82.06 72.08 0.999 0.997
1% ~30% 0.05 0.04 0.72 0.56 60.45 71.91 0.785 0.303
A 31% ~60%  0.06 0.06 0.78 0.70 76.67 63.29 0.945 0.833
¥ 61%~90%  0.06 0.06 0.87 0.86 73.33 60.93 0.997 0.996
. 91%~100%  0.06 0.03 0.69 0.60 66.72 49.14 0.728 0.363
LAND 0.06 0.05 40.96 46.46 76.45 65.45 0.996 0.994
0 0.06 0.06 0.81 0.85 76.36 76.56 0.999 0.997
1% ~30% 0.04 0.03 0.57 0.53 71.25 76.62 0.409 0.201
g 31%~60%  0.06 0.05 0.69 0.61 70.22 67.31 0.872 0.612
* 61%~90%  0.06 0.06 0.82 0.83 70.83 82.46 0.987 0.996
& 91%~100%  0.06 0.05 0.70 0.77 65.21 46.27 0.743 0.874
LAND 0.06 0.05 37.45 41.06 72.57 76.17 0.997 0.994
0 0.06 0.06 0.82 0.85 79.22 78.14 0.999 0.999
1% ~30% 0.04 0.03 0.56 0.54 68.21 71.15 0.387 0.238
{f‘ 31%~60%  0.06 0.06 0.72 0.67 71.95 68.57 0.915 0.787
= 61%—~90%  0.06 0.06 0.80 0.83 75.74 74.02 0.975 0.976
2 91%~100%  0.06 0.05 0.75 0.75 71.70 58.20 0.845 0.844
LAND 0.06 0.06 41.73 45.84 75.60 73.87 0.997 0.997
0 0.06 0.06 0.83 0.87 78.26 76.96 0.998 0.999
1% ~30% 0.03 0.04 0.54 0.56 76.73 67.93 0.215 0.345
f 31%~60%  0.06 0.06 0.75 0.73 70.36 71.53 0.923 0.905
= 61%~90%  0.06 0.06 0.83 0.85 76.57 64.22 0.988 0.982
& 91%~100%  0.06 0.05 0.68 0.71 70.13 60.45 0.703 0.677
LAND 0.06 0.06 37.21 44.99 75.53 " 71.35 0.993 0.994
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Fig.3 The percent of the different type patch area in four regions

.00

=
2 X 35. 00
.- 30. 00
\;(z) 00 25,00
;:f” t)“ £20. 00
1994 4 & 19.00 B 15. 00
f gm. 00 %10, 00
§ 5.00 X 5.00
o 0. 00 0. 00
.00
20 .00
$i0s e
9. 5.00
%;2(). 00 00
1999 4F :;_4"15‘ 00 5.00
£ 10. 00 .00
B 5.00 .00
ol 0.00 .00

£30.00 ' 88
#25. 00 25. 00
%220. 00 220. 00
§15. 00 5. 00
= 10. 00 .00
5. 00 : 5. 00
# 0. 00 .00
g :

e o 25. 00

25.

%za %20. 00
& 2215. 00
B0 B 10. 00
i & 5.00
M o2 B 0.00

4 TR 1994.1999 #FB M HBAAERHEBERZERHMREESHRR

Fig.4 The patch density of the different type in four regions
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Fig.5 The class maps of the fraction of green vegetation in four regions
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Landscape Pattern Analysis on Change in the Fraction of Green
Vegetation Based on Remotely Sensed Data in Beijing Mountainous Area

LI Xiao-qin, SUN Dan-feng,and ZHANG Feng-rong
( College of Resources and Environment , China Agriculture University, Beijing, 100094, China )

Abstract: Based on the FCD mapping model, the fraction of green vegetation in Beijing mountain area was cal-
culated using the Landsat — TM data (with two digital images taken in 1994 and 1999, respectively). The land-
scape pattern of change in the fraction of green vegetation during this period was studied using a landscape pat-
tern analysis program FRAGSTATS by analyzing path area, number of patches, fractal dimension, landscape
diversity index and cohesion index and so on to show the changing feature of landscape pattern. The result indi-
cates that the cover type of none vegetation is main components of land cover in two periods’ data of Beijing
mountain area, but the vegetation covers level in the whole are increased. All of these results of indices analysis
emphasize that the eco-environmental system in Beijing mountain area is stable and the fragmentation level in the
last five years is decreasing. But the temporal and spatial characteristics of change of landscape are different a-
mong different types of Beijing mountain area. The spatial structure analysis can help to identity the vegetation
coverage spatial distribution and structure stability. So it is another important factor for Beijing mountainous e-

cology system evaluation.

Key words: remote sensing; fraction of green vegetation; landscape pattern analysis; Beijing mountainous area;

vegetation index; bare soil index; shadow index



