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Comparison on changes and their driving forces of farmland in oases of middle and

lower reaches: The case of Liangzhou and Mingin oases in the Shiyang river basin
LI Xiao-Yu'?, XIAO Du-Ning"?, HE Xing-Yuan'* , CHEN Wei', HU Zhi-Bin', SONG Dong-Mei’ (1. Insitute of Applied
Ecology , Chinese Academy of Sciences , Shenyang 110016, China; 2. Cold and Arid Regions Envir ! and Engineering Research Institute , Chinese Academy
Sciences s Lanzhou 730000, China; 3. College of Earth Resources and Information, China University of Petroleum , Dongying 257061, China ) . Acta Ecologica
Sinica ,2006,26(3) :671 ~ 680.

Abstract : The development and utilization of water and land resources in the Shiyang river basin is the highest among the 3 inland
rivers in the Hexi Corridor of Gansu province, northwestern China. Based on field investigation and social-economical data, in
combination with TM images of the study area in 1986 and 2000, this paper analyzed the changes of farmland and their driving
forces in Liangzhouqu and Minqin oases in the middle and lower reaches of Shiyang river basin in the last 20 years.

Farmland increased in both oases, while Mingin oasis increased more quickly. Most of the increased farmland was distributed
on desert-oasis ecotones. But it was mainly converted from desert in Liangzhou oasis, and from woodland and grassland in Mingin
oasis. In view of driving forces, the population increase was one of the most important factors, and improvement of agricultural
technique and economic development provided conditions for farmland expansion in both oases. In addition, the expansion of
farmland was closely related to the amount of surface water in Liangzhou oasis, but was effected by ecological environment such as
gale and dust storm, and weather conditions such as rainfall and evaporation in Mingin oasis. With the development of human

activities and expansion of farmland in Liangzhou oasis, the need for surface water is ever-growing from year to year, resulting in
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a decrease of annual discharge to the Hongyashan reservoir from 5 x 10° m® during the 1950s and 1960s to only 1.0 x 10° m® or so
at present. Therefore overuse of groundwater in these regions, especially in the downstream Mingin oasis is very notable. All these
indicated that the development of oases in the middle and lower reaches of Shiyang River had already lost the balance 1o a great
extent, and the economic increase of Liangzhouqu oasis is at the cost of environment deterioration of Mingin oasis.

In (;rder to realize rational resource utilization and sustainable development of Shiyang river basin, the surface water should be
allotted at a reasonable proportion in the whole\‘watershed, recovering the runoff in the lower reaches to 18% of the total runoff
(about 2.5 x 10°m*/a) of Shiyang river, which used to be the level in early 1980s. In addition, the charge for transfer of water
from other watersheds should be allocated according to the proportion of runoff utilization, and thus reduce the cost of water use in
the lower reaches such as Mingin Oasis.

Key words: oasis; farmland changes; driving forces; Shiyang river basin; water resource

BMETREXMEMASC-ERER, ZFUBREK-ESTBERA TEXIMESTH RGBS, AFH
FERE 3 AN RSP, AEARENK LR EFEBRERS, ASENLEAY ., RHAEIL+4,EE
REPEX A ORBRSEFREOAREY X, SBHATHERDSMEKER B AR, 58T &M
E5 VP BEAUBKERRE T EREMB T KA TRE-RIIHSZFRE" Y, #HEITRERS
W F e KA EMERERY MR THFERBHXREE, ABYHFARME BY KSR, 7T
BEKE+ERAANREBAA TS, £ E5 RAESHEHEEBRY . Bk, oA R0 R P T i
KRS TARHESEFHTEREMNAR, ANFYTFRATHTEXABT RSB EAS AR &
EBRMALRHESEIZEMALR, A TREALME MBI IE ST B0 X 5 W 158 B M7 K&
HAEMME AMAER BT RELZBREEENR2KE,

1 HREEER

B PR W TG R = K AR R — , WIS A 4.06 x 10° km, 2T 101°41" ~ 104°16'E, 36°29’
~39°27'NZ[8l, KRELWUXE 8 FEBWH, BB ILMEHEAKE KRR, KBRS BRI
EAMTBEAIM T K, 2B L& XL RKTE R bR, ERARZHRKE, BRICERNE
FW L WBREAGEFMNRR WERAFERIR LS ARAEN KRS EMETER, BHHEX,

ZEBE TR AR SER R, BERKE L BAERK ERPEAY BEXEANTENE
AESHEA, ASCEBZRE PR TR EN—r N X RBSEMENTTR XS, BIRTE 1400 ~
2100 m Z 8], /K B 2K & B M X 49128 158 mm F1 1963 mm, R 143514 115 mm F1 2637 mm; +EFEH
REL KEL SWERLE Eat it RO 5K,

2 HMRFEMBE

ARFEF R KX 20a 3K+ 12 FTRL 47 B0 R U # st T AR B [R1 28 46, 30 A I 1986 48 F1 2000 4E Y
T™ F R EEMA T B MR RSN T HES R OB €0 EmM L, BB 58 X R
A GNP AL R IR BRI IEAT T LR A0, A A T K - IR R A B A R AL B AR R,

BEARFEEHARMEGAFTHITBENZMEREFETRSAR. BRMESLZFR TN EFE LR B
X 1980 ~ 2000 89 L F A FHE R M UL RN K R 81 & 1980 ~ 2000 ERH S LT R ITF L S RIBEN
1986 4 Fl 2000 4F B9 M X R R 140 U1 /9 T™ R 500E , 0 A T B AR 3%, AR 4B S0 I 9 4 3t ) PR 49 4 0 32 BR
L, SERF R X 4 b R 4 R # b ARt B B Rt YD R Eh B 6 28 EL,

3 BHMTUERSW
3.1 BEBALH .

YRR B X+ AE F A ROR, AR 20a R BN G 8 I RBUR (L AL (B 1) 3R F , e s X8t 3t
TR ISR, I\ 1980 SR8 11.3 x 10° hen” 38 3] 2000 4E#4 11.8 x 10° hm” , 23 B 1 T B 4900 hm” , 5F
B HE R M R 0.21% ;B REE H A O B B i (202 3 H0 23.08 x 10° A SFEHHMHMEN 1.52%) , ff
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BB B AU 1980 4219 0. 149 hm® &K 2] 2000 4E /9 0.119 hm® . T iiF R Eh G I E 4F R M B b 3 I R B2 8
HEZE, I 1980 /) 6.8 x 10* hn” HEARE T 2000 4549 8.8 x 10° hm” , #H#38 2.0 x 10° he , 4 B AR XS 3 I 2R 5 5
1.45% ; MM GERE XA OB T 6.27 x 100 NCFEMAEMER 1.30%) WFERT , N8 mBA 4+
#5E (1980 £ % 0.283 hm’ , ] 2000 4154 0.289 hm’),

—=— BN Farmlandarea  —=— AJBHH B Area/person
120 7 %MK Lianzhouqu 7020 9 R® Mingin 4035
85

80

75

70

#hi S E B Farmland area (103hm?)
A ¥t i B Area/persom (hm?)
#f 4 S B Farmland area (103hm?)

A #t i i Bl Area/persom (hm?)

110 VI N T T T S O Y | 0.10 65 N N S0 N N U U S N T Y O I | 0.25
1980 1984 1988 1992 1996 2000 1980 1984 1988 1992 1996 2000
1982 1986 1990 1994 1998 1982 1986 1990 1994 1998

44} Year 4 Year

BT M XA B B o A 5 BT A B o AR

Fig.1 Total area and mean area per person of farmland in Liangzhou and Mingin oases

3.2 AT HT

SrHIHRAE 1986 12000 EFHMEX MR EBEMH M BRATEBABESER ITETHNZMAF BB
B E AR R RSB TAFL(E2,%1.%82), HEAFERBEN—SE, REZERFITRESUMHRR
WHERAEL AR AF L, XEEEF T ERREREFEN LR ICEE N E, MR
PEBERRATHFEN - LHERBRMBERHMNER, RE X, {8 1 b i34 m B0 ] 5007 H = B 2 b8 b
Bm (8 1), B 7R SR T3R8 S AT o

WL E 2 MR LA LAE T 15a R EN KB ok B K2 & bR R B E A 15501.9 hm’, T[] 34
MLy HE R R E AN 92451 ho , /38 B I AR 6301.8 han’ , Horp 6146.1 h” 3K B Ui, %
M X B G EE R E D EERE, A LS EESAEEN KW ARTHNAHER,
AR E R U Hb AR 4 MR b B FF BBkt

#1 ENERNBEERTLMER

Table 1 Spatial changes of farmland area in Liangzhouqu oasis

FH ltem 8] i SRR i Th it it
X Forest land Grassland Residential area Sandy land Salinized land Total
H TR K G 2
REREERBHOBE R (o) 2040.5 3930.3 730. 9 8800.2 — 15501.9
Area of farmland come from the other types
= A T 2
%ﬁﬁb%%ﬂmﬂﬂ@ﬂ(hm ) 894.4 3132.4 2564.2 2654.1 - 9245.1
Area of farmland converted into the other types
| By 3
R & XA BRMB M (o) +1191.1 +797.9 - 1833.3 +6146.1 — +6301.8
Net increment of farmland come from other types
AZALHE R Unchanged area of farmland(hm?) 144820.9
#8534k % Relative rate of farmland changes( % ) 4.09
1986 £ #R Farmland area in 1986 (hm’) 154021.0(115498.0)
2000 ££ & £ Farmland area in 2000 (hm?) 160322.8(118209.5)

* 1986 1 2000 F E AT S 0 L L B B HE The area of 1986 and 2000 in parenthesis was come from investigation of land resource by local

authorities; T [&] the same below
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BB
Liangzhouqu

R #hMingin

- BHH Residential area-Farmland

Fri-Pri Farmland-Farmland - R
Hit-Biis Forestland-Farmland B ii-$H Sandyland-Farmland
=3

-}
BB Grassland-Farmland #h 8L M- B Salinizedland-Farmland

B2 M A RN AR PN & o SR i B % 4 i 22 1R 3 A )

Fig. 2 Distribution of increased farmland from other land use types in Liangzhouqu and Mingin oases
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FERBISM (R 2) , BH b AUE b0 T 36 434.3 hm, 5738 8 3 T BL3% 1986 SR8 S ALK 52.61% , H Pk
B B b A AR 9 43 51 220 506.8 hm” F18 110.4 hm’, £ o5 Fr ¥ #F 0 B AR A4 56.3% 71 22.3% . 7T I, REHEH
B B9 38 h0 R LU RE AR B S A4 o 25 IR A R B ot RO S B K B IO T B R LUK R LB R
RORBFWHEEBFAHRER B NEE, BN RERHPRASHENELCETERME T Y HER
BIEREFFAERE L ERMRBEARER T RFHNRRP T, FHUB R ERAE 14.76% (4 943.6
hm’ ) 3E B B 3#5,4.32% (1 447.0 ho® ) 3 B AR, S T 458 75 b ot 0 25 0 TG AR 2 B 2001 520.5 b FI 4941.3 hm;
BA K BEEMPRTWRBRKFEN SR, EEB T KBR™E, SB0 L EA S HE BN X T A
BBAcEE A, KERHHBAFH, BERLRBHFHERNE S TR 13 £4, BRTAESK
BHAWERAY,

®2 RUOSHSHEERELMR
Table 2 Spatial changes of farmland area in Mingin oasis

FH ltem A Hith ER# Vi =3 %) &it
Forest land Grassland Residential area Sandy land Salinized, land Total
REREEBROHHEH ()
. . 237.0 4809. . .
Area of farmland come from the other types 8608.0 22397 ? 809.2 4494.6 40456.7
AR EE LM EH (hn’)
497. 1801.2 15.1 . . .
Area of farmland converted into the other types 916 %0 315 933.8 274.8 40224
2
*a%%ﬂﬁﬁ@ﬁﬁiﬂﬁﬁ(hm ) +8110.4 +20506.8 -278.1 +3875.5 +4219.8 +36434.3
Net increment of Farmland come from other types
ARIEALTE B Unchanged area of farmland(hm? ) 65225.6
X254 % Relative rate of farmland changes( % ) 52.61
1986 £E E#H Farmland area in 1986(hm*) 69248.0(74333.3)
2000 £ T #2 Farmland area in 2000(hm?) 105682.3(87631.5)

B TR LA Y, B A 3 3 T 4R o 7 ST TR AR U A AT A, B M A N P 388 o B B K T IR
o St X SR 0B Hb i 38 0 LA YD st 48 S B SRIR, T F i B D4 U A3 S A 498 m 0 LA 4 AR B 3t S A0 41
4 FNHBTLHEDDDH
4.1 T AEEETFHEES ST

AEMRBF THIUEBDEERFUEFEEREACEANEHERAZHT 4R, ERAFREH T TE
RRBEX—BEAMBEKAKNBRERIER, BH R AR TR E RS AR, LR A 2 38 6
ii‘tiﬁi;bEﬁiﬁﬁi&ﬁiﬂﬂzﬁmﬂﬁhﬁﬁ%?ﬁﬁﬁﬁ“"‘”o ATERSWMEERE T # R W Le/E/
5K, FIEP T HSNHHEARIEFHRR, BRESITATHERMER , SR X NIE TRHE
HEEEBEREZNTRENER, ALK MRERERS, 2B EWENELHERER#TE
AL, ATRAEL2EMRMHAX BN EUNEHEE, AN T RBELHEREIINT, FELZEGCEHH
REFRMERERWER L, EBTUAT LN EE 17 164

A AD BHER() AODREX,);

KEHEFA HFKEX)NHFEE) R AEBRX,) (ENEMRBEN 2 EH 80%H 90%
UERRNARERTILEHER);

RAIFHEBLE BRELFEX), AYREFREX) BEEDMHE LX), 2FEDFHHELE(X,);

R BARERL LRHEEX), RLIBESH(X,);

HEEFHEE ThAa™E(X,), REE=E(X,) , BNEFERA AWK (X,);

S8En BREEX,).ZREX,), KRAE (X)), E/EH(X,).

B3R 17 M E R R #E b AL 1980 ~ 2000 GEBUETE N R A4S, G720 5K f4F SPSS11.0 # 47
AV E, 4R N XA RS ZWS ARSI E TR REER BEE . RS TR S &R
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FURFERASHRERE(EK3~%6),

MFE 3 RA4TUE L, SR AFEERROERNE, ERMEXEN, HAXREET 0.85 WiEHR4AE
HERA A 28%  KP#HER Y SRBFKMSLERZIMHEER FHREFERRHB XL, R,
XX X X X 5 X Xy X X X, BB ZRASEMFERKEX MERDEW, MXRERT
0.85 MIIBHRASE30%, HP Y. X, X, IR X, X Xy X0 X, X, BHERBSHESMERZRIFERKX
HEH, AINEEASSETFERNENTHRESHeEmERHXERK, B, i TEREHESETH
REEHEME LR, A LEX X P WE FHT ERD 2.

23 FENEZRNHBEARIATREXRNERE

Table 3 Correlation matrix of driving force variables of farmland changes in Liangzhou oasis
Y X, X, X; X4 Xs Xs X, X Xy X Xn X, Xno Xu Xs X Xy
Y 1.00
X, 098 1.00
X, 0.12 0.11 1.00
X, 0.98 093 0.12 1.00
Xy 0.87 0.89 0.12 0.8 1.00
Xs 041 0.42 0.10 0.52 0.79 1.00
X -0.94 -0.97 -0.19 ~0.89 -0.90 -0.47 1.00
X, 0.84 0.8 0.32 0.76 0.52 -0.01 -0.76 1.00
Xs 0.85 0.88 0.12 0.83 0.89 0.60 -0.91 0.60 1.00
X, 0.89 0.92 0.08 0.8 0.94 0.61 -0.92 0.57 0.85 1.00
X 097 098 0.13 0.93 0.86 0.391-0.94 0.80 0.81 0.90 1.00
X, 0.82 0.87 0.03 0.82 0.94 0.68 ~0.89 0.46 0.85 0.98 0.8 1.00
X, 0.94 0.97 0.07 0.91 0.94 0.56 -0.96 0.68 0.90 0.97 0.95 0.96 1.00
X3 0.27 0.13 0.22 0.44 0.36 0.56 -0.15 0.06 0.20 0.22 0.14 0.19 0.18 1.00
X. 0.35 0.30 0.42 0.34 0.251 0.12 -0.33 0.51 0.28 0.23 0.27 0.17 0.28 0.15 1.00
X;5 -0.59 -0.56 -0.60 -0.59 -0.50 -0.25 0.54 -0.66 -0.45 -0.44 -0.62 -0.40 -0.51 -0.21 -0.60 1.00
X6 ~0.68 -0.66 —0.15 -0.62 -0.45 -0.02 0.61 -0.74 -0.45 -0.49 -0.62 -0.42 -0.57 -0.26 -0.13 0.40 1.00
X7 -0.43 -0.39 0.08 -0.39 -0.24 0.05 0.43 -0.49 -0.33 ~0.33 -0.36 -0.27 -0.36_ 0.03 -0.05 -0.01 0.38 1.00

Y, $HH8 T A Farmland area; X,, A F130E Population; X,, #17/K & Amount of surface runoff; X5, Pl ¥ Number of pumped wells; X, , & &
73 Total crop production; Xs, AR =% Mean crop production per person; Xq, M EVEYIH A LL B Percent of planted grain crop; X, Z¥F W -
$4 . Percent of planted cash crops X5, fLAE I Amount of fertilizer application; X, FRMkHUME & 3l J7 Total power of agricultural machine; X.q, Rt H
& electric power used in agriculture; X,y , Tk i {8 Total product of indusiry; X, , Mk & = Total product of agriculture; X3, AT ZFFUA (Bt
FI I Ratio of income to expenses in rural; X, [ & precipitation; X5, 2 & & evaporation; X5, A H % Number of gale days; X,;, Tféi H B Frost-

free days, T [f] the same below

FERAMHRI(ES), BN EXARGEN I HEH 3 MFEEKXT 1, RIHFTRELS 3L 82.13%
84.97% , A MBI AN BFSE X 4 BIER AT AR IR 3 A £ R Ao @t x & F WA #HAT R BEBE ST (R 6), TG
AL HEEFESERS P GEAOETEES,

EEMNK , BE—ERA5 X, X XX Xo KXo X X BERKWEMRX, 5 X, EHBRAMEXE-F
BArE X2 BRKIEME, 5 X, B0 E=FRN5 X, BRAEMRK. B, mM XKW E LIRS
HETUBEERUT 3AFE: (DHSEF MRS EE; Q)W KFERAM; Q)BMWADRES,

EREEW, E—EHAEFEES X, X, X, X X X0 X X, ABRMEMESBE-ERTE X2
AR BZFERAE X, ERAREMX, 5 X, 2H0H%, FE, RESMB AR SIER BT IAARN
UTF3AMAFE: (D)HESZ2FMRLBHE#LEREURKERRRE; QQUAEER[SEESHERE,; Q) &N
WK EEESLEE,

4.2 M X G U# AR LK 3 R AT

4.2.1 HLZFARVBEHSLRE F-FERICET 55.2000 A% REERF. AOEN—FF
SMIRESD, SENEHAELAEERIBIHER, HXRHE 0.98, TLIAN, AOEKERES B E
FRMNEFERH HZ—, BASHEFAEEN, BEEADREE, AN ERERNXNERSE
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THEE. Hi, ZstERZAKRREFREMNANRZGT  RRABET DRI YBERREY
EETE.
%4 ROSNHETLEDHEREXRBUEH

Table 4 Correlation matrix of driving force variables of farmland changes in Mingin oasis
Xl XZ XS X4 XS X6 X'l XB X9 XIO Xll X12 X!3 Xll XIS X16 X17

Y 1.00

X, 095 1.00

X, -0.85 -0.89 1.00

X; 0.79 0.87 -0.75 1.00

X, 091 0.96 -0.87 0.75 - 1.00

Xs 0.77 0.82 -0.76 0.52 0.94 1.00

X¢ -0.89 -0.83 0.69 -0.68 -0.79 -0.68 1.00

X, 0.88 0.86 -0.71 0.67 0.83 0.72 -0.97 1.00

Xs 093 098 -0.83 0.88 0.92 0.75 -0.81 0.85 1.00

X, 0.92 0.98-0.87 0.93 0.92 0.74 -0.78 0.79 0.98 1.00

Xy, 093 095-09 0.78 0.94 0.82 -0.77 0.78 091 0.92 1.00

Xy 092 0.9 -0.84 0.91 0.9 0.73 -0.77 0.77 0.96 0.98 0.89 1.00

X, 095 099 -0.88 0.87 0.9 0.82-0.82 0.83 0.97 098 095 0.98 1.00

X3 -0.19 -0.42 0.42 -0.31 -0.38 -0.28 0.02 ~0.16 -0.42 -0.45 -0.32 -0.41 -0.38 1.00

X 0.38 031 -0.24 0.31 0.19 0.05 -0.60 0.53 0.30 0.26 0.26 0.24 0.27 0.12 1.00

X5 -0.16 -0.09 -0.05 -0.07 -0.09 ~0.10 0.33 -0.34 -0.13 -0.05 0.02 -0.04 -0.04 -0.21 -0.51 1.00

X -0.53 -0.52 0.46 -0.15 -0.56 -0.57 0.47 -0.50 -0.47 -0.39 -0.56 -0.36 -0.47 0.09 -0.05 -0.03 1.00
X7 -0.58 -0.57 0.56 -0.33 -0.60 -0.59 0.41 -0.52 -0.59 -0.55 -0.52 -0.49 -0.52 0.39 0.01 0.18 0.47 1.00

%5 FMEARBSN#AMTEURHERERINBEBERREAKRE
Table § Eigenvalues and contributing rate of primary factors

RN KW Liangzhouqu oasis R ¥S W Mingin oasis
Pﬁncipf]’iﬁmm WEE RWME(%)  RAARE(%)  WEH AME(%) R TRE(%)
Eigenvalues % of Variance Cumulative Eigenvalues % of Variance Cumulative
1 9.39 55.20 55.20 8.80 51.74 51.74
2 2.72 16.02 71.23 3.4367 20.40 72.13
3 1.85 10.90 82.13 2.1832 12.84 84.97

£6 AMEHNRHENHETURMBERNEEITRERE
Table 6 The matrices of primary factor loadings

M XM Liangzhouqu oasis R $1%Z M Mingin oasis
ERS 1 ERS 2 ERH3 EBS 1 ERS 2 ERS3
Component 1 Component 2 Component 3 Component 1 Component 2 Component 3
X, 0.96 0.23 -0.11 0.89 0.43 0.12
X, -0.05 . 0.81 0.17 -0.81 -0.41 0.09
X3 0.91 0.29 0.05 0.96 . -0.02 0.10
X, 0.93 0.13 0.32 0.80 0.57 0.08
X5 0.56 -0.02 0.78 0.58 0.70 0.03
X -0.95 -0.24 0.06 ~0.67 -0.40 -0.57
X; 0.64 0.58 -0.46 0.67 0.47 0.49
Xg 0.90 0.14 0.12 0.89 0.38 0.14
X, 0.96 0.08 0.13 0.94 0.30 0.06
X0 0.93 0.26 -0.11 0.82 0.49 0.07
Xy 0.94 -0.00 0.22 0.94 0.27 0.06
X 0.98 0.15 0.04 0.90 0.39 0.10
X5 0.19 0.26 0.59 -0.54 ~0.02 0.51
X 0.15 0.75 0.04 0.30 -0.13 0.82
Xis -0.39 -0.81 -0.07 0.04 -0.07 -0.79
Xie -0.58 -0.32 0.38 -0.13 -0.87 -0.04

Xy -0.45 0.08 0.54 ~0.35 -0.67 0.05
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A, E—ERAPHERERE RN ES S KRR ESE RV HSHEFHES SHmEHR
BIEME, KRBT IZ 8 RSB R A B E, v #E R AT KO T A MR &H.
AN BREDMHE LA SHMERAERANAEX BERSEYHHELEAN TR BEERERNET
EFHEEAREES NTAERABRELRETEUHBERNSF - HE M TFEBE T ADRFEEK
AR B R ) B — R '

MBE—ERAHRESTR] T AEEMRLS=EX 3 AT R EFESHERE

FEBRARMMEE, RGNS E RO MAERKREE LS T Y TREZBFHERE. B, RN
BEE ke T AR A9 T K, X o R 7K A9 T SR 3R BE S BT AR, RS — E A L BB AN B B (R S
B 80% L LA THHER) SHAEREREEMRIES VR TX— K, BHMNEX 20 #4270 FRMFRE
H0.9%x10° m’,80 FERYIN 4.6 x 10° w*, B 2000 ENEB 5.7x10° v’ , WEBEE, BHE—FE,HTHTK
MABRFRMA, BRALHG™E, FEEMB T KA TREAR. #i58,2000 FFH#HEMNE BT KRG
HREH3.3x10° ', HEBR 2.4x10° o’ ,KALTH 0.6 m EH. i 20a F M XM AT 4 K HAKNLE
FEERS~11.5m, EHERKBEIL 16 m, FHEEEN 0.3 ~0.8 m/a, MUER T HEMR G B S SHENH
W R EAETRE T RAEKENEEEARE S —RKRELEHE A EEERT THERENS
B, EBRYSGHE TRETERR, A ERER T KERET, BRT BHEHR,
4.2.2 GWKERHE FB_FEFRSEET 16.2%0EEE SHEKENERENNERBENIEM LM
TR, EEERANMBKRENEBSHAUREHENTERE. A TEMRLETHFMLE, FHE
PR AR KE RGBS, RSN S KK EIL 20a WEFHEKER6.11 x10° ’, S BN A LA L
L AR 0 L) 20 4D 80 SE K 43.89% ,90 FERIKBNT 50.16% . AR T Y m Y X3
WRKFENEGERE, EHERKBROERG ST EEF OB M, AR GRS T —P8
MBESE R : iy TR m AR KM TRV ZEFHERE, AKEREIEM, 8 THkKHRRD,FT
PRKHBIERE, THARES LD BRREMNELOIN 50 FERM 37% THR 80 FRM 15%, LET )
VJLEMARR 10%, BEER T T s SF 50 AR K%k,

Besh MK M BE N R R B (1704 ~ 2028 mm) WAL X B E R A ER YW, ERRXER SET

BREL B IR, :
4.2.3 GWADERY B=ZFRIEET 1090 EAE HEEZIRIHWREALREFE, X—18
R T RZMMAD AR, SWAKERENRRESHEEADRENMAFTEFKFRES AL,
EABHERNANY KERABRE LEANTEREWARENWER, BHER T RRBEKREN™EL
AP THKFERAANERE, URBTKEEFREAR, AEIFH T ESAERE BB EHEEF,
B, EERZHRARWOIE L, KR MERRLAFKE, A BABMHEL SR, RETEE KK EN
MR MERBEEMANAREKENTIERZ,

SABLE ST LA H, A D R AR B T AU N B0 B BB MRS 2 —, B, R RHR B0 5 A
ORI T KBERHKRFR A EROYT RERTHREF, TARBEKEBEUNAERKEE LHAE
i E R RE Y A ERE B THRBRSNHF R REY KAKEREREN BN ERT THERSR
WESHEHLBEA, P . THGEHEARTERT, PHEFNERUTHERDZNMNSBFEER IR,
4.3 REVGMBF LR E R
4.3.1 HEGTARVBHHFLSERUBKRERLE REMNXEN—F BRERBSEMHHELEDHH
AWFE—ERSEET 51.74% W BAR, 5 B, DATUREI L LEFNRIBZHELEER, AR
SXRBEREERDGHDAEESE —FRSZ TR RSN B R,

A 5RE#HMBMHRLREGE 0.95, AFELEHB AT ANEEERE. AN, $—FER2 Pk
ERE R ES N R ARBRERRIHEFLSHERURRERTRE TS EMR L B =M
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LZRARHF-HE T ENB R LHSHERE EMX, 5EMNXEMHERE.

WA HBE - FRAHMRKESHBEREREAMEX, IR TREMMERAAKT X, BT
KB EGE, M 20 #4250 FERBBAL5.5x10° m* ) 80 4R M 2.2 x 10° o, T ILE{VE 1.0 x 10°
m EF. ERHATHEHARET X, BRRKNFEED, FERIGHE T KETERRE, ABAERN
ThéERET, X—STUAERE - ERSWIHBEEMLN AR E RN AREK 90% Ll EA T
B)S5HBEREREEHEXBIARMER, RESMH T KFREM 20 42 70 ERLIGTHAZ 1.0 x 10°
m , ZEF 70 F4H 2.6 x 10° m’ ,80 AN 3.5 x 10° m’, B 2000 SN ik 6.8 x 10° m’, 3 20a K VB BLFEH
Mmo2x10° m’ ,ERTH T KM TR FUEEK FHHPHRABRTFESHARRERFRE TR ES.
EFI

BAARNERRBESRBAB T AT HUELSAENBNMEERNE, S TH T KT HLE 1.5gLUTH
B E BB T8 152 hod' , T T 1.5~ 2.0 /L MTE AL I 732 805 he® , EEZ B T3 EFF KA AT K
HEETLERMAER, M TARTIE 3.0 gL A EABFE M9 334 i’ CHEW BHREN 7.03%)
BB T 39 339 hm®(14.32% ) , H 4 > 4.5 o/L B 1987 £ 337 h’ , B T 2001 SENA B T11 042 hm® . BFSY
. B YT AT HERT 3.0 gL/ MESREEYHERRSZIR LW, =& T & 10% 00 LY, 58
RBEN . BFEVR BT RNTHEFERNA THBNEE BIRAREIHBE XL ERRIED.
BREAEYEBREHE N7 500 '/’ HE,IHEERGGHESFEEBRT BE L BEHIER WIS, 1987
% 1.2x 107 1,2001 EMFEB] 20.7 x 107 1, A BB F IR B 51 % 16. 7 vh® Al 18. 9 t/he® . B FH
TAFTURENTE, EEH 0t EEFAMB, A N ARKER, EZHOaFH, EEZRITREZHH
P i
4.3.2 AR VALREXREEEENERNE SENESEHARMEERIZWHARE IR (BET
20.40% ARV AKX B, SHBERE AL, F—FRAT KA PERXKEESHAERBE &
EBEZWE TS8R ZA, SBFESEA T AN ELNESHRRBEEEN THRROGNHWEBART
EENEB , ARASIRAMNMEEZRMLE.

4.3.3 GWHNEK ZLXEREEBE FIRSOBRWENEREHR, FEIHNSHBEREBEY
EMEMAAAXERT 12.84% 00K, AIF2 HI7E 50 ~ 200 mm K[ K LI K2 400 ~ 2 890 mm WHE K E
Bt B AL PR, B —KIE I RESWE FABEENERALR  ABHEC LT BMH LS, XK
REMKBEESER EEEYNRSHERKAZEREN NN REHBFH -—ER—FHHASR,

5 BR5iFe

(1)3F 20a RN FMAHHERERE FREEmEYE, EROZMABYMMEEE N B F, BMEH,
MEHEREEE LR, T iR BEMIERE 152 Bk E L S RIREHEIGE 2.0 10° ', Bk, BHE
UM ESEMKEREF A ERS TR ERER, BEAREL MK RERBRF AR FEE, U
KA, IR B, B PR R 48 B e TR, 5% 7 SR BB A 7 ) R SR AR K SRR B, B 4] B s Y
BAKFEEY , B Hl EEAREE MW R EFBREEYS), BEHAREE, X 8 4 K
B MMAESFERK HRROSHNASE L XUEENMAEARBIRERRYESRE, R,
RERUHE, AR R YRR, B MRLAVERAR AELERE, REBH0AE N, &
SRV BB, TIEBHAE, 55 1k E AR W RZ

(OB LIRS Ik E A AR MBEENE, MR L # S ML 2B A R ERn Y
KBETRREAMG, X—SEPTHENHE—BH, EMEENE TLTHE AFEEMABRKNH
BRA EMAMEEKORKEREES, R ERANELESHRKEXRE,; TR, EEH TR AR #
B LSEFHNABERE, KACBEENRELR, MEENAMEERBFERS, FWRK B LAONE,
FUKFITRAREE, EBPHRWKRELRAM, ERERT THRIEN b THRKE B AR, 3
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T AR ROEBBERBINK, ESRFHBATE, ESREEMBES, X507 B R W50 R B, N
ME/BAR DERRILEFESHREMABUREMANEK BERESKRERI BN BB =L BEH
B, ZEREHA-FRULLEMBRT THEHNNERETERE, T HEHNLFHERUTHRRER
W ORI R A .

() B FHMEM KRR T EAR,LRBIKET 2004 7 AEREAT FHMK. ATRETH

BHEFMESHKNEERTR DALARBEABKRENR2EERE, HAR -EE, S8 /E, 2
FERGEEBIFRE RSB KERFWE, UEE LH 2K, BEKE T R KEZE 20 #42 80 £ ARBH KK
F(EBRREBH 18RER,H2.5x10° m’/a) RIE, X FIMRBIAK , B B BEFLITFIKBAH £ HR K5
HAMUTAHREKROEE, RS RESIKITEHERM
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