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5.2.4 Action Research and Demonstrations on the

@q”‘omnm Use of Water for Urban Agriculture
S w I T C H Work package 5.2

The aim of work package 5.2 is to contribute to a paradigm shift in wastewater
management and sanitation towards a recycling-oriented closed loop approach.

The work package is being implemented in three cities; Accra, Beijing and Lima, and
includes the identification and integration of appropriate productive re-use of urban
freshwater, storm and waste-water for agriculture into the policy and planning
frameworks of these cities.

The deliverables of the work package follow a sequence of implementation. Based
on a situation and stakeholder review (del. 5.2.1), working groups are formed, meet
and are linked to the Learning alliances (del. 5.2.2), they receive training in multi-
stakeholder action planning (del. 5.2.3 A), and are involved in, and informed on,
specific research by consultants, MSc and PhD or action research linked to the
demonstrations, (all under del. 5.2.4). Information has been disseminated in
publications, magazines and newsletters (del. 5.2.5), and guidelines and related
training material has been developed (del 5.2.3 B and C). The leading institutes here
are ETC (WP coordinator), IWMI (Accra), IGSNRR (Beijing) and IPES (Lima), other
institutions involved were WUR, IRC and NRI- GUEL.

As part of deliverable 5.2.4, this product contains information on (PhD)
research in Beijing on water scarcity at regional scale.
Contributing products included in this document are:

5.2.4 Ba1 PhD. Thesis. Water Scarcity, Risk Assessment and Management in China
Li Jiuyi. 2009.

5.2.4 Ba2 Framework for Water Scarcity Assessment and Solution at Regional Scale
Li Jiuyi, Li Lijuan, Liang Ligiao, Li Bin, Liu Yumei, 2009. Abstract of paper in Chinese.
5.2.4 Ba3 Water Issues in Beijing-Tianjin-Tangshan Region. Li Lijuan, Li Jiuyi, 2009.
5.2.4 Ba4 Impact assessment of climate variability on stream flow in the upper and
middle reaches of the Taoer River based on the Budyko hypothesis. Li Bin, Li Lijuan
2010.

5.2.4 Bb PhD. Thesis, Spatial-Temporal Evolutional Laws of the Key Hydrological
Elements in the Lancang River Basin. Li Bin. (in Chinese with English abstract)

The Full PhD reports are available under PhD and MSc reports, theme 5
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Abstract

Abstract

With the rapid growth of water withdrawal, water scarcity has caused a worldwide crisis. China is a
water-stress country in the world, with 1/4 water resources per capita of the world’s. In recent years,
over-exploitation of the water resources has led to environmental degradation, especially in northern
China. Research on water scarcity, can promote the rational allocation and efficient utilization of water
resources, and guarantee the socio-economic sustainable development. The doctoral thesis researches on
water scarcity evaluation, water demand forecasting, water scarcity risk assessment and water scarcity
management, attempting to solve the difficulties in water scarcity study.

Influence of basin’s water resources is the difficulty of regional scale (sub-basin scale) water
scarcity evaluation. In order to solve this problem, the thesis develops an indicator to evaluate water
scarcity, called basin-water-available index (BWAI). Water scarcity evaluation on water basin level and
regional level (Province-level, District-level and County-level) is carried out based on BWAI. The
evaluation result is consistent with the actual situation. The result can be used in water resources
management strategy and decision-making. Furthermore, BWAI can also be used in socio-economic
evaluation as indication to represent the sustainable ability of water resources due to its convenience to
compare in different scale and region.

The relationship between industrial water use and manufacture & construction employment is
analyzed in the thesis. Usually, industrial water use peaked when the manufacture & construction
employment peaked, which is 10~20 years after Industrialization. Water conservation, which is mainly
depends on water scarcity degree and environmental protection policies, also affects industrial water use.
The thesis forecasts that industrial water use of China will peak in 2020 at 182 cubic kilometers per year,
if the government carry out more strict strategy of water conservation. The increase part will
concentrate in the southern inland provinces. China’s total water use will peak in 2020 with a size of
650 cubic kilometers per year. Water use in southern inland provinces, northeast China and North China
will increase in the next 10 years.

Four indices have been developed to evaluate water scarcity: the demand satisfaction index, the
demand reliability index, the utilization rate of water resources, and water-use efficiency. The
calculation and classification principle of the four indices was discussed. The framework for water
scarcity assessment and solution in regional scale was developed based on the four indices, and a case
study was analyzed in Beijing-Tianjin-Tangshan Region. Based on the research, water supply from
Yugiao Reservoir to Tianjin was advised to reduce from 1 billion cubic meters to 600 million cubic
meters after South-North Water Transfer (SNWT) complete.

Water management countermeasures is analyzed based on the actual situation in different areas,

including water-saving measures, utilization of non-conventional water resources, water supply



Abstract

facilities construction, water resources management strategy. A market economy-based management
system should be set up. Water conservation should become the core of China’s water managent strategy

to promote rational utilization of water resources.

Key words: water scarcity, basin-water-available index (BWAI), water demand forecasting, risk

assessment, management strategy
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AKRA AT Z YR, R NSO AR R I A AR, m AR A 1R 7K 0 5
T AR, 20 bk, B TR R E LR RN 7 e, ki KE
MG T 6 £, ETRHX, KW SR O S S5 R RIMHIZ K% . 1997
10 H 8 H, WG EMPEK g “Ehrme H” 8l &M AERKFE R, 5K
FHORBIHEK . BRSBTS PR B T, AU KR B A, T H
TRHEAERI R RIA 1000 123670, A TAiB AR K HHURIN— 0 1E/K B
TN EEHN T, A 11 L ANZ 22 HEK, 26 (0 NEZ TR
(WHO/UNICEF, 2006).,

IKEIREE FETF R GIVR T — RAVERSHEE 8, RGBT SIaZEgs .
NS RGUEIL . S KB R I E R, K E R EREEK, £
SRIX L KN K 525 R R, DU PRI 6 e A 51 R BIREB K 73K, K
BE— 20 IR BEIRHE T P - B K SRR LTS 7 I DL R 5 7K AR SC R 1) 1) H 2 2
B, A FOROKENLE D O BRI, 20 T 70 R4, BRA RIS IR,
IKFENLEE AR ZN AL fE ML, SACK M B 2t R L sk &R e, thFKFEZ
TN AR B fE LS 21 A N5 K @l 2 — (UNEP, 1972; UNESCO, 2006) .

TR G 7 b DX thE F b K g YR it ) i 5 HE B R S 2 —, il R AL S AR R
T, KGRI BT A, FEARAEHBIX TE R T S (i R KU =F X, 51k T itk
Hi X T [ R4k ) [ . Lester Brown (1995, 1998) Ak, HEMKEERL S Ik K%
PER R R REBR A W SR AN T R, B fE T PR e 4

HItER, A E )l KB fal S K T (Gleick, 2003; Rijsberman,
2006; UNDP, 2006). Gleick (2003) A A4 =itk 8 77 i /& 7K B P 75 K () 45 B 3
W R AR, DARR s KR B H R “Ho@iz” nl LA S KRk, Tk
FIAREAR . FIARKHEE AR . PRI L KR A = A5 K VA AR S BoR
TEAERY) 2R, AR T KRR & . 20 thal 70~80 FARLICK, KiEH
F K Bl 492328 2 TG R 46 R %, 3R IE R 7 5ok & T Aok Bl K S LS L
T

TG YRR IR 7K B ] kg B S K BRIE R SR AP i B, S e X oK
PRIRBCR I EEAL o [RI, FEAL ST R R T, TR B AN ) L K R R A,
FEIRIK IS #E S BT R ISR )1 GRIZIMERD o (BRI IRVPANT J7 V501 R Ui
$ K YR A T i, E AR X (R R N o & — i m 1 X 4 R
(7K SEIR A B VPAN T v, oA TN A

TG 5T SR T ) s A YRR ) el BT ISR, 22 LR A Ay F ik
AT VRGN, AT 7 325 PR T 45 SR o s 7 E A K o A UK PR R 5 SR E R, TIOl 2 1 7K ¢
TR A, AT LUy K B IR 5 A R AT U LA
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1.1 HRKFIREEH
1.1.1 RKEFREH

Hhxk b, KRR T 70.8% M, VLS MIEASAE/E T-HuBk E7K S0 13.86 14
km®. SR, 97.5%[MIMBERACGEBIK, AR Y 2.5%, Horp 879% & N2k LU
IR OK 5 = LK T R R R H Ay DK s o LR R K Fh RS 4 A2 7K, af gk A
AL (T ITI AR AT B, A BRAE ] BB K B i (23R 1L 45.5 Jif2 m®

(Taikan Oki, 2006)-

20 ek, FEEASERN MG a2 vtk B LA M AL BERR (P i, 5
KBRS . M 1900 22 2000 4F, BRI 16 /438K 2] 60 14; #EREIHA H
0.5 12 hm? 85K %] 2.67 12 hm?; 2000 4F /K 2 B iAF) 3.8 Jife m®, WK T 6 1%, thT
NEHKHEE (K 1-1). F/KEHEKN LRSI Z R D A DR E R EE K
2) HEBEARM PR R 3) AR 7 SRk 7k (Gleick, 2000

6500 T
~ G - 450
B 5500
E )

. Lk
= y 4
X 5000 QO
il 500 - 130
18 £
X 4000 - 0 3
B 3500 4 ~
& T
T 1m0+ K
A~ 1500 =
E 1000 1 I s E
~— L5 YE@E@*H 4+ o -
O o000 4 ——
= o 4 s

A0} K&
1] e g ! - T Lo
[RCC I Y D I | B L 1 IS0 19%0  [9s0 19700 DGED 15900 D000
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HHAIN K, AN/K GBI RAL T 1700m?, W) T /K %5k X (Falkenmark, 1989).
A 43 NERM 7 ANV AEEERKERPFRL LT . PR RS oK S i
SR, ABKEIR R 1200m°, BHEHE. FIELTE. Bl YRERTHAn . 4
H AL LU A 25 5\ B0 7K N 2 400m®, 2 T E ik i [ 5% (K Watkins,
2006). [FIAF, FI/KERMERKZ EEREFEE, NORKERIEE S, A¥nTHK
TP EAERFEE T FF (Pitman, 2002).

K GEIETT AR FHRR B e /K BOH it v RAR AR 1R LA, 2 VPAN N X K SR %
M B —AN 5 H3Ehs (Alcamo , 1997, 2003; Vorosmarty, 2000; Taikan Oki, 2001,
2006; Falkenmark, 2004). 2EKJulH N, KB AMHFER HA L 10%, HAAER
KBRS N A+ A4, AR 22 M X K Y5 R A FE RS B I 40%, J8 T /K %
e X . H AT, B K U5 R AR R e e () R K R A T AR dBAERN
X (B 1-2). ZEdIORE B, FE ALy M DR . Bk R A
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B 1-2 KZFERENIEE KIR: V. Smakhtin, 2004
KBRS iR ] S L ) [ XK 2 I TR BT 2K, ARSR AN A K S 2 Be ke, 3
WP R RE A K BRI T K, DRI EL 23 Bk KK SRR AL 5 8 i o SRR ™ E T 2
WA SR BERRE, SIRAESEHE RS, SRR A2 4. RN
K EPFRIEIG, RK IR, O AR i DG 1) )

112 BrZLE£HK

TER PR S AN PSEFER T, AR EIR 2 N VR K 2 A = O R . AR
S DA UL K, 2004 F 4Bk 10.69 12N H 2B K VLS 3 2 A R
F] 2015 4, XAMECFRIEBHE, HOEER) 9.19 124, BIMEE BIBA B T4 H bx,
X ¥ E A 7.94 12 (WHO, 2006).

% 1-1 450t 1 2002 SEABRE = 2 AR D X 840 4 (WHO, 2004)., 2002
L, R A A N D RN D) 17%, AHEL 1990 FIEL T 6%. L, Kik
IR AN 22 A NIV ERAI R 2%, 17 A F A I 5 i 5 v o M 7 AR AE VN Ry 42%,
RAEHLIX Ry 22%, ZRFEEHLIX A 21%, 2 PRK 24 ) il de 58 HH L X o AH Bk T i
X, RAKHKA AN DT S B &, T34k 3 28%. fEREFEE,
XY 2 =R R, BOSR CARGIEM . R, Rl b7 T 32N, RAKAKA
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274 N LEBI I 7E 30% LA 1o Bt A i A B S v A SRR AR e, i s 3l XA KA
e NOZESE P K, M 1990 4F 1) 1.13 {234 n %1 2002 4F(#) 1.49 2.,
*1-1 SRRk AL AOLLS 86 BAA

1990 4 2002 4
P A R R R O
ZeENO TN

) 672 0 0% 745 0 0%
RIBEK R 262 3 1% 248 15 6%
Bt 934 0 0% 993 20 2%
) 183 5 3% 180 2 1%
JEIT/ R RK AT 99 17 17% 101 18 18%
Mt 282 23 8% 281 20 7%
W 58 3 5% 77 3 4%
Jb3E ) 60 11 18% 71 11 16%
St 118 14 12% 147 15 10%
o ) 141 25 18% 240 43 18%
A 363 232 64% 445 245 55%

DNE [ R
it 504 257 51% 685 288 42%
W 313 22 7% 407 20 5%
P T I RAY 128 54 42% 129 40 31%
St 442 75 17% 536 59 11%
) 368 4 1% 550 38 7%
R Rk 858 343 40% 825 264 32%
Mt 1,226 343 28% 1,375 302 22%
Wt 317 32 10% 444 27 6%
R RIS 857 309 36% 1,036 207 20%
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) 141 13 9% 220 20 9%
AR A 299 105 35% 316 95 30%
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) 85 5 6% 121 6 5%
LRI A 52 18 35% 63 16 26%
St 136 23 17% 184 22 12%
i) 1 0 8% 2 0 9%
&y i) 5 3 61% 6 4 60%
pusay 6 3 49% 8 4 48%
) 2,263 113 5% 2,988 149 5%
AER AT 3,000 1,110 37% 3,237 906 28%
587 5,263 1,211 23% 6,225 1,058 17%

e Bk WHO, 2004



WFh, 2004 FAEREZ DABEI N RO 26 172 (WHO, 2006). KAt
Z K E BAERM, 18T KEPMERE R, Rl SRS mm . dFabit, &
EORLAH 218 T NI MAET:, Hh =22 —J& 5 S LUF )L (WHO, 2000).,
10 -5 7K AH O HRI 00 iy >R I AE T s N BONIA ) 230~500 11 (56 1-2).
% 1-2 5oKHA A5 31 £ 0T A S

U5 VAN (S QEPID)
S BAEAZ (1992) 4
R BA4ZR (1996) KTF5
S BAEAZ (1999) 2.3
A HAEZHZ (2000) 2.18 (JFi¥%)
Hunter 45 (2000) KT5
WaterDome (2002) XT3
UNDP (2002) KT5
Johannesburg Summit (2002) KF5

1.1.3 5KEx89IMERL

KPR TR 51 R T —RIVEREIREE RS, SFERBL . W46,
MAESRGE. s, BEEZERIC4Z] (UNESCO, 2006) A AR I TH FK %
PR AR TR, TR R OT R UK TR SR () 43k A8 8, 423k 500 4% 1= 5]
WA 2D B s g TN D KA KIE SRR, AR LRE
WO =AM RS RS EIR L, Snhs . KT =M Y8 AT L Je B A
BFI BCEL I L IEAE R0, S0 I L kb D1 ThT b T % L P 297K (1L.5~2mm) 2
2, XH AT L SR s I Rk D il it 5 20 N6 R v 1R
% (Ericson, 2006).

FH TR BRI BETT A, S X 51k T AR KM, DU X 55 o L8 . ity
AL T rp T R 5% e ST EE R 2% 531 v ST P TR (9 A8 S A, 2 KR A BT AR R 45 2R . 20
{40 60 AFEACHT, UK IR ARIE 6.4 )1 km?, 517K P23 53.4m, S i 555 U KRk
Ao 51 DY R AR IR G, a2k, JKIERIE, BAATTEEN “rp R JE
BHER”. B FREBEARMY A & RS, TIALT 900 A B4 FH SR HEME AR 11, JRfEff 7K B O
ZEIRM BRI 14, 1A FE B R B 73T 20m, THIE4E /N T2 (Micklin, 1988, 1996).
T K, R D S TR B E AR A YOHE (1 Small, 2001). T 30 4,
JRGRE LT 25 T K IEAN W DY v e LR K R AR A DB W W, SR ALY
N SR AN YD B o AGR YD EE, TR AW K T IR FRZ N 3.6 J7 km? (F R, 0.43
¢t R AR I AR Y, RN IBIR I 52 2] 7 R MR . R
HOMNE, HHREEECETE, FRAr 1Kt 85 3k T s A 28k 20 TR il
(Bedford, 1996; Spoor, 1998). #kt: 1996 4F, [AlAf 2 i 1 ifiy B9 T sl e i X 1) A%k
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L4534 10 77 (UNHCR, 1996).

1.1.4 PEKERERH

E/KFIES RN 2.8 Jife m®, JEtFES A, EmFAORS, ABKEHE
AN SO  1a, AR FRATE L4111 153 ANE S a2 88 4, SRk
WEGE K2 — (R4, 2001, HFREKEHE A NS0 m AR 0 s, 1t
— I T KBTS O G . e 600 Z AN, A7 203 AFAAEBK ) L, S
FEE K 20k 150 Ay R AT 0t AT RR T2t
b K SR R A AR R =, AR AR HIAOr JE Hai N, ARS8 )
s . A AL LU AR Eik 262 )5 km?, 7 L EFR Y 27.2%, i HARE)
LA 2640km? (K3 BEAEY Jig s R E ALy B A B K ST, AR, AR H W%
1, B NEAEAR 24 (B, 2004).

O e B E S R, R FRE T IE R E ) K YR. H 20 Al 80 AR
LUK, #0 TRERM R BRI L, 5 1956~1989 4R 4TI S AL,
1990~2000 4 [A) 4P 423 /D IR A 20~65%. [ 1972 LUK, #im] R il JF4h H
PRI S, T H R R B . I K AR N, 1997 SRR K A
700km, FIEE T TH WT R KOk 226 Ko 201 0 3 08 DL IR I 0 16 HE BANAS 3G o
TVATAE AT AR S IR BE IR, 0 AEAS K S Ve VIR ARTEWIIE Y, N T 3] “ 3R
B RRRE (RPLEE, 2000).

BRI 4K 1321km, SRR E RN BT Bt B ROk, B AR SE
FREBIVER T, 85 RIS AE IR R AR T B30k, AR ST 8 H 2 5
CLEHAZ PR A 2R A S B AE A A T R, I K K 5 R B, Tl K Ak, Tl T TR
WA, “eptaKJi” SURIZEGR, WAL IR R (R T4, 2004).

SR T PG R, 4K 4 810km, FIRIHAR 13 )7 km?, AT Hl
MW 3B, FENRS TR AL LR, A i X 1 A K - 9 5
FFRMET AR, TFESHEREAR T B, K0S, T Ehimit.
GRS R R AR SN 4 NA E3hy b il (EMR 2545, 1998).

FL R 1 AR AR X2 B 1 b 51N (] o B 0 b 44 S (), 2 B oK
(1) LLPH TS S5 A K 8 R AR S 1 AR AR 2R [ R g F AR R X . 1999~
2001 FE I TREET 5, R X ™ EEK, 2001 4 8 JIKF] 10 H ARk, B 1
X A% X 50% LA EIR A3 (AFZLHESE, 2003),

TR 2 BRSO R P, 20 140 90 SEARWIBE AT 4077 AN/,
[fAIA 1673.8km?, FA LI T A 2000 2 NWIEAASZAEAE, %R 2000 24N
MERNTEN= ke EIT] M E RN {10 i o w.e=2=ui b S o ) Sl O R NS IR AP [ i
v CRERSE, 2003),



1.2 KFIREFRIBICH R TR

i 4 BR K BT i) AL ) H 2™ B, 7K R USR5 1] s34 2 52 )25 R U 5 K AR ) B
Mo ARBRIRL MR E T KB E, WHUK SR SRS, TG TIRZ R, K
DRURE B R SRR T LA

1.2.1 KZFRIRESRIEM

IK DU RE SR A K B IR A4 5 7 SR S TR JE s, S RV e 75 A2 8
(RIS AL K BRI TSR (FAO, 1995), 7K Bt e it B /K B A= 1 R JE « K BRI 28
ARSEVE IKBRITFRAIIAMELE A BT R K S aPr ity . KT PR . X
PR SIBES 1 7KK P25 R R AT R

20 {20 80~90 FFARLIK, WASNARE T KENI5VE, WHUKSHIAE S, 3
SEALHE NIBK B ORBRIRRIERAE O K BT R A IR R OK BRI a9 1 F5 20 |
IRGRIRBE Z F5 40, KRR TI5E, WA R A EE VP K B I K R

PATHE RSN E A WO, (EANE TR . AE PR K 5%
PG, AFGBATOK TR, R AGHN . HEURSEABOK S E, Hir
AR P B2 (R X L], A A IR ISy 2% T 2 Ak Rl P FRoC i I
ARA A AT F UKD, XIRRK SER M FMERL R, XA A R N 5 o
FEK BRI BBOR . PR E M AL G, F 2 DR I 5 B
K BEIARE, HR XK BRI S REE, RISt 20 AR sCHERe
71 CBRAGIMERTD, 35 H Al AR A B o R 30 s

1.2.2 JKZRIFRER TN

M N LK Rzt A, BRI EIAL T PR F Bro K BEURE SR 2
WIFFUA R i [ e (1 TR EEHEA, AR B AR R PR R ) o 7K B 5 SR I ] A
N E XK BB A, Rl BEE K K TR R Bt () s Sk, H
A3 R

FEREATHES . B S DO R R R BRI, s m A AR 2oy, HiX
W6 DT SR SR AR S AR S AT AEAR IR ANAA 3 1, DA K LB DAy BE ik PO /K 9 st i
RKARA AT AT, WA EAE. [A0INE. ’NEPSL. 5
PR BT KERRGE . MMk, REah ik, R, FE
b, @A A MR TR PPIREAERITIN PR A . KERGE. M2
2%\ ARG AR TR BEA B, E PRI R 2, SR EdE R, X
R AR Ry, 0 HLA5 8 AN 5 8 B, YRSk P B, il 5 7K BUR & SO IR
BT < IR ST TR K 2 2 AR 28 5 A AR K Z IR (R OG &R, Tt
ARATKGEIRTT R BSOEE KN iKW, fEAE AP R ERe S m, HIK
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Hh Rk B 1 22 18 S i H R 7K R ke B G XS DA 5 5 BT SRS

BRSBTS, H R T RRRIE S, LA TR, JEa ) 75
{H, MW I 1SR KR ARG DL B, DAZRGE RIS RE Al 10 00 VR IR 52
2 ke .

T YK BT SR, e ML AT KR, SRR BRI AOME R I BT AL
(IR Ji5 . IE K RS DIk ) T i, RUKEHSA 2R, AR
VER)— AN, (H H AR E R

1.2.3 KEBEEHREIBIE

K BEPRHRL R BERS ST 73 PR, TR R It B AR TRt . TR it e e
BOKM LIRS, Sk ae S, TREEXIHIK 24 &K TRE, Al LESEN
BRI T K BE, 32 mROKAS IR PR RR A o i BEPS S K TR, W RAh
R X S BE AR L KU, W HAb s AT R R T . KR | KA
P, AEFHTGKHERE, JT A AR UK BRI, W] B> oK B &

AR CRE A L 47 /K BE UM I 2803, i ik Sy DX K B SR 1K H o
FEAE KA R AR TG AR, A e L T 55 T K BR B AR AR ALK
S et MV F KA A A A g2 Tk P K55 . 20 2 60 R0, AIBESHE T
SRR (K B BEBOR, PR OKBUT R, IS T REFRRCR, 20 2 70~80
FA UK BREEIE R g, JFIT4a R,

M 20 LIRS, SEEL HA, SelEL EEL InERL WM. LA a)SE
HIE I G B 7. 1 B 5e 35 I /K DRI AR WIRAZKAL,  asaf /K Bt [ X Ay
X FORGEE AL BT DARIA, AR ELAARSS DL 52 R, A2 = h et
TRHC/K BEU o ol g 1 B FE 1 K B P S kA AR, A DA K SR A B T 1B
LK BRI ) A B AT o

1.3 BXHRAR

M B LK R Y5 BRI S Bt B HE A, BT X 7K B YA i A L A BB 0 v )
B, B A ST A TR

(1) A FRERE QRUERUE) RK RSN k. ThREX R, XAk
TR T R AR RO AN S AL S B P B T 2 A R K B R
O FREL NIRRT A S AT R R IN SR RE ST i TR SRR B R XERE, B
AT RGP PPN 7 3k D - R ORBEA 7 A W M o A SCAU S 75 2% R K BE U, $2
AT AN R D RUBE )X B K BE 5 R IFR A K B = 24X LU
Ao BEATBIX IR EE i) R YrT.

(2) FTURE AR R KR k. IR AR E R CLis ] 1 I, HIK
WM SAT 22K, A AR T IRIE R A1), (H H AR E 18 . ASCIUE X 3



B K K908, 2258 Rk M X K P S a9y, S Sk B Re SR A ML 5
TEREWIA T, TR E AR BRI RO a4

(3) DX R K BEI R R M PP S5 iR A R - H 20 THHAD 50 FFEAHER H LK,
RS B i 52 B A A1 0 AR TR 8 i R A, 7K e YR ol il LR
ST AR, H a3 B E Btk & R AR OGE . BT IWF S 2 SR h e TRE
Il Tt RO RUS: LA R A A A 7K G S0 g 1T 50 DXl RPE K B 5 R e XU 94 2
Do ASCIAE TN AR AL =, e JR A1 I P 7 B o S (1 DX RO 7K B e e X
PR bR R, M RSP 5 R SR, I DUt Bt DAy S B34 T T

(4) KBRS R B 50 AR 3 /K B YRt ol DB PR S B 0 0 A 8P
AR5 B A e B AN R iR 3t DX (R T RERE o AEUEEAE 1, 37 HH 3 R K Bt YA ik
(ESLO N



Hh Rk B 1 22 18 S i H R 7K R ke B G XS DA 5 5 BT SRS

FE KFRERTEMTENAR

EitK (Water shortage) AL, 7K 4EE: (Water Scarcity) 55U BT /K B 54
HH, I8 HE RV 2 A A R I AR AL K YR RT K, SRR K I Ls 5 75K (A
FEIMNAES (FAO, 1995). 20 42 80~90 “FAC LR, EWAMNKRE T KEM L, W
FUKGRIRFL G ,  PR K BT AL S5 R R I SCEERE ) CGRIZIPERD, HUE TR
ZRE, WSS T /KBRS B Yk . (H—E Bk, Jds 7K B 5 an 4] 23 TC 1) i) @ e
1RRNFEYL, HPE R C /D TR EE I, A FabrxfE DL IR DX ISR D8 Y5 f epE o
REHEARK B, B RS T EOK S SRR A 1 4518, BAREAS
B (BRIEYE, 2001). iR BABK R E, TR X, nl 4R A sk
BE/K PR HUBEAE AVEAL, A Bl MoK 0:, JUHRPEM oni 2 m, JLTPARA
ATERAENE o 78 KSR PRI I - R B K DX, X3 TR) 7K R YR A O, 3 A )
Mo e ANFEXIX— )8, FEft TN BRI A K G K B A E TR AL
IR DU T GRG0 ROBEZK BRSPS K ek RS, )
HDREX R IR RIS 30T R AR S A s BRI S LRI K B
PrsCHE

2.1 KFRERTENMERTZE

K Y0 A3 K TR K T SR 2 D OB, Sk
PR KU 20 Bk KSR RIS KA R KT 528504 L X
BT TR DK S5 1 K KPS B « P — MR BT X S N i Ak,
EARPRARL, T LA 3 A S A S b, A K R B

211 AN¥KRERELE=S

FNII7K T8 A 1 DA S AR TR bR PR 7K B st ke ) R, 2 i i B 7K S 2 K
Falkenmark $&HIf4 F ) (Falkenmark, 1989). i%f& B #E X 3 A 157K %5 i B 1) %2
D, REBKFEE Do WXL Tk FEE. FREEEER T T K =V,
A ABK F AR T 1700m® I, A BB A0 IR R AL T koA . i AR K %
P AT AT AR T 1000m® B, IIBR R K B A B IR T 500m° I, Ok R

IR AR T A, AR, /2] T Z M NH, BEA B AR 4121 (FAO, 2007).
TSP (WRI, 2000) 45 [ B 4120 S K RS T PR I, ¥R HIX—F5
Fro Wl 2-1, & 2007 fEHHE A& EKBHIE AN & v LU H, MRS A
HA, AKX R AERE T, OO R R, A IR E AL X .

K 2-1 TR K T U5 ) AR 3 B 1 B AR O, £ G TG I A 2R E iy 4h
F 0B WA E R EDK SR SV bR vE KRR, 1999). % IIX M, FlE
A 77 M X 43 T rh B SR A R B S, I R 05 e G A Y e ) Ay 7K % A
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S KBRS TVEDET

Bk H X
Freahwater availability, . P
cufiic mtren pae perean and par year, 2007, .-#
s — Sraraty
il ] [ T sy
iz | Deta son aveelbia
E 2-1 HRKEFRAHEEE KE: FAO, 2007
F 2-1 IKFREHIERIEM IRE R ERKAFE
AR BHJER (m3) HOKFERE 13 €3]
>3000 ANRIK
1700~3000 BREEHUK JRRBHBIX . AN SR B L B K i) B
1000~1700 HR SR IK JE A A K ok
500~1000 FJEHK FRE s K
<500 B B K B K

KA FE ARG A K B S5 % Chydrological Water Scarcity Index, WSI), B[l
10000m® 1 5 7 7K % Y- 46f 9 119\ % . Ohlsson( 1998, 1999 # 4f A 2 % J 45 % (Human
Development Index, HDID X} WSI #AT&1E, HE—PWETF. HARSE A BEPEAL RIS 7K
RIS BRI RE ), S T AR K B B B FE 4L (Social Water Scarcity Index, SWSD),
WA

swst = V31

HDI
N B BEIE b A & DA SRS bR, WK I A JE R 7R T X 3K B B ik A= ¥ )
RetE K v RERRIURFAE, Tk, BURE SR, EWMER, EPEU mBEok X )
RS Y R ) NN Tz, R DX K 5 A A B R B 3 R TR FR R
ANTEEIX 7 v e e s (R B 45 . Falkenmark 25 T VL AR M 2 (5 Fob £ 22 4 1)
%, £3H 1000m® FE K PR Bk 4518, e N KK &, 1 1700m® /£ &
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Hh Rk B 1 22 18 S i H R 7K R ke B G XS DA 5 5 BT SRS

e[ 5OK B S Bk . (ESTRR L, RIRL I SR T AR IR K22 5, Lk iesl
RUAMRHE AR R A SERRRE UL, B REAE N RS B, M 5 A DO
(RFF— 8, PR LR AR AR 3t AR, BRI AR
KR NI AR T8 % SR B 3, JL4S R R AR VK
I PNEE s S AL

212 KEFEFEH AR

A G2 3 AT P38 7K 0 Y5 T T e 5 K B U R SRR N T, O K R IR R ) A T R
RARIERT. Shiklomanov 25 (1991, 1998, 2003) XfMtJF/E TR AT, PHE T %
E AR EE R E S R Tk B3 = A IRk, LT 7K
PRIRPLLS 5 TR Z B R

K 5 SR TR - B 5, Raskin (1997) 7F UNDP X 42 BRI — 43 K % Ui 1
RS, EF T ERMARAK. R KBUKE, HE4E Shiklomanov [I3EAEE s,
THE UK & b o] R K SRR Lo, PEAL 7K BRI AT SRR R, Rk 7K 8 05 e 55 12 4 4

(Water Resources Vulnerability Index, WRVID) o L WRVI ) /N PPA [ 52 B (X
(KK B85 A BRE S, TS WRVI 7 20%~40% 2 (8], JWFRZ A /KB dsiae B, st
A0% UK A ™ B AR . H AR K SR s X LAPEAY, Alcamo (1997, 20000 FHA4E3
KGR A K BRI ] R &, R R A AR K B R L], BIK
PRIETT R AN 2 F8hs, PR A ER R /K B R i i) il o X b 7 V8 75 2 SR, 7
N AMSE] T T Z I

1995

IR BRI AR i 5
R >40% 0 10-20%
| 20-40% W <10%

& 2-2 HRKEEFEAFIAER. FKiE: Geneva, 1996; GEO, 2000; UNEP, 1999

Wl 2-2 o, ARAEEBOKE S Al M AR SE R 2 R X LE, AR, PRI, JEARRE
IR I o 5 NI K BEIR AT R KPP S RAH L, 3 XK B3 P K SR AT BT

12



B RGN

IREE, XA DA A P X EMEAR MY AR, HEE KR, KR IR T AR R 55 ey o 5K
br b, ZAEFEMERERZN, A E AL HKEMZRK, W E AL
200m®, 11y HIF 4% [E R i 2000m®, MU AN XL, MESS TR bR (BT R R 45 kR)
AT NS GU  A fEdehs, S HAHE,

A TR BRI B R A, ANl DX K B 5T R A ZE8k 100%,  4n 8 1 i e
TR X o A T HFRAR I EUE X R, A2 E R TR A, ISR FRH
fHIX [AFE-1~1 2 fa], A (Alamarah, 2003) :

R+G-D

R+G+D
XA, WAL SEKEE RIS R ACRMFBKEE R, G AR FKRIEE, W
TR KBRS DK E (HPUKERS) .

ARG R A 02 K B 5 K B s s LA, W mARER T /K ok 5
KPS . 5K IR A R AR AR LG, KRR R 2 e bR % 18 T K3
TP R A A O, g B0 s e T X 3K B R 4 1F 5 kS 250 FH K 75 3k 2 1) 1 oF
JE B REAR R DX ek K % 905 R

TEZK BRI PEM SR, KT R A 24 bnf3 2 78k (1 N H o H A HE R
JE, U T RO I, T R X AR B KR YRR, e R KRR
EIPAKBIREE, TENZ RO, R ARAERGE 1. R Ryl w38 a1 52 1R i
IKBEPDTEHUH], FESLBRN A, 2 28 NBEK IR . A, X 5K % ke
KIGDIRAEAT AN IRV, 8 G i 25 T I o DX AR SRk AN S PP 45 51 . (H A
M T FRERVPAN IR U, AN [R] DX 3R] 4 b LA (A mT 45 B A 1 HL 24 5T X
BN, N AR KRR, AT A R

2.1.3 IWMI &8 /3%

WAI =

[ fr /K 2 VR FEAEST AT CInternetional Water Management Institute, IWMID F4%
TIK BRI ER VPN LAY, 6 R BROK YRR GLIEAT T VRN (Seckler, 1998). IWMI
FEIAT AL 7K Wt R LK B8 0 4 8 T R R 7K Y5 e LA A A2 K BRI 75 SR I e T
FEZK G YR FH I R b i 2 R AR DA K B s 2 R, b T Rl YR v R K S o T
H e, R a L, B2 8T 2000~2025 4F 45 [ A 2K Bt ) A R R DL EIE AL
FRIPHE i S TT TR 52, S i AR K BRI N B I IR AN eIt A2 7K B U 75 =K
PR, FRA “ BARERIK . X TA L8 0] BOFK B, AH i T2 58 44 i PR
ANBEW R NN TR BRI TR 2K, FRA “ 8K 7,

Wil 2-3 Pras, “AREIK” X ARG IR E AL HLIX . 36 RS by 2 ik
RO PR dGAE BRBETRIE. X e X R 2 B K S NI B o R AR
AT R RIGE, AR RK BTG KA LG 2 IR R . “ B ihoK” W) 3= 282 A
AR, XA X ISR SRR A IEAMIC, (R T R RO, M

13



Hh Rk B 1 22 18 S i H R 7K R ke B G XS DA 5 5 BT SRS

IKIIRE 132 BIBRH], A RN B = 224 K 1A= ¥ i

IWMI AR B IE A B R, T A RV 1T AR K SRR S, M
LRI FE AR S A SE AN . S RrP R PRI L, RO TR, N A
1E A

=1 Uittle or no water scarcity
I Physical water scarcity
D Approaching physical water scarcity
- Economic water scarcity

D Not estimated

2-3 R BRBKEZFHRKEKE KiR: IWMI, 2006

214 KEFREEZIRHE

KU EE = Fe 80 (Water Poverty Index, WPI) 3% [E /K 3 54051 (CEH)
(1) Sullivan ZAZHEH I, & —FhER G VP K SR BLER 1) 7. WP R, 4%, fg
I~ RIS 355 AN Fa i nl, Hodr “ B8y Fr i K At T /K i vl R & “ak
77 FeRE A SEA KB R0&%; “hel” R ANTEBEKBEIRINRE s “RA” $5
AN K7 ORI s “HEE” F) S7KAH IR BRR O o 1% 5 WL N T4
MREE, EMTE AR, R R, FIESEE AT T X HT. AR, Sullivan 55k
XF WP AT T RE, b0 N T IR EL R E X R (Sullivan, 2002, 2003,
2005, 2006).

AV Z FR RO H AR WA, SR A VP K S YRR i e, 308 7 IR 45 T
IKFPREHE, FTXAHE, Sullivan $4EA S Ge 2 M SECKRIEM & T abr. W
CULPR” SRR, AT DA R K B . R KRR E . Lk E . SRR
KAKPRUFHREE SR @™ fabaml, v DOERHIA BRSOt A B e, K
AN TS BOKPPFEN TS5 “Ge))” bR, n UGB S40 . 2
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R RSB LB

AR B RMEESHG A7 $ahrI i BURHIARME KA RM ) &R 5, Tl
RUKERA M A NAER KR ANBEAKR . TRl LR S8 “3H
B fabsii, nTLLRADKEG AKERR . EE TS AR AR KR
RS2 BRI R RTS8 B .

U3 6 TP FEAR LR G K IR BE Z F5 40, Sullivan #eATH AT RN k. £EAR
KPP, RS 5 IR AR B R (B, BCPIER T SHOK SR B 2 F5 40 (WP
RIS FERRI 73 90 1000 AR WPI AN i ] 2-4 .

Water Poverty Index (WPI)*

-0 | -F .1‘ < ‘h‘ o 35
- #’
Savers ‘-_1" o -’

{WPI 56-51.9]

(WPL 35-47.9) : 5 ;
ek : ’ wy
[WPL 48-55.9]
- Medium ' ‘*

Water Poverty
Madium Low

[WPL 682-67.5)
Low
(WPl GB-7H)

{The lower the scare the bigger tha problem)

*The Information lllustrated must net bo taken as definitive @ CEH 2005

B 2-4 WRKZFREZHH KIR: CEH, 2005

WP J5 957 iE LR s, 53 TR b AN R £ B 20 B /K BE ORI AT P (K 1), AN )
LABe B [ 2 2 TR 22 5 3 ) BASe I Je BANA T K 22 A ORISR JEE o« WIPL VAT
[ ZAL D R b, IS T AR 2R o Sullivan KX Ff VA 2 e sk RS R,
WA IX AT 1050 1 A AR K B B R A T B

(EAERRERIPEOT R, HAT WP e DA N I 5B, AT F N 1202
A R N . B, WP ik sRAE K, Sullivan 3248 T fiE 2 (1 N T AN [F)
Fics, AEAFE LA P, RS E L & FO kA8 AR, 5 It br
CRETIN R (B AR AT W AR UE , JXLEPP O 5 3 AN 52 PRI VP 45 SRAS BAT v)
XPEETE . FR, D5 I bt AN RIE X IR AL DR AT, 23 B AR (1949 73 fiE
3 L7 DA PR T0 % 5 T TR 0 7™ B RS, R4 i P R S, (H IRl
JHEN T SERPPOT BT, DU PPO SO0 A B SR AR, IR AR S R UK 25 T
—IfiE. FR WP AL 5 I dEbR, 209 WANIRISA B0 A K BE I AL, A ke Sk
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Hh Rk B 1 22 18 S i H R 7K R ke B G XS DA 5 5 BT SRS

PEEMRI S, BAESEbRNY, REALE P TR 2 I, 24 WPIL SR FRXTLE,
BWE T AAREUK. UK S8 BEKER, KET 20 iiii. &ia, oF
MR ZE SRR, #E S G TP RIEMMMIX R “I&427. “Re 7. “FIH” 7y Dife
br _ESRAFEAF VAT, BEMIBORN T 5808, M “ 9EU8 7 Febm it 22 M 3E+ 20 1 2
Komnenic (2008) MIRFTREH, & /KB4 AR T8 R, P2 O EERRAIG .

ZE L RTIA, KSR B SRR s T 5 AN 20 TIHR R AN A £ 5 00 BH X3 ) 7K
BRI ), JE RS TR IR H i TR S S R e, AR T
WP /N faT B b, PREAN[R] RUBE AN [R] DX 35k IR 7K B A e v it DTtk X P vk
(138 e R A BRI . B5E, PRSI0k A s/ K IR A LG, gk X
BIt, (2D ATBURIG. BT WS RS, 2 Bfebs Il R VAR SERR O,
WPI J7iEAE I K R PR B XA K Fok, PR e B 2, XA nT Do i
Sy AR AR PN LE AR R BT A ) 22 7, JET ARG TR A 2. SPEm et 2 0, o
TRFEFR PR 45 SRS 2 4l R, TS bn TS LA, 2R 25T WP 7V
ZEWERSE (2007) £8) A LRI, SRH WP JREPENT T R4 21 MHBRATIEL
BATTIRZK BRI, 2 WPL N I — AN A il

TEiT-42.5
2FH-42.8
F4z-43.7
#H-45.0
-47.3
Ask-51.2
FE-51.6
HEM-52.1
AE-52.2
ie-53.5
ERIM-60.6
#11-60.9
JAIE-62.4
FHiT-62.5
E ii-64.2
=1F#-64.9
EiT-65.1
#111-66.9
HiE-67.6
iT11-70.0
714

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 &85 90 95 100

IR mEE BN CNA RRE

B 25 [THRERHKFREZRY KIR: FWWiFF, 2007

2.1.5 KZFIRAEH

20 {2 80 FEAALAK, FEITFRE T REK BRI WHE NN, KBHHE
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R RSB LB

ARG ) TR MO X (FK IR, fE— e D1 SRR AR AR R R B, fEAN R AL
SHAEZRGN, B AR (FEAD Rk Tk, IR G, 2—
NS G5 BREEFERE R AL S A fabr Gl xS, 1992; BPrAE S,
1998; Fih%E, 2004).

TG AR ) BTN T FR I PE AL R R ARIX, BUX 3K S5 S 1 RE )
Ko WFFOKBHISRE BT AL 0% (BRI K 5 2 AHE N D 1) S P R
Jio FRIEF A HoR VU A X L B R 7 b A5 B K M X T S, R
VPN T oK SR IREAl, S @5t nT REg R e it TRb kTR . Jak, KPR
B TR R B R . PP IR IR AR e K X, T DA IR
FHE A RZ TR ER, BFTT— 2 423G AT R XS SR BT AR B e R N B 22
MK G AR T I ok, M T K BRIR A TR A, T VP AN [ HBIX (R 7K 5%
R AR E R R ) (B 2-6).

50 ~~—_ /70 /80 j90 [100 110 120 - 130 140+
il / | | T 50
."I l‘l‘\\.
/ LY
."lll {
40— TS 1 L | L A
\
\l\I
- \ o
A N\

E
[ R :

F &R EAS, i‘&mﬁﬁx
= | JFRFRELRAE, Ik
0L IFRRRRERE, WK =
[ FFAEHERG, i A o | g .. il e
/IR T ERLER, wE——— TR ~ oy e

[ wden SHEHEG IR | '
Bo {80 [100

& 2-6 KFTRAHIBHE KIR: KFF, 2008

KGRI AR BOE A TR SRR B I, LUK SRR S XN O 2855 0L
A5 2 T PR LA A DX 3K BRI F AR B R s 0 o 7K B D a8 S A IAT (1 A 3N
B R 7R K GRYR I ] RESEA I RE ST BRI DX 3K B8 U R R I A A7 ) i
HOG, mTaT A AN RIAR, NEIFAREEZAR AR (RS 21179
[ AR e R B, P RS KR 2 DR MR R R, L
P BR s K BEIR T SRIF AR A5 G KM (R IR SR =7, 2

17



Hh Rk B 1 22 18 S i H R 7K R ke B G XS DA 5 5 BT SRS

DA ANBEAE N FHK R R AL SR bR . BIL, ZK BEUE AR SR HOT AN RE FL 52 S X d55K
PRI RAREE o FEAERI X B 2, PRI oC ANV . P R K- P AT 22
BRI, IR GRIS AR B PN 47 2R -5 XK B R SR S PR DU AN o R 48— 1R 4%
PR brifE, S BIFEN DS ST RIE N AR U DOK BEER AT 1/, A
3 B/ 2ol /NI At DK BEOR T 0 KIS A, 5 B /K B e e SIZ o
MR ATT o e, B UL I (8] A AR AR R, [R]— M X AR 7K BRI AR R A
AELAERFAIS RROE Pk, FLAE G 70 b v 1) 1 A S Ao

LR EPTIR, JRBEEAE T INEE T XS R, A/ REEWFFE A U
PIAL . T NP S 22 BE R R IR BRI Z X, X TR Kt X
LUK /K B2k 3 A I oK X, K B N S R IR 2011 AT B BP0
SCHIR S o AR BRI T B K BEIEAR AR B S 0E 5 A8 F— WIF T X B BT L T
FUTTIE, AHIFANTE H] AN A X 2 e R TR A

2.1.6 ISk TR BCALHIAT 3R

HEF A 41%00 L i AR e - [ BT i, 58 it oK BE i B e ek B2
A BRI E K IR RIK ST B S o A7 AE PR AL, B XA K AT
ZERPLIER R E DT KDL B bt [ B 2B ik g, R
TR AT i) 3 A T B il XA Rl RE R HIKABOR) . 1996 4, M Fr_EIA Rk
/RFEFERGE (ILA, 1996), MRAE/KIC. HP S Py st BLRBRIRAIK . 4
SAVTHKT RS AN BARBEE A LA . IR« A X g n] BETE S s
JITHT, WRE TR BRI K R 2 E S N o 5 O B T iR K SRR A T A
RAFIHEA, (HERAEE, BRI TN .

Seyam (2000) % T A /K VR GG AP R 28, WA A N EOR K AR B
A, MRAEAFIR SN, #5307 4 Bk SR TS A SRR, AR LE T i it
177 N . Seyam [ 3= SR, I ) A FE OGS AR (1R K B IR RAT 200 1) 52
A s T B LR N R ] B AR K SIS R KA VRN T A
e BA SR AR ) A S K GRBEARCR] (100L/d/e) s FELA RIS, it X4 A
PSRRI A0 B BRI K AR SRIK BEU T SKAZ A s Xl K 22
SRR, SRR RIHE . FE ARG K 1 Bl i N, K BRI il AU B0
PR, IXFPORERITHEEE R, SR A B A ] e el JX R A I AT
JEUU S fift R U RS AR B A R S (K AR B 1 T AN BB, BAT e I A
He HHTAXNTESEANRICHBKE. . KPR E. N, FKESEE
P, VR poccE 2N, N ISR 2 B R

18



S KBRS TVEDET

2.2 IKZREERE (BWAD %1t

FERGRIRBOR R AE 5 2 DRI R IBANR] DI K K B B DL o
I, DhRED ) XA R i A SR B S A e 2 BE O S LRI b,
AR BAT R K BRI R AR AR R AL X SR B0 Hh e 2 B R R SCHERE ) o AT B AL
BEVHIXAE K BT bR, T PP XK BRI SR DL, IR O AR S 2255 R R IR 52
2 31

2.2.1 RO

PR GRSl ) 7L 1) SI ot N DX RE AT 19 B T8 AR ARUE « & A ml FE R /K BRI ik 4ok
i AL DI K 7oK 2GR =T AR, 2 iz X UK BEE R E R, AR
PRI R BB K BRI s (RIS 225 FER BRI I N AR S s o iz XL AT
K IACIR DL R ARRK BRIR T RO e, B N 3 AT ISR B4y . IR HIK
AMLLRARN DG LB R IRRK BRI 75K = N K BRI sk BE ST, W
BOK TRERM S BRI /K RN 15 (R B8 7 DA X B K145

FESE B B A ARME ] —NRFR S W B AT DR 3 WP SR 0 ] A B L 1) 2
W EIRAE VAT TN AU 2 L 2R BRI, SRR 28 bR I i 3 5 2 JOK BRI A S
Rtk I3 —DBE, RECEBIE A, BEEEAE @B ori ., KB 2N
Horp—AMEbro BTBL, — R EKBIR B 5 A ebs, Sam 8RN OrE, X
FE NBPR BRI AT R IR BRI AR AT AN SR b 7 LU 3 o [0 i DA

B an By A, K BRIRE AR R A BNy A

(1) BEZHI, S F . $Ebn T 2RSS TEOREIE S, B el Ls,
P UL bty ZERAT WIS, A PR ST BN 0L S BT Bk

(2) THfEH, FRSHD. ZUAERBOE BRG], A5 S R dabs,
A BAT I

(3) BEWEAF R AR AR R MR —E R XL, fEA
R RS DX PP 45 R AT R e

(4) A REATFEHAI R Fabr P 4 R IRSS THASE R SR Tl e Bk
YRR, TR RGA e R, PrLUZIe bR R % K SRR SR, R 5 S X 8k
IR GRUR AL o

(5) GBS WIBOK B AL U A, KGRI A AN ) 5 Ad
RAIMII, 2K BEEE R D, b X (B ORI, — DS HASRER, A5t
%25 &K BE I o X T8 73 7K T SRR, W] PP AN K B U5 Y T M Y
I ARAT 13 23 A R 3%, XK BEUR AR B v AR s T e

19



Hh Rk B 1 22 18 S i H R 7K R ke B G XS DA 5 5 BT SRS

2.2.2 BRIt

H T &SN Rm A E, NRDKEXIRZE AU, Prldabe i 245G
ZRE/K IR E RS /KW TR E . fECE 3T, KT R A 4845
ST MR, AR TR N K BEIE RO IR, XA R AR de A 4R AR o
R K BRI R A AR H & X, AR
S-S, —NW

WR

WWI =

b, WWI G ASHIOK B SERROT A MR s S SRz XK S s S, 2SR KR I
K NWORBKE AR UK IR O ECE, IRk 5%: WRIE PP B IT I K 3
PSS

PG FIER T A H KRS MK &, EIR SR AR VPO BT H & B SRR K BRI
RAMM A b S, A HLIC WNAMBIRATF /K BE U, 056 AAS R A BOK . 1B
FESZBR LI R, AR O Bt xfE ARG, A3 K B A 40 H G vt 5 /K BE
PRI E, T ALHE IR I P e X SRAF K B R . T L, AESERR TR,
M H 2 T NI A R L X IR R R DR, AT B S

WWI,=S—T—NW
WR

Forp, WWI DK BT AR A T s il K NW s K R KR
s, WRAIE KRS WROZTFI oK R .

WWI K 0 EE 25 2 3145 ABBCA 5 RS U K BRI PP O ST K K580 . A
YT UL, AnV T = Ao BRYC =AU, AN, KK, wwi!
FREUR . USRI BRIOK BT, SEhr EAR BRI AN B W] iy i ik
PR, SRR PR EOP O (SCERETIVPIT) 1A DI K, o s e

AT RG], ASCR R U0 35— PP oo, Ao Ot
E D R AR BT A AR, RACR NI AT X — BTG MRE RO ik
K BHEA AR A (BWWD . Biltan, 36 T2 FAUT it iR SRR ie S i T K DR =
X, MIHUZIX Sz X B X R 3 AR BEOT AR A, AR N IEA =2 (X BWWI
fabro WHEAWTR:

D (S, —NwW, -T,)
BWWI = SR

n

20



B RGN

A, n RPN B IE BRI BT T S, A NW T K
Ay T, MBS WR R KRR
[FIIRE, —ANB I K U U5 P F B VP 84 7 ) 7K U e
RAZIR BWWI FIWWI M, B K B B 4
BWSI = min(WWI1 ', BWWI)

BBtk AT BUEVEEAE 0~100 Z 18], AU E

1
1+BWS

BWAI = %100

BWAI Fr A K BE R w100, RIRPPO K Bk () FERE, /K BE 5%
PRt Br R R ITIZIE ] GZAERET DD .

2.3 HEKFIR =X XKEZIRERITM

A 210 DK BRI =X o B [A)— = 2R X N B K B SAt e e PR R LU
AL, v It 32 el A A R PR, AR S UK BRI = XA R AR VR ot B T

NEPRBEIR . K GEBEIT AR R BLROK B R 20 (BWAD BEAT 7Pt . 7147
KRBT HZKESY 2005 504, /KBy 1956-2000 22 4E1-F9 5 .

231 A¥IK&ERE=E

HH 4 2008 4F A 1 TRAE PR ) V1% K B = 24X A1 1K 1956~2000
PRI LA = ORI, % = B9k SR A i P 2-7 B

KE ALY ORI KB/ T 500m® LK EEAT L5, Kt k. TR,
WZR, WP, TR, RS (XL M, U T SR, WSS
AN TR . A>T 1000m? (AT IR, T BRIGIEHs. FABCE R 8. veImR
S BRIV = A . /b T 1700m® (5K 4 TS AT/ I )| G R KT A R X

] 2-7 AU UL, BB AT G S e A B89 U o AN (i T
S X A i, NI PR 6, K B R 2R 7K R 23T 9 2 K
VA 55 R 2 P I S R K U 7 vk, 800 T D SR K H 2 S
Ko BT S IR 53T, 1 T A T, KT R R A 05 o
HARAL R TR, P ROk Ve, BOKALRE e A . B B
S 8 K B 3 L SR W R B, A807K 9 o A AN AT R
SR GRS B «

YOk T ERR B SRR R R

21



Hh Rk B 1 22 18 S Fh— HH LA BRIk B L DR VP 8 B ST 5T

W E 80" E 90" E 100" E 110 E 120" E 1307 E 0" E =
7 | ] A A -

B
| [
{ I s00- 1000

1000 - 1700 |

1700 - 3000

—

27 KERZRENHAMAZER © B m’
232 KEFRFRMAR

WA 2005 FA K FHIE =X KR, THRUKGRIOT AR, JFRI28890, W
K] 2-8 Ir7r.

IKBEIETE R AL 40% K3t X F2 BEAT T U k. S il it DX I3
R WEFRR A OFTEEL CHOR . TR e R KIS =AU s,
P JER A5 1 DX K BRI AR A i, PR AR B TR BRI S 5 i oKk a) ()
JE . BT AREGEEKGEFA, KT MihX . Kb s, pHngiR
555 X BE b X K BEUE S A AN o

© A A B R TR PEARBS R O RBEE R, R

22



R RSB LB

WE 80" E 9 E 100" E 110" E 120" E 130" E 110" E

10°

30°

<
|
{ I - 20
20 - 40%
=™
| [

B 2-8 ZREKEFFRALFIAER

233 KERBRFEEEH

NEIR BRI A R BRI TT AR T K B A S P HAR o d s R s, H
MR G5 % IR K B, VT =AY BRVT = YA TR R e X g pP Ay
2R SRR SR AT . KM BT A, T BRI =X
IKBHE A TREL (BWAD, il 2-9 fros CRATEARE MR 1, ERSCESR ).

MK 2-9 FRaf DUE Y, B R s B AR B 5 o AERTLR. AR i
Sk BRYTURE P R T RS, K BRI O R R K BRI R AR
ARz o K E IR, R E LT X BWAE bR P 45 R AL THARKF-, fx
{[1YEi0p A R D TR | o o RSN & I R DAY (NS A= R )\ S L TN R AN T 32 7 S
ENEC WS SNl NS TR R O F i UL bl SN ST ik NP N ER I .

© G YR RS, KBRS G T s R LT R R R 1 LA b BRI I L K
PR IRIX, JLP R I K B URRL R  EAO SE L, AR T D LA K B = DAL T = R, KR
B WML G KA Feidk— P

23



Hh Rk B 1 22 18 S Fh— H R 7K R ke B G XS DA 5 5 BT SRS

o E 70" E 20° E a0° E 100° E 110° E 120° E 130 E 140" E

N

10° N

KAFEERIE BIAD
50 55 [ 63 70 75 &0 85 90 95 100

& 2-9 KERFR=ZRXKEREEIEE (BWAD

Kl 2-9 (R PP 45 R 5 TR IE K SRR RS S Dl 12> — 30 B AASSCIA Y BWAL AT T
IKBEIFRE DT o 18 STVE AR 25 — X BWAI FEARA 73 LA S S 7K B8 5 R B i
bR IVRFAE, 25 KB TT A HHEE > 207 58, XK BHIE 45 4R 50T 7 vk, JF
B 7 BRI AR, 3k 2-2 o, o E Ean 1] 2-10,

% 2-2 KEBREEIEE (BWAD HRITHES RIS
5y i e BRIK R,
e Btk K <60 FREEPEBK,  RIKIES F SRR B R ORRR , 5 7KAR SR A28 e JUE
e LR K 60 - 74 SRR, RS UR IEOK ST 2 K
SUETTYIN 74 - 82 BrBCPEBRIK, N R R R %
LENE RN 82-92 Mo 5 FF R, AT Re LK B AR S
ANK 92 - 100

e Js D . T AR R S 7 B AN R T T SR R BRI
RAERE LT 5t S PEILTATHIX L T i e 7K 5% e e i A0 e 5 ) DX 3
RIUAFFEENEHOK, 1EH KT SRAGER 2T kb, KRR S . 31X
55 P FE K BRI R (1 SEBROLIE A 75, i T /K BRI AR F T A, Xl X 5 KA 58
(KA 2 )RR D SR o Firpr, 3t R AGHER i JUAE SR B SOt X s A S, IR JZ L K

24



R RSB LB

CIE R EE AL dbnts RE INARPYA Gl I3 R 3F, SEmaTHRLE 7.6 J7 km?;
H1 TR K BRI R BT A, 0T P L R SR TR O S A BRI i A A ) AR

o E 70" E 20° E a0° E 100° E 110" E 120° E 130 E 140" E

10° N

A V)
ﬁ 4 _k_,\i‘,.p‘f'jl y
] - B G K o —
A v

I ik
g AK
A REEh K

B ok

& 2-10 7K FER =R XK TR G R ITH E

ECINEEE SN TTR/RE St IS MY 1R C AN At =N VA G N e (NIRRT N R 18 AN B
52 oA e B BUR G AT SE X i 1 S oK X o X2t R B Jl SUT Ik
HOK, BT RS IR MBOKFE 2 K

2.3.4 BWAI iEM 891 &

Itk BEIR BC 8 T BURAT A, 5 S0l e [ BAT AR SGE AN, o= B i i
SRR BRI LA, UK BRI 7 BC o T PP Xk (ORI RS /K B8 e e i) At
(K3 RHE L. BWAIL FRECEETT 1 /K BEECR 70 BC K 1), £ 4875 25 FE UK BT R ) B
fiti £, PARIKER 5 (K BEBOT A A FE bR AR NS5 B I AR R 32 BT R R
120 AV APPSR wh 1V 7 /e 4 R 7 1o O | B ES M 17 A P ST B 8
AR R INERIRT LG, BWAL JT kR I T A .

25



Hh Rk B 1 22 18 S i H R 7K R ke B G XS DA 5 5 BT SRS

2.4 FEITEXKFEIREZRIFM

IR GRS B SR A e 2 5 LRI o M b, K22 RHIAT BUX R T O T B (¥

ALK BEUEAE PR OR,  EEAE K BEUE = X P At b, b B FEAT BRI /K B e
BRE AT P

RN, =X NSRRI . i XA D8, AHKsE
VA D, AEH IR KU BOFANZ IR T AR, KB SR R I A 58 4B
PRI X N BB K BROIR DL o 7K BEUR = X S e TR, /=X, K
OB SRAE 72 R IFAN K DT DTS, (BOBAE A K BRI = IX Y, 7K DR e
(CEE) BEEME. UZAMERBOYFEAL, AN I T, THESAT B K B
wAREL AR

BWAI, = Zg—i BWAI,
A, BWAL ZATEU KK BRI 080G 0 izAT B XA & I =X - B4R b
JG; B OMIHAM RO N, AR A TR MBSl T AR 2 BWAL T =2
DK IR T Fa 4 Py RATEBUIX BN 4L

o PR AR E T HREYS . 1. B SgUTBUX CRAT 2004 454 5 S &
DRBRAED K BRI w455, RARIRIRE LN 2. B3R 3.

2.4.1 BRITH R TKEFIER BTN

HLAT BRI S RO W & 2-11 o, HOKBEE =X PP S R
AR5

26



Lo NS TR W R PR

60" E 70" E 80" E 90" E 1H1" E 1o E 120" E 130" E 140" E

B 2-11 BRITHBETTKERFERE

MR 2-2 PR o RbrdE, X B AT B T /K SR R SRR B HEAT T VY, Bk
K] 2-12 iR

60" E 70" E 80" E 90" E 1H1" E 1o E 120" E 130" E 140" E

50°

0"

10

[
B sk
B i wk
iR |
| ERITEN
[ ERIER

B 2-12 BRITHRITTKERERITNE

27



Hh Rk B 1 22 18 S i H R 7K R ke B G XS DA 5 5 BT SRS

TGV T BT RUSGIBEE BAT X, FelE AT 2367 AN H AT BT CR
1 2004 FFEATHIX R KD, % 2-3 Goit T IX S80I /K B8 P R B4 45 51

% 2-3 BRITHRTRIT R

B B K e BEBRK HR LK BB K ANk

K 383 447 310 764 463
i (7 km®) 151 208 87 180 331
% 15.8 21.7 9.1 18.8 34.5
NG 5O 20792 27177 17731 47142 11911
% 16.7 21.8 14.2 37.8 9.5
GDP 255 29806 37040 24336 80216 8173
% 16.6 20.6 13.6 44.7 4.6
A K s zm® 892 1803 2472 11056 11514
% 3.2 6.5 8.9 39.9 41.5
K I 4 zm® 1021 1169 807 2378 363
= % 17.8 20.4 14.1 41.4 6.3

B K i B AT BUR GG 383 A, EEAAGAE AL T R X . YHmlER . ]
FEJR TR TR BRI R A R AR I R T ] i . ISR X T
FA 151 J7 km?, 4R S HAR Y 15.8%; XA A 2.08 12, (F4E R ALK 16.7%;
2005 4F GDP Mt 2.98 11276, (545 GDP S 16.6%; [X N /K % 892 12
m®, 54 EK BRI 3.2%; AKEIEIFR A& 1021 12 m®, A A EK B EIT A
FIH B 211 17.8%.

I JEHOK I ERATBUX I 447 A, BB A (A LRI, %
AL R A FACT I R BV SRR X A 208
Jikm?, EAE R 21.7%; XA AD 271 12, H4EE DR 21.8%; 2005
4 GDP S 3.70 /11270, (H4:[E GDP S 20.6%; [X /K& 1803 12 m®,
A [ K B IR N 6.5%; K EEIET R A& 1169 12 m®, o5 4 [ K BT R R
S 20.4%.

BRI S B DX e K s 5 ANy A R 9.7%, 1T IX PN 0 A 38.5% KA
155 37.2%1) GDP, FH/ZK & 54 E R 38.2%. X S6 il [X [ Sl /K FE 5 25400, (H MGk
KR B, o Wi, Mot AES, SEASKEE S EEALE,
TR AR s 5Pl A B K 2, TR L Rk, AR KER &,
FEIAAEVIIBA X o RO PRI, R s RO 2 A sy . o,
PHESH R T . NS, HON . B, A (AR FATEURIG; R a
FEAEAEHLIX . ZRAbHbIX . BRVEOCH . R AR AE R R AT BUR G . SET ik 2-4.

28



S KBRS TVEDET

& 2-4 AED. FWEPSRKIX IR

[LTEA AH GDP  AHUKTEIE  KBHEAA

R Gty i i dem® i dLmd
WK 88 120 2544 2481 455 428
[R5 S i YN 86 105 2245 3665 371 319
it 174 225 4789 6146 826 747
W RE BRIk 295 31 18248 27324 438 593
REHX oK 361 103 24932 33375 1432 850
&3 656 134 43180 60700 1870 1443

MK 2-4 AT LLEH, TG AT . m RO B AT ECR T, N3N,
SR 20 NIkm?, AR T4 EPPRIKOT (2004 130 A/km®). 236 RIX, #
PR KR EAR, FraEE R 37mm, m% T4 290mm KF. T A
O, ARK@EEEIFAMG, FRER 1724m°, HBEK T2 E K, &K
PR B . E T X A E AR R L, ANIHK R A 1550m°, e 1A R
K- 460m°, K RS IT &R A F R ik 90.4%, KK T4 BT R R AR B
XL X R Z A TR X, JUPIAB KRN E, mKEENEEIT R, SRR
JL ) R A G

IRERHX (AR . R EOKATECA LN, N DS A, A3 321 A/km?,
FErb R B B /K AT B G T- M B ik 582 A /km?, iy TA KT . 4R K %
PRI AR 139mm, KT, AB/KEIE A EAERK, L 433m°,
FLrpRl R K X B A 240m° o 32K B YA B K A 20, 1% 1K N3 K B R A T
HA 334m®, KB BHEITRFHEFIH LR 77.2%, b K X &k 135%. X7
X R Z AL FAL T X, BARE — @ K, (HIPAEE, FELUIFRAMK

WS R KX, KBRS ) B S, BRI R . e A R
IR, KBS PN B L FH /K 75 B, AR S i X 32 AR Sed 5 T e b K i s e RS (46 75
PAT, VEEHLX R BB SRR, 51K TS RV AE AR

W RS BRK X AT 310 AMTBUR TG, /A L, B RAETLIRIR BE . Bevh
JBHB AFE RS AR X . X R TR 87 5 km?, (A E IR 9.1%:;
XWNAND 177 42, S4ER AT 14.2%; 2005 45 GDP & & 2.43 JjfZot, H4[E
GDP M) 13.6%: X N /K# IS MR 2472 12 m®, A E/K G I R 8.9%; /K%
PEIT KA 807 12 m®, A A EK BT R A S EN 14.1%. XA K G E
1394m®, ANB/K gy R B 455m°, KB R AR 32.6%. X E X K Z AT
TR 3 DA SRR N IR N, KB WEIAEE . YRETRHIN, &
Sy LY B R

BIEHOKIX ILAT 764 MTBURIG, TFENAALAE KL T BRILAE. K e

29



Hh Rk B 1 22 18 S i H R 7K R ke B G XS DA 5 5 BT SRS

PR A M YT i X o XIS 180 J5 kmP, (b 4 [ SR 1) 18.8%;
XA AL 47112, (H4E AR 37.8%; 2005 4 GDP & 8.02 Jif4Ic, A4l
GDP (1) 44.7%; X N/K#U5 A& 11056 12 m®, (54 /KB 5 AB1 39.9%; /K
BIRTF R R 2374 42 m®, (5 4 [ KB IEOT R R R 41.4% . X 48 A 340 7K 75 I
B 2345m°, W& T A EREA KR ANRIK SRR 504me, KB T KA K
21.5%. X X K2 A T 5 7 RITR] FIEHIX , RK B FE, K HARRERE
FERi R IRV, G5FRIE, MR b6 AR+ 2 5 R B )

AKX A 463 N EGATBURIG, FEATEGT IR A R X . KITR L. 7o
e R BT b3l o Xl AR 331 )7 km?, 4 LR AR 1) 34.5%; X 9 A 1.19 12,
4R T 9.5%; 2005 4F GDP R 0.82 Ji4ot, 4 GDP S &1 4.6%;
X /KRR 11514 12 m®, (HAEUK SIS RN 41.5%; AKRIETR AR 363
2 md, A EK IR TT R A R 6.3%. XA SAK % 9667me, Mk FE
NIRRT 305m®, KB R AR 3.2%. XX N DD, LHin
Rik, N3 GDP KA A H E/K M 48%. HARKZEWEF 5, (HHKAKEAR, H
VAN o U 0 B R 20 S o

2.42 BRITHRITTKZIRERITMN R rmkitiE T2
M 2-12 AT, K Gty DO A ERK SRS B — 2, (HIT
S 2B TR HON A A AR I 22 5 . O T A IR B X SR L, R DY

o RSy, RARIEIEIER 2-5 FroR.
% 25 B8 EKEREHTNBTLS

o X FE

TL9Rm et B8 WM TR sl NS B S RN

o RN ERWT S MRl sl faiE

2@ AIEW S I DALy BT 2Bl Bl BN S, N,
M Bk

2R WER R LT BRI MM M

WEE CFIUlT S VEETTS B S BT AR AR SIS

MR RN JTET S WSEHTT S =BT S EEETS Br ol MBAETT SRR S =Tk R
Frly

HRZAR 2N BRI ROKTE S P KBTS EPET S BT IR AV M H R
SRR

HRvE sy A Bl S IR R

2010 4, F/KAGRARLZ TREII5Ea, nTLIONITIR. 28 IhZe. b, K
AT K 54,4142 mPs AR TRER T, /K 9512 m®, B2 KIX il g JTdk
et Rt MRE CFaZKAbi RS ARBERD Jr Serh & B KK s Be 8, AT

30



B RGN

2010 /K ST K X S 327K X BWAL 550 520, ani&l 2-13 s .

100
W /KA RT

30 @ pg/Kdb AL

60 Tl —
40
20
0

iyl A B 0 N 11U A = 7 T A O 5 T 72l o B WA N 1 I U T | AR AT I N =

o MR P Rg U b )lI/I%ﬁ%ﬁjﬁ{iﬁxﬂﬂikﬂﬁﬁj%&??ﬂEﬁiﬁ%ﬁfrﬁtﬁ—ﬁ?

R Fg F EZ5 | A | A L]

2-13 BRBIUKFRFEIRBRAKILFTERME

HERFREPKIT RGN T, T, = S, FEER. YL7G. ¥R, ) 7.
b VNS WV ) 2R HORN AR iR R, b, 2R . Lo MK
fadm T 80, AKWIEHFEE, AR B B N AFEBRK ) 8. AR SRR
T Bt T e AR K B T R 70~80 L 1H], K ) kR AR R
R, WREIE BT RS . WS T YL, TR Wb, (ph K
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M X K BRI T AR R B ARy, S KA DG AR R A o 58, e R, Holi s
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=PSRN 5 N

1 2010 “FRgKACIA AR e gk TREIKETEAS G, /KX BWAI F5 5065 i
BaK, EERE R, dbnt. Wb, RS I BRSO ks, BWAI 4R
I 60, BKFFAENS thHFp SRR AR S UK, R /KR (IS 1
FHl. BT RKITREOK SRS, KR RS (7 BWAL AR K, 52mfEnf LA
B2 ye BN . Hdr, sk BT HT O LU R T X BWAI Hi 80.7 F#K 3 71.2.
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PN 7 VR AR R A 08 R Y L

(2) PRIBK PRI R A2 IR QR B BRSPS PPN (R i, ANl
FHRIEER G /K BEE T R A AR AR N5 8 AR R 58 BRI IR M R, 4855 7% &
WK, P T KSR FEEIRE, IHERR, JriEa

(3) THE T IRE KR =R KK Bl F w454, JFe s TSR bR, R
Gy ARRPEGRIK S R ESRIK . TR EBOK . RSB AIANER K, FEEE T 5 A X )
SRAKRFAE 5

(4) fEKBEI =X PPN AL L, TFE T8 1. B =ZUT BRI oK g JE
FEIREL KRR CIR G4 S S5 R B VPN AL T — ANl S % 354G

(5) PP 1 rE /KA TR PRI X RS2 K X [R5, S5 5RRI, S2/KIX %44 7K
PR SAEE GBI B, TR 2K X S W R A AT 52 (KT LA

252 FBRT—5I1E

(1) AT =X N FARPEN o0, WA & =X 57

(2) KL =g IX (1 & 73 3t DXl IR @ R LR K B, A SO b %
& T 5 — G PR K B AR R B TR K B ANV K A TR . s
WERTORL, BRI AR, A A A SRR Ol
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F=ZE PEKZEFKREZSMH

B E AL LR, BN D A e RO, T B A KR G,
r P NI FEAETT A i IX, KB O A O A AT R I BR BN 25, L2
A 2R o BEA KBRS LT 27 JE ) H G IR, K B85 SR I 28 A /K B2 R i
R o 7K BEUR T SRR KR B K K K CRE Bt R By, 2 il X
SRR SR BOR B, B> B AR e AEMSK BRI S0Pt T, R
Lo e, Wl B AT BUX K BRI KT T

MK GRS TR R AR 2, HIZSINZ0R KT A g, A5 AR R IAN
e, IR T /K BEUE T SR X o« AW ST BN (i AR, mTRLE
RER A, IR LB A, TN K BEE AT K o SR I A E SV BRI, i IR 3%
FERRAE X I N E 23 8] 20 S A B, ibs B 5 B I A afE YR, BUHZKPLEL Y
BERTR O K BEUR T K LA RA AT M. FREIIAT 4 ImBOK SR R B, K
Z R R A K2 TR G AR, TN AR SR K BRI 3K

1997 FELLK, FLEAIKSEAR 2 BIES, R A2 Kk
KT R R, At QTR R R R, HKEAFREZ GBS K M
BEAC, HEARRPU RIS, AT R N SR A PRINE, T3 g i e S Fae I K
o FERXFREOLF . LAZR BT AR BEA (14 000 7 kUG 32 £ SE -

T YK BT SR, e ML KR, SRR BRI AOME R, BT AL
(IR Ji5 . E KRS DIk ) T i, RUKEHSA 2R, ARG
FER AR, H H AR AT E 18 . AT RUE S 3 E 5 K 10 i, 25 Kk5E
I S K D S a3y, e A7k BRI SR R LA 2 B 1, 3 B 3 R AR OK
PR RO S

3.1 KFRFRMMARER
3.1.1 KFIRFRIMSKERFKEE

3.1.1.1 KEPFF R FE B 71

TR R SR TT — MAR A 5 FH 7K 3t g SE AR AR 1R 2 AT, LR LS S e R 3R 2 )
IR, RPN T K AR AR s, HARRT 3 DUF LR AL

(L) @ik, AHEILEEER, WH/KE B SR HE, RABEAIME
(07735, TR ASR K G IR T K o AR HhZR T FELhiby, — Ml 2 R PEAMEE . FRECT I
Z IR FRECh B LRI AY . SRR VEAN BT /K ALEE, SRR B, B TN
AN A R SR Y S [ S 28 PSPy 1 e N 8 A ]S =
MR ITEBA H BRI R, AL T B K, R 22l SR

(2) ATk @R AT, BFRHKEEK S AL SR IRR 2
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DGR, G PIABRGEAT T, 385 TR T . 1% 07 ¥ R H 22 105 i 1A
FIRbR, XLCFRFRTIE B S A, T g R EE.

(3) HKEHE. KRB, AL~ BN D ACE R, T
FKE . AR ACE L. )70 GDP A HE J7 70 TS hns /K & 4t
N¥JAE K BE. NBIZEE K BUES, AR EMRI P82 K. MLt
(2001, 2004) i it % 3 H FH K S AR AR 20 B, 48 NI ZR6 R K AR K 1 I
() NSO AR, I SR I A [ 5 /K =, T A P KR B v, A
FHK 2 e bm (PO B AN e 1, S0M 2 SR ™ B f oK

(4) KBTI 75 KETE—MART“ M IR G ITE, WIT T RGELH T
(PIIRTT, BRI ) S ah B 16 BN A il 4K R e (P AR, YR o £ Tl
DPEE AR R IR, AEANVREE T K. TR, B TK. Il Tk, XK
AR EITZ N

(5) ML, 2 —Fh i KRR RN T TT) B kY, 7E40 €
KNS 5 5L L, @ R ARL M A AR . O VRS b
JEXT RGN — P EEAAAL, B RE 6873 BB R RS B, e K IBUR . B2 K 3
FIFHACE AR I IE R B, B LAZ 7 AN E 0T GRAER, 2001).

(6) RGN IIHRL . RG24 T TN G & B R 45 1
BE S AR Bl A R G0, R RGL T, Ll RN KRB LRI B SRHEN R K,
W& EZ MW CR TR, B REMLH TR, B ENIE S T 05 20050,
TN T KR o 1% IEAN BTN e IS G, I RE AR H R G s R 2R RV G
R, AT RGAMA. AL, REPTdERES, THERKR, o0 ARG 2R
S ORI SN E AR TR0 . R M EERRE B A O .

(7) TKWUEABIY o % EAE KA AR R Eah b, A sgmm /K210 & A
F T 7 2, MK PR T SR A, S K IR TR R Ak %, WAL AR &
%, L) IWR-MAIN F 28 (1) Ja B A KA Ee e, SR I Fe b 0 4 o 25 S RO
PRI BERIL PR BER S e K H I KR JA Bk [l e W 2 Fi L
IKE DL FFRbR I L R IR T ARSI N . 95 A5 S84 Bds
TR, en] DL AT LR ) oA . =0 Ay AT AR, ST R K R
ERZE, RS T/KBEFRSH (Baumann, 1997). (A THE44ME, HETER
T A A Bk SR A
3.1.1.2 RIEK B IR 7o SR i)

DX el TR R T SR T, 22 SR FH LA 40 B RS T /K B 1 v, DAL TG AE A kK
BV Ec T OB S ey 7 R M T =8 N ) 7 9 B R R oy o 1 SO (EN &
20 4l 70~80 4EAX, KIAEFKA /KB GBI, Fa i T RES QnkE 3-D.
MAEETRIRR], KR IS BRI KRR, SR S5 e bs e 3,
T &5 RAEAE K . 1968 452 [ [ S K B e i 2 5 TR il 2000 4, 2020 4F 3 [H
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B B F) 11116 12 m® A1 18900 12 m®, {H 1980 4F /K A A 5803 12 m?,
T J5 B T A6, 2000 41 SZFr I K B 5634 12 m® CHirg KIRUT & 4770 12 m?),
JETME ) —F. Gleick (2000) Ziit T 20 tHD 60 4EALLISK, Wi FLK 28 57 sk T
Mg, DLSEER KR Canll 3-2 o). g5 R, TR IE e w1 .
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o Toul Wikdrwwals | R '
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3-1 EEAKETkERE 3-2 HRIKFREF KNS LRAKE
i : Gleick, 1998 i : Gleick, 2000

/K POIE R R IR G, (R ik . i Crp K IR D) (1986)
FFI 2000 4F4 R Tk A 7000 12 m®, {H 2000 4F 4 [ S2 B FH K S A 5498 12,
m®, P E TR I ) R R K IR IS ST ) (2001) Hh, T 2010
AR TR [ FE 45 T K & 6305~6591 12, m*. 1M [ 1997 4FE AR, FRIE K B I Eh
PEARAE, 2006 £E4xE F K M EAh 5795 12 m®, M H AT 1 & 4%, 2010 4F52p8
FZK K /N T HAR 5 ST -
3.1.1.3 ABREFRKEHE XML

EAMEAE 70~80 SEARLAK, Rk [ S K 5 Ja ik 2 THbd L 48 I B . R
] % /K S 3 K R %, AT AN K. 1980 4R LISk, 4Bk AR FHIK
BOLZHEW PR, 720m® LS 2000 (1) 576m?.

b F KGR A B Ik s, /KU 5 R A BRI R AR TARAE AR . 1 2%, K
R T SR AR Sk A PR TR BRI R A, K PR T SR L 3y R
WK B, PRBE KRR

H 20 tH2d 70 FFEARTTAR, AEkoK e d i T BB A, T oK TR S PAR R
it 28 R P PR AR D, K s A BRI T 7 B e AR B DA v K Ry
F “HKigtE” (Gleick, 2002, 2003). “#igfe” Wil&ikh, AMI1&HE R SR
G-I TR, T AN R IX LE R R IR S5 S AE 22 DK B . T DAE ik A 8 K o
PR, KR 7R, S KRR, i K E .

312 FMFKEMEERR
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SR AR AN R, 32 SR D7 s AR A A 0 7 v &5 SR Al K (R SR R BT e o« DARTE
[ K K S 9 77 S AR A B 23 BT A SRl BN [R) A 8 55 e R BE R /K B 7 SR 1
K TR 7, R 7K B Y5 SR G R R, X T R A SR K B U e SR LA 140
BE X

bR b — g Rk, Tl A3 =K P geit K&, fR70Bies - e dsim
IKBRAE NI /K & o LA R M A 7K B A FH SR RIAR PG FH 7K s Tk 7K A9 B
FEHKE, ARG N ER R &; AWK E R RS K S S A L
K N3 8T = KR P K BR5 R =Rk 1 3= B2 i R 3R Ao

MV 7K B AE K B SR s Ty bl B s, 2000 AFAEk AR MY K = A A
K 70.1%, BB AR MY AT & EL) 5 B 2. Horb DURERE - AR 32,
BNV 7K 1) 90% LA o 5 M B FH /K 5 (1) PR 35 2 A R i AL Bk SR dR
OGP LEM HEE T SRR, J5 = F X AR R W, A I A
AR, FEARE DX 30 N S FH KB S e T A 2 B LR O R . BN,
H SRR A A e, AR K B, S AR B K EIK) N R . B
FEBEANY R R TR B D98, DA KRR 3, A /K Sk BT EE 2 H B~
Bfo UTAER, FRIE MK E AR RIE D J > R

S TV KE MR RECOAE SR, A TP bgiR . Mol A%, T ks, 5
IKEEARAE: . DA IR e PR 0 LA AL IR, oMb /K P 2 75 /K B F00 £ e o5 I A
FEFRE A SRR S e b, TR 7K 22 SR H 5 70 TG e H K e B 77 k1m0l , (HIX
Bl T 25 F 5 ST EAR R . BT KEE (2001, 2004) HRHE RIS E K IEL,
FA T T K S S5 RERE “U” RIMZECR, o T T AHKEE KR4,
R, T KA — R R IR 58 — b {E dv GDP LE E AR T FE I .

A% [ AR K B 22 ik, NIRRT K BN 2~758m® R&%, ~F-Hg K
A 58m°, bR A E KK B . AN, R N K 2 A i
A K A 50~1000/d, AR K . DA YO0 FH /K « kit K RES B3 K (Gleick,
1998). LA 100L/d 458, NEJEEAG T KB A 36.5m°, X Hf 43 /K B2 b Ji 45 B AR B 11 o
S POAESE /K S0 N B AR ABEF IR, BATr L i
i FLE K ARVE S (P S REE) S KR e R Rem A SRR
FK BRI R EE izt X gl il 7B BE S A R IEFLE .

DA IS B SR [y s 42 50K, FH 7K DR B B Bl i 2 e A R e 5 Tl &
JEHES I S AT R RS — A, W T ISR RIFBEA . AR K
R RO B AR, WA DA ] o RO AR KT Ay Ee g N, —
AN P KR BT I AR [PV 5, o 7K s B T

Ak, THEARMHKE S RIE DK@ IE R, 225 Hr 3 HK
o ] B IS B TG, 2 ) LRI 5T T FH 7K 06 1 HE B R Ti) R RIS
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3.2.1 PEKEERR

RIEK PR 2.8 S50 m®, R SR AL AL T AARE, ABIK% ¥R
Bez, QSOGHF-PRIKPN 4. BEDKBHEAE S 1] LAtk AN 5], AEAEW R 2R
FI 25 PHAEDI0Rr R, KR R REVIRE (K K 2000mm, - 332 21 P4 b Py i (14 /)
1 50mm. K BEYEAE ) 3 AT N 5E AT UL AC, &2 b XK BRI A AH 7 (1 3-3)
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B BRICRIE. R MR PR . IR X, KRB AR I 2
e Ry db T 75 Rk i AR 42 [ 1K) 63.6%, ATy 4[] 11 46.0%, {HIK
FIREAL AT A B 18.5%, AI/KEE R 888m°, KT 1000m? (/K %5 i
brdfE, SRS g . Horh, IR A K B A 276m®, KT 500m®
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ISk 460m°. 637m®. 906m°, Ik 1000m? [ /K S B bruE . FATETT e
5 5 DU R A NI /K B85 A T4 PR, AT = . b iE
A AR N IR A B R (L S EPPIACT I 2 £%, RS R AOR TR
WD, HEFZXAHKER, I HTFXAEE RGOS KT IEAR m SY 3]
U, KGR AR N SR .

% 31 Feis KSR 51t 22 FERS T

. R 7K &t ﬂﬁ%i( , Tﬁg L KBRS Ab Aﬂ] L, R A
T PHEE MR E TK B U . GDP
(fzm*) (fz m*) CIHN) () B
(fzm*) (fz m*) (m*) (i)
FAFELL 4718.7 1295.7 196.1 1491.9 0.64 2331 0.55 1.605
SURTl) 1712.7 408 90.2 498.2 0.55 906 0.3 1.942
YT 1711.7 216.1 154.4 370.4 1.34 276 1.01 2.222
g 3554.8 594.4 112.2 706.6 1.11 637 0.64 1.503
T 2767 676.9 2395 916.3 1.99 460 1.34 1.637
Kyt 19370.3 9857.4 102.3 9959.7 4.28 2327 1.96 1.647
AKwiEim  4353.2 2646.4 27 2673.4 0.74 3613 0.28 2.594
TR 8947.7 4708.2 14.4 47225 1.71 2762 0.54 1.974
Vg 91857 5775 0 5775 0.21 27500 0.12 0.652
PEAbigT 54209 1173.9 101.8 1275.7 0.3 4252 0.63 1.537
7" 19885.9 4365 894.2 5259.2 5.92 888 4.47
FEPYR 41857 22987 1436 23130.6 6.95 3328 2.89
4| 61742.8 27352 1037.7 28389.8 12.87 2206 7.36 1.597

e AKEHEEAE A 1956~2000 24 T 1ME, +LSEPFEHEIE 2006 44 [E 7K HE AR
3.2.2 KZIEF & F| IR

2006 4 [E B H/KE 5795.0 12 m®, e ZESGHIK 693.8 12 m®, IR &)
12.0%; TMEAI/K 1343.8 12 m®, (5 JH/KE 23.2%; RML/K 3664.4 12 m® (Hir
R HFEBE  90.2%), R JH/K R 63.2%; A SHEANK 93.0 12 m®, R HKE
] 1.6%.

2006 EIENBIHKE N 442m’, b, FATEYTURIE. B 7 DU K 75 A
Fo o, NI K AR 5 o AU WD L T s B T K A2, 40 il ok 292m?.
208m°, HYCH BRI IR, 20500k 358m3. 368m°, X AABL T K L
FERES K MBIZI M o PHAGET A A3 K e i T AL e, sk 2107m?,
2T SR DR 2 X T AR K

2006 4FFRE K ZE U5 F R A FH %A 20.4%, Sk b IEAS S, HIXIR2E S 5. i
Ttk VESTVRE L BT P AL . IR K IR TT R R A T 40%,
IKBRIFBETE T G IS o FoAEm g T R R R e Rk 100%, /K DAL T 5
TFRRAS
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% 3-2 2006 FEFEKBRF LRI A EREMA B Zm?

AHE O MHeE Tl dEAE N4 AR B ANBIFHK TRRAA

vy
WE ek whk K SRRk K BOTK KRB (P % o)
eI 267.2 17.3 77.4 18.6 13.9 2.4 396.7 617 26.6
SURTl) 135.5 6.4 29.1 19.9 10.2 2.5 203.5 368 40.9
T 255.4 19.3 55.2 32.0 24.6 46 391.0 292 105.6
giel| 266.7 25.8 60.4 20.9 18.5 3.7 396.1 358 56.1
T 368.2 34.7 107.2 33.9 43.0 5.5 592.4 298 64.7
Kt 890.0 53.4 678.6 1382 99.4 247 18843 440 18.9
REEm 1486 12.7 112.7 27.4 18.1 8.2 327.6 440 12.3
BRIT 455.9 64.1 199.9 95.2 55.1 8.6 878.9 514 18.6
PHREET 68.3 18.8 5.3 3.4 6.4 0.3 102.4 491 1.8
piibigir 4479 108.2 18.1 8.9 6.3 32.6 622.0 2107 48.8
ek 17409 2117 347.3 134.1 116.5 51.3 2601.7 49.5
MR 15628  149.0 996.5 264.2 179.0 41.7 3193.2 13.8
e 3303.8  360.7 13438 3983 2954 930  5795.0 442 20.4

VLS B B |
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|| + 14 3,
- ks :_;/'

3-4 FHKEBEFRHARREMM B Zm’

BEATHIX S, BriE. TE. PR AHKE RS, Bk 1000m®, HdpriE
FiA 2594m3, DA IR SeH X AR MY K A s . v, RV, dba. BP9
. RS (D A KRS, BKT 250m°, i sb4s 6K % U S B i
A K.
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2 B P K K e B I, FH K8 DUURE K 388 4 ==, Al FH 7K & B o ER A3l v
T-85%. 1980 “FLAJE, MM HKIEAT E, A/KSEIEIERAA rigsg. 1997 4:H
KK 5566 12 m® &, KA Wik, EI st L (K 3-6).

1949 4F4x[E A HIKEAY 187m3, 5] 1980 4E14 15| 450m3. M 1980 “ETT44, Ik
R A3 K L s ARtk AR SRIEAYERELE 450m° (K7KT (1 3-7).
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AT L, 1980 A LA, el FH /K 1) 5 O DR 3% WE R AR b P 5 e
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Bto BRI, 5T 1997 4 LS FH/K SR AR 3 S LRI, A7 T3 B B R K Bt R
KK BT KW K e, K H Kendall BRIAH G734t 1997~2006 F o 1H J #-45 H
KA, 3k 3-3 .

# 3-3 HERKTHBZFEE S (1997~2006)

AHIX L M Ak R4 IR A R BHK N

A A K

4 - + - + + +

bt - + - - + +

KA +

e - - - + +

g - + - + + +

E 31 + + + + +

T - + +

AR - +

MORYL + + + +

i + +

YT + + +

WL - + - + + + +

7 + + + +

A g - + - + + + +

AN] - - + +

W%k - - + + +

] - - + + +

iR + + + +

i : : . . . N

T %R - - + + +

I +

i + +

EN + + + + + +
pg i - + - + + + + +

TN + + + + - + +
Zi : : + +

Ve + + + + + +
Bk v - - + + +

il - + - + + + +

T + + + + +

TH - - - + +

B + + + - +
“+r et 1 17 3 11 27 11 23 12 3
“r et 15 1 13 6 0 3 0 4 11

o BEKTIR 0.05; “+7 R fT WL RHIEmES, “-7 AW R @R, B Eas Zaigoat A n g A
B A S A,
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FEMEB ALK AR AT A g b, BRooN ) 2IUEIEH S, HR 15 8
Ty B 17 A 0 RPN KR 28 InE S, R 5 2@
ANV AR R G A AT 13 A, B INES A DTN HIRAEE. 3K
] FH 7K At S R 7K gD, AR K88, A T R s D i@y,
B0 A AR SRR o

BT 0 RIS Oy TV KK 2 B W Hia sy, by andb st b,
T ] H S TR KR SRS . WX IR R BUA
TP KRR B2 K B ISR B LA 3R IR S M AR o 3 i A AR A8 A D 7K B U B
KB M DL AR KO (w2 AR %% (Rogers, 1984). [AIt, e #r Tk
AHEHIN N2 B K B R B LA 3% K DR e B Jt 1) 52 o

BROGHE b TR TR AIRBHI K EAAGERA E DUAN, Har 27 A0
HUS BT K28 5 B 35 O Ga He & liX 4 M (. BRI I K281k
A G2 IR I DA ] e DR D b R L VAT 7 SR R K B i B R g s X (AL
S F BWAL PP 420D, KB SZ BRG] ) P82 Hi 2000 4 LTI K B
SO T R E MM R, A 2000 425 U S BUARH W (I . ST K P
BRI SR D A A BRI A RS, SRR N Vs — 2 B A0
AP NI R EAT P o AR AR5 FHKAT S35 A A 54 1 48 0 R A
by FEARORER Gy SRS A KB AT A S 28 MY, i
Iy, ARG B T ACE R . B, R BT R K SRR T SR N, 2
FEN T ERRT N34 FH K S 1 Tnoxt 26 i HL K (K52

S[FA 12 N0 RUK S B RIS IS, 4 a0 RS 73 e
Wb W TR, EEA TSI . MABADKESRSE, S mER A G
B3, PRI E R DEMNANPEE, BIAL TR B R X g E S 6 2
B 1L A SR, d RN A TR, MUK E R RIS NI KR 2 8>
WA, RIS R AL .

3.3.4 5XEERHIELE

FE— B AT R JERT BOh, RIZKE BT AL I B g 1<, (H 3 2 e R
FAERR . T /KB T ZIREh 38 N B EBRAROL M A g b R )
KA T A . BEFR LTI AR, XL R R R K R G, (IR
FIFARFFEN . BRATFIOEFZ M OFREE LR SRS, ERXIFARRER
SHHAETE 2 KB SOEE KNI i kW], et Ptk S| —E K e, H
IKEA PR MG . L, AL T AR SRR BN S ), P28 B A
RIKELZ T R, JFANRESLSEARBL A KBCR IR e, 10 58 22 (R B T e AT 1 2 Ta) 28 35¢
ICPIRIZEST o LUK BRI, HERAAL NI FH R B it FH KR Cln e AT 7O,
TNV HIK R AR REBEH KAT R T R A TR A
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B R EUK R SREA T

R 3-4 SN 5 E 00 Ik I NI IR R R P, 2% [ 2 Rl A7 AR R 22
K

S Hop, SEEAMMKERAD, AL 200m®, S EN R 1600m®, A HK
w2 .
%34 PFERKESEELZERM L

. B ABH Ak AT A4 A T AEH

K ﬁi K& KgAK MPHAK AR KB KBRS oKLERA
(e m*) (m") (m") (m") (m") (%) (%) (%)

ai 2006 5795 442 279 102 53 63.2 23.2 12.0
| 2000 4770 1600 660 736 203 41.3 46.0 12.7
HA 2000 884 690 431 123 136 62.5 17.9 19.7
1 H 2001 380 460 91 312 57 19.8 67.9 12.4
Pt 1994 118 197 6 148 43 2.9 75.4 21.7
PR 2000 332 548 54 408 86 9.8 745 15.7
JIEN 1996 447 1386 163 952 271 11.8 68.7 19.6
SNl 1998 420 723 326 265 131 45.1 36.7 18.2
PHHE A 2002 372 864 588 160 116 68.0 18.5 13.5
fif 2% 2001 89 544 184 326 33 33.9 60.0 6.1
Fhe 2002 7 123 52 32 40 42.3 25.6 32.1
WAFE 2000 241 1193 898 120 176 75.3 10.0 14.7
LS 2000 21 305 189 20 94 62.0 6.7 30.7

TE: B R A tH K SR (2006-2007), Forp S [ A K A KB &

AN K ZE AR, S A RN K ik e b, A 6m®, TSR, [
PHIEF BRI K B 1 500m®, 3 55 4% R R A4 1 it 45 1) S5 TR 35 K
FRTRHR 3 Ak R 5, B AR NV BEME () 7 SR 29 20152 (FAO, 2007). i 3k [H
N R R BE— DA, G OREERR R ax, i 2t 20 RHEBR I AR, CRe 2 )
R B K BRI

CLE S T K B>, A4 20m®. (H R DL 41 2 thE 5 17K v st de X
K2, NI A 300m®, oMb &t 0 A= 7 20 52 2K W U1 skl 20 48 FE A6 WA
2, KR J I A A Wil 2% 5 o BRELESAh, HE AR [ 5 N Tl H]
AKEAT 123~952m° 2 [i], By FREMA KT KPP EREZ I AAKE, T
Mgty e s, TV N F A B RO 2, 8 O T4 TN 7K A 22 5 1 Je A
FER A AR, X B R G R BAE EAT O G NS REE KA 2
R SR BEUEATN 6, i KRB AR . S f] L PR SRR M A 2 [ 5K
HOKBEISATS R, XA BERT T b A 7K Bt YR sl (1 i v AF B ko B8R TA
AR, B A D KSR AR, Sk, B3 E DAL ERE Pk
J&, T HIKEIER A P K.

BROEE Sh, HE S NI A K TR E AT A U A 2%, RIEE
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Hh Rk B 1 22 18 S i H R 7K R ke B G XS DA 5 5 BT SRS

WK BB IR fr o BILE L A7 22 PR AR S0 B A i N B A3
IKEEZ10 1000/d, 4 W AR E FH KB AR K K 7

3.3.5 EXEKIRFIEES MM S

T b R ) FH A AR A AR (1) 40 BT B 55 Rk L R A6 B, e 45 B R A SR /K W 05 7 oK
WK E, FEA D DIEREFEERMHAKE: 2) NOBREE—29
Ko BT B AETEACT I &, 3t T B s i AEE KR 3) AR &
Ay, TP KRR . B2 X LIRS R R K520, 2003~2007 4 4 [H /K& X 2
P4 B B ke, i 5320 1Zm® B n$) 5819 1Zme.

T %44 HK & R A a3 = i) o 5, DARCRIK B R Z A K S0 22 5, R
HH 7K B IR 5 SR AAEAE— A 2 (8 . B/ Bt X, v LB sk s 4
JUHOKEOR S 2R R A BRI, P KRR, R K.

TEPFIR B ISR A AE T FRIE KB AR SR (AR A R, WA HE IR 11 B ) B LK
o, —EARKEIET E A R T SRk IX , ARG IR 2 SR RN BT
I 87 8/ R L S e I SV R I S e o S I S B T W= B/ S B
KA 3 A S FH 7K S B R B 1, (H L AT DR A KA 2 7K 52 21 BRI TR 22
[FJ I 38 R A AE A AL B PR /KRR (A2 305, 2007) . FRIE R KK BT
KRy Jg, FEE AT Sk X ORGP KRR T K, K R IEBOR ] E S5
RERR R A

HRILEK IR R IR 2, KB iR 4 BB R /K EAT T0, (H 5t
EAE TR . 1980 FLRIEE A /K EBMA K, #T4LFF (2001, 2004) HEFEAL
FA NS84 R /K @ B e 3 1 75 7K i o AH 2548 T N K AP AR R AR (3R 3-3),
Jemt. K, BT, BiE. 28, VIV, TR, ER. PO, TR P A m A
1997~2006 4F[i] A 35 7K FE A Ak 5 (e v {1 LU SR IR v B A T 0 B BB 30%, A
B A BUEFEAE A AR PAT B T K T A A o RIS, DRI A 4 ] FH 7K 5 () 7
TR B 7R 25 0] 22 e, 45 )2 Bk X K B Sk — B K, ) i
FH 52 30 BR i«

DRI, DA AT K 3G K 3K 3l DR 25 R Sk (R TN 77 v, B3 A A X 3K B 8 75 >R Tl
WA . AR KB R B IR 2%, noargll. Tk A5G = KHKH P 4
TR . Forb, b AR T K TR R . MY K T DR BRI AR . 1
SER. REBLEAL AR R B AR, AR /KT U S R R K X E
RIEAR T HEAT X He @ AN 38 FH /K @ 4

i T AR EREZ, BR. tIX 2 a2 e W i, #F 8] e

Y (2007 P KB AR K AKFIE M SA, R R g, bk gt £ 2006 4.
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B PR F R

G, — B KBRS Z A AR s, T S o P 7K g TN 7= e KPR 8
3o TNV HIZKGE H AT 3R AR A i KA N 5, Ak H K i Ry, AKE
WA R 20 A0 b FH K S AR ) I E 0, PRI, R 9 AR SR T Al KAk ia sy, HAy
T EENE .

3.3 Tl Ak MES MM G E
3.3.1 T AKEEKIEH

PR (2001, 2004) WFHTT AR E K Tk HKBEZ 5k e ARt T
K, T HKBESE D R REAFAE— BT R R4 e, 2458 U Ak, K
325 R b A WA H BN 1) 32 AR rp g 20 2 70~80 4EAR, X M [ A ) GDP BI1E
& 3700~17000 370 (PPP, Lk 1985 F 4240, 5 — b7t GDP & H oI v 4 42
30~50%. AHXTEE = Mh dv GDP LU e R BRI [A], TV FH 7Kg — el /5 10 42 EK
W%, FEJERCRIMELE TR RV 5 1588 == Ja, FEZK YR Tk 5% JA
PSEd R T H /KU — A HBAE — 7 iy GDP LU EL R4 TG T B s TR), =22
KA X — I A P M G5 M TR T, 157 8))- B AR AR 2R ) R AR AR, FE KT T
W IFEE 1) R R v 5 88, T K s B3 K EE B IT 48 N %

SRR AR BB E N, HRERME T — MBS, T HKEA
S EFREEK, IF A KA DU I TSt 1 ] (22 (0 R W . (6T F K s
WS PR RRARE, VA 4 R AT 25 P T B

332 TUAKkE5=Fmlt A\ORIX R

T R EE K T K-S 88 = bl N st b, nTDUR I, P9 WA B
I () AT AR — 2 o 58 ol NSO KA TR B, DM AKIE BT .
FH L InERL WRRIE @y 53 RR Tk /K S HIAE 1981~1994 4=, F1 Tl
IR AE IS R S A — 3, AHAR ZE/NT 5 4. R, VAR Bt SR
MMk U H BLAE 1970~1975 4ETR], Tk FH/K B3 K RAAR SR, (HIE(H H LN R A7 £E
—E PG TE, 7F 1985~1989 4 [H], 1% -5 KR E ZK BrIsARNT F & H . HA T
TR UEEAFL H IS ) LT =il N A, 5 HASK IR Bk, T 7KK =
Ko AL, M KRR BE R SR T BN aE, T AR TT AR I () s iy 1 58, T
Ml FH 7K G HH BT B TR AR B T CBZH K, 2004).

HRFEN, REIL T CL e TIALIERE (FEES2E, 2008), H TV

" 57 T Godbout HIZETH i, 5 AEHE A
YRR TRRER, SGEL INE. WA DR BRI, BRI L E R ARG, (ot
b2t B A AR B T J S DL S EAR A, T e i [ 5 U S B )k i o
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Hh Rk B 1 22 18 S i H R 7K R ke B G XS DA 5 5 BT SRS

TK K AR KA I LI 564 — 5. 1980 ELLK, dbmimiss = r= i —
AT PO A (K 3-8), wiolk N THIUBEAE 1992 FIX BIEAE )5, JTUR T R+
SIS . DAL K BT 1992 4E I THIE, M 15.51 12 m® BB £] 2007
N 5.75 42 m e WEIFR R LLE Y, DM ARSI, BRSSP bk A B
s m, FK AR Rk ke, X5 S E A — B BiI T g5 st R S,
RFEZK B R B R A Pl R S FE A e R i) T K7 =K

300 30
250 25
< — A N A
= 9200 — TP HIKE 20
5 A G| 4 Y}
= 150 ~— 15
7 100 10 _
E \E_
50 5”@
g
0 0 =

1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010

B 3-8 LA E =R AAE . M AD STk E

MK EF, TIHKE S bl N D #ca A7 g A et . 555

FEAE A R e B, P B AR S I LR o X B DR 28 bl N 1 3

2 TIEE CIESBFRIED I EMARIL, M T KS TR 2 E g e R . K

3-9 72 1980 4FE R I [H TV /K &5 =il N AR s K, 5 A SR AR
1997 4ELLK, Pl N AR TNV /K B 4R 7 677~732me (G A

1800 24000
—=— KR
1500 N 20000
—— e M T ~
5 1200 S S 16000 12
> O
I
Li“ 900 12000 <
=
ﬁ 600 / 8000 4‘47
[

300 4000

1980 1985 1990 1995 2000 2005 2010

E 39 HETURAKESE- LA AOER
i E SR B B (TR 2%, 2003, 2005, 2006, 2008) *of & [E (1) 1Mk
ACEREAT T YR, Ak 2005 AEIRE 2 uE N T T rh B 5 2B B, Hodrdb ot
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B PR F R

e e Tk, HAE AT T R R B . 78 TV R RER Be :Wﬁ
NP LA 2 TR AR T, AR B B = b R AR T X R (1] 3-9),
RIEFE WP LA, T K S Bk S i, M%“*#&%Amgaﬁmﬁﬂk
1) 30~40%. FHE 2006 - ol LA 25.2%, Fadbhasit— i, T H ARk AR
MBI TR P, T 57 8 ) B A T PR B I B, 55 b RS S A R
HIEAE K, T E TR EIER DK,

3.3.3 JKFIREE TR Tl F7k B9 29

R DTS NI R B, B 2R B X A4 0y AR AP e o 32845 63 TV H]
IKH AR R, T AR IR E AR TA AR i # . Jorp, B¥g. 7% WL, 1T
Ii ARIEAL T A KIS, b K 32K SRR A A E I B 2080, TR BE Tk A g,
PR L AR — 2 VI K BRI A PERIZTI 2 1, DMV AR SR B SR —
PP AR CABL MY R IRt JEnt, R AR 307 e
ABTr KIS, BARBEAE TNACHERE I A, 2 M A N AT B, ETME A
IR S (R 3-3). WL, EKBESEREHD, Sl HE) KBRS 5,
A DA R b P K B

R A MV YA R A Jo 3 S W, (] DXl A B, 7 AN N P2 TV K
FE TR A R B P ERFFAIRS BSE o (EAN A X BRIRI AR ZEAR K, Toi R Rk 5 2
], bR E AL A 2 ), FRBL B R R 2 e . XS AR R, M
IR R SR ALK B R e BN 3, AN TN KB A M AOEE %, K%
IKBRIEEATAR B 22 o FRIE 2548 TV K CRAJEAL b N 1138 T K 5D
LK BRI SRR CRA BWAIL $550 2 A B2 e, wlsl 3-10 o, 7K
S VER TS Rl S N SK /PN A5 E ViV S o 9T

2400 120

2100 /A 110

- 1800 100
Q 1500 f v\’/ 90 .
= 1200 \E(Avﬁ W 80 2

8 900 ; % 70

300 50

0 40

:H:ﬁﬂlhlj\]k %J:{Ih‘ﬁim‘m{lm{Tﬁﬁ(ﬁffﬁi@mﬂﬁ@&ﬁ%?ﬁ
HUE b U S T AR e e A TR0 R U AR R b FE AR 0 R R NN R P A i L BR
T L

| = TR CAfr gl N ED  —e— KU R R (BWAT) |

3-10 Tl A7KHERSKFIRERIZE Z BRI X FH
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Hh Rk B 1 22 18 S i H R 7K R ke B G XS DA 5 5 BT SRS

PR GRS Gl X MY K KK P i 5 B2 5F A R A2 B IF A K, Ui
WY R] DATE R HEA T R B s iy b 8 #EAE T B, il Mk KB . BT4H A (2001)
RIIFIT R, ik I o W IR 4 S 0T 58 7 A% (M A BT ORI BOR L SEAT /K B T
DyE LAY O e Bty BRI A S8 [ 5K S K L8 8 i (1 I PR i, M K
ERBEN TR KB B FE P AZRIBOX S K 2250, §2 H mbr R ER, A
BT ELYE > N E SRR I BOK B, 34 AT LAyl D I K HETBCER: et Ak

3.3.4 TlFHok T

RAE T ZK TNV /K K — R AR 55— gl iy W3, AR s 1R) 9% )5 1 Tl
e ST 10~20 4. P EFE SR E BT (2008) W E, REE T
2015~2018 FIEASEZIL Tl Ak o Ha b Ed,  FRE 55— bt b =i tH ILAE 2025~2035
T, HIREN D g RSO Rl AEBRAT BE A 0015 KB BRAS A B, AR H AR
GERMER, FE T KSR 2020 4F A 47 Bl sl F R K .

RIEE G Mgl LA vy e — i ] 3k 1) 40~50%, B 5 8 < v J5 126 —
PNk, LRI aE R B o AH Tl S N k2D, gl Ao SRS i .
— Ml L [F] 74 2 30~40% M, il RUBLE Bl K. R4 e =l o
1: 34, IRF P4,

2004 F [ S Bop I A = R L P E PSR GORIBUGR) [T, Tl #] 2020
T, WEN O RL R 14512, 575N DR IBR A E] 9.4 12, 558 fkt &
TREEHE (2008) MUK, e 2020 HHil S N LUK =) 8.5 4. KRIEEFKSEMK Tk
eIy, NFEEE— b b N B —FBEAE 15% LR, i Rl DR Ay X3k % J AN ST
Ja T A e e LR N N ER S — 77k (2006 55— b Mk B K 42.6%) . FITLL,
2020 AFFRENEE N T EUBPRHAR T Ak K s KT, 5 H AT R i
P, KRATEF 30%4 A7, Bl 25514,

2006 FEIRE G MMM A TV K EZ A 700m®,  H 2R R AR
Fast o MBI RS, TR 2020 4E TV KB Bk 3] 1780 12 m®, & H
AN TR R 123m®, FIHABLRAKTHI2, 2020 4ELLE, FE P gk A D13
SFREE, (BRI KSR HR T, T KT OSEI R K. Pl vt
TSIl B PR ()1 K BR A R AL B, R O KRR T 2020 F A4 L, M
L2 1780 12 mB.

FR s [ AL R B 4 SR 240 (2008) X FR [ 448 VALK IIVEARY, FIAS [
H X NV K R S

g bR A S DAk, b, Jbatii B 1992 JRAR T HIK & O 2
grpgbiEs, Wi RIAERKEK, PRI Rt/ 2000 FLLK, i
TV K EYERAE 80 42 m® Aidi, SO shPEAR L, R LAY LA S Tk KA .
T N KR, 80% LAk kL) TAHEIK, KR Al LU RE A KA, KK
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Fil k72 7K R ISR

KEPEFEEHX A, 7R WL, IR, #E a0 T A & T4 B LR KE,
AbF VAR JE RN R 35 2B BT AR Tl R R S e, Tl B /K 2 5 e 3
Ktadh, ERHE TIWALERRII5ER, T KB ISk s . Hixeeg 4y ok
BRI AN Ry, NPRAT 5P 75 YA AR, nT DA R IR 2848 43 (1) Tl F 7k 3
Ko

BOKHX A, R (R 307 B AR A T A B SR KT . i P K s s
BRGPRA], 1997 4FELISRICT . IR M4 TV KR SHUH] B N s, RN
SEUERRAE 5 A2 m KA. =B TTBRR DL KRR B, R AR O 4k 3 Kk ik
FIKF, AP TAHKEMRT 55m® (LAY 26m*). K B4k N Tl Ak Jm i ep
MEEB, WA BB T AR NG ko Herp Rt th 42 r /K AL CRER 32K X,
e TR K G, 7K IRAER R DA T2 fde, T 7K nT 6t B — e e 2 ) 3

Bt A T ALHERZ bR, JCAth A=K A48 00 10 =il A EUR s K, Tl K
Wbtz PO o R BV O 7K SEL R IG K 2 5, X S8 0k o B Tk FH K

B 32 X
Bt et N0, NP ACBEREVE 5 IS ) AR5 2 M HTK
i Ko AHAZ TR BRAAT, N T SR, Rt 51, RS FEK ALk

J&, P IR RCR, 3 M KB . M DMK R B, X84 (i BRR A
MK EmE AR R 2R, LT G KK, wlL, S H s
s LUK . Ferb, BUK R U S K T R HON S B, SRR A2 ]
RS, NPRAT B RS R A O, P BOK

3.4 REKFRFRARERESE

2005 4, JRAFBHIACEMIAE K B A s i@ e R e IR AR, #2020 4R, 3K
LR 7120 i B e /D RREAL S G Y R K B A 2, e SEB e Ak R I /K 2 1
Koo BURIEE SR K DT SCRHERR S 50 F 7K R 5 Y L 1) — BN b FH 7K e
FF 80 PRIAlTh, 2020 G HE IR R (1 H brod al LASBLIR o

3.4.1 RAFEK

R DLyt S 79 K B R o T 220 A 11 (RN 1n) S, SESE AL R T B A
Frob AT DA, o [ AR FEEEE T AR M 1500 5 hm? % € 31 5660 J7 hm?, H4EAE
S EBEHIAN 46% MR R AR = AR B A BRI 75%, BTSSR EY
90%0LA [ (3%, 2007). £ 2020 4, FRE N DB E—P8 KE] 14512, N3
A TERBAT TG, ORI 224y, T2t — Dy R AN . 1o B ]k e i
SR PRI BT M U A T AR b T X, B K SRS AL T O S DA AR R .
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SHEERE UL B AT i H R 7K R ke B G XS DA 5 5 BT SRS

TEZK GRS () [, B FELAO K Rl A iy, YR 2™ . A [EAR A
BRI FH B H01X 0.475, A% TR IEH 5 0.7~0.8 /KT o Hr B3 /K 453 2% o VI FH 7K
PRI 80% LA L, P RIKEAR T A B A K A S T ZK SRR AT (R4,
20070, Horb, RADREDC L /KA AR R 2 0.416, HALREIX R 0.425,
/NRVREIX Ol 0.462, ZHIFHEXCH 0.688 (HEIEAR, 2009). WK A 7Y X 1 /K el ik
FfcE TREE W R, R KRR

IKRFBAC K T 52 T K RER R LR, 31 2010 4F, B e 1 X 200hm?, A&
HHEBE T ARA ) 5860 J7 hm?, JLrh 50061k 275 K HEML SR, Sl K, HERE )
IKAT ORI R BER 2] 0.5, BriseESi/KAES 200 12 m®. $1] 2020 4F, A FH L I FX
%) 6000 J7 hm?, b 649%:i B /K HEE K EER , WEE /K AT 20R) ) &R 504 i 1) 0.55
FeAis FHIETTKEES) 300 A2 m®s A K RYHEX A AN K B0, SEASE
PRI 2 R A KA Sl “ B s, e E” @i AR E R
K BEL BRI R A KR AR B A & .

(P N REANE [ RE TR R BT — N A RINED) 81, F 2010
FESLARSILRERE K R I . B KR AR e iy, XA B A2 T LASK
Lo AH T HERE A, BUR AR FH K kb R 340k k2% . Tl 2020 4
4 FE ANV K B GERE BRI KT, 3600 12 m*. irhr, By Xl TR i AR
BRI, JUT-RT BUIF A A 7K K s b i b 8 BES: LIBR I, CIEATF ke, &
MRS I (B4R, 20000 . db 5 Sk X 32 K IR 4 BR I, AR EE “
=G, EEAHAKYCE, HAKBEASHEK . RICHXOK - BHETRE L, 2R
FH7K AT BEXE I ) X 3

3.4.2 £FEEK

800 200
——————//j:::::I:::z’” 5

i 100 @
5@ 400
2 =
i -
" =
2 200 50 5

0 0

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

[ —— KR —— ORI AR A KR |

3-11 HEEFRAKTLERE

C P NG AR 2 R AR, AR (R G AR B RO FOR U SR L R A A K
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1997~2007 4, F[E AT K B K, 1 525 12 m® 8% 710 12 m®, 4E1y
M 3%, FEH SARE, RN DRSO A AT R, WS
NG K EIA TR, eIk m ek, o AR N B8 Gk A3
A K T AR A HIX D

TrE 2020 A= F T A 384505 F /K & 2100/d, AR ¥ A3 F /K &8 130L/d
HY 2020 4F8 A1 14.5 12, hifh# 55% (J&TUE, 2005) 40, FRE 2020 4EA4 55
FKEHEE] 920 12 m?, NI H/KE 63.5m°,

3.4.3 E£7SHK

2003 “FIFhR, BEHEAESHKAANG I D42, Failm RS 0w BH
NTAMK, 2003 4EAESHIKE A 79.5 12 m®, | 2007 4E %) 105.7 12 m3. A%}
NGRS H 2R AL, TvH RS K E G OE KA BT intk, 2= 2020 4Fi2 3] 200
A2 m® ZeA, 307K B 2 A P e S T X R A A S X

344 RRHKE

T /K T 2020 4E A4 iA i, TR 6500 12 m®, HBLR (2007 45)
HItL, HIKEBINZ) 680 12 m. Jmitk NS HIKE 448m°, FIPLRAKFIEAF T, H
Halk K 3600 12 m®, TalkHIZK 1780 42 m®, A3 /K 920 12, A8 HIZK 200 12
m®. FZK R EIR B G, A0 EARHAKE BRI K, k. Tk H K
ARTBEAG, B KR AR D

SOURAHLE, #8RMHKEARA K, i AR b X T g B . T K
BkaA B, EEERE B Wi Wb Y. DU, FEREE DR R GE R
FAKHX o AT SAESHKER R ATBEES, RN DR EE, KRBT
b X A= 3 FH K38 i s B

K B R E EAETE T EAKE D ONEFEITESE). EdbHIX . Ak
MO, PHARSEIK A O KRR . o7 ARAK SR F5, FdbHiXOK
BRI AC AT ALK DA B 7K A AR ) St i A s, K SRR X S 1l X IR RE M AR )N
ZAKGIRSAF R, PEALA O S RE St FH A B B, SRERT S K E K, SRR
ERAE T .

3.5 Ihgg

(1) EANEIEEZ AR D) LR, AR AR 5 U 88K 1
gk, fE @R RS —wREE, H/KERREE, K5 2INEIEHD1E
P, FIK B, 78 LB TR) L 38 5 R0 b B /K 0 i AR 45— 20

(2) TMEHKE S TN 2 8 38 W B &R, BLD N Z Br s ok B
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Hh Rk B 1 22 18 S i H R 7K R ke B G XS DA 5 5 BT SRS

(109 M 75 7K PO 8 7 T oK o Rk [ ORI R [ R IR 44 T I K AR A i R i, T
MV KB 55 = bk A B DG . — Rt N 1k B e any, Kt Tk 3
{8, LENA] 3% 5T Tk k5 R 10~20 4E.,

(3) MIXFFARN K S AT K, MK #EEE K . AT 5 TS R 3R 55
HBOR, VUK IREN FB, mrBL 80 T K, $ERTsEIl TV /KR K.

(4) FRIE TV KR4k n, EHAT R BLBOR L, el T
2020 AEA AT IR, DMK SR A 1780 12 m®, HLIR/KSE (2007 4F) H#9K-2
380 12 m®, BT/ T K AR

(5) G ISCIH Jo SE it B8 A% P A B, (e e iR &8 T K, b Tl
FK L 2K IR, KA 0 AT Tl /K R i i, BRAFE KRS Tl
R, T KK . E AR IE B R IR E AL G 5 R IE A 0 T KR R DT L
I, TR TP A 7K B 2w DA A2 Tl e R i Y

(6) FRIE /K itk R BILLE 2020 4E 2647, IR 6500 12 m®, HHLIR (2007
) MIEL, KRN 680 12 m®. a4 A KR 448m°, SELRAKFHI S
FHK B0 B R fE Ry WK 0. ARIEHB X RIAEAL X o Rk F K B 4
HE E KX ARG K AL A2 K X, K8 A2 i B () 7K 8 5 S ORI
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PN EE IR K B R A 5 P

FNE XEREKFIRERR TG SRRER

TR GRS ST il 7K B G SR L R P B W) T AR, 4 i 7K YA R )
A H a0, Bk B /3 19N I K BE A S ), K BE AL C 28 ol Bk )
A (Winpenny, 1996). 1104 NItk ol KRS JE (1 B SEALA, 7K DR YR e i JL Ry
DESEIFFE R KRR, H 2 A9 2 Prth o R AR AT, 2003 4R BOL 1 FE FRgs &
P B S (IRGC) REZK BE AR S U A1 oy HORE IR i

1 7 9 YR ke XSS ORI 5 32 2 A P AR AR il vy 2K XS 23 g i, 9 3t K
A RFAE R A IR SRR o AHEE TR S B XS, DX RO K B8 A
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SATTHRIK AR K L M ZGRER A US 1) o I BB D 3 ) SR 2R PR AT AN 2 1
Ll PSS A2 A2 AR S R R P BB Ak LA AG 3R o H I AT 9T 22 R TR e . KB
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D IRUE AT T 5 R SR RS ] 7, 50 1 XK B RS R AT - HE
(RIS AFAE TN AR AL b, A f 1A N ] 378 B R S X RO /K Bt it e
AP TR AR R R, M T R PP 5 R HHEZE, JF DOt B DA e il gk AT 1
W,

4.1 KEZRBREZERNE T EEEBEMRER
4.1.1 NEEBHARIKER

19 AR, WS AR Py e r Uk de o NS, BT AN FRIE T4,
X IUBSEAT AN AR E 3o R 2 HE B O MR & = AN IR & 3 AR KRB
BERATR e AR JE R (B 195E, 2002).,

20 20 50 AN, S FE R 22 il A A R R R A v J2= DR S DA R DU 7 L 1
SR, S BT RSOk . 21 70 FRAG, MU BRI . Tl 5 s AR 4 2 0L
EHEER (¥R, 1998). B KU BB 1R, Aa s v A 210 5 e . K%t
PRI T RS B )2 AU e T 20 AR 70 ARARUE I, FERT kR . TR
Xil\ K BHIEA S AT 2 T2 T RE (R, 2008).

B b AU L 2y (IRGC) SRS A B SO VPG 3RS 13 72
FARRTAA 9 WS 73 AT RSP A« ARG R 3 =AM T o e U 23 A AR PP A 1
HBE, DR Al S RS B SRR 3 o

IRV 73 BT A I SUAE I 0 DX S I ) A v ESEB AT Fh AR A, IF 0 prix R
PEREI T BEPE R AR IR JE A o AR 2P i XU P98 DS 3 2B T R SR M) L A
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B MORT R 2P AT 85 S b i e e i ¢, DASEIUXE AT (1 H AR o U 5K
) 32 A 55 2 AR AR A AU A5 4 R 10 22 A DR, ¥ S BEAE — R DSl AT 1 s
T 5, XIS KR AS . R aa AR HEA T PEATY, A0 2 Pl AS ] UG A By 52 2 T
RISRAIZS, W FEEH 2. GePr . IR IR, LUK A RS A BE 7 S50
A Ja R Rl e 2B KM EE, SRJE FE 78 70 % R nT i S RE B (s DL B A X
Bz Ak Py S P IC e e S, KRS APl XU AR R AT HILAS Aok, AR RS 2k L it
B AR TV 5 £ 2R A

4.1.2 KEBRRGZXEHFR

] o 7K XS 1) BRI 9T 45 T 20 {H 20 30~40 44X, 2 PR 4 = AU 1) 7 K 1 T
(1o BEEALSETIRRE, FERl I A ACT 13 Ry, 6K BRI b4 fr R 2R (1) 22k H
mifem. Bk, EER EIFRE T KA I i A A )RS 5T, A0 — 7K R TR Bk
T ERG 7K I HE A RS ] o A7k, Bt NS E 2 B R e 5 7K B s AU 1) 1 H 2
S, A ORI B 28 40 AU FRIAE T 0 AN B I A RS ¢ 56 ) 38 1) 22 ] s XL, R 556 ) s 2
AR, BE AN TE AR BTG R IR 7K BE 5 RURSE BRe 3 K e o

Hashimoto (1982) & J& 1 wlfEtk. Zy#ifh. vl P = AN FEARTRAL (K XU,
DI = TG bR A AZ O TR FR b AR R AE K B8 R G0 R 7T Pt iz N e, mr gk
RERGA T IEHF RS IREER, S PE R R A R i g, wl ik
STVEFIRAIAR RGN R RS IEH W nT fe k. CLIERIS kKOs %6, JEDAR%
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MK RG R FMER L D STk . RUETK B4 H AR KB 7 % . e K
RS (AT, IR EESEARAR R T 32 RN, e HASHE X HBIX, SR IX SE 5 hR VAl
TSR BEACORS: , FEad s 8 3 K B B S A KA B, 04k T T R A K A
D7 %, SRR T S KX (K Jinno, 1995; Xu Zongxue, 1998; A Kawamura,
1999; T Merabtene, 2002).

bt A BR AR AR 7K SR R S s MRk BRI 2, Ak, AN R T A0S
A5 AR AR DX 3 B LRt RS PRI 5 o A9 2 Bl e A AR I 5t R B K . 28R 5%
IKSCEZZ AT, W00 AT BELA /K B IR R ey RIS my, gEA IR L5245
RIS, M AR IRt K 22458 (R N Jones, 2001a, 2001b, 2002, 2007; H
J Fowler, 2003). ¥4k, [EAMETFRE T R IREE b K B8 ke s RS T 5T, =2l
Ik AR IR T 1R 2B, A e SR 11 2 A B XU 5 LA e B T 7 S il (A Iglesias, 2006,
2007).

TERBS AT, B 22 3560 S8 v ) AT T RS AR, SEiadet T
k. BOREEE . BUER D BOREGE . ORISR BER B E . 145, BORIAL
BRI DA S G v SR AN AR R B AR il BRSSPI BRI ARLR
PERERI . 22 H bR B AL 45 5 3025 e A 5 N K 8 5 R G BT 5T, DA ke J e s it %
Z HERAN AT A FE R, 3K L8 B R0 7K B8 F 40 KBt T 5 R AR RS /R H

] A FOAIT S 2D B, = B4R E KR TR 20357 UG 20 BT AN K 5 9 28 48 UG 20 Bt
I TR TAEE T IROKIEERE, 7K G 28 G0 RS (R & PO SRR P e A/ 21 1
Gi—, [FIIHEH 72Tk, AR 1SRN .

TEBFE (1996) DI/KFIR RGN TS ST T4 RS IIRES, #7756 XU
(1) 25 4 J5 T R T XU 2R e S V2%, /K BRI R G LA R S48, 0 kAT T
IUE, UEBH T KB IE R GRS P Y S TR A Rk . 1997 4, EEERE AR T
ST BRARZS 23 (R AR B4 23 A7 16 RS Pk e 5 57050 1998 4F, Vo P48 KUK 23 B g
EHT TSR R B, 25t T AN RS . TEETE . PR S PEALD Pk S B AR T
R FRFR. 2000 4F, SRAFEHE T AT FESK PR B AU 23 BT R S (0 2, A
GHT BB VIS 7 VAR, 25 TS R A P DU ) K U TR IR 4 A (1) 8K
Bl o AR, BEAST A5 LA R s X A K R0, SRz X 7K R %5 5
TR BIAN AP, AL T K IR RGBS A AT ALY, IR T SR Rigr(M2C) Bl
HUBEFLEE A S A XS RO 2R (1 B B, 0] Se0m] 1 Ui (i FH 7K R A AN [R) FH AR O
(PR RS EAT T IR UL, 2001 4, AR 2 L TR EMER . KEOMR A0
IR 2 B K IR J Kt )7 22 S5 5 Sr, BTR R G BEALANIf 2 PR B A
Bk, AL TR HT IR -BEALRS 77k, 2002 4F, SRFET SRR G R G
RIS AT BRI A2 7, $EH T /K BRI R G BRI 8 XU BE S, IF
H AN TR A K 2005 4, whilbe 5 AE DL A H A Sk Hb X 7K B 2R 40 0 it
FON G, AT K BRIRAR I R AN 2 T I 3 e RS VRN 1K) 2 NBRE, sE oy
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BESARE T E0 -, WK BHEAR G, FERFE RIS 1, DK BT
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H A T2 0T TR S Ik o B A RS g T, DX s RS 7K 0% Y5 e IR 5 T
B D BT BUACTE S50 R (1) 7K % 53R G R R XURS PP S A AT 1 e F T A o
MATTIA K, 7K B85 T i XU A2 FR E R TR I S BRI 45 A1, R T SRR FH /K V94 77 T A7
FEAHE M, A XK B R G0k AR /K R B R DA R e = AR I8 O o AE L LAl
e, AATTRA T ER B A, TS T K R R I R (PSR 25 A VPN T i, TR K B R
S XURS 20 AT RPN R St L, A9 T X SBOK BRI T B 1) 22 H bR XU R S ABE AR I FH K
PRIRBEN T H WA TR, /K BRI R T A& 3BT /0 v 45, (R il BAS 211K
RIS R BRI BE IR LN, IR G I ORI R HEAE P9 1) 1 #F4 BF BEl 2010 BRI ZK
SPAR IR K B R AT R 2 R S IR AT AT TR (BANTESE, 2004, 2005;
P45, 2007a, 2007b, 2008a, 2008b, 2008c).

4.1.3 RpiHEIRIRS 7%

4.1.3.1 R vribiats

IKFIRRGEABS VAL, bR E K% (ol SEMD . Btk KBS, nT
WAME (RIFE) 4 NMebs GRS, 2007)

(1) ABEH: KR HF L KB RGAT R ERS MR, AT FH SAL I a] A H B
Hig gk s, T LU EBUHA AT SEMORACE .

(2) Ziitk: SRR K IR RS K R IO B e R (R bR . U
PR RGBT MR (FFRTHD, fUKRGRFFURBA, ZiitE
E(L7 YN

(3) MBS ZIMEFRPRER T PR ST RS HUR RIS, A T 7 R4
G AR SR, FINT REEEFR R, DR A0 I ECH R, s bs o Am i br ik
2K Ut B RS /N B A S REAIE o RS B FRAR IR, RT3 0 A B2 18, 5 B &5 S A
R A R K

(4) PRAEVE: ATV PERGIA R G0 N HCIR AR [R] 21 1 5 R 1 e R
RGN YE S, RUNZ RGP A HCRAS AR ) IE IR .
4.1.3.2 RETHE T

TR (2007) Geilh T /KGRI RG0S VPN IR VR 7, A SE TR R AL
MG G L. SR RIS (MC) F JC %, BRANEA ORI XU 43 Bt
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JER . B JC RS ) R MBS B2 FUEIH,  HAZVE AT EOR Sk
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C2AHARD IR RN R) K RIS IIC s D. AR B S MG MUK BRI A, B Beps X 4 (U

150 K LR
2 41 BN K YIS £l 5 e R

ly- ly= Iy +

Ie + Ig - Ie + Ig - Ie + Ig -

] 5t 2 2-3

fi it

A-C2

A-C2

i it

1A

1A

1A

1A-2

1A-2-3

fi it

B1

B1

A-C2

A-C2

i &t
fi it
i it
fi it
i &t
fi it
i &t
fi it
e Lo “+7 ACRANARIRE R, “=" AR I AR, -7 ACRIRPRBAR,  FARRIE T 2R S bty

DUIAE 5
2. FRIATEHE IR BRI AR ARMUR 7S DU s AU

4.3 FLUREM XK ZIBEEHXE IS
4.3.1 KFIFEFAF B

SO X AR T . R AR L . B2 S Y. 5kx A
Wi AT, MR 13.1 J7 km?, 2005 4E R AE AN 4791 5, KA HEEd . &%
RIE o T R X O 23 XA AT TR M B AR AT AL R KRR X, Hogh
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SRR DR B K BRI B XU DA 5 R SHEE 2

DX B VU] . ARGV RSO . S BRI TR R

O R DX PR L K W R B R T HB X 22—, 1956~2000 4F 22 45 P340 /K B i 5
153.5 12 m®, ANJA/K AN 320m®, J& T 5 5 W IR BK X . 2000 4F 45X K &
134514, m®, K IETF R P HZ mik 87.6%. i F/KEE™E, HITCLER T LAk
T RS R A RO R 2 T AR SR DX R DA EE A Hh Oy RV 2 R KR X (A F:
FEHRAE, 2007). KR B RAHGIR T —RINNAES G ) E, AR
Y5 R TR WS RGUR M MU WK AR S, 20 4D 80 4%
FRLLR, O R DX K PR I )t H 2598, R DA R DY 0, — R XK &R A
P @5 RE S M A s, — 2 B X KSR, XIkshmi
ABK SR —EmiE PRI te, WER 7w DU 20 tHAD 80
ALK, SEAMKJE, SkKERD .

B 4-1 FZEMXREBKRE

7 4-2 2000 F R E XK TR L F IR

KGR ([ m®) kg (i m®) HAKE (Zm®

WK K EEE O AR OWE W e B ARl Tk ARW BT

Jbxt 17.7 25.6 5.9 373 133 272 0.0 40.4 16,5 105 134  40.4
R 10.7 5.7 0.7 157 144 8.2 0.0 22.6 12.08 53 5.2 22.6
Bl 14.0 13.2 3.3 239 9.2 207 05 30.4 22.0 5.3 3.2 304

ZEN 131 7.1 3.7 165 3.2 5.7 0.3 9.1 6.7 1.2 1.1 9.1
J[$%i) 2.6 3.4 0.0 6.1 1.4 9.2 0.0 10.6 7.9 15 1.2 10.6
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kxO 116 12.4 5.0 191 4.2 6.7 0.1 10.9 7.8 1.9 1.2 10.9
A 34.1 14.1 133 349 57 4.6 0.0 10.4 7.7 15 1.2 10.4
Gt 103.7 81.4 317 1535 514 822 0.9 1345 80.7 273 265 1345

L A SRR I K VAL (2004)

A AREZYD I IR BIRE Y 3 A M e 2ty o1 01 IS b d S P AN L o SR
DX R A T U e ARG ) R, R R OA AR DK BRI« DX sl e e ) A UK P g
PR, 0 TARRE DX T R S B A R .

4.3.2 KEIR TR IERG

4.3.2.1 RRK7KFIEE

20 20 90 FFEARAKRIH LA, AT IX Y I iy H /K BB ks T A8 E (oK L Ig4E, 2003).
{H R T 7K B R A T UK AL, FHKSZ 2B, F /K FE AN B s Y 552 B PR 7K B 5 oK
Kk FIKE R et — 20N ((F5E%84%, 2007). FEERKAGMHA, —2& Rt
X KA R, — DK AR s R XN T 3k vl Ay kol i K
ko Beabh, AR H 2 B EA, #ES2 5 K-S A K Z TR ph S ks T e
DX LK K SR

AR AR, hEDK R IET KRGS 2020 A BTG, 52K B IRAAE
BRI, b7 B ] BB LR BUEAE . X B BIEE (2001) A, HUEE X K E%
T 2020 FHT SR IE BN . Rk, BEER 2020 AR HEAT KBS PEAL .

TR KD, KB T g b, 1 7 K EOC (TR 2 (K B A T
FEBD), KEEPRALTE T JE S . BT SR A bR, 7 56 4 T KR k7K
WRBAGTN, BARKIAEA — 2 v 2 MR kK BT 1K,
JE ] DA R AR SRR FAF ) o A3 BT K BRI R v FEPEFR BRI, FF ZEARE X A K A P
(AR S LT, ST TS (R R KT

MRPE K IR A AT S FE S L TORE, TTI6 & i a2 32 (RS 7K 1] LAFE 75~95%
Z RN .t Tz X S B R 2 R PR B KR, 6K R R A B T e R
5, N LR OK . AMRZK SRR AR E KR o K R LA iy, XK SRS 2 R
SRHIK ARG ST N o MsmAliZK (P=95%) 1% St AR, AT LRI KB K FEI %
ST IIRE, 8RR OK, R K EE ) S — R KR (P=75%) MHZEA K. 1
PRI ORRE 2R, R FRZKSRAR [, B AP R ORAIE R T Sk R A 224 K. (AU,
FE S T 628 8T K G5 Y5 AR B T SE PR AR I, T B2 1R ARG 7K SR 75% FR1IE %
KK 5o

Bt S ARG, dbnts R LR O K Bt e A PRI R K B sy o T
BOKGR A ERGEFWRE A EEER KR AR, RAUK R Re 1R, H R K
OB, KRGS G E N o IERUE SR KR A IR R T THEK
BRI LRBTE O FEPEFR AR I XS 7K
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4.3.2.2 HOKESFKE

R S B RHIIFIT R (284, 2007, Jbatirg /KA TR R R R4
A&, 2008; THACEIKFIT, 2004), B4ET 2020 A aTE R HLIX P UK A (P=50%).
FiKAE (P=75%) LMK = Mg RO KE (K 4-3). il K& L
LR THRESAE S DX K SRR L, 7™k BR il N7k R, % IS AR /K 7 5k
S IAKYETF R S5 0 R IX A T ik K i

HR P AT DX IR R 110 AR 5 L e 20, 5 RE VK EM B AR, 2% T Edkil
RIS 5 e CHEMIAEE, 2008), TR T /KEWNZR 4-3 Finm. 450%
W, i R X P KSR AR T K B 83,142 m®, HBLIR K BIEA 3,

Pl R MR, DAERR A ACH B, 2G5 8RSk Tk JE, i) 1
K&, 2020 4FE4 X Tl K M A 22.9 12 m?, AHEL 2000 4EBE A R . LAbR.
AP 1997 LIk TNV RS TV /K R D S, A8 B bk 75 22 i [ A
STl LSBTV K K.

PR 2% DX IR FTAR 75 70 6 25 117N 1 S5 3L 3R A T B R, SR B A PR A A B2
I P 7K G A 5 SR A 0 T K R b e, TIN5 T /K . 2020 4E A X AN K R A
h 32,912, m®, L 2000 AEA RIS .

S RMRIBCR, WP ARAI T R R IIRE, TSR KE. 2020 FA XA
AHKE 6.912 m®, T I iiAh K .

2020 4F, HUIHEHFHLX ZE P /KA (P=500%) 57K E & 145.8 12 m®, wlfit/k & 177.8
f2m® CEFEAETKE . KR AR MUK, BrbUR TR E R D . Rtk
WEATANESS, JLEAT X /K38 REAS 2 LR R

FiZK4E (P=75%) 42X F5/KMHE 155.1 12 m®, wlfit/kK&E 4 160.8 12 m®, K# Y5
PETEREE IR BTl o AHAATEUX MAFLE RO 22 5, iy RGBT K s O BoR, #
FELE DIk () AT R R

I A AR KA BRI (BGEZE 10 4F 75% A1 R K1), KB At T 7 & ot — b
TR, ARSI AL 5. R T 5 7K B AN AE 79 1) 4 3k A2

% 4-32020 FREEMX S ERFKESAHKE 12 m®

K S ISP TSRS 5t
gk Tk AR A& FAE O WibkE Rl TKE WUKE FARE WibkE

Jbxt 128 55 141 32 35.6 50.6 145 373 44.8 37.3 38.4

K 1831 65 66 1.8 28.0 385 156 305 34.6 30.5 29.6
Bl 247 66 38 09 360 38.4 265 379 34.2
ZEY% 83 13 22 05 123 135 87 126 12.0
my; 85 12 21 03 121 13.2 96 132 12.6
kxo 87 1.0 23 01 120 14.5 99 133 13.9
#7108 19 01 9.9 9.1 75 103 8.7

Sk 831 229 329 6.9 145.8 177.8 924 1551 160.8
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4.3.2.3 BT ESEERI 5

FRAFIE I SR A hr e I3 4-4 FTon, BARUIRHIT

D r9of s XIE T difanfioe, Wl DI KT S, O E R .
sty REPUELGA K 5, AR % T 75% KK 4 A

2) Is5 \nWIFEAR WA “m” F PR, XK BERE T, B iR
Dok, DI Py SO T K B A e Bk, T R AT IE Y G

3) 1yl H BWAI FEECRAE, SR NARIE ALK Bl 4 St s a5 R e
WRokvoe, HARWE 4-4 fios.

4) I MRHAT X R /K PR U SRR 5 5 8 5 e SR IE I

% 44 IBFIER S SRR HIRE

r% Is+/1gt ls=/lg= ls-/lg- Iy(BWAD+ Iy(BWAI) = Iy(BWAI) - lg+  Ig-
bt ELEHUK >l 0.95-1.1  <0.95 <60 60-75 >75 >0.80 <0.80
R #EEHUK >11 0.95-1.1  <0.95 <60 60-75 >75 >0.80 <0.80
1L 75% >1.1 0.95-1.1  <0.95 <60 60-75 >75 >0.75 <0.75
REE 75% >1.1 0.95-1.1  <0.95 <60 60-75 >75 >0.70 <0.70
R Y5 75% >1.1 0.95-1.1  <0.95 <60 60-75 >75 >0.72 <0.72
KK M 75% >1.15  0.95-1.15 <0.95 <60 60-75 >75 >0.65 <0.65
TR 75% >1.15  0.95-1.15 <0.95 <60 60-75 >75 >0.65 <0.65

A, T A AR, IR 4-4 RIS SRR, W3k 4-5 iR,
% 45 KEBEREIHEERTERERNS

Is Ir Iu(BWAI) Ie

ik X5y b X5y b X5y b X5y
b3t 1.42 + 1.03 = 66.9 = 0.84 +
PN 1.38 + 0.97 = 69.6 = 0.82 +
B 1.06 = 0.90 - 63.0 = 0.75 +
ZRE 1.10 + 0.95 = 64.2 = 0.75 +
[{i8%1) 1.09 = 0.95 = 55.3 + 0.75 +
kxA 1.21 + 1.05 = 65.7 = 0.70 +
g 0.93 - 0.84 - 75.5 - 0.70 +

4.3.2.4 FKBURFE R PP Aty

HRYEE 4-5 TP VPN &5 T 53K 4-1 FrosifpR R, i e s R Hb DX K 98 Y5 i X
RPN L e SR SR 3 4-6 TR, SRR 4-2 Fon. T BRGNS, MR it
FHARTE AR 4-1 LI, X B EUR A & IR EA AR S, K 4-1 IR AR
BTH WA, BRI 7B DR S EE R
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SEDUTE DO BEZK B AT S XU PP A L e HEHE SN

2R 4-6 2020 F R E M XK TR SRR 4 SR KSR

M FAAENE | ff gt it U

Jext 1A A-B3 | < L LAUKAESEMC PRI, B MUK R (LA RR
R 1A A-B3 B, 1B HEE, 1C EAD: 2 KPHEFMH R S, AOTIRESSH
Bl R 3HAKIR 9, FH/K B0 5K B SR AR BE AR I .

ZaE gy . AT HTK: BONssAKYREE i (BLARWAK TAE: B2k T
W BRI RE T s B3R AR AT HIKIED:  C s /K v J5 7 #L5 X 1 by
o W (CLIXIRAEEE; C2.XHRIA AL ); D.BUAR 2R B 45 il MK B 4%
e P, BRI R WK TR

BRIt e R AR AR "y XU ™ o U

30 60 120 180 240

0
=i Fres —

[ 4-2 2020 R EH R KRG RRBITH

AR R KB T A< 2 RS DR 2 R0, 2010 4FJRAEst. KM
TRk i 10.5 42 m® 14.8 42 m®, WK B 5 A BHOIRGLA 15 B0 (2
WEE ZEPHN G . seAh, M H TR, 2020 ST TR RIK BN A R
K, F—PHsE TKBE s E . R 4-3 TN R EoR, 7P KEERRIKE,
PITT KBRS &, R R AR K R, UK EA A AL P
(RIK BRI R ARG ZKF 2 “ARPARR 7, MRt — 2B s K BRI B, BBk SR R 2k
ML . B AR TR, AR A IR ARF UK, 88 m] (K&
A TR P, R R K SRR T RE T .
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J LT A YT SRAT T, KRR T JE SR, KR TR KA BETS 29 2
KPR s AR 7o FERE—2B 157K TF AR AR BUK IR [T, W25 8 T i X 33 )
i, $EmptKEE

7 B2 BT KR AP E AT AT K B IRAE S IRV AP Ry AR R 7o K 5 2
SR N AIE— 2D s K . B K AEBR (R ZK R YRR T AE 0

JER A5 T AT A B R KGR K 2.5 42 m®, 7K s R R A T SO, (LB K )
Tht4roe, RERZKSE Ay “H ) 7. XA TRE. St idlZ), XK i
PPAXMERE R, WA K RV R o 3.

SRS AR T A T B, ABKE SRR . EANREAERKE,
PR b DX FH A7 R IR X A K I AT, (KRG ns2 2B . 423 At K e ) 5 X
KPR ECSE, AMEATEAL T <R KA DRR i i X K 9 5 SR
FITESO, 33 247 R 3 7 T R KRS
4.3.2.5 KEIFEEEREE

ARG by, e BOR TR

(1) UL X K BRI B 52 B IRE 2, R AEIEA TS Seit, KRR
FIEF43 5 o ] 2% FEE A D K FE S RE K LA A E D PR TR, PR SBIRE KR T R e,
TN K B, BT R IR UK, KK,

(2) FEKAE TR, bRt REEP T /K PR SR A B oM, WG 4
SKEETACE Bl AR 4-3 TLE R, BT HroK RSy K it il H AT 10 12
me s 642 m®, BRI R L T K R R B R K o SR K TR, I AR
SR AR LA K g

4.4 N

(1) ZHEAEFHEARGAF BRG], g LA AR AR ST X 335 7K 5% 5 R ke XU A7
FEINME. RO KO REBRE R TE, B2 WIS 3, AR T K5t
P B o ASCHE R N CAFSER B, ARe T Bk BE At as ORBs R R br . K DR R
Bl FEVE SR b K GRISEA R AahR . K BEBER FIRCR FE bR 3L 4 TR bty i X 3 RO
RGPS KBS DAL B R FEAA R, IF LU B DO 14T T 20t

(2) B/KAE CREBEAOR, Bt R X K B IR SRR DA BT S OW o MR A K B 5
GBS PP, 4% H AT oK ST PR, 2020 FAERT. R ZELE . 9K
F R RS A AR, R DT o b s, R L SR o “ M7 52
IKBERAAE R IR, RV X R B s, AR a5 7K

(3) HUH LXK BRI AT S FIERG IORS 5, RZEIERG TG SN, KSR IE R,
X JE 03 R o W] 2 R IR A ek D KR S MK B AR A AR AR, BRABIFE AT TV A
FEINaR A B, BT A AR KR, bl KK
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(4) FARALIR TREHEKG, AEsts R T K B AL SRR DU AT BT SO, B3 4
Sy KRG AL 1T o GERCT MR K R H 3K R H AT 10 12 mP 3 6 42 m®, B
AR Ll K GRS i XU Y- I i BE AR TR, 38 2 de mak X 1L ARIEPTB LK

&b
He o
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FHE PEKZFREREER

20 ek, HFOKBEPREET 7 E H e, KGRI BTk 51k T i 2 3
355 ) 5, K R G T A A R ) R S TR A A TR . K EEAR Y
ERFBL, N KGR S ) R, AR AN Rl DRSS BB
FFRSEMHR . T KRS, RBEAESIEEHK; & RFHEG K. WK,
WK SEAE R BRI — Rl S LA - BRI AR SOE ST B, R 2 K.
2002 4F, BAAEZERICHL (UNESCO) KA (N KBIEMEEY W5, R4
T KPR A B B BT 2R (Luis S Pereira, 2002).

e B Rl ST DA, B R K 75 SR 2 K SRR T R e, FHIE T e 2% 11 7 X
BRI, AKEIPHE R A2 E AT, H/KIRSEILS ., A 20 tH4l 70~80
ALK, KGRI T i H S, R B A 8 & R O oK R BT 5=, A
B S S . o — 71, AKBRIRIE B F R G DR T oo R KL R FAR KRR
BRGIBMN . TEBALSEIRET r]

T 30 4ok, FRIEKBIEE FAERIL. ISR X IT R T K EIFIT TAE,
ARG AR A AEF VST &R KB S K PR . BURFE PEER T T
SRE T AH Y ) TR RS B T, 0] 7K 8 s A ke o) @ . 1998~2000 4, A [ TR Pe 4l
21 43 S e AT 300 ARG K, TFRE (R T REG R R K BRI ARSI ) o B IR
] 7K 3 905 A (%) i) R, DAL L /K 0 Yt A A s A, DA B U () P R R FH SR A 2
SRR RS . L, T PR K TR R ), I AR R HOKRCR, IR TK
e AV ERAIEE A s SRR AL, YRV A AR, 22 TRAE TR IRk 17 7K B Y ] 4 SR
FH

ARFERLERT =55 TAEMISEAN_E, R P 7K 8 Y5 e DX 3 () SRR A 45 s 70 BT 45 Fol
B A B I E B AN [R) B/ M DS FH R mT B o FE IR b, 8 H 3R K 9 U5
B TG

5.1 /KFIRFEIR X5

SRR ] 43 IR IR K . TR K AT BBk o KT B K n] LA
b E B ORY VIR, Inaiyg Geva BN LU e, ARSI B A YR A oK B TR A
TKHLIX

W Bl K B R R AL (BWAD), YA T Pl % M X 7K B 5 4t 2 28 5¢
RRESCHERE S, JEEAT TE 5y Hodr “BJEHoK” 5 “m oK ” X KBy
LA RKFA 2 h, TR KX .

T TR AR /K 2 BT T TR A 22 Ml RS R I X, A vsifg oty 55 L X .
Hrp, WA R RS, TREMER B ZE, Ko RAEBAEGRK. PBELX
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S v R K Y VR A B 5

ARG TR, B IEER, (BRI A

Lty K S G A A RN 2, TR R K U e X 434 I 7 P K X
PAL T RHUKIK . T 55 RO AR 2 A IX 4 R, T lio 3tk
HOK G S 2P

5.1.1 dt AFEERKEX

AFETEP L TP OGP IR Y. EAT X BRI R
Wb R IR 54 (D KESM X, 7 iR, TLIRAE X, 2 b
X, PARBRVE . 1LpE45 85 X

LABEHERET )5 6 i (ANETLIR 220 Al Govth THa @b LK BT R A
FIE S (% 5-1). 58 AR 525 Akm®, E4AFEPFEKCFN 3.9 fF. AKXk
AR AR - A P Bk, (E R B P, AR Ay, 2 3R T B ™
D, R PREE IR R 4 B HR R . KAZETRIE, A GDP -4 FEF-1K
o A IR B A AN 339m°, AL AT 16: NI HIK R 4 [
SPRIKCT 1 57%, AHTFR AR ik 74.8%, AKEIHAETE 7 JESRH . MIZX ANBEK %
Y AT S B3R K R BRI, ZAKRIFANTE &, WGt XK B S 34
1R

% 5-1 BB TREESETHIETSKERFLH AR

AE OADEREE W A AEE kB Ak Al gpe ORI

Kt (NKkm?) A% GDP  uEH R P RWIEE AKE AR 7J<( Elﬂ)ﬁﬂ

@) (%) (FIN) em®  (m® (m*) (%) ’
Jbxnt 1581 941 84.3 49781 0.3 37.3 236 220 93.2 35.1
Kt 1075 951 75.7 40551 0.7 15.7 146 217 148.6 58.5
b 6898 363 38.4 16904 1.5 204.7 297 297 100.1 74.7
bpe) 9392 562 325 13305 1.3 401.0 427 242 56.7 61.7
AR 9309 608 46.1 23716 1.2 298.9 321 243 75.7 75.0
4K 28255 525 43.0 20691 1.2 957.6 339 254 74.8 62.2
4H 129127 135 447 17894 1.5 27709.6 2146 442 20.6 63.2

T NS SR GDP. AIZK RN 2006 454, BB 1996 442 [ -1 BeEia i A Hodis

FUAH IR A 2 KR BRIR G S Lk 548 () 240, B P D
W K A 500~1000mm 2 1), 154 PP, R A K U A e A
2) IR, RREFEREX, W, Wb, T i, TR, 26
BRI 13 M B A 0, BT RERL AR 3 ADEd, Swkk, Wil
WATPETE: 4) FAK SR, ABHAKRIETAETAT, (8T A K%
SR, KGR B, K R I S

SRR U AR, AR D, R R [ R A K MR, X
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M DR SRR B X, D R T AR 2 O B R B T AR R e 4y BLAT /K DR USRI
R CAL TR, NI KRS DS SRR SERE AR, BE— 2 1K )
WA R, XSEH N AE IR T2 K A, ARBRIT#R TS K K i
K PR EEARH KU, AT 4 I HX, ) 25 RS R K TR .

5.1.2 AIEFREERKX

(R A= I T e Py N1 P P S 7 = 7 = (S e priEp U e = AN
EHX . AL TR EKIX KR ZAE 400mm LU F, HEMKT 200mm, J& 15, 2
THHX

K 52401 T 4 BXASE T SKBHEIFRAAE . BT NS ERE, %
DX BRIV A B IFAMG,  EE RS Tl P (HNRZK SR & s
1191m®, JE A [E 3K 1 2.7 £, K ISIT R AT 2R ik 55% . 7K B8 5 R B T 4%,
SFEUE BRI, SN R AEA, TR RS T NS X
FAR AT DRI B K B, AH i TR B IE AR, BUIRHK s 2E 58
b TR R RS ] (oK A3 RC T 520 h I BeiE bR . =X A HKE
mE R NS RE L I AR, FLEE b s, FEMAK 2, R K1) 88.7%.

F 52 IR EXHESLFERERFAFH BHELR

A NOHEE W A# NH# K% AR A Tk Al
HE (NKkm?) & GDP TR e wYEE HUKE RFIAER KL

i (%) (FIN (em®»  (m®»  (md) (%) (%)
HW 2602 58 31.1 8750 2.9 267.3 1027 471 45.8 771
TH 604 91 43.0 11768 3.2 10.5 174 1294 7437 92.5
WriE 2050 13 380 14855 2.9 832.0 4058 2594 63.9 91.5
Wl 2397 20 48.6 19990 5.1 546.8 2281 747 32.7 79.6
42X 7653 23 39.4 14144 3.6 1656.6 2165 1191 55.0 88.7
4x[F 129127 135 447 17894 1.5 27709.6 2146 442 20.6 63.2

T NS SR GDP. AIZK 2y 2006 44, BB 1996 442 [ -1 Be 5 i A #o s

2 DR 5 A B B O A B 2 1M IX, 4 A R ARG A A LR R
44.8% (A EMAE, 20000 AL 5 TR, RR e T EAAREEREN . H
SR GRIRFAF IR, Y ABAT FH KR T K

513 BBHHSEE
AR A T B By, R AT Y DX T A N L I B o
A ORI E R, ER T IRIT AR, HE RIS, BHREPUKFL T,

B DB AN, B I3 e X KGR P A AR RS R SR Sk i A, e
TR MG REE REESEAL S g Rl i (K 7K B R e ) ™ A £ T X 285 A
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ek RS, 2000, FREH 6500 ZAMMAAE 500m* LU S5, K%y 400
M NEA, S E KigE ., kA, M A, FEE. SRl Geilgx,
Wre ., AN E L B ED . &8 VL. MR, PYBESSEG U BT
BUX, HTEKTREIFRMEER, KB E K R,

T TR RMESE, W . RGN E R E R AL, TR
Sy PR IR R B ) . A 4RI, DSBS A TR RAE K TRE,
KT AR R K IETFH B4 0 B S 4 Tt R e, AEBR K ) L4 7™ 8. DRI, B IR 7K
(RN, N HE— 2B InAe s PE ALK KR, A 2 P /K ) 8

5.1.4 RFRAKALZEHX

He AR YOK 2 4 I UL S Y, A AR A7 AR = I N IO K AN %2 420 2004
T, MERBEBCER A KA. ARSI RIHE, AR LI HAT N CRA
YUK BAAREND), HlE TRE R bedE, 25 REWeREA 3.2 (L ANYOKA %4, Hrp
70% 4 K JFANIE bR, 30% 4K T ERERE . SRAEFRAIE S (5, 2006). A
I KBRS AR L IR R B TR T, F R DR DA bR, N7 422 N, H
1% CRAHENT) 2 8000 £ )5 A\ FuSh K AARKA M Givt, Sk A% 5.8 12
NZiAT (ZAmxk, 2009).

AR, RAOK 2412 21 58 A ey [ 55 8 1) et B B, 7R BT e s AR A
YR ZAAE KR TAR I B EARS, HlE T AR, JFRRICA Rt 43Rt T
PEAEBE. 2 H 55 Beatb e S AR, 7RI 2] 2015 SEA iR IR I BIAE 1 3.2 (LA
PORANZ Az ] L

5.2 IsETI/KETE

5.2.1 M7k

R A AN TR R 21%, B TRyt U R ) 9%, A BT M
FRAS b tHE S48 7K T (1) 45% o 4 [ BLAT HEBE IFI B 5660 J7 hm?, 1 4 B i [ B 1K) 46%,
BEE EL R 3 T AT 0K (Z1h 20%), A HEBE AR S5t FP 24 KA 2 . HEE
Ml A st R R R R B e 4 LA o FE R, BRAEAE | A B R THI R 4690 (1) 3
I AR bR P B A o 4 R 75%, A2 2R BE e 90% LA _E (BKAR2%, 2007,
3%, 2007; BR24ESE, 2008).

HIR E M KRR A R, SRIEEFA AR RZER. 2007 4, REFEBK
P 28R AT 0.475, AL T RIEE S 0.7~0.8 IIK o MK G IEAE =80k, =R
WK ) 1.1kg/m®, T % 3 [ 50 3 7 UA S 1.8kg/m® DA_E, 2007 4, 4[E &
MK R KRR 61.9%, Hirb 9006 A b R HEBE T K &, JE KK . ME /KA
FABHE R 0.01, w52 3542 m® AR, KIS AER K CfEM, 20015 24X
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%%, 2007),

T E DR DL IR 3, TR K R EE AR 2 1 RN, PRl 4s
] 0 i /K 35 2 o 5V T /K 351 9 1) 80% LA b, A M HE R FH 7K A 3 g 7Kk R v 43
RIZK AR T A B AR R A RSN e S I KRB BT K RE K,
K HRIREX Bk B 2 K, 2007 AF~F 33 /K R & %04 0.430. 0.433, {KT/hAY
BEIX 0.471 FI2tiJFHEIX 0.683 /K1 (4:4K3%, 2007; /KHFHAR /K], 2009). #E#EH
KRS, RS KA RE X B ARG T, 2B ERAEM, BEEK “+—1” Mkl
K, 2010 A EHEFERE KR H 22 0N 2005 4211 0.45 $2 5% 0.5,

H 1998 Fild, FRIE G5 T KMHEX St fic & 5K SuE i, LAAE 434 4K
TR DR R A A o il A 8 A T R 7K SO P St R R W X KA
ORI FH Z BGRB8 0, e ) AT SR M7 2 0 b E DR KRR &
FOGIE R E . 2 2007 4, FAEIX | T XA HEWE FH /KA FH AR B9 IR 7E 0.05,
LT KRB GXES, 2009),

X IR, FoE Aeb L AR A0 b X HEE F KR & 800 =, 2007 4F 23 51l iA 31 0.575.
0.532, HIRMKIK M AR HBIX 1] 0.495, PUbHi[X (1) 0.458. HHBHLIX [ 0.432, PiFd i
X A%, ¥ 0.387.

CTKREBE TRER ARG Hoplse, IEBNKRERE TREARAER G, oy ZNELRI
Al - E DR IEE FH KA ORI R 203 1% 43 003k 21 0.50. 0.60. 0.70 11 0.80, HAR M
FZKA RA SR 50 18 B 17K REBE 0 B ) BESRIE A BN 2R .

WA oKREM T AR g B, SEANEE KA IRz, 56 ERHWHE .
T VR S LA R 7 X R T AR T S R I AR ) 27%, VAR 47%. 7 T RHLIX
(R LAERF, ZK BRI R R )5S Y, UM R A BT V0 PR SR LG i
XK B SR IEAT B HR, P I EE AR R R T W 0 E LA QR 52 AN 1 347l
B, Horh e T AR 7 LA e TH AR A 2/3. L4 [P 1Y 5500m*/hm? [ EE K B
FET X SRS T 3, Sl 929 AR 7 i 1 45 . Fe I BUAT WHRE AR 290 J7 hm?, 1
VETHIAR 70 J3 hm?, A5 BEME S AR 1Y 6%. fiZr4s (2003, 2005, 2007) W5
KW, AAREILT FaX, BB T LI 7K 50%~64%, i #E il LL K
34%~75%, VIKRLRIRMT . HAE 4~6 S0 A] Pyl v OBl 8%, [R) LAt st U7 =X
AL, HAHK. BB BN TR BRI T 5 K B S S IR, i A
T E IV 12 3R TR e b X g A b A = 1) 3= BEHEE 5 5

5.2.2 T A5k

TV 7K AT 23 S e Tk FH AR — e T K, s & B Ao A 88 — K P
FHDEAEN DR R, TboAak, KRBT A EEf s o Tk 15 KA AT ELAY 25
AL, i Hn] DAYy K HEBCRE 6 el PR B AT S SR S — M Db KA A i
HIARAE IR PR R R, PIE BATSE IR, BT LA ME A 7K A7 B 152 i A3 HI K R
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%,

TV K Z R K FIYEE K, S FER LLEIR /. n 3k E 2006 4= Tl
KR 1344m°, WHFEKE A 311m®, FEKE N 23.1%, i/ T 52.5% 1454 FH K HE
IKE . RPHFERIKE, nf LG ARG AL, Bl K&, B TS K HEGE .

P KRB 48, 2007 4E4H TAVH /KRR RIEF] 82.0%, C&i%k%
EIBr B8 SEHE 7K o (RS [RIH DX ) 22 S0 K, SRk I 19 7KK P A i, e R Tl
AR AL F] 92.75% (2006 F) . FEKA G 1T KA S i fw ik, avring . bifg
117 2007 4E TV HIK BRI H % H 47 48.8%. 34%.

DR T B S BRAE B, Inas 17kl DU b T K, 3 T 5K AR K
W IaE . FERDRAE R T FEARE DY, DURAKMTG G+ 00, NG R, et Tolk
K, MGE KRS

5.2.3 £ FETK

PR A3 2B A FH AR A T 22 367K o e rp 22 JE K B AR BURHLR - 24
Beli TEfE. B RMRAEA AR, KRN S IR Sh REAT ¢,  TH W TR ik
s FMEI AH R BERE  SBE AR HIK BB N 5O 2 5 Re ) K5 1a]. 4%
Hg 2 5B KD AT AR

LRGE AN, B A AE K AL THARAKE, (H &R 3 XN K&
B, i A dbat )P PERRSEHX (0 A AR ARG A K S AE 85m® L [
X5 JE K G A SORAR S T R R s KRR AT G A i R W],
PRIk o K A A1 7K et n] 2 A SR A3 T K b 34% LA L, iy e [
RABII T (RIS R MR A e B RS . B . WIS ™ &,
G [FP ISR G IR R RAE 15% L L, BEB RIS TR HER BORZE . R IRTKE
W AR, R BURALIC BB F=0H L SIS ERT], K EEBGR % (X4, 2007;
+5, 2008,

P ANB KBS A &, BT AR R, MinsmEfkds, B
e B EOKAY . HES KRGS H L AT AR P ACE BV BAE R, et AR OK .

5.3 IEEFMKEFAFIH
5.3.1 /B#/kEEFH

WK LR ] DAE g M KR AR 3 F K Gl ), S 82 R DA HIK .
[ AR 5 T AR AL, HARER K B AE 3000 12 m® A4y, A 1500 12 m?
Aidr, BRUHAE 2000 42 m® 224 . i3k EAE X 5 NI A, 2006 4F4s K B R H

AN 269 12 m®, EEAE K G MR EIIIK, 5 R IEE M AT R 25
F AL, RATA K ST IR 2 o R AR b3y, K
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1 80% 4 TLHZK, b 70~80%4 Tk HI7K, A AT KA AR 2 Tolkve 4
7K, AT DM KB b2, A R AT I T AR K DR U IR

5.3.2 BRI

WAL FAR E B ZE A BB, AT O T AR ER,
TR . HAT, R SRR AR I H KK 408 0.32 12 m/d. {E 2006
FEHFUKEIEIR S T, Gleick &t THEA O . EEWEARM TR H, HikibEE
J34E 10 J7 m® LL_E 1) 120 J8 (RO ARER S I5 H , ZEih-aub i)y 2005 4E41), k)
4 88 J7 m¥d, T A RIS,

AR R, AR AE BB LA Ashkelon KR AT H $
W 2510364, R KE 112 m®, WALEA N 0.52 SE50/m®, J2& H Rt A bl
BRI AR AT E o BRI F FAEIA KRR E R 2 —, HurE N §E
BN KT Pt HARBRAE IAE 1 7 m® (g KIRAL), PR SAMR T 5 Jo/m® (4
FEBEAPTIHAEE R, 5 /KA TRE A SAAH

WA BRI, KR ARG BB 5 03, FRE AR 4w it
Wl S, WKL T, SRR e KR . REIREK IR A R, B
7.54270, #E1 2010 SEER, HRALBE S 10 J7 m®, 23R H AT Sk rIAE g K i
I E , 2 VR DO AR A M R JE I R TE I H o 2005 4, RS ZE 58116
SE CREZKRI L TR ), 32015 2010 4E, 4Rk % ALRE 11 #AF K 80~100 J1 m?,
2020 4EiEF] 250~300 5 m?®, K R i ke v o X G K ) A Tk R Ik F
26%~37%.

5.3.3 M/KZFIEF B

R KR FE 0 RAR BRI « A7 LM, s gl . N & 2RIk
DAY AR & . FEH AR, SR, FEESEE S, W KB IR T4k, 2B
ZeHKS [RRN R K EE T TH .

2006 4, FKEEWN TRKENR 9.7 12 m®, FEAEREEIL, Pk, JREE
JEHhX, FEoKEIFEAMK, 1 H B A 2 50 00 A, WO I KA nT BAYR X S it 7K s
775 B A LRI T HE K TAE G . R R K T FAE T K 25K, ] DG He
KBTI, TR R K ERANT AT . A TR R IR AR, I KA
WK, A7 TN K, R A =558, DR R KR, U T RIFME
R R VG

TR ETPEIE T R HX, RATRIK 24 1) 58 H o i AR R 7K B B 28 /N A
HEroaEHm . T2 WEEMXEARMNFR] TN B R KR AR K 224 )
ERE L m R, PR A SR W RIEHE T INE GRS 5%, 200D,
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5.3.4 E/XKBEFHHA

M IE 2 K SRR BRBOR S AR BEROR, W DA RE K PR, S P K SR s
J1o VKA BE , v DLAER P REBE sl T AR, o n] DUR T3 R K [mlR o o,
[l B AR AR AR MY JRERE 1) 5 3 A Bk Bl N R, ELRR BRI 1 K% 2000
J7 hm? b, IR 7%, A8 FH ¥ 7K TR 1 e s 25 S o ) B 1)
FARAER TS, HTZ A REARTIZUTGE ), KRS+ 5 HIX N Bk
T AR RS o

FESK TR 51, DL AL T Ak, 47 2/3 LR BOKBLER C a4
REAC PRI o 2 B0k K 28 i [ S K 2 R RS ™ 1 R K BRI A T A B ARSIk
I FHAAESEAEY), T RE I B B 7R A9 R A WU 4 B v ()36 BE AR AEREA T

ARG AKARER IR AR R, AL T K ) A R BRI S o
BRI, 5 7K FEM W] L2 Al AR VAR 7K BE AR T I 1) 1 2 S5y . 2006 4,
PE PR HECR IR 3 7318, M A FA A 1342 m®, RIEH IR fE3kEE
b PEAE . ARAESE SR A X Rkl I X, T KRR, T LA R X
X AR ST o

5.4 TiEKIEER
5.4.1 k. EKITIE

kb 2003 4E, AL 15m LB KA 49697 i, Horb AR [EHA 25800 JE, it
FBEM L b BTEK UK TR 54, ERERE i HX, T
PG AR BRI 2 R 2 . HERE R X ALK SRR 2, RSP SR AT
BIIRAG, oK REoEH, EA 3.2 LN POKA 24 . AR EK A RE RS,
I L A b s X AR K 24 TREEE W 1

I XA K YR A 22 IR, SR LR X 2K, JETr X A K . A2
F7K ARSI IS T & A A AS e i 2 /K T3 R I, Ay 2% e sy /K . gk et
X, MK G & LA, B TLas| sk FERE, B v T /KR 1 )
WA, B X IR K AR PR e LR —Fh ol A7 SRS . BRI AR Zk . TRk TRERIRI
PR BB 200 12 m®, W] A RUGE AR 52 7K IX IR 7K 95 I SR L o

5.4.2 8iFKE
TG b5 — R K 2 2 T RV Vs KT, A 2 ] T o FH SR 04 s 4 2
M, T 1968 fEEE B, TAEFEYE 4 123570, 2004 45, BNl e 8 hnds el vl 1144 2 350m

KRR, EAFMKBEE, T T 2008 FF& &, #E5E 2 {43 TT.
S BLIEE AR PR AT I DK AL, A s B A s T L (B 2. 7
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(21 2 EAHF RSN HRDY — T, BRNE e T FRIEAS [F] b X AE i
I EEPY AT AT M, AR T AT T 5evh o REETT I vh 7 2.5 RIS AR 2L,
B it 45km KK FEIBE, [ 250km?, JERZEZ 25 12 m® [RHEREKE . g A
KPR 2 21 AL 1k R34 S b AR IE B, BEAE AU JEC AR e Hh L v s X g5 7K ) it
AR X A7 o

G, WEPEKEE TREFERE R, i BT N3G (/K P 2 B R SR e
FETTR  AE AR U A A an e O R i TRESAE (P B e 5280,
PR A T BT (R0 /K P T B K P s i Kk 45km [RESE, HosAH 14>
e, SEAKRNEETT AL, ARATESA

FLUR, A BRI G e, KA S YL ) G ] R R AN AN BRI ) R, IR
AR PEAS 0T T M X AR 25 R G0 1 3 i A 5T

e, WEE K AN A T3 B Sk A0 5 Wik i . &Hs . BB Bk %
PEFEE, AT G S PR A B WK HE DO, WK R I A TR 4 T R Y 7K i
ETHE, REM/KEEIE. MmIRE AL R, BoKEHAFE, WAKE R ReEs
KEEZWMERE T, WRBUK P, REEZER IR G RIELW. H
TR BERTBEKE, EKIRA R, HK RGeS PR A7 B KA & —A
. BeAh, AL BN IR KPR AT m®, 0 LT AR I A K 2
NIRRT 2542 mP (K8, LB K R V5B S N2 18 ALy s X, T I fEg
BEHT A T AR B R ZK A )

ASAEFNN WK G RA R . KT T, HTREARAT
VRN T 5 R AR B, T DUV A W K O TR SRA 28, AE AT A e 4 R YE e

5.5 BEWEERE
5.5.1 EHU7K KB

J.Allan (1994) $&H T EHRUKIINES, BT RIRARAR = i Az = i R b B v FE 1)
KA, JESR G B LA P o HEARL/K s H8 22 /K [ 5% sl X ek 52 2 1) )7 3K,
MK 5% B M X S K B8 PR B AR 2 i (R D), RIS SRR 2 4
RERUZK BRI MRS tH DAR, Bl N AMR 22 2538 500 55 o= b 2 B B K SR YREAT T4
B VP T B RUK BRIR ANy A 5, AT, 2000 AEARERERLK B S o 1.34
Jifz mé,

JRE R 8 A2 DA A A2 it e DXl K % 9050 R e ) S ) A 2T B, (H S e LA bt ik
437K T (UNESCO, 2006). fE[EFs L, HEGREH OKE CnseE) KA#MER
T AR PR, A T XK BRIE AT T MU, AR IREE B4 5 ] Ry SRk B B
i A, SR BN = AT AFE S A 2 . et O CReE 3R 55
) HECURE s, ATk 0 7 RIEE R M, ARERM TS IR, R
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FHRET 20 A, i HL AT g BT IR R B i AN e 2t 1o AR, fedb. pIbsE
SR AICHIL X PR AR b A 7 X O 8RR 2 4 R AT RS, AT RE AU s, S JEMly
HeH LA AR R 4

R A 2 B IR IR SRR VAR AT 4 R, i B AR 2 G 4 . 5K B
WA A7 L M S FE AR I 7 b A 38 e BRI AR P A Ak, ASDCRT BLBRAR I K
111y HL AT BLE IS B vy (K e 5 R o K 7K BRI MAR Y A 7 e 1 2 D Bl Fr S8 v Rk A 7 40
fo, AR TTLAANE ORI AP, RS R B E A B, (AR . BT
A RIE S B g BRI ok (R A e 2 eh 5 AR se 4 K i 32 2R . K2 Bt ol 1
ANVAEAEAR 585 R ARAL T ANRIMAL o X TAEA D>« BOIAEL s ol FLRIZ PR 30
IKBEUE, BISILEINE, AR RoK SR SR H A A e 5 | s, 2 75 e BTG
ROREAFIREE -

5.5.2 IKEFRGE—EIE

FH L HAL JEEL yREL MR DL 55 A 02 [ K AR A K IR 5,
SER KGR VAR R, HlE Tl A A E G K S EARS], Wt SE Tk
JEIIZK IR T SR o HARRIU A . SRR /K IR E KA, X & 2K s 1A BT LA
ik, AR BN A KL SE k)7, 7622 W2 LA TR LK 93U . 76 B AT B0
HZ R BRI HAT BUZ IR EARI R K8 BRG] RSS2 Ik LRI 5247 LA I
RN T (PR ) A AR s AEAT IR R SEAT DX B A e I K A R IR K 4
G —E ARG (45, 2003).

HESMALE, FREK SSRGS S, FRERIH, EHBREA EAURER
TR, MOCMIBUR . EAIRA FERAR TR AR E A5, 1K SR
G —E B PRA AL, BAERER DT BT, RIS S AH DGR BB, ZEA R R L X
FESTIR T K4S B BRARE], JFBWHE s S AKBUAR], fEIbSERE B KT, Bk
AR KT R RS HAKAN, e Ka o] DOl i@ T ik fiac e, gkl f
HER K FRAEWOT KM TG, FAR R . ARFEIZE . AR ASFEATIE R 2 7K
FHEIE SRR, (eSS A FER) o AU 7K 8 5 B e s, KA D2
EINT-B . sk, B LUKASOE S RO R SR A, % 7K B A A o o o gt
1T TR (T AR E AT ) B K E S 1L AE T B4R it
AT KBRS, BUAS T REFRIRCR s St g T /K S — i BRI TR bl
KM K BT T

5.6 /Mg

H R 7 Bt Y et e DXl 2 A AR N 3 B B U 1 B K DX AR Y A A i
TR X L R E AE AR BV R GR 2K DX LA TR B GR K IR AR RS M IX o B30 7K B Y5t e ke
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RISERRIRDE, N S AR K DRI BB, il “ DA E I BeAe s “RIfIbE 7. YA
IR GRIROCACEC E %, N DA S 28 B 0 SR IR BRAATR], et WA HIK, IE 21K
PR AT . RS,

(1 WAHIKe FARACT ELg A UK, i By DU G, 3E i g 7K
A5G, AR A B K B 5 L 1) B Ao 5 TR AN RO TR S L TR A8 AN
AR HEM I AR AR ™ 5, TR R AKX MV KR B, e 177K
Vg, NOGE MY KRS, SeEKIAEE . el fr2a. JREEAEE S L,
He A3 FH K AT BRI 7K 1

(2) BURITAARH K BEIR o AEATIGE T L DXl S50 &, il /K EL A ]
L AKRMER, ISR GHIFBU & AL SR X, S0 R X I
ABE X A TR KX, TPR AR KB, sy (16K, R AR A IOK %
Gl FEALTT Bk, DLV AKREM A 20550, A BOK AL A 4 pHx,
A LU RS Y 7K TR

(3) DK Bt — & M. SEE KIS BVEAIUA R, TR B g & B
PR AT A G B KB, FEIRSERE KT @R A BRI AR, (2
K BERE BRI
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6.1 FEMRANES5%E1L

T SCNFR ] 7K 8 905 1 S B i B MR R, TR K R R R R P 5 A e ) R )
L, FEKBEIREE VPN« AP SR T L 7K Y5 B R VAT 5 7K R 9050 e B B
FOTHTT R T, LB

(1) #g T o] T R4 R B RK B P 7 v

DR DRSO SRR 30 R Fa BN S S S TR SRR, TR
AT PR K B PR AR, AR AR IEN A S LT R R LG ). H—H Lok, TR
37K YR T I ) R AT A B e, DX (R B K B WD A R A . T
SEVE SR ICEE 2 I, WAl RAIE PR 25 R IG ROWME S ek LebE, SRR AR AR R
(PIRE R o

WX RGBS T E W ANK IR RLEVHAN 732, 28 T 8 Fh 7 s i R 3 G
o BP0 DX 45, (RSO ROBEZK DU R PR (R A, $2 M T /K B85 F & R 2 (BWAD,
Gr B LS ISK TR o 2R E R, R EORE E RV AT, nT A
ENN NI N A = T =

FR A 4 (R /K B U5 = R IX Rk e iE . KB, VPN T =X RS K=
FERE, AR EVE T aEA . W BYUTBIX PR REFE SR PR
T I 70 5 s st B ) S o R v — 3, 1 B BWAL B LAFH SRR B A [1) b X1 7K 25 st st B A
J§o EALSETTFM SR, BWAIL i] LUE KB bR, AR BN 1220 0f
KIBISCHERE S . AT EUX BWAI FEARME LI 20 BitER 3.

DL BWAI FEFRVEAN A 250, &I T ELAT B X K IR AR A 2, R T AN R 28
X (PR AE . v, AREERK ., o B Bk X S 2 IR R S 1 B Bk ek, + 5
BKFMZ R RESEWAE. SR RATBUA T 826 /S, B A (r k-
JE . TE VIR WP TR BT EREE ORI A R AR L IO FA
IR BRI PIRE R RIRL 327 J5 km?, AR ETIRLN) 34.2%; X
KRR 2639 12 m®, A EUKE IR AR 9.5%; XM AL 48512, H4FER
A1) 37.5%; 2005 4 GDP & & 6.73 Jif47t, 74x1E GDP & H[1) 37.8%; /KU
TFR A& 2192 12 m®, (54 E/KEIEIF R AN SRR 38.2%. MBUKIEK EE, §t
AKX AT oy Sy A AL — o A ES, SEASKEE G EEAL, FEE
HRAEARIHLIX s ) — PR R O Bk S w2, AR ik, A K E Ry, 2
I ALE T X

DL AT BUX VPN 506, 20T T /K AB T TR I K X RS2 K X 5 m . &5 3
FW, 2010 AR W TR S g TRSCIAUK G, 2K X %A KB 4K
19 2B R OGS, TR ZK DX 5 M R A T 52 BV L A
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(2) PAREEZFHKR R RBEREAZEMITN T REARER R

TR RS T SR TR BRI e B K K K TR B I LR, e X K
JRBCR IS, BA T EEE L. /M, AKEETRIEZmRREEN R, FK
S PO E 7K B A R R A

ASCAETT N TAEMZERE L, T T A8 B 5K 7K S D) s AR A A . Hok e 34
KW, HKEIFAEBES TR B K T RR el K o — M DMK BEE R, K
SEIA R, R RSB RER

MK T &5 R 2 (8] FF 3% A B AR OGO R, LTV 28 5 KUAS A ZE Al 1)
TIN5 7™ T R o AN SRR a2k ] 5 R e Pl 32 48 1 1 M P /K 7 s AR AR o
RIL TV 7K 35 58 =gl N A BB P AH DG HE , — RN 1k 21 W I
MK EAIE B T4 T B ARIERIEE KI5, TokAb58 10~20 45, 5 =~
MPERME N T REABEIA 21 ThEE, b R 7K WA B A TR) 55 0 R3O [A]

ANV K A KA B, M R K i K o AT BAZK 98 5t s R00R A H
PRIV G YRE BRI, HAT ™A PR SE E BCSR, vl DR HE k57K, Al DMk K
AR PR N A B S R BB, BT SEEL T HAK R K

FEFKHLDX, TP R K S0 N PLSE = 7= b M P38 b 7K &k il Sk
H DX R DABIR FH K S o0 S A, St “ s dil” poar B s, PRIGIFEZK I Tk ke,
FH T K8 o AR A IE ] S RN 3 B AR AL 48 5% A ik 44 03 T 7K R e D s 3R
TR M FH 7K 1 A2 ml DAl 2 Tl e R i )

ARG, B TMAR R, FR I TV /K ok 4R 0 o St /K 8 FELAS
M LR, B TR KR T 2020 EHBL, R 1780 12 m®,  EEBLRIK
S (2007 4E) #8902 380 42 m®, BN 4 3 A R AR R T N REE KB 4

Tl FH K e bt B B AE 2020 4F 247, BN 6500 12 m®, SELIRMILL, 39N
25 680 12 m*. Jm i 4xE NI HIK R 448m°, SHLRACEAT . HIKB 0 3= B e h /e
BT B E KRBy . RABHBIX AR AL HIX o DR A FH 7K 64K = A e =2 K b X R R 7K
eI 2K X, FHZK B INAS 2 238 0 R B 1R 7K 28 P S otk 0

(3) Mg T XBRRBEKEFEE RSN a5 ERER

ARSCIN N, DX 5 i XSG A B P30 Xk e RS2 IS TR X, T i T
TR NOHE5 R FKE SN TR 10K IR S E R A R L n] R
DRI, e PR A B R AT )RR R e, DX K R IR S B, B X 3K
IR LA R KT

7% YR B XU 1) A A 90 3 AR FR e R B Tl (A XU 23+ 7 7 18, 43 AT 7K
AR FHAE R AR IRE R S IR RE S o AHLE TRE S 3y ik U, X3k RO oK Bl ke
B I RFAE AT BT TR, SEm N BT I 2%, I FRbr iR RACRMER 2=, AN, 7
IR ) B e s L, A B 530 O K. RE—Frae B MR
SIUE R BRE . EEER U ER USSR KT ER BT B, 24K %
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FETN LARSEAN b, ASCRE T AR BRI IESS DRIR R Figbr . K B ORRR ] S 1k fi
by ARBEIEA AR bR« K BRI CR S bR 3L 4 IO broAl) B ) DX RO 7K B Yt e ik
RS Pl 5 R SRAR 2R, JF DG B X O BIREAT T 0o VRO S5 R 7, /KB L
REALI R 5 S 3 DX K BE AL SR DA P 8O o 422 H I X sk B8 501 3 IBUR 2020
FAbRT. R RS IR DAY AR 7, JEREsiih «o R”, R il
W ARLET e M7

UL XK B R A R E R R RAESERK S SR, BEK TR ST
IR T RERRAT, I ALK B Wb, R RK . KSR It i Al b, 7547
FERCRAIR G D A, R IZIX KRR m, ARRASF I . 3068 2 kb
IRFESEFEARBUARAE Y M AR, BRABIFEAR L b A e . /KA CREME KR, dEsts
R TH K B BAR DA PrSOW, AT 4 70 7K g B4 & i o TR/ R S)
KEEH H T 10 42 m® 3ok 6 42 m®, B R L i /K SR YA A G K SF o Tl i
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Framework for Water Scarcity Assessment and Solution

in Regional Scale
coyeo o e12 e 1 . o1 s 12 . 1,2
LiJwy1 %, L1 Lyjuan’, Liang Liqiao” | L1 Bin™*, Liu Yumei

(1. Institute of Geographic Sciences & Natural Resources Research, CAS, Beijing, 100101
2. Graduate School of the Chinese Academy of Sciences, Beijing, 100039)

Abstract: As water scarcity increasingly intense, water resources have become the hotspot in
risk management research. Risk assessment and management of water infrastructure and rural
water supply has been discussed a lot, however, water scarcity risk assessment in regional scale
was few mentioned. In this paper, four indices have been developed to evaluate water scarcity:
the demand satisfaction index, the demand reliability index, the utilization rate of water
resources, and water-use efficiency. The calculation and classification principle of the four
indices was discussed. The framework for water scarcity assessment and solution in regional
scale was developed based on the four indices, and a case study was analyzed in
Beijing-Tianjin-Tangshan Region. The method is easy to understand, and available to use in

decision-making.

Key words: Water Scarcity, Risk Assessment, Risk Solution, Beijing-Tianjin-Tangshan Region
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Introduction

Beijing-Tianjin-Tangshan (BTT) Region locates at North China, with an area of 131, 000 km?
BTT region includes Beijing Municipality, Tianjin Municipality and part of Hebei Province which
consists of five prefecture-level cities (Fig. 1). There are three large cities in this region, Beijing,
Tianjin and Tangshan, of which have a population of 3 million to 12 million. And the total
population living in BTT region is 47.9 million. The GDP per capita of BTT region is about 7000
dollar in 2008, more than 2 times of the national average. The northwest part of BTT region is
mountains, and the southeast part is plain (Fig. 2). Cities and the population mainly concentrate in
the southeast part.
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Fig. 1 Beijing- Tianjin-Tangshan Region Fig. 2 DEM

Water resources

The precipitation in BTT region is 564mm. Water resources in BTT region is 15.5 billion cubic
meters per year. Water resources per capita is 307 cubic meters, which is belong to the category
“absolutely water stress” (Fig. 3). Water consumption in 2000 is 13.4 billion cubic meters. The
rate of water exploitation reaches up to 80%, can be classified to “with very high water stress” by



the standard of Alcamo. Over-exploitation of surface water resources bring out ecological
problems. Decreased flow led to deterioration of aquatic ecosystem, disappearance of fish species,
wetlands shrinking. Due to shortage of surface water, groundwater has been over-exploited too
(Fig. 4). Groundwater level has fallen down more than 20 meters since 1980. The total amount of
over-exploited groundwater reaches up to tens of billions of cubic meters in BTT region.

Fhangjiskos [l

'E
E % o 2 = - .
Fig. 3 Water resources per capita Fig. 4 Over-exploitation of groundwater

Cope with water scarcity

In order to ensure water supply security, the government has built several large reservoirs of which
the total storage capacity is more than 10 billion cubic meters. And there are also several
intra-regional water transfer project. For example, Luanhe River to Tianjin Engineering transfers 1
billion cubic meters water per year since 1983, effectively improved water security of Tianjin.
Government has launched emergency water division projects in BTT region, for example, diverted
water from Yellow River to Tianjin in drought years, and diverted water to Beijing from Hebei and
Shanxi Province in recent years. Although these water projects partly solve water scarcity, water
shortage is still the most serious problem in BTT region, especially in drought years. The same
problem exists in the whole North China region. In this context, South to North Water Transfer
Project (SNWT) started. When the eastern route and central route of the project completed, SNWT
will transfer more 2.6 billion cubic meters water to BTT region each year from Yangtze River.

The government also has done a lot of work in water conservation, promoted water-saving
irrigation technology and improved water recycling in industrial water use. Water price increased
in order to control water use. Adjustment of agricultural planting structure (e.g. change rice to corn)
and industry (e.g. move Capital Iron and Steel Company to Tangshan from Beijing) is used as
means of developing economy base on water resources. Take Beijing as an example, total water
consumption and industrial water consumption maintain reduced since 1992, and agricultural
water consumption decreased to 1.25 billion m? from 3 billion m* (earlier 1980s).



In the recent years, utilization of non-conventional water resources increased quickly. The amount
of reused water in Beijing is 0.6 billion cubic meters in 2008, and the number is only 0.2 in 2003.
Rain water use also gradually extended in the recent years, including urban and agricultural use.
Direct use and desalination of sea water appeared in the coastal area of BTT region.

Beijing and Tianjin have established city water bureau to achieve integrated water resource
management. Water ration for industrial sectors was set up. And corporations are asked to fetch
water admission. In addition, local governments have reached an agreement on water rights of
Yongding River. Beijing compensates Chengde and Zhangjiakou for giving up rice planting.

Future

As far as we forecast, under the strict water management, water consumption of BTT region will
remained at the current level. More non-conventional water will be used in the future. Water
scarcity intensity will be obviously decreased after SNWT transfer water to BTT region (Fig. 5
and Fig. 6).
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Fig. 5 Water scarcity intensity (2005)
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Tab.3 Abrupt change of precipitation for the study area
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Tab. 5 Effects of climate variability and human activities on stream flow

Period P(mm) EO(mm) Q(mm) A Qlclim A Q2clim A Q3c1im A Q4clim A Qsclim A Qéclim

1961-1985 411.2 861.86 31.04

44.17% 45.61% 44.10% 39.97% 57.35% 30.27%

1986-2000 4533 845.68 64.57
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Impact assessment of climate variability on stream flow in
the upper and middle reaches of the Taoer River based on
the Budyko hypothesis

Li Bin'? , Li Lijuan*1 , Qin Yuchu® , Liang Liqiaol’2 , Li Jiuyil, Liu Yumei' Zen Hongweil’2
( 7. Institute of Geographic Sciences and Natural Resources , Chinese Academy of Sciences , Beijing 700707China ;
2. Graduate University of Chinese Academy of Sciences , Bejjing 100049 , China ;
3. The Royal Institute of Technology(KTH), Stockholm, Sweden)

Abstract: The upper and middle reaches of the Taoer River, a representative ecological
sensitive area, has undergone great climate change and rapid agricultural and industrial
development since 1961. Several eco-environmental problems are becoming prominent and a
great alteration of the stream flow was reported. There is therefore an urgent need to evaluate
the impacts of the climate variability and human activities on stream flow to serve the water

resource management in this region. The potential evapotranspiration was calculated by

Penman — Monteith equation for each meteorological station used in this study. The

nonparametric Mann-Kendall test and moving t-test were used to identify trends and change
points in the stream flow, precipitation and potential evapotranspiration data series. A
significant upward trend has been found for annual stream flow, and an abrupt change was
identified in 1985 for Taonan station, the controlling one of the whole study area. The stream
flow data was then divided into baseline period and changed period accordingly. Six Budyko
functions were employed to evaluate the impacts of climate variability and human activities
on mean annual stream flow on the basis of precipitation and potential evaporation. Analysis
of the increment in mean annual stream flow between the baseline and changed period
indicated that climate variability accounted for about 45% of the total.

Key words: stream flow; climate variability; human activity; Budyko curves; abrupt change
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ABSTRACT

Based on the modeling and analysis of the water cycle mechanism under changing condition,
the study of the occurrence, evolution, spatial and temporal distribution of water resource system
and the relationship between different elements of the system and human activity has been
emerged as a research hot spot for water science.

The Lancang River Basin has received extensive concern for years due to its unique natural
environment, rich water resources and special status of resource diplomacy. Recently, as the
human dirturbance like vegetation destruction and hydropower development intensified, it is
urgently need to study the evolution laws of water resources under the complex natural and human
background both theoretically and practically. Therefore this paper focused on the characteristics
and trends of precipitation, evapotranspiration and runoff as well as their influencing factors.

Precipitation is the main variable of a water system and also a direct reflection of climate
change impact on it. In this paper, the analysis of the relationship between precipitation and
temperature and its variation was conducted firstly, results indicate that the covariability do exist
within the basin. Secondly, changing pattern of different intensity of precipitation and extreme
precipitation in the basin was analyzed temporally and spatially, the results indicate that the
downstream is an area with highly potential hazard, and the randomness of the climate system
may have risen. Finally, based on a multi-time scale, long time SPI series, the mathematical
methods was used and the Lancang River Basin is then divided into four parts, each of the climate
zones has their unique variation of the drought and the regional drought cycle changes also have
different characteristics.

Evapotranspiration is a crucial element of the water and energy cycle of a basin. In this paper,
the spatial and temporal trends of potential evapotranspiration of the basin have been analyzed
firstly. Then its relationship with the major climatic factors has been examined. The results
indicate sunshine duration is the dominant factor in changing of evapotranspiration. Secondly, the
sensitivity coefficient of climate variable to evapotranspiration was calculated, and their temporal
and spatial variation was analyzed. Finally, the Bouchet’s complementary hypothesis and the
applicability of the theory was inspected in the Lancang River Basin, and new findings were found
that due to the high elevation and complex terrain effects, the complementary hypothesis cannot
be strictly satisfied.

Runoff is a key parameter in water cycle. It can be the most direct manifestation of the impact
of environmental change. In this paper, by selecting six hydrological stations, three in the
mainstream and three in tributaries, the basic characteristics of runoff were evaluated with 3
hydrological parameters firstly. Then the whole basin can be classified into dry and wet season in

a year due to the monsoon, the monsoon is also the possible control factor of indicated changes of



the basin. Secondly, based on the Budyko hypothesis, the effects of climate change on the runoff
in three typical sub-basins have been quantitatively separated, and found that the applicability of
the empirical model in the Lancang River Basin may need to be reevaluated. Finally, modeling by
SWAT in different periods and comparing with the observed runoff data, a general conclusion can
be drawn that the reduction of the Lancang River Basin runoff is mainly due to climate change.
The research will be helpful for understanding the hydrological process and provide a solid

scientific base for sustainable development of the basin in the future.

Keywords: Precipitation; Evapotranspiration; Runoff; SPI; Budyko; SWAT
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