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Abstract: Forests, which have been strongly influenced during the process of urbanization, are an
important component of the landscape. Yuhang District of Hangzhou, Zhejiang Province was selected as a
case study to help understand the development of middle- and small-size towns in China. Remote sensing
data from Landsat / MSS in 1978, Landsat/TM in 1990, and Landsat/ETM in 2003 of landscape pattern
changes for forests in Yuhang District were studied using GIS and Fragstats software. Seven landscape types
includes bamboo plantation, non-timber forest, coniferous forest, broad-leaved forest, building lot,
farmland, waterbody. Results showed that human activities were the primary factors affecting forest
landscape fragmentation and forest coverage. During the period of 1978 to 2003, landscape fragmentation
changed from high to low and forest coverage went from low to high. Also, human activities had a strong
influence on non-timber forest. The results suggested that human activities played an important role in
structural changes of the suburban forest landscape. [Ch, 2 fig. 8 tab. 22 ref. ]
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Figure 1 Situation of Yuhang District, Hangzhou City, Zhejiang Province
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Figure 2 Landscape pattern of the research area in 1978, 1990 and 2003
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Table 1  Spatial analysis of landscape edge pattern

PR AL/ D% % B/ (m-hm™) BEHJH K fm
ST
1978 1990 2003 1978 1990 2003 1978 1990 2003 4F

(e 337 2 630 818 12.94 42.39 23.94 1590 300 5209 002 2 942 169
RPN 247 2381 1384 22.52 11.55 12.47 2767 179 1 418 958 1531932
RN 462 5761 2250 9.74 46.25 30.65 1 196 601 5683 356 3 766 446
(G 147 1684 1153 3.46 13.35 14.82 424 992 1 640 973 1 821 093
S 1168 7458 2384 40.73 75.40 59.39 5005 683 9 265 692 7 297 596
A 774 4377 1 444 39.78 102.77 63.09 4 888 320 12 629 661 7753 083
KAk 286 1748 1352 4.86 7.57 20.32 596 790 930 126 2 496 885

RN 1990 4L 1978 4F L Ft, #F 2003 42 TR, XRB, £ 1978-1990 4F N A X F £k
W52 M 20T SRR E 24k . RAE TR BRI T R FP BEH IS 2 (0] 1) [ AR e FR ™, AR 4R
FEFREORT , AP SRR Z A B TR BN, [FA SO AR B %4, (HATDLREL, &%
SOULE TR B AR FE AR HON AE 1990 4F FEAKT 75 2003 4543 BTk, 33X nl DLFe 40 B B N2 T4 X0 F 2R Ak o
SR AR B

®k2 EREVNRBEHSHF

Table 2 Spatial analysis of landscape shape pattern

I AU B - T IR 45 5 AL T804 1 7 L/ % AL f5 K%
SR
1978 1990 2003 1978 1990 2003 1978 1990 2003 4F

rk 4.24 11.06 7.97 89.70 79.80 86.98 97.66 98.26 98.45
ERRTIIN 10.82 1.74 2.19 90.87 71.86 76.64 99.24 84.35 89.65
B Ak 2.70 7.38 4.31 88.57 66.56 79.81 95.88 95.59 95.44
(LR 3.08 2.58 3.09 90.60 80.39 82.35 97.05 92.60 94.44
HF I H 15.23 35.13 17.93 86.691 73.70 76.28 99.21 99.33 98.76
& H 15.77 50.32 33.23 92.77 83.88 89.43 99.62 99.76 99.76
KK 2.69 3.07 10.88 90.50 65.79 75.49 96.57 89.15 97.84

3.1.3 FUEHMEARBRELSH HEIATLAEH, 1990 4/ 5005 OB Ik ™ &, 1 e85 Fh = s
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o M-I BEHL I AL Bt o] LIRS 3] — 3 4518, (R R RBEHIE SO0 AR G e o B 4, & Fhksy
Z A — SRR . AR F R DA B, AT AR R P bR ) i R B AR B AR RS R, B
3O i R G 2A TR i 7 KB B S R B TR T N K s 8 MR S R B R A8 B, BB 0 ST 2 B B i AR
AR f R 3 — B, XU T 2B RAE I S 38 AL — TG BR A SR AL 2 B A RIS 3 T ey
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TG Bl X T 5 25 R4 A RS R B, 14 OB R 3 I Ml X Y S LSS R A 2 1978 — 1990 4, 4r4ESK
MR, RBIZWFIT X 0 525 49 SR 1) F 2 22 FMUR KL, 1990 — 2003 47, 43 4R FfE /N 32 B %
RS X S5 W25 ¥ A BT 45 |

3.1.5 FASF RS X5 S R AR AT T (3R 5), 1978 - 2003 4E W BEH £ W WA K E
Ak, R BT — B TR B N AR S XN A B A SO B B A ) B R ORI S U 2 R M R 5K
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Table 3 Spatial analysis of landscape area pattern

BEY 2 BE/ (4 -hm™) TR RBEHAE L % -2 BE S 1T A/ him?

el S8l

1978 1990 2003 1978 1990 2003 1978 1990 2003
bk 0.27 2.14 0.67 0.73 1.02 1.35 32.64 6.99 19.69
EZRRN 0.20 1.94 1.13 2.95 0.05 0.11 87.38 1.51 3.38
GRS 0.38 4.69 1.83 0.39 0.71 1.06 16.15 2.10 5.91
el I A 0.12 1.37 0.94 0.66 0.26 0.51 21.93 3.54 6.38
HES A Y 0.95 6.07 1.94 7.15 8.61 2.74 22.94 3.37 9.20
A H 0.63 3.56 1.18 11.92 17.13 24.40 62.27 1275 36.20
IS 0.23 1.42 1.10 0.42 0.12 1.80 15.65 111 5.37

Jesl/NEHIR, I H 2003 4ERT 1978 ARRYKF, ULBATES BEBETEI BN, AT XY S5 WAL 3 i
PE— PR, WAL RE EENER, PR AR O, X UL T NSRS S TR WA A B AT
RZI

x4 =WKEERBEHSH x5 =UARRUERBIEHSHT
Table 4  Spatial analysis of landscape-level Table 5  Spatial analysis of landscape heterogeneity
gy TEREI ROKBM DEWE FRER g BEHCEEIE RWEREMEHOR RS IR A
A L2 b 3% T2 i8] 2 -
(Tko™ #®H% (nho?) EYA 1978 0.006 5 1.615 0.776 7
1978 3.20 11.92 69.42 31.23 1.38
1990 0.006 5 1.512 0.727 1
1990 21.25 17.13 151.58 471 1.50
2003 0.006 5 1.638 0.787 7
2003 8.78 24.40 114.22 11.39 1.48

32 RKMEXENEFRZTUSHT

321 wAMEREBBREALSN HFE 6 TLUEH, 73 NARFEEH, RbUXEFRERESEA
[, e 1978 Fil 1990 4F i AR 56 R IEA R P IFRC A T REE S, 73510 35.21%F1 32.58%, RHLIX
2003 4F A AR M 3 R A BT BT, A B4 XA TR 33.71% , 3 i W Rl 25 3 1T Ak 0 R A A BT bl 5N
FE ARG, it DX AR MO IE 32 31 N6 s R AR 520, A 81 (R 6) W LR, 45
T BRAMFOAE 3 AR A2, ST m B RV R, oh, M3 6 W LIE AT ARTE
ML XA A5 RIS S AR L, S U T AT i XS TR . A A RO T

x6 HEUXRTEM, oSt

Table 6 Area and percentage statistic of landscape types

1978 4 1990 4 2003 4
FM LAY
i BY/hm? 5 /% 1 BY/hm? 9 /% i B/hm? 93 /%
Pk 11 001.28 18 371.80 16 105.29
25T AR 21 584.08 3 592.59 4673.28
Btk 7 461.82 3521 12 107.72 3258 13 29271 3371
i ok 3223.01 5963.05 7 353.38
A 26 794.26 25 098.20 21 922.47
P 48 196.88 64.79 55 801.01 67.42 52 278.60 66.29

SN 4 474.77 1937.22 7 259.81
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T ARERNZE,, X — SR Y AEN R IHELE AR 2] TR, DU 28 1Y i 1 AR AR b (B K
B, EHUH AL TR R B R, X T Re S AR R A Ty 2 T I Ak ) A3 R ST AR AR AR A O
ORI AR AR - ARTE 1978 21 2003 A 3X A B[] Be Y AR S 0 ik #a 5 O B 28 bR AR St S Gk
TRER

322 FMEAEBREHLIESE FTH 1978 — 1990 AT X 45 5 VAR B IS 2 [a] Y a1 AR Ak R 55 3L 4
Me, P ATLIAE L, 1978 — 1990 4F[0], Mrbk, ZeBehh, REOFAR, BF 0PRSS 4 Fh 2RARS002E R b o
MFaE BB R AT AR, T H S 54.20% %A KRR, 3 H B 35.32% 0 2 5 Ak
35.37% WA AR | 49.43% W EH I MR AL AT AR, AT AR HAT 0.4% AR AE BE T 2805 bk, ATIL, 285K
ST AR AE B AT T R A AR Rk v] DLUE B UM 1.02% PR 4 T R K 1 28
B KRG ML TR . AR S SR, B 22.26% A0 T AT, G54 1978 — 1990 4E )
VM T BV AR DL, SRR AR RS B 45 S R — B0 o AR i b AR AR IR SR AR R R
FARAT B0 T RGP AR, AR Al SR I AR A A 2 /D aRAh T aX —2s ik,

7 1978 - 1990 *MEX EM LB EAT L EBER
Table 7 Translation matrix of classes (1978-1990)

1990 AF ALY SO R/ %
ARy S

Pk LUK Bk el - H S A K

Pk 54.20 0.40 25.52 15.58 0.30 3.62 0.43

2R 35.32 1.02 2772 12.33 0.85 2226 0.44

bk 35.37 0.37 30.77 3.84 1.92 25.96 1.78

1978 el 49.43 0.37 11.93 34.49 0.57 2.25 0.95
M 0.59 2.07 1.00 0.21 35.34 58.64 2.10

A M 0.49 5.58 0.55 0.16 26.05 65.85 1.35

IS 0.02 0.34 0.24 0.00 62.19 18.97 18.24

2 8 JERMLIX 1990 — 2003 4 (145 5 M IS RUEE B 2 (] () 1o AR AR AL B RS A6 B . T LR, FEATAR
ZEUEAR ., R AR AR AE 4 R AR SOIZE R T AT AR R AR T B R R E I, TEX — BB,
MR EE T 43.31% MBI A AR, JF HA M 2S00 0B Ak 5 R A A pR, B2 TR
AT LAE S|, 5 1978 — 1990 43X — I [A] B A9 AT AR AL 45 AH LL S, 1990 — 2003 4F If A AT AR A i 1 A T
TR, S VML R BRI R TSR R AR 2 R T 11.56% 1 T FUE A &4 8,
AT 67.23% M FUEALH TACH , (Bl T4 RS AR5 A 256 m AR s 11, 2003 R4
CEMRATH LS 1990 4EAH LU A T — & MG, &1 bk 5 R AROR T AR RR E PE A AT AR RN e pk 2z ]

&8 1990 - 2003 KM X =M A ERT U ERLEK
Table 8 Translation matrix of classes(1990 — 2003)

%2003 AE ALY SRR/ %

A SO
Pk SN B ntobk [ELIRIN A A< H KAk
bk 4331 3.62 28.15 19.93 1.38 3.35 0.02
EAR) N 1.73 11.56 0.92 0.80 13.87 67.23 3.90
GRIRN 34.96 4.93 37.12 13.01 1.67 8.23 0.11
1990 IV o b 35.92 9.10 26.77 20.54 2.16 5.50 0.02
557 0.22 0.70 0.13 0.13 36.42 49.13 13.30
A< i 2.96 4.05 3.44 1.49 20.25 63.43 4.44

Kk 2.84 1.94 3.45 1.97 18.73 12.53 58.54
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