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STUDY ON REGIONAL LAND COVER PATTERNS DERIVED FROM MULTI-
SCALE REMOTELY SENSED DATA
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of Education, Beijing Normal University, Beijing 100875, China)

Abstract We estimated quantitatively the effect of spatial scale magnification on land cover monitoring and
landscape characteristics at regional scale, using different spatial remotely sensed data from RS ( Remote Sens-
ing), GIS (Geographic Information System) and GPS (Global Positioning System) , and taking the west of the
Northeast China Transect (NECT), one of the IGBP international transects in China, as the study area. A
comparison study on land cover classification and landscape characteristics, using NOAA/AVHRR digital im-
ages of 3 different spatial resolutions, was performed in this paper in the study area. USGS EROS (Earth Re-
sources Observation System) Data Center (EDC) provided the monthly remote sensing images as data re-
sources, which were in uniform tempo and region at three different spatial resolutions: 1 km x 1 km, 4 km x
4 km and 8 km x 8 km, spanning a 12-month period (April 1992-March 1993) . Firstly, unsupervised classifi-
cation algorithm ISODATA was employed to process 3 different spatial resolution images and obtained land clas-
sification information. Secondly, information transfer among different resolution images was calculated using a
map algebraic algorithm. Finally, regional landscape characteristics of land cover types at different spatial
scales were compared, taking landscape spatial structure indices such as fractal dimension, fragmentation, di-
versity and dominance as standards. Particular emphasis was put on the comparison of boundary consistency
and spatial difference of classification result from remotely sensed data at 3 different spatial resolutions, and the
difference of landscape pattern revealed by the images. The study results showed: 1) 9 land cover types ob-
tained from remote sensing data were: temperate deciduous broadleaf forest, temperate upland deciduous leaflet
forest, single crops + temperate typical steppe, temperate deciduous scrub and low forest, temperate meadow
steppe, temperate typical steppe, temperate desert steppe, meadow + graminaceous swamp and water body;
2) the macro spatially pattern of regional land cover revealed by images of 3 different spatial resolutions was
consistent, but the boundary of land cover type, the shape and the number of patches of each type differed
greatly; 3) comparison of four indices (Fractal dimension, Fragmentation, Diversity, and Dominance) showed
that the structure of the landscape changed greatly with change of spatial resolution as revealed by images.
Fractal dimension of each cover type showed the most obvious variation, which indicated the change of spatial
resolution contributed most to the patch complexity. This paper sets up a basis for further study at different
scales on landscape change processes.

Wk H ;20020820 e H . 2003-01-24
HSTH : MR AR (30000027) [H 5K 2 AERIBT 7L 5 ALK 0 H R %ﬂ%xﬁw?*%ﬁti%ﬂﬁ&%%i* e E
(G2000018604) FIALRUIE K275 47 B4 BT B
S 25 AT SR M K VR TR S BRI B Y MO R 4 T AT 7 A s U4
* IRYE#H Author for correspondence  E-mail: eyh@bnu. edu. cn



578 H oW A&

& ¥ iR 2%

Key words Multi-scale remote sensing, Land cover, Landscape characteristics, Northeast China Transect

1 AREBEREN
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2001)7 P Z BT ], 4 BRAR IR BR AR AR X
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1987 ; Marceau, 1999) .
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NECT 7F 112° ~ 130°30" E Z [A]ff 43°30' N 4%
PE ZRPTIEH LY 1 600 km, 77 Fa 85 42° ~ 46° N, Bt
TREEZ N 300 km, BEHPEIEANZF HHAX EF
ARSEFE D R AL B T, A FENHNEE &
5SROI T SR L M T F 2 PG 3T B e A
M ST T AR, MM BCE R FERLX,
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X, HEBR IR R AR, B AR R PHKIK
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BFE A TERMET TR ZSHEHER, X
WX B TR X, WP EIR, 0%
K&K 100 ~ 500 mm, FFERE R -2~3C,
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Fig.1 Location of study area
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3.1 FHEYE

e 2 6 b S5 8 ¥ SR iy BR UK YE LI 2R 5 (Earth
Resources Observation System: EROS)%{#& # .0 (EDC)
RS —BT G (1992 F 4 A ~ 1993 43 H) &
[ — DI 3 RS )43 BEER (1 km x 1 km (4 km x
4 km.8 km x 8 km) {3 H G BRAE A W55 B BE
o 3RS — A Geographic (Long/Lati) ,
HIR G — M BB 2 (KRR IE R ELE
RS JLATZUE R NDVI 5 B 4%, MRIE
B ) i B ( Townshend , 1994 ; Loveland et al . ,2000)
KH i KB & 7 ¥ (Maximum Value Composite:
MVC) 8 Z A 1 NDVI A%, R Rz 7 i ab s R
HEKEN TR KRS = Bk ALK
FF 25 B £ {41 5 i) ( Brent , 1986 ; Townshend , 1994)

NDVI; = max| NDVI | (1)
He,i=1,2, -, 2,%RxAH. j=1,2, -, 30,
FoR B
3.2 FURTALIE
3.2.1 EBEHE

PL1:100 J7 HuJE B b 36, R 3 IREIRA K
FOE AR AR A X B B R AT LT 1F, Bl iR
EREHILE 1 METTH .
3.2.2 BEMgak

E% 43 25 7€ ERDAS K H E . & % F H
ERADS 9311 Layer Stack #8530 3 F2s ] 43 BEAEHY
R2MNAZA K NoVI BRI EAR 21025
WELIE AR . ARG K AR W 3 28 B B ISODATA
St Bk 3 AN B AR T BT 28, B BRI R K
4y 245 B (Loveland et al . ,2000; 2B K45 ,1999)
NRSEE 1.

®1 FMESAEENSH
Table 1 Parameters of unsupervised classification algorithm

FraER =) P BRE
Standard deviation Spatial resolution No. of cluster
1 kmx 1 km 78
0.01 4 km x 4 km 39
8 km x 8 km 15

SRIGFIFE 1:100 7 v E R B4R S A T8 28K
¥ O ERE B E R E e 2 22, 2001) B2
HHR T —E B2, W, RN E 553
(Time Series Analysis: TSA) B 7 B A [RE B2
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(Ehrlich et al., 1994; 22 B2 IS % 1999; Pan et al .,
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FAE R AUE SR BT AL
3.2.3 =EFEHEBKE R

N TR EAR PR EZZGR LR
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YA AT A5 ] — B ST, BRI (R 25 1) 5C
SEB BT R AR A HER SR T RA R L B
5 R 5] (4 15 S 5 BB 4 P4 (Change matrix) , A SE L%
A [ R RS B BT (S B 3245, 2000)

XHE B HIRE 5 KB AnyFAR, T
A ERBOT B, W LORTS .

Crxn= Ao x 10+ AL, (CHEBUE R ER
< 108F3E ) (2)
A Cu I E RER E+ 1 REMBERIRE
R, BRI T R R 4 (/] 40 o R AT RISK
1578 35 R B AR L i B0 X R I IR I B RS SR I
RIGHRAE IR B PR AR RET Bk
KA W R E AR, BRI B R ARG BB
Mo
3.2.4 FM=MLEHERRR

1) 4r4E%% (Fractal dimension)( Benson & MacKen-
zie, 1995)

PRI BEH I B AR BT, IR AR AT AR S A R Y
KR, Ko A RUE LNTE (1A 7K, 1995; Moody &
Woodcock , 1995) :

P=K(A"%) (3)
A IE TR BER B K =4,
D =2log (%)/logA (4)

KD A4, P NBEREK, A BRI IE R,
D HTEE 1.0~2.0,1. 0 RFERF A ETTE
BEYe, 2.0 FIn 4 AT R S A B BES Y o 4E
/8

2) e (Fragmentation)

TR B o SO A B R RRBE o DAL I
R BE S B A0 Sy 5 DB e P ) 4 31 5 o (R

TR4$,1996) .
FN,= (NP -1)/NC - (5)
FN, = MPS x (NP - 1)/NC (6)

K. PN, B RIBBRERE , FN, XN E—
KAV REHE R, NC 2 IS A SRR I BE R X 5
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ALk S B S N BESR T B LR F) , NP 2
F R EE, MPS AT (2 B b i

3) ZHEE(Diversity)

S W23 (] 4% Jmy ) 22 REAE S 46 S TS5 L T RE
Bifi s () B A i AR R B . MR A B AR, SR G
G954 Shannon-Weaner 15 50K 115 5100
(2 REPE () (O Neill et al ., 1988; 14 5 T %5,

1990) , St ZFETESR BN N«
H= -3¢ xlog G (7)
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Z S FKBEEZ I 7 LBl AR . 250 E—
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4) {EF#JE ( Dominance)

JEIF 00 8 S5 R A e 1 s JLAR 55028 7Y S e
SOMLAYRREE B R R /N LA B T & S BE SR AE 5 W
B IEH . RABRARIE S BBk, 75
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2 R L A e e ol R R TR [ e = R
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FIXFHSE R, FISCWLEH) L, o

Rd; = % x 100% (8)
N: BBEHEG N, 0 BB
Sy
Rp= % 100% (9)
=Sy
Sy BORFEEG Sy » i KBEREK
Ly = % x 100% (10)

A i ZEBEH IR s A FF M B 1T AR
RIG A B TR MU E (8 87T %,
1990) ;

1),.=-(-RM2M’~"><100% (11)
4 HERESH

4.1 T AR G R LB
KT RN T2 18] 0 2 A A8 AL+ i 7

RGO FEA LR T S A 257 1 AR
] SRR AR 23 0] 4 3 ) 2 A X S0 LA J FO S i
VARE g it — 2 A5 AN ] ROBE b F 5 53 W0 3 7% 28 5 B
il A4 1:100 7 b IR B KR TE 3 R AT BRI &
GBI 2R (5 BRI A IF 0 9 i s 8 i R
G351 Ay < T R v e R L /N A
Y + i SR R R VE A S AR R
) e i AT SR R S R TR R )+ R
ATHFERKIE(E 2).

4 km x4 km 67N

L
EAMEFEIT RO Temperate deciduous broadleaf forest (1)
L FE AR Temperate upland deciduous leaflel forest (2)
R+ S Single crops+Temperate typical steppe (3)
AT NS R Temperate deciduous serub and low forest (4)
At G Temperate meadow steppe (5)
A AR ETIE Temperate typical steppe (6)
il AL Temperate desert steppe (7))
R AHTE Meadow+Graminaceous swamp (8}
ik Water body (9)

Pl 2 3 Fpas ) 4 BRI AR NOVE SP A5
Fig.2  Result of classification at three spatial resolution images
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1 km=1 km
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4.3.2 [ BEEBIGETT T

£2 239K 1 km 5 4 km 4 km 55 8 km 52
(4% ] 14 81 26 78 1A ﬂ:mﬁfit' X R WG R A
(22 2.3 3 P ARMA IR IR B i 8D AR5
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A% ERfEE Aftl_H“ Al A R L A5 4 U 9 ﬂ-J
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8 km=8 km

P33 R )2y B9 NDVI DU B 4 L
Fig.3 Comparison of NDVI original data images at three spatial resolution images
[ g A A T e EAS [ 43 4 02 (T T i LA 40 2K 15 L35 Whilte stands for water birdy . which shows the information loss and generalization

in various spatial resolution images

1 km 45 4 km SrEEERS BERE

Information transfer from 1 km to 4 km images

4 km AHHEL 8 km AP VR B

Information transfer from 4 km to 8 km images

[ 4 AR %3 i) 2 MR (9 AL 1 B RE L A

Fig.4  Information transfer in various spatial resolution images
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Table 2 Classification information change matrix from 1 km to 4 km image
it ;
1 5152 240 0 16 784 0 0 16 0 6 208 3.72
B 82.99 3.87 0.00 0.26 12.63 0.00 0.00 0.26 0.00
C 78.16 3.56 0.00 0.29 1.98 0.00 0.00 0.16 0.00
2 288 5104 0 0 896 464 0 9% 16 6 864 4.11
B 4.20 74.36 0.00 0.00 13.05 6.76 0.00 1.40 0.23
C 4.37 75.77 0.00 0.00 2.27 0.64 0.00 0.96 2.13
3 0 0 2224 96 (3 768 32 32 0 3216 1.93
B 0.00 0.00 69.15 2.99 1.99 23.88 1.00 1.00 0.00
C 0.00 0.00 81.29 1.73 0.16 1.06 0.14 0.32 0.00
4 16 0 64 3952 352 1072 240 208 0 5904 3.54
B 0.27 0.00 1.08 66.94 5.96 18.16 4.07 3.52 0.00
C 0.24 0.00 2.34 71.18 0.89 1.48 1.06 2.07 0.00
5 1120 848 16 256 35728 1504 0 256 32 39 760 23.83
B 2.82 2.13 0.04 0.64 89.86 3.78 0.00 0.64 0.08
C 16.99 12.59 0.58 4.61 90.44 2.08 0.00 2.55 4.26
6 0 464 400 688 1312 64 544 1392 1 568 64 70 432 42.22
B 0.00 0.66 0.57 0.98 1.86 91.64 1.98 2.23 0.09
C 0.00 6.89 14.62 12.39 3.32 89.35 6.14 15.63 8.51
7 0 0 16 128 0 1088 21 024 0 0 22 256 13.34
B 0.00 0.00 0.07 0.58 0.00 4.89 94.46 0.00 0.00
C 0.00 0.00 0.58 2.31 0.00 1.51 92.67 0.00 0.00
8 16 80 16 416 304 2 608 0 7 808 32 11 280 6.76
B 0.14 0.71 0.14 3.69 2.70 23.12 0.00 69.22 0.28
C 0.24 1.19 0.58 7.49 0.77 3.61 0.00 77.83 4.26
9 0 0 0 0 64 192 0 48 608 912 0.55
B 0.00 0.00 0.00 0.00 6.95 20.85 0.00 5.21 66.02
C 0.00 0.00 0.00 0.00 0.16 0.27 0.00 0.48 80.85
Hit (k)
Total 6592 6 736 2736 5552 39 504 72240 22688 10 032 752 166 832
(ifijﬁer(ltzt)e 4.04 1.64 3.33 23.68 43.30 13.60 6.01 0.45 100
HE (%)
Conversion 6.19 ~1.86 ~-14.93 -5.9 -0.64 2.57 1.94 -11.06 -17.54

rate

F 20 1~ 9 xR THE 2 FARRA H B ERA, R2 P TRRMR b RIE T TRBHRRA, FINFIR b+ L REF j R R pHA
BF IR b R E RN b+ 1 SRR TR, BRI SRR IR RS A0 By = A, x IW/élAg,ﬁﬂ? E+1R

N A A kST KB RBALTRI L5 G, = A, x 100/ 5 Ay, F07 & RIET § JTURARSA N hov | UL j JBER
RILAL. 17 FURETE R b REETFA b+ | R IET 4 083 25 W00 BRSSO K B, 5 = (D4, - S 4y) x 100/

5
(_Z:IA,-,') VER B+ I RETSME LN T E RETAEE  Number 1 to 9 in this Table corresponds respectively to land cover types in Fig.2.

i=
Numbers in row denote i kinds of land cover types at the k scale, numbers in column denote j kinds of land cover types at the k + 1 scale. Italic and bold fonts

5
denote conversion area of all land cover types from the & to the k + 1 scale, that is conversion matrix A; of initial land cover types. By = A; x 100/ ZIA,»J-, de-
i=

5
notes conversion proportion in type j at the k + 1 scale derived from type i at the k scale. C;= A;x 100/ 2 A;, denotes conversion proportion from type i at the
i=1

k scale to type J at the k + 1 scale. Total of row and column denotes respectively area of all land cover types and their proportions occupied in total area at the k
scale and the k + 1 scale. Occupied rate of row and column denotes respectively proportions of all land cover types occupied in total area at the k scale and the

s 5 5
k + 1 scale. Conversion rate = ( ZIA,j ~ 2 Ay) x 100/( EIA,-j) , denotes converting degree of all land cover types from the k to the k + 1 scale
i= j=1 j=
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Table 3 Classification information change matrix from 4 km to 8 km image
Ai =
1 2 3 4 5 6 7 8 9 Tm'lj (ImZ) occupifj (%)
1 5 856 240 0 0 432 0 0 64 0 6592 3.95
B 88.83 3.64 0.00 0.00 6.55 0.00 0.00 0.97 0.00
C 84.53 3.51 0.00 0.00 1.12 0.00 0.00 0.69 0.00
2 160 5712 0 0 432 304 0 128 0 6736 4.04
B 2.38 84.80 0.00 0.00 6.41 4.51 0.00 1.90 0.00
C 2.31 83.61 0.00 0.00 1.12 0.41 0.00 1.39 0.00
3 0 0 2128 16 32 512 16 16 16 2 736 1.64
B 0.00 0.00 77.78 0.58 1.17 18.71 0.58 0.58 0.58
C 0.00 0.00 78.24 0.29 0.08 0.69 0.07 0.17 3.45
4 0 0 112 4160 144 832 192 112 0 5552 3.33
B 0.00 0.00 2.02 74.93 2.59 14.99 3.46 2.02 0.00
C 0.00 0.00 4.12 74.71 0.37 1.12 0.86 1.22 0.00
5 912 528 16 336 36 384 1072 0 256 0 39 504 23.68
B 2.31 1.34 0.04 0.85 92.10 2.71 0.00 0.65 0.00
C 13.16 7.73 0.59 6.03 94.40 1.45 0.00 2.78 0.00
6 0 256 352 688 896 68 528 608 896 16 72 240 43.30
B 0.00 0.35 0.49 0.95 1.24 94.86 0.84 1.24 0.02
C 0.00 3.75 12.94 12.36 2.32 92.45 2.71 9.72 3.45
7 0 0 48 64 16 944 21 616 0 0 22 688 13.60
B 0.00 0.00 0.21 0.28 0.07 4.16 95.28 0.00 0.00
C 0.00 0.00 1.76 1.15 0.04 1.27 96.36 0.00 0.00
8 0 9% 32 304 192 1 680 0 7712 16 10 032 6.01
B 0.00 0.96 0.32 3.03 1.91 16.75 0.00 76.87 0.16
C 0.00 1.41 1.18 5.46 0.50 2.27 0.00 83.68 3.45
9 0 0 32 0 16 256 0 32 416 752 0.45
B 0.00 0.00 4.26 0.00 2.13 34.00 0.00 4.26 55.32
C 0.00 0.00 1.18 0.00 0.04 0.35 0.00 0.35 89.66
A (k)
Total 6928 6832 2720 5 568 38544 74128 22432 9216 464 166 832
gifijii(iil)e 4.15 4.10 1.63 3.34 23.10 44.43 13.45 5.52 0.28 100
A (%)
Conversion 510 143 —0.58 029 -2.43 2.61 -1.13 -8.13 -38.30

rate

2% 3 1B FI 2 Explanation of Table 3 is the same as Table 2

2) 1A B2 oK R ) TET AR AR AL R B BROKC
iy 912 km2B /03] 752 km®F1 464 km? , AR AR L A2
K —17.54% (1 ~ 4 km 43 $FF) F1 - 38.30% (4 ~ 8
km P EE%) ; Ak, BifE) + EARVEE CLEEY + IR
5 700 2 JE R RIS EUAE 1 km A BERF] 4 km 43 HEHR
FF 8 km M HERES PG RMA B LB EE, M
Fh2 A MR AL BN — 14.93% - 0.58% Al
—11.06% + — 8. 13% 5 Y 45 5 ) 0 J5th 7 AF 107 b Dok
e (HARAL BRAR /N, TRV /NS i B 2 B
g+ BT 25 A A4 B BOR B e b i 5 B 45
Ko T EL T I ) AR R A U R A ROBE R R
HTELEAS B R I ka3, TR e i e i AR B A4 L
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Table 4 Landscape spatial characteristics at different scales
2 ) { 7 v - J
i i AT NGB S e

Scale types (kn?) patch dimension Fragmenation  Fragmenation index
FEHETE - B kD 6 208 248 1.69 4.46 0.040
L 1L 78 0 /8 i ) 6 864 449 1.74 6.76 0.065
FEAY « BAFRAIERY 3216 266 1.69 3.75 0.083
Tk 9 O N S A 5904 592 1.74 7.97 0.100

1kmx 1 km JA% 5 855 39 760 844 1.76 20.76 0.021 0.028 1.633
TR LR R S 70 432 1080 1.81 32.42 0.015
TR FE T 2 22 256 288 1.76 9.69 0.013
B 4 AT RS 11 280 926 1.75 13.08 0.082
KAk 912 79 1.51 1.10 0.087
A bR 6 592 62 1.51 5.03 0.009
FAE L TR R 6736 91 1.43 6.50 0.014
FZEMEY) + AR Y 2736 71 1.52 4.31 0.026
JEHE TR I N I Y 5552 148 1.50 8.95 0.027

4kmx4 km L f) 04 S 39 504 186 1.48 20.99 0.005 0.006 1.606
B R 72 240 186 1.47 30.80 0.003
B R 22 688 47 1.39 9.11 0.002
Bif 4+ AT RS 10 032 197 1.51 12.70 0.020
KR 752 28 1.37 1.60 0.037
TR 0t b kD 6928 27 1.38 5.06 0.004
(GNP R AN 6832 40 1.34 6.46 0.006
PATEVEY + AP AR D 2720 28 1.37 3.91 0.010
TELHEFE T TE I B B ARV 5 568 76 1.35 10.06 0.014

8 kmx 8 km  JEHY B4 & J55) 38 544 90 1.40 21.49 0.002 0.003 1.588
TR B B i) 74 128 76 1.32 30.60 0.001
B R 22432 19 1.26 8.82 0.001
it + FATED 9216 83 1.41 11.92 0.009
KA 464 14 1.21 1.68 0.030

1)~9):[FIE 2 See Fig.2
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IR RBESE , XA R YR LR AT, (BAHE
f ) 0, A b TR B IR R e Bt
I, 7EREAR K R ) - B AR SRS o, B RISR AR
B4 1475 J& NOAA/AVHRR B, 14, K HE & 3
TH25 1) EOS-AM-1 TLE B35 8 o 7 B B oL
1% ( Moderate Resolution Imaging Spectroradiometer:
MODIS) 1 & 2% Bt 3% 453 B 8%, B 250 m 500 m,
1 000 m 3 Pl 5 25 [A) 4 HE SR LA M 36 DI Aii #E 0.4
~ 14 um GG IEEL , IR ARk R, B2
BR 1 #7825 F 5T R ) BB B U (Muchoney et al .
2000), XEEH A b S D IR R KR A ER
N 7 2 s (S R RSO BE IO — 4R . B
G, S5 b 2% A AR 1 8 R 2 T AR B B
FEH) HAR AN A TIE

6) FKMIWFTTHG £ B E TR B TEAH
R bt #0825 A0 Ak 5 A FRAR 0 25 57, T8 B SRRl
ERARER BE R A i R R B R SR,
PEAT 45 RLBE Xob i UL 1 b 3 85 A8 A BB A R
JE R 5 B A

& £ X &

Benson,B. J. & M. D. MacKenzie. 1995. Effects of sensor spatial
resolution on landscape structure parameters. Landscape Ecology,
10: 113 ~ 120.

Bian, L. & R. Butler. 1999. Comparing effects of aggregation
methods on statistical and spatial properties of simulated spatial
data. Photogrammetric Engineering & Remote Sensing, 65: 73 ~
84.

Brent, N. H. 1986. Characteristics of maximum-value composite
image from temporal AVHRR data. International Journal of Re-
mote Sensing, 7: 1714 ~ 1734.

Chen, L. D. (BFITR) & B. J. Fu(fE1AZR). 1996. Analysis of
impact of human activity on landscape structure in Yellow River
Delta. Acta Ecologica Sinica( 4 S%F4R), 16: 337 ~ 344. (in
Chinese with English abstract)

Chen, S. P. (FAZ)& Y.S. Zhao(BXEAT) . 1990. Geoscience
analysis of remote sensing. Beijing: Mapping Press. (in Chi-
nese)

Editing Committee for Vegetation Atlas of China in the Chinese A-
cademy of Sciences ( F7 [ A} Bt o [ 1 B P 4R 4 4L & B
42}, 2001. 1:1 million vegetation atlas of China. Beijing: Sci-
ence Press. (in Chinese)

Ehdich, D., J. E. Estes & A. Singh. 1994. Application of
NOAA-AVHRR 1 km data for environmental monitoring. Interna-
tional Journal of Remote Sensing, 15: 145 ~ 161.

Fu, B. I. ({8{A175). 1995. Analysis on spatial pattern of land-
scape in loess region. Acta Ecologica Sinica (4 &%), 15:
113 ~ 120. (in Chinese with English abstract)

Koch, G. W., R. J. Scholes, W. L. Steffen, P. M. Vitousek &
B. H. Walker. 1996. IGBP report 36: IGBP Terrestrial Tran-
sect-Science Plan. Stockholm, Sweden: Gothenbarg Press.

Li, X. B. (ZEHEE)& P. ]. Shi( 235 %E). 1999. Research on
regulation of NDVI change of Chinese primary vegetation types
based on NOAA/AVHRR data. Acta Botanic Sinica (¥ ¥ %
#R), 10: 314 ~ 324. (in Chinese with English abstract)

Liu, M. L. (XIB38), X. M. Tang(FESEH1), J. Y. Lu(XI4
$6)& D. F. Zhuang(FEK ) . 2001. Study of spatial scale ef-
fect based on 1 km grid. Journal of Remote Sensing (1 /& 2
), 5: 183 ~189. (in Chinese with English abstract )

Loveland, T. R., B. C. Reed, J. F. Brown, D. O. Ohlen, Z.
L. Zhu, L. M. Yang & J. W. Merchant. 2000. Development
of a global land cover characteristics database and IGBP DISCov-
erfrom 1 km AVHRR data. International Journal of Remote Sens-
ing, 21: 1303 ~ 1330.

Marceau, D. J. 1999. The scale issue in the social and natural sci-
ences. Canadian Journal of Remote Sensing, 25: 347 ~ 356.
Marceau, D. J. & G. L. Hay. 1999. Remote sensing contribu-
tions to the scale issue. Canadian Journal of Remote Sensing,

25: 356 ~ 364.

Moody, A. & C. E. Woodcock. 1995. The influence of scale and
the spatial characteristics of landscapes on land cover mapping
using remote sensing. Landscape Ecology, 10: 363 ~ 379.

Muchoney, D., J. Borak & H. Chi. 2000. Application of the
MODIS global supervised classification model to vegetation and
land cover mapping of central America. International Joumnal of
Remote Sensing, 21: 1115 ~ 1138.



586 MY 4%

27 #

O’Neill, R. V., J. R. Krummel, R. H. Gardner, G. Sugihara,
B. Jackson, D. L. DeAngilis, B. T. Milne, M. G. Tumer,
B. Zygmunt, R. Christensen & S. W. Dale. 1988. Indices of
landscape pattern. Landscape Ecology, 1: 153 ~ 162.

Pan, Y. Z., X. B. Li, P. Gong, C. Y. He, P. J. Shi & R. L.
Pu. 2003. An integrative classification of vegetation in China
based on NOAA/AVHRR and vegetation-climate indices of the
Holdridge life zone. International Journal of Remote Sensing, 24:
1009 ~ 1027.

Peter, M. A. & P. J. Curran. 1997. Choosing an appropriate spa-
tial resolution for remote sensing investigations. Photogrammetric
Engineering & Remote Sensing, 63: 1345 ~ 1351.

Running, S. W., D. P. Baldocchi, D. P. Turner, S. T. Gower,
P. S. Bakwin & K. A. Hibbard. 1999. A global terrestrial
monitoring network integrating tower fluxes, flask sampling, e-
cosystem modeling and EOS satellite data. Remote Sensing of En-
vironment, 70: 108 ~ 127.

Shi, P. J. (%), J. Chen(BEE)& Y. Z. Pan(BHEIL).

2000. Land use change mechanism in Shenzhen city. Acta Geo-
graphica Sinica(HiH =47 ), 55: 151 ~ 160. (in Chinese with
English abstract)

Townshend, J. R. G. 1994. Global data sets for land applications
from the Advance Very High Resolution Radiometer: an introduc-
tion. International Journal of Remote Sensing, 15: 3319 ~ 3332.

Woodcock, C. E. & A. H. Strahler. 1987. The factor of scale in
remote sensing. Remote Sensing of Environment, 21: 311 ~ 321.

Xiao, D. N.(H%57T), Y. Zhao(&XH#), Z. W. Sun(FhHfH)
& G. S. Sun(FMEHK). 1990. Study on the variation of land-
scape pattern in the west suburbs of Shenyang city. Chinese Jour-
nal of Applied Ecology (N FHAE2£4R) , 1: 75~ 84. (in Chi-
nese with English abstract)

Zhang, X. S. (HM), G. S. Zhou (AT M), Q. Gao (&
B0), D. A. Yang(HB%), J. Ni({i##), Q. Wang(E)
& H. P. Tang(%@fjﬁ) 1997. Northeast China Transect
{NECT) for global change studies. Farth Science Frontiers (1#2#
Bii#%),4: 145~ 151. (in Chinese with English abstract)

FATHZE: BT AL KA





