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Abstract; Karst areas have usually poor geochemical conditions and fragile ecology, due to rocky desertification which is
often induced by ineffective land uses and management. To understand land change in the Karst region over the past 20
years in North-western Guangxi, China, indexes of singe land change velocity, comprehensive land change velocity, land
use degree, and spatial distribution were investigated by land surveys, and analyzed used information from remote sensed
images of Landsat TM in 1985, 1990 and 2000, and RS, GIS and GPS techniques. The results show that shrub, woodland,
and sparseness land were the main land types in the region ( total ratios were 73.72% , 74.14% and 73.59% in the three
years respectively) , where the proportions of rocky land and sparseness were high ( total ratios were 20.44% , 22.84% and
20.44% in the three years respectively). Land types in the study area have changed dramatically between 1985 and 2000.
There were significant differences in land changes among different land types. Arable land, rocky land and woodland

decreased in the early phase of the period, but increased afterwards, while paddy field, sparseness and grassland changed
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opposite, resident land increased continuously. Due to the influences of the precipitation and the environmental immigrant,
the land change velocity and land use degree during the period from 1990 to 2000 were higher than those from 1985 to 1990
(93.87% and 63.54% respectively). Since 1990, the rocky land increased and the ecological quality declined.

Key Words: Karst; landuse changes; 3S techniques; Northwest Guangxi, China
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Fig.1 The sketch map of geography location in Northwest Guangxi, China
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B ) X 2 — 2 A AL A E R R Wb, FEdEeE 18 MER AR Z —,F
19 MEZRFESFFFREE(FE 10 4,019 1) o
2 F5EE
2.1 HHbRAEIAk

MR P ERLF B R IR (5 B BAR M 2K R G, R 45 A REVE 0 ) b R 78 25 SR AE AU R R B BT 5T
XArHh 9 - #A /ALK 1,

F1 THRBSREHA
Table 1 The classification explanation of land types
+ 2R Land types  432EUEHH Classification explanation

KH A KR GAEFIRERE B , JH LA R RK RS 5K A AR A

Paddy field Land under cultivation for crops such as rice, with water-guarantee and irrigation facilities

i TRFERIR KA KA AR s LIRD SR E it

Dry land Land under cultivation for dry crops relying on natural rainfall; Land under cultivation mainly for vegetables
Al TRIPCE TR > 30% R LBUS hith

Wood land Woodland under natural and artificial with the vegetation coverage above 60 percent

A TR R HE > 20% R A LI AR it

Shrub Land under coppice and shrub with the vegetation coverage above 20 percent

TRHPE TR <20% IREARI R , DLRBE S5 BEE 5% LA IR

LI Land under shrub and grassland with the vegetation coverage below 20 percent, and the bare-soil with the vegetation coverage
Sparseness
below 5 percent
. B BETE > 30% R AR T 50 R B3 ) B B 3
Grassland Land under grassland with the vegetation coverage below 30 percent, such as natural grassland, improved grassland and cutting
rassian grassland
K3 TR R AR /K I8 AN K A Bt Pl
Water Identifies natural or man-made basins that usually contain water on a permanent basis
. HMS RN RA AR ZSE S 3
Ji B Hb Resident R K .. .
The areas for permanent residence, construction such as mining or transportation, etc.
YaLEia ) TR SR BETE 5% LATF A s ikt
Rocky land Rocky land with the vegetation coverage below 5 percent
2.2 ¥R

R B JE LR B S 1985 4F 1990 4F A1 2000 4F ) Landsat TM (ETM) #8245 . RIEIGIERHE , 251K FH
5.3.2 f15.4.3 FEBARX AR L #27 , DATESegead s 38 e o /) T R4 D 2 R 3 5 e I U st 3 1
BT 2000 4R IR ARIATEREFILMAEL IE, IRZEFIFE 0.5 MEITH .. ARG LA 2000 4245 Zhl, %
1990 4EF0 1985 4E A5 A TRE # J LT DT L

St X TG b 2 R R T 7 25 B 2 O A, 5 B GPS B BFF 5T K AT SE L % 88, 3F T i br ok (IR B
BEHLRAE L 450 4>, B A 235 I BEALECR AT 2158, H R HR B GOH U R, S BRUAT 35 41 165 />, 7€ ERDAS
Wiz PR B PRAf AR  Kappa 5800 0.81) . M I X 2B KB iR B X, IRABITE L, [ R
Al S 1 T B 22, [ B 38 SR AR S 58 42— B0, M ] b2 AE A [ B 30 A0 DS AR 22 R K, it A\ T H g
PR AR b AR VE AR A B o SEXt 2000 4R AR BT R 13, ARG AR 3R 45 2R 5 1990 41 1985 1R &
L RBOHE B RE EER , 2R E] 3 NMEG R ISR,

2.3 WK
2.3.1 HEBERK

#£ ARCGIS ' ¥ 3 MMEAy R &+ bR , #4T CONVERT #% #5402 GRID Mg B3 , R £
[E] s HrAi e CALCULATOR 5 E| 45L& 2 , S i $dE =76 EXCEL 204745 3| A L 5% .
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ROIEEE SR (2) L (3) AR

Tif
T, = ,L1 x 100% (2)
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n-1
3 M,
M, = Fi x 100% (3)

th

K, TS i 1E 0o B ¢ I3 PN L e 3 M g b8 i A ¢ B o I A o028 AR T, 0 7E ¢, 2 ¢,
M2 i F O3S ;TR s M A 602 o, IS j 5% S 0 BT AR 5 Lo RS & 7E o I 20 B TR AR s L 2 MG d
TE 6, R ZI AR s n B SE X SRRSO .

(3) & E LB EE

EE RS — BT B, WS X B 25 Bt S S 2 B B AR B0, R (K, BT S X - 3t )
A ABRRIZL, R, 55 HEIAR(4)

n-1
Y ALU;
LC = Z5—— x 100% (4)

Y LU,

Ko, LU, g W AE i) 55 0 28+ R AR ; A LUK W st B85 i 2+ b2 AU %E g Ak @ 26 + i 28700
4% H

(4) b FIFBE

FEALR R X AT R A 58 . 1 oMo X & Fh ot A PSS AL 5 BRI R AR BE 47 R
4 F(FK2),ESBHR B BRTEPR X BT & A 55t 5 7 RIS B BINACK Fi15 BB X 1) £ b A
R . HEMARG) .

LUD = iL,, X A, (5)

X, LUD %H%E%iﬂ%ﬂ}ﬂlﬁ;h%zbﬁm%ji 2 LRI ) + M P P9 BE - AR B, A R SR i Kt
M RILE X IR B 23 L o

F2 EEILIHMAARESR
Table 2 The classification of land use intensity in Northwest Guangxi, China

&l AR b A K S Al FAsb LR JE BRI

Grades Not used land Wood, grass and water Farming land Resident land
AR g A AL A A FEHE KR K F it J B P
Land types Sparseness, Rocky land ~ Wood land, shrub, grass land, water Paddy field, dry land Resident
FEEL Index 1 2 3 4
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(5) b Azs [ 2R e 5k
b A R R AR AR HOR R IR BT DX B B N e — o - b 2 TS X 43 A e RE RN B A AR IR B . IR IR E
oA IEME , Ui S SS - Bl bk e R AR BE R i, B A (6) F(T) 6
AHi =an ‘Hno (6)
Asi =Sizk ‘Sno (7)
o, AH 25 | P RTER 58 X -2 = AR AR A ME ; H,, 256 @ M S AE I 5E i B 3 o V- 399 4R 5077 5
H 256 | Pt SSAEWT T B B o, P393k 0 A s AS J2 56 1 PSS e X B T 3030 B AR AL 1B ; S, 256 @
HETERF T BRI 10 V38 BE A0 5 S 256 @ R b ETEWT I B o, P X3 BE 401 o
3 GRS
3.1 mEHZEL
HH 3R 3 A& 2 AT, PGS 3 NMEAY (1985 4E 1990 4EF1 2000 4F ) fY 222 4 b RUERZHE AR bRHh A
Hi, 1985 4E, JEA K 20876. 31 km®, #iih >y 14032. 01 km?, % By 18160. 26km? , =3 2 ey 73.72% .
1990 4, ¥E A . Ak H F0 5 B Hb 19 T R 43 51 Sk 20897. 65 km® ., 15783. 98 km® F1 16697. 65km” , L & H. 44 Sy
74.14% , 2000 4F, K 20855. 38 km®, bk 14019. 40 km’®, 7 #fi # 18107. 93km® , 84 6] Ky 73. 59% , 7K
H R SR LN, 38 BBIAE 3 N 535 R 14.68% (13.48% Fil 14.68% , J& B g 3 F b R 7K 35,
di AR > (B L BIE & AN A3 2305028 0. 94% \0.92% F11.06% ) . A EALHLEIRAE] 1% ,(H 5F i &1
BIAH S 15 (40500 20. 44% 22.84% F120.44% ) . XFP B IR 287y 3 T A0 A 1 b R0 A i b 461 =5 1
¥ IR, 5 HAL T3 E P R R A i X MR AR AR 2 R B I B AR T R B AR

#3 HEAELIMEBERSESLL
Table 3 Areas and percent of the land types in Northwest Guangxi, China

1985 1990 2000
i H Ttem TR Area [Ep A TR Area [Ep x4 TR Area [Ep x4
(km?) Percent( % ) (km?) Percent( % ) (km?) Percent (% )

JK Hl Paddy field 5255.21 7.30 5528.27 7.68 5221.52 7.25
4 Dry land 5312.73 7.38 4176.17 5.80 5348. 80 7.43
FiH Wood land 18160.26 25.23 16697. 87 23.19 18107.93 25.15
# K Shrub 20876.31 29.00 20897. 65 29.03 20855.38 28.97
i Sparseness 14032.01 19.49 15783.98 21.92 14019. 40 19.47
HEHb Grassland 6994.27 9.72 7575.12 10.52 6976.94 9.69
JK 1%, Water 410.32 0.57 398.77 0.55 468.34 0.65
J& b Resident 263.56 0.37 268. 80 0.37 296. 46 0.41
£ AL Rocky land 687.22 0.95 665.25 0.92 697.08 0.97
4 it Total 71991. 89 100 71991. 88 100 71991. 84 100

B & 3 (REEPG G R bR AV E AR AR L) S A AT, - b SR T FRAR AL AR AE 3 /B ARAIE -

(1) 7K 4 0 b 0 b A B3, AR5 KR BE Uk 2> < AN 1985 4F- 3] 1990 4F, 7K HH T U3 it 273. 06km” , i
BRI 1751, 96km® , B4 T A3 i 580. 85km” . Tiij A\ 1990 4EF] 2000 4F, 7K FH 2> 306. 75km” , 7 i b Jai /b
1764. 58km’ , B )i/ 598. 18km*, (2) 5 b K3t 1A 15 Ak b 5 K 020, AR5 AR BE 38 i - A 1985 4E |
1990 4E, S #bJF /> 1136. 56km” , g /b 1462. 39km® , 7 EEALHBYE /L 21. 97km® ; Tiii A 1990 F] 2000 4F , 5l 384
B 1172, 63km® Ak fin 1410. 06km® , 7 EEAL 3 A 31. 82km* o (3 ) JEE AT 7K S5 48 Ui 8 2 22 /)N « W A Sl 38
21.34km* , J5 /0 42. 27 km?® | KSR E AR SE S 11,55 km® J5 3800 69. 57km®, (4) JE R FHb— B30 . & R
BARTEREAIF 58 IR 5 Ll /N (43 5 0.37% 0.37% F10.41% ) , (B —E AL F3E i iR 2 (4513 i
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&3] Legend

[ 7k H Paddy field
[ 3 Dry land
I #kHt Wood land
[ #K Shrub

(] #ith Sparseness
[] ¥ Grass land
B ki Water

I /5 Rt Resident
[7] #isEHh Bareness

150 300 km
I |

B2 HEpE R A A
Fig.2 The distribution of the land types in Northwest Guangxi, China
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Hif, 20 4D 90 ERAEMELEL A 1L X FHT T RMERAESHRB R, JLHZ 1993 ~2002 48] H )7
F 49133 (232705 N) i#17 THEBBR,

3.2 shEETL 2000

1

o 1985~1990
W 4 CREPIL LM FE) BT AT, A 1985 48 © o #1990-200
5 1990 4F , 7S BE K 102 54 4 B s 4 g 0 B
Bk 2, S 13K 21 39% . 12. 49% 8. 30% MRS y T s s
8.05% ;T A 1990 4F 2000 4, BZ5 B K WIRTIUFF 10 5 1000
SRR K G AR R, 4513 28.08% . |

17.45% \11.18% 71 10. 29% . M A LU thi, B BE 1 7K Paddy field; 2 %Difi%;ﬁizz land; 4 i Shrub;
FRIE T HES WIS LA R EFH AR s WsfitiSparseness; 6 EiliGrass land; 7 KIWater; 8 J& RHiResident;
B(RT) R RS R, g e
J& RN - 2R R M K B3 AL R E R

M 1985 4EF] 1990 4F, B K IR FhHFIA LM Fig. 3 The area changes of the land types in Northwest Guangxi,
B RE (49 Sk 27. 64% 14, 88% | 12. 55% #i  Chin
8. 81% ) , FHh s i b 7K AN A BEAL b A R (4
AN 14.27% 14.15% \13.15% F18.71% ) ; W& I EH RBUR FISLHE , A 1990 4E3] 2000 4F, AMUE R

FAMBIR WG , 56 DAy S35 52 R B 0 b 1 e b R g B, (o 5 e 0 e 5 Rt 20> T 2 4t 2 R A [+
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B N2V 30 e 7 1 388 K Ak bt B 3 . L b, B A o RN A L b e R (4 Ik
14.39% \14.23% F19.10% ) , S 4 KA A B AR (2518 28.21% \16.84% F113.25% ) , J& R b
WAMEK(10.82% ) o X iEHBEE AJSTE3h e 7 B3 K, i i Fn A AL b e A 1985 4R 2] 2000 4FAE L AT,
KIBAESHEA IR, BRKEES (HERERAMBE L, B REESAEEMIEES s,

F4 EERILTHHEE
Table 4 The dynamic degrees of the land in Northwest Guangxi, China

B— 4 AR Bt ik R Bt i AR
i g Ttem Single dynamic degrees Single turnout rate Single turn rate
1985 ~1990 1990 ~2000 1985 ~1990 1990 ~2000 1985 ~1990 1990 ~2000

7K H Paddy field 5.20 -5.55 1.39 6.55 6.16 1.06
B4 Dry land -21.39 28.08 27.64 8.05 8.89 28.21
i Wood land -8.05 8.44 12.55 5.14 4.70 12.52
WA Shrub 0.10 -0.20 1.80 1.86 1.89 1.66
Bt Sparseness 12.49 -11.18 3.52 14.23 14.15 3.44
i, Grassland 8.30 -7.90 7.38 14.39 14.27 7.05
7K1, Water -2.82 17.45 14.88 2.32 13.15 16. 84
J& BH Resident 1.99 10.29 1.63 1.60 5.78 10.82
A EALHL Rocky land -3.20 4.78 8.81 9.10 8.71 13.25

3.3 REHEBEN

£ 1985 4F,1990 ££H12000 4F 3 AMEAyH, BFFE X3+ 28 R B AR ZE A K, AR LA B R BHREN +
S BB/ A AL AR H ) R B st R (B R 1 4 RS L s B RS R, AR N 1985
F 1990, 3852 M 1990 453 2000 4F, PG b bR R A= T I ZN B , AR D RSB B B R AR 5 I

BRBAAE,

1985~1990

1990~2000

200 km
|

45| Legend
1 %K AR Transfer itself [ %5 A%iH Transfer grass land
[0 %58 52 Hl1 Transfer dry land B %3 47K 38 Transfer water
%MK H Transfer wood land B 4 R M Transfer resident
=1 &K Transfer shrub [ % A¥E#E Transfer bareness
1 ¥ R s Transfer sparseness 1 %5 47K H Transfer paddy field

R 2 e otz it 2 AL
Fig.4 The transfer chart of the land types in Northwest Guangxi, China

M 5 (EEPEL 1985 4RF) 1990 48 5 -SRI R AR [ ) 700 B i) 40, 7K FH B D it 7K I EE R B2 3t
SEGRAE L, 434 18. 18,17, 08 ,12. 98km® Fl 8. 98km” , Tii B Hekk Jy Aot A A AL b 4% > ( 2. 65km” il
0.41km®) o B3 e J B Akt B Bt K H S BB R £, 43 B A 561. 40,351, 22,212. 05km” Fil
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178. 05km” , B $5:5% A BEAL A A > (39. 7T4km® ) o ARt 36 Jo i B5e £ (1788. 52km” ) , H 3255 Jy J& R
/0 (0.20km*) o HEARYE K LBHUE W HA BBEHRA, RA 0. 1% HH hHE IR, MK B R THE
A0 2 JR R, i 6 b 2 4 Ay S A AR 8 22 (40 1A 195. 53km® AT 122. 08km® ), %% Sk K H A1 R /D
(65.03km* 1 62. 81km®) . % s B Hb FOAK R 20> (144. 82km® F1 114. 31km®) , T %% g £ AL Hb AE % /b
(0.41km®) , I\ 1985 4E 3] 1990 4, B, + bR [ 3 A A5 FRBEAF 55 0 7 1) R o

#5 KT 1985 ~ 1990 £+ MK AFEBIERE (km? )
Table 5 The transfer matrix of the land types in Northwest Guangxi, China in 1985 ~ 1990

K H S At WA Haghiit 31 Kk

FERM A

TH ltem Paddy field Dry land Wood land ~ Shrub  Sparseness Grass land ~ Water Resident ~ Rocky land
7K H Paddy field 5181.96 8.98 2.65 12.98 18.18 7.26 17.08 5.71 0.41
E4b Dry land 178.05 3844.28 351.22 114.49 212.05  561.40 4.90 6.62 39.74
M HL Wood land 6.89 102.31 15880.85 170.26  1788.52  203.37 0.87 0.20 6.96
WA Shrub 21.60  27.43 180.79  20500.90 40.68  100.32 0.79 0.93 2.86
i BiHh Sparseness 65.03  62.81 122.08 15.95 13538.51 195.53 25.63 1.46 4.99
il Grassland 60.13  120.20 114.31 75.36 144.82 6478.42 0.25 0.37 0.41
7K Water 7.30 6.03 7.11 2.42 22.93 12.44 349.24 0.25 2.59
JE b Resident 1.07 1.33 0.00 0.30 1.14 0.12 0.34  264.39 0.00
AL Rocky land 0.41  42.22 6.56 3.23 5.04 0.48 2.59 0.00 604.73

MFE 6 HEFGL 1990 3] 2000 4F 4 S RUEE RS RE B 731 AT 01, 7K FH 3% 46 oAy 52 b, 7 i e 760 2t 7 S 7
L (4314 183.57 64.93 km®F153.72 km*) , B H:5% hy Ji R b ALAG B Ak st th R /0, 43 5145 23. 03 km®Fi1 2. 26
km® , #RIEH T 1985 ~ 1990 4F- 3 18] ) e o 52 b 26 360 Dy bk ot 0 5 b S5 B 2K AU &2, 43 B 120. 41 km® I
103.45 km® , FRHbHE 30y o Hb | BE K F 55 Hb L AR 2D, 43 B 398. 74.165. 44 .125. 50 km® Fl 111. 58
km®, B N A EAL A > A 44,42 km® . JEARHE AR R E 2, 53 H4 168. 94 km®F1 116. 56 km®
Fah b B AR JE % bk b Be £ (1778. 31 km®) | {HL % g 52 3tb, | 5 3t 077 850 b th R /0 (435148 240. 09,129. 01
km®f121.41 km?) . HEEADBRAKEIFBMAIST IR E F KA, KEF I N2 (523. 52 km®) , 3
YRR A AL (18. 36 km®) o Pl JE R IT B A MIHT b K38, AR A7k 805 7K B (4 3.40 km®) , A
1990 4EF 2000 4E SRR, + b2 T 1) F T AL T 17 & 8 o

R 6 KL 1990 ~ 2000 £ + i KR 4ERE (km” )
Table 6 The transfer matrix of the land types in Northwest Guangxi, China in 1990 ~ 2000

S e Ki W HE WA Bk @B KR RRM AU
Paddy field Dry land Wood land ~ Shrub  Sparseness Grass land ~ Water Resident ~ Rocky land
7K H Paddy field 5165.91 183.57 5.98 21.47 64.93 53.72 7.41 23.03 2.26
S 4l Dry land 9.05 3839.92 103.45 27.27 63.30 120.41 7.26 5.05 0.46
HHL Wood land 2.65  398.74 15840.13 165.44 125.50 111.58 8.75 0.65 44.42
WA Shrub 13.59  116.56  168.94 20508.83 5.12 76.46 2.33 0.34 5.45
i BiHh Sparseness 18.18  240.09 1778.31 29.64 13537.37 129.01 27.97 1.98 21.41
il Grassland 7.25  523.52  204.17 98.40 215.10  6485.07 22.22 1.00 18.36
7K Water 3.40 2.83 0.27 0.79 1.91 0.08  389.45 0.00 0.00
JE b Resident 1.07 1.33 0.00 0.30 1.14 0.12 0.34 264.39 0.00
AL Rocky land 0.41 42.22 6.56 3.23 5.04 0.48 2.59 0.00 604.73

AR 7 (CREPEAL 3 MR A FIBE ) AT R, VY SR & R RR B I T el N i Aefe i %, 3
NGy i L3R FBE 051 g 194. 97 191, 38 Fi1 195. 06, B A S i F R BEIIR M7 1A R . X 5B
BT L SR 1) B A SR e AR R T B AL AR S — 2.
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x7 HEAELINMEBIHFAE
Table 7 The intensity degrees of the land use in Northwest Guangxi, China in three years

A 7k H By At HEA Haghiit 31 Kk FRM AR it

Years Paddy field Dry land  Wood land Shrub Sparseness ~ Grass land Water Resident  Rocky land Total

1985 21.90 22.14 50.45 58.00 19.49 19.43 1.14 1.46 0.95 194.97
1990 23.04 17.40 46.39 58.06 21.92 21.04 1.11 1.49 0.92 191.38
2000 21.76 22.29 50.31 57.94 19.47 19.38 1.30 1.65 0.97 195.06

3.4 srfazsa ety

ik = . i L e o i [ R S o 12 e S DA D A= R IR = i ok
Gz [ AL S AT AT R, DA 1985 4 E] 1990 4521 2000 4F, AR AR A1 B0y - 7K FE AR b 5608 s ek 2>, 7k
HISE8E i 15. 78m Jg s> 13. 62m , gt S N 18. 62m JF /b 16. 72m, St FI/KIRSE K BB R G K E
B, 53t el 21. S3m JEHE AN 13. 39m, AKIRSGI D 41. 61m J5 34 47. 68m JE R P 29 3k — ELAE
A 35/ 6. 78m 1 2. 63m, £ EEALHLSEA BT T ARG R IE BT, S 0. 88m T J5 3 A0 10. 39m, 3
ST RE AR A AU Ay < 7K FE RV I S35 6 R R o R sl , 7K FH 53 i 0. 28° J iz 0. 25°, i b o
&N 0. 29°f5 Ui/ 0. 28°, S o KE W (0. 74°) Ja REIEHN(0.70°) o AERACHICRI A BT TR (0. 01°)
JE REIEM(0.17°) HEiEK 0. 16°,

08 60
0.6 @1985~1990  ©1990~2000 50 B1985~1990  E1990~2000
04 | g i '
<02 ] 2 B
] . ) :
=& ofb =
P § B 5
®5 02 3 oo v
g 04 § iE S 5
_O < 4
@ -06 § 5 ‘
08 - :
5 J T N T R B
Hf 8 K K P P
%o £ 8 5 I ¥ K
® Mo 2K
+ %A Land types F %A Land types

(IR 2 e e o8 R [ o 0
Fig.5 The spatial distribution changes of the land types Northwest Guangxi, China
7K H Paddy field; 5:3h Dry land; Ak Wood land; ¥ K Shrub; #5#ih Sparseness; HiHh Grass land; 7Kk Water; f& FEHb Resident; 258

#b, Bareness

*8 HAEILIMTEHSFEL
Table 8 The spatial distribution changes of the land types Northwest Guangxi, China

3l ARk, Slope changes #2754k Elevation changes
i H Item
1985 ~ 1990 1990 ~2000 1985 ~ 1990 1990 ~2000

7K Hl Paddy field 0.28 -0.25 15.78 -13.62
E b Dry land -0.74 0.70 -21.53 13.39
Fih Wood land -0.07 0.08 -11.79 12.57
#EA Shrub -0.01 0.02 4.61 -4.38
Hi i Sparseness 0.29 -0.28 18.62 -16.72
il Grassland -0.12 0.15 -2.31 4.20
7K1 Water 0.20 0.03 -41.61 47.68
& B b Resident -0.11 0.11 -6.78 -2.63
£ ¥4k Rocky land 0.01 0.17 -0.88 10.39
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H13R 8 FIE 5 AN, = AR A B AL 7 A 5 i TR B e 2 AT 9 e AT 0 RE — 28, B 1990 4E 3] 2000 4,
7K EE % Bt PR K R AP R TR B e T 3 5 A S s/, 2 b A R T R A B 0 20 T 5 b bR b P R B 4
A58 Vi R o B S 3 R A Tt DR PR e e P A R T o T VA A R B o
4 #it5itie

M TBFFRAEPE AL 1985 4F 1990 4E 1 2000 4R 1) ARk, 15 B LA T FELES

(1)3 AN 4 X 3 1 bR RN R ARt Ff B dtb , B ELBIFE 3 MR 438 73.72% , 74.14%
1 73.59% . 7K FH A Hb BB /N (A B 43 3 R 14. 68 % (13.48% Fl 14.68% ) o J& B LA ZK 5AR 20 (&
Ee B 450k 0. 94% 0. 92% F1 1. 06% ) , £ ¥ AL b 5 % B b & 3+ LB /& (451 4 20. 44% (22. 84% F
20.44% ) o XFRERBYRAN £ T 8 R/ A Ak b R BT L B R A R 5 T L 2 S T

(2) HiJa P ) Bt R AR b e X BB N Bh B A TE 2 —FF . M 1985 423 1990 4 4 b A5 b 4 %o 45 2 12
Fgidh > pRHh > B > Bl > K H > AL > AR > K > B R, shA N2 R > Fgiih > FHh > Ak
H > 7K H > A B > KR > JE R > AR, M 1990 4] 2000 4F A 1 AR {4 % B 2 AR B i > At > B
Hh > FEHL > K > KR > BEAR > AL > JE R, ZhA RN R ab > /KR > Fgih > B R > prith > B
>7KH > FEAH > AR, X FER W TG AR AR B mAUK, B i H IS A S 50E kK, B 1 K B B
FHDIRER RARPHEARSEFBOR AN H 2 52 m B 10 sh 25 B K, & R AR fb 4 %t 82 Msh 25 Bk /N (R
1990 43 2000 A4 K) , & i T4 554 1 B R IR TR | U BIA KK Z,

(3) £t b A58 o A B[R] M5 4 T 45 % B 45 0 & A 30 b , AT B4 L AR s I AR fb i 3o
M 1985 4E | 1990 4EF-F] 2000 4, L #h AR {43 3 FpIS A . Seyel g 8 7Y | Jeh 5 A s A, R A
VLA b FUbR Hb 8 SEU8 5 G T 5 K 7 b R B R ST R R R AR A, X B TREK
BRIk (1244 1356 ,1217mm ) [ ARG EAS A AL & R L& T Bemt &4, R BTt S &5 R @l 3
JE R RS K

(4) & Pk B MAESBRBORZN, BT HAH LE R E B FEER, 56 LHshE&E L5
B 63.53% 1 93. 87% , % H ZRAMHIE 79. 60% F1 63.25% , 55 A A HI 2 77. 71% F194.85% . JE#A LRl +
HEhAS B, A RS, A A BA 38 0, SR8 5 AL i R R o

(5) & T Hb2HIKE J5 ] M 48 A8 Ak, 45 L 28 RSP0 A R AR B Z R A28k . 7K VB A R A i
WX 43 AR R & AR ST G MR AR AL ; St At L B /KSR AL 0 — B BRSE R SR T, R TR R
BofimE—E N, 28, BBk E & oG bE s ArbE 3 FiE oL . Horp ok BRI i b 5
BE S5 5% ; Tt pRcth, EAR EEHD RN R RSB TGS E B 5 K SUR A ALl N RS2 AR B

A SCLARE PG AUAE R R, BN RGBT ST T 1985 4E 1990 4EF1 2000 40 i 45 4 X+ i 75 fh 1 72 45 4%
fiE , A5 5 3R 3h R R R HALHPK O T — SR E A oAb, B8 b E v i X + 28 fhad 72 &%
HIRShHF R, #A 5T AT 2 5 XI5 s
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