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At BEZOKERRBIRESR (BEH > 2010) < TR LR RIZEERNE > 1
VT AR > EIRE ~ SERIIMN LA B H A B o 55 bt [ B B 2 52 DS 2R OK TR T
{5 5 B B N R K B PR RS B % > Fantet al. (2016) R RRINAVERGEEE G - 1
EHSPE (socioeconomic) S8 (A« NIRRT 3EFEREE) HHk R s E N s B g
& 0 G R ERRIF KB » RAOKE I ERZ Y B A A Re & KIRE &

AREF (ecosystem) (VR ~ B ~ FRFK ~ Bl ~ It ~ ATJIT ~ WvE ~ RH S IEE)
L KES S AHRR - G2 B R A RE A v A M o BRI AKEE 2 2 » AR B ~
ARG ~ VRS o T T R (S ~ ATE SRS A TR IR
{RTCHRBI %K 5E > 2008 3 Costanza et al., 1997) » HAE&H 20 i 60 UL A 5 A

B > 4711 Westman (1977) #2iH T ERIRES E 2 D EE ? 1 B F5R - FAERERINEERE

N TEE ) BEENEYE s #2535 Ehrlich and Mooney (1981) #2i TERERIRES 1 HURRIL -
Daily (1997) % A= RE -7 M5 i 28 £ LAAE RE SRR HL FR ) REEEA T () e R 135 306 » BRIk ) B
FiH B A an B 2 7oK o T SO AE REB RS b T & ) IBEE: : Costanza et al. (1997) HI
A TH AR RE ARSI B AR A A ) F5et > SR E A BT IR EIE A0 E &
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{75 (capital stock) » AXEFIH EHARE AERT » HB MG & 4 E B BRI U0E » ik
BARERARES 5 2012 & » HERARFS (Ecosystem Services) HATIAINZ #1755 —HA -

2005 4 » TAEFEARERHKZM (Millennium Ecosystem Assessment, MA) 154 HEA R
BERE T ERAPSEINRE ) - Wi RR IR B AG ~ FET ~ X -
SCAVPUAKER = o H SR A s 75 A8 7 0 A F8 R RS Y BE R » B4 H ELAth = ZE AR5
IR s SRR A R ~ I5ORE ~ S2EOKEE BRI B RS A SRR B 5 FA
AR5 AR AT S B AU SE - ki B 2R S8 2 Sk A KRR TR B B2 5 A L b5 R 2 s el e 1
FFEIRAIRSE ~ LEEE ~ BHEEMESF > HAJHRKEPHRECE FAE CHTE » Mia
U R RE ) AR 5 8 s e 5 AR BEIRE ~ 4R b2 2 AR TR B L 22564 (Millennium Ecosystem
Assessment, 2005) ©

2007 F » UK LB B T3 (G8+5) MAEplRIH A Eilkd » AéE
S TAERER B AE Y2 B ARSI R {83 (The Economics of Ecosystems and Biodiversity,
TEEB)J - 352 MA A RERAREB VUSRI 70 75 17 (EEH - WIS RERE L IBaRIEE & SR
B EY 2 BRVER) 2 BREETE 4a ~ BeRAEY) S AR S B EEIRK ~ RRERICHEE P
H A R B BB W B > MR A R DS PREUA 38 DR RE 8 B il A 2 S5 1
RGBT R PR AR T (RIS - 2011) - H TEEB ARER AR & FHH n #8525 »
WEARER AR BRI ST » IR ERER IR IR EAERER % » BEIEARM Z MR i
(BY)) ~ B ~ FEPG L3R al ~ (R ~ ORI R AP 2 AR M ORAE S - T 5 1 B P ey
% B MR AERE R IR AT il ol s (BRSCE S > 2008 5 B WS » 2012) BRI » ARAOK
TR E DIREAE & RS T B A BRI EE -

A ATAEEN - BAEHE225 ~ BE LR ~ oKy BEE2ER ~ SREKIR S
ARSI EETIEE (RIBESE > 2004) o ARMOKIFIRE (RS - SR E KR
AR B BRI B R B AR IR 2 o ST (PR > 1996 5 LRRELSE > 2004)
TPRAS HEBEBRIAZR (1990) B BB EMIGZE (2010) F8F% @ PRZAFRUSSFER AL LL
It - RIGEICRRFAE LKA B KA - N IBRGRIG T EE M AGZ I T K iR 2 s
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) FRFEAL » BORS RARAKHKIFIREEGE ] o AR B KIRR B E R — A R - e —
MG (EE - EEOSHINE SO EEE ~ K E BE LGNSR EE (R E
B 2004) °

H 2002 FEAHE A AE Z 54 (World Trade Organization, WTO) % » BIPY ¥ iAA
M A < FHRBH A ZE ARG T 52 BT > BOF ARG 2 SR it (S8 fs LB IR IR T ~ 4
REERBE ORFE S HHBRGRRE R E T H FoKR R 22 DhRE BV FT A A R 5 2R RERIIE 2 ik ke 1T 2
— 85 > ARMOKIFIRE DR S A EREE 2 B E AT S5 B 1964 fFBlIA S H K - PRFF R &
(Land and Water Conservation Fund, LWCF) #8305 » HEEBER TS E B 2K E RS ~
BB IR E A - TREH R RE R PR - 2017 FEBIBUMGEREKR 9 B3Rtk T
LWCF & EmETEHE & - a RIS ARMOK LR 2 L - 1fi 2014 A0 A Bk i
ZEEHHE (Sustainable Development Goals, SDGs) /A5~ 17 JHE ik » HEENE THE(R
A NERRESH K Bt A . AT FI AT Bk A& E ) (United Nations, 2017) » AJ RLARMOKE
TR G BB F D Re Tt H AR S -

G H A2 K SCRUURER - G % RS CEIRF R B 22 ) By ek 5 2) > BN btz L
2 BENE > )1 gk M 2 0 A5 A G AR 60.91% B HEZANGK (TERRERE
KB > 2016a) (ERLE/KE TR E Bt RIBREE - i TEEB ARER AR KR al Al -
KGR EE T R AR A R — P T Al a5 » L[RIIGE B R R B A | (B - %555 %
B 1 B PR 2 AR MR RER RS (B E AT (G FHERTSC (SRS > 2008 5 = @S » 2012) »
LRI 720G SRR AR K8 2 DI REAE 25 TR AR RE R MU ARES v B AT S R (E fE - HRTS
VR /DA SUBRET S84 15 1 R T B KB [ 2 AR KR B U Z R 2 It e EL
FEUE 25T - INIE A S FIRE I8 G A S — 7 LBz \ {18 B A Pk 1 s b 92
R FrEME 2K B EE T R R G RZ % o T (AR L Al RAFEAT AT A
BURT T 1538 PRk C e (o 5 AHBH < FRBIBCR

AHfgeE R HIERTME G BB A R 2 RME K E (EHVKIRRE) SaEE &
R ILERE ~ FOBEERKFIE KRR S R ATt 2 FEAEE R - FI FTAHRBH SRR
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2016a) > HHITT B EREZ G MR85 = M PRI BLE AT 8 < ) BB AR - 1622 AR
PR AR RE SR A5 7K U580 22 (B MiEL 2 AR SRRV IR 753 » BT G 1 ARk A RE SR /KU 28
B 2 AR K B R OK RS FRRBR (R - R —E A SR A MR 55 3K > R RAE
At RARMOK IR G S THYIRE L [ EIF - GE LIRS DURRE (7520 - 15 BEdn B E 1%
HIRGIR

N> REARARAKRKBRBZARLEERE
A 3

(—)EBE 10 ETIRTE

I ARMOK IR L - BN & ~ 2R R S DR PRI S AR - 4k
AT BRI (2015a) £EHEFIA BB HRARHE FHFE 2 G 10
. (2005-2014) FERNEMEN > LURASEERFFRREARE (2016) A5 2015 8 H SRR ZHF
PR R ERL - ARFICHEE AT 10 5 (2006-2015) [T EARIT LUK SEIE T EAT 2 1
ffts > FIFR P EE 28 (8B LI 2 R ERNG, - & RN A ] R B » 2 W
Z RN ERE AR A BI85 - Hdh DL 2014 £ B HE HAVER IR A0 —4F - i
T i B DA B B s > e o B AR B oK 2 3 o
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(O oBFIIREHERERSE

BT3B LR EERIRIE - — BT BB KR Z R fe it < Bk} »
5% 2 2 2008-2013 T2 RN & ~ 3K S B AR » DLURAT B8 Sk 1% (2015b) 7K
Flfiatz 2013 FEKEFRENT (2015/05/13 ) - KEEH BLESHE T H 2 SRR ~ 4R8I
B A AT AR R R AR RN R 22.86% » 180 B AR SRR R
(1) 72.02% > SRTMFR T 2013 FF2ERILIIL » BURFATTR It 2 S 8K IRERIRZ 18 & A7
5 MHEE 2 A EE R AR ARIEE o 5 AR 2 SO
BB 2 G 2 B B & AIBREAYISE (2006) BLRAESE (2008) ZBF5T
(35 3) » B A TREIANE] -3t F P AL A S B B SRR AR R > SRS SRR ARk
I 2 ZREE RO R A IR AL (a0t ~ oK - RS~ MERIUEEI0EE) & s X
8RR (2015) T & HIERERY J HO&E EEHE(G IR st K E 2 i 9E - HBSTRE R
RURBRE A i 2 AL 1 BRI+ - b R TR R SR A 4 o
SR SCRRE R S AL » /D A ATl 2 2 I AR AR IO B 2 AHRRF e B R > (R AT
BAES R L vE —E ZFHEE -

F*2 B 2008-2013 FZFITEFRE - ERMBELEREK

FIIWE (mm) FERE (@ md FERE (Bmd) ERE (%)

2008 3,025.00 1,086.43 784.82 72.24
2009 2,489.00 893.92 612.86 68.56
2010 2,368.00 850.47 624.87 73.47
2011 2,300.00 826.05 586.02 70.94
2012 3,139.00 1,127.37 846.98 75.13
2013 2,738.00 985.68 709.88 72.02

BRACIR AT EBERE R K% (2015a)
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&3 GERRIMFREEHREMELR

TR R (SE FIFREEE (mm/day) 12040
2001 £ 6.04
2001 & 3.63 e
pan 2001 £k 447 PREAYI% (2006)
2001 4 3.05
1995 4F 5.71 GBS (2008)
2001 £ 1.42
2001 & 0.36 e
BHEmM 2000 Rk 135 PRI (2006)
2001 4 1.33
1995 4f 2.16 SRS (2008)
2001 £ 3.34
2001 & 2.13 e
Kp 2001 £k 279 PREAYI% (2006)
2001 4 2.80
1995 4F 1.85 SBES (2008)
SRR 1995 4F 1.85 SRS (2008)
T 1995 4F 1.35 SUaEES (2008)
2001 F5& 1.94
2001 & 1.12 e
#h 2001 &7 L88 PREAYI% (2006)
2001 FE4& 1.35

BRIAIR « BREALIZE (2006) ~ SEiGiE5% (2008) °

& 4 PEEGH 2004-2010 FAETIRBEMNEAEE - TIRFRBE - MRERSERIM
TXEIESERKEES DL

TIEER FABE (W) ITERRS (%) WREARSE (%) MTKETIE (%)

fLt 29.14-38.07 18.25-27.72 61.93-70.86 8.47-10.84

WHEE+  61.01-67.96 44.93-54.31 31.91-38.99 13.58-17.83

BRI #iK (2015) ©
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BT B R R B G M R UM R EE T B RIS G 8 5 8 2 5 MY
77.09% > #EEEEFTE I L AR [ B RAAMEL A T » Horh DURIARMS IR & 2
T RE LI o 5 {5 A I 2 s A 1 8 B i e 8] S5 AR B e ] E S DY R AR MR R
RS (TECREZR B GMEE > 2016a) » IR & B A RIS & 17 B &6 77 16
Mt~ o~ BRCRER) < LEB > BEAEAHRRE Rl e LU SR Se i - AR IR &
EREEY)Z BRIETE L (2006) Frg .2 & A PRI IR 8 (8 1a) - 534
AR ERIERERS A - M E S T BRI A E] L T G Z 7RG (B 1b) » Hrp R
M Z A LA B - BRI LA 9 15 JE R A AR PR IS T R A 3 » i B2 B R T
PR AT o5 2 LB B A (3% 5) » A gZR el R EILHER 7 16 LU T RIS £
HHER USRS B r B MRS - maEl s B R B MR A - SRESHILUESR ~ &
R ATE BRI R E  H PR E ARE H fhB A R  f RHI AR PRI o

(FU) eEsEhrEEMEXKERT

EEHRMOKIR R TR 7B E AR SRS 2R - (R
TR BT B PRI KB DU o ABFFEIRIET T BUbe RS BRI (2016a) AT
2K B 22 2 Al B SERTHERE S I TR DR » B 2011-2015 /R L AR AT
B - AREH 2011 SR EADKESEOK IR ALK HE TR () 2= (TEBRGEETK
FIIZE: » 2016b) fifidE+5 i BT i 75 2= ELIR AR 2K > b R & B 5 E e Atk
R A 2GS EEGEE H A B AT ER L 17 FEE SR - ARFSERT 4 < KH
BRDLANSR 6 Frrs > F R & KB 2 A K E ~ KIS EE R LU 5 FAHEEE R
H e BE R E R ~ TE3 ~ 5 R R SRR R - D EBORRDKIE - 2% B i
SRR > IR AT LAGE K (7 1) K e o2 R T o
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MER B DELEA (%) XAM (ha) AT (ha) FRMEE (km?) DEEIE (km?)

& 11.1 185.07
e jth 136,013 30,720 1,667.33

R 88.9 1,482.26
oy deEs 100.0 113,217 32,864 1,460.81 1,460.81

& 9.7 120.97
A jEfK 97,538 27,178 1,247.16

R 90.0 1,122.44

R 0.3 3.74
R P 100.0 145,558 29,248 1,748.06 1,748.06

& 39.2 441.35
£ Eﬁfﬁ 61320 51,269 1,125.89

A i 60.8 684.54

R 0.1 1.68
JRH EEE 97.9 122,816 45,157 1,679.73 1,644.46

R 2.0 33.59

Fap 2.0 41.46
=k ﬁfﬁ 183,826 23,480 2,073.06

HER 98.0 2,031.60
e B 100.0 272,026 24,474 2,965.00 2,965.00
= 1,132,314 264,390 1,396,704.00

BRI - TTHBCREZE B/ (2016b)
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T B AR RN A A 2 BT

&6 OESKEHREIEKE  SBURELI (2011-2015) #HEER

KEE (1THEI) EIKE (M) EE (t) FHEFEBR (t)
HrILoKJE (EERE) 10,090,000 250,000,000 11,760,600
F5220KE (#rk) 406,000,000  11,450,000,000 7,815,800
AR (BkEE) 391,200,000 3,183,000,000 242,645,000
ALK B (1 5E) 29,580,000 1,260,000,000 2,015,000
B LK > (F77T) 5,500,000 680,000,000 2,987,000
B —oKE (FrT) 31,900,000  10,500,000,000 6,720,400
HATE K (H728) 16,500,000 211,350,000 12,197,200
HRFRIRIKE (H5E) 122,770,000 8,600,000,000 24,628,874
EEIKEH () 266,210,000 5,120,000,000 13,618,800
A (5 3,380,000 480,000,000 32,769,876
H K ** (5 %) 171,621,000 64,000,000 4,000,000
FAKE (FER) 146,000,000 376,077,000 6,143,200
R (F1%) 14,000,000 64,000,000 8,530,600
{ZFRIRKE* GE#&% 27,120,000 1,659,000,000 27,569,000
OXOKE GEzE 708,000,000 6,038,000,000 5,726,800
FAKE (51) 25,000,000 205,000,000 9,424,400
JSILBEUKE (FFE) 154,158,000 54,130,000 306,377,200
FLKIEH (HE) 149,460,000  12,800,000,000 42,469,800
B[ TR (R k) 45,000,000 262,200,000 2,547,000
HFKE () 30,000,000 7,400,000,000 7,676,800
Pl 7K e (FkJ55) 75,000 40,000,000 1,242,000

BRI« ATBBERE KR (2016a) ©
it L FORIKEHEE B IR R —F AR 5 FORERR AR 5 RN =5

(14)
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— - OEFRMNKRREREEDR

BRI 2 B RS EAREF BT TR 2 T = EEE ) FHE
BUR - WRZE 2 E RBEEIZ 2 BMREHBCE - =4 EE/FE SRR E ~ 4584 e
(Bl > FPAE 5 B b Z IR R B » 3 20 22 e REIBH R 20 3 1) AR08 SRR B THI ) & T
QIER 2016-2017 SRt 2 Bk fA (T - BN A REIH m) 2 AHRH 2 38 SR i - iR
EEKE IRBORTE ) > FE KRB RS 2015 FHEHL.E THl PRI & B g NREPTA
AL o BB ER R TR R ZBT o bR T KR ) R T IR R
gt > K B R ZR e TR (et T 7N it A JE A K Bz K A A Tk > [
FHEHA KRS ETEYIN S - MARBRMEREKIEY - v ESEERHIE a2 (T8
BeaiaR /KRl > 2015¢) °

S~ BRIy R IR

ATRSE - BAE R FT AL 8 B 2 MRS Jm i o M B A A [ R R e 2 R 8
(> RIAERR il B v i X 2 BHER AR Y ) PR AR 77+ — P il B 5 ¥ B A R Lt A R 7K U
R RS AR RR IR EEET AL T 1% o AR MO IR R AL B B RS EE - =00
T EBATE C E AL » AR TTHS KRR A K B AR 0 (o K SO S - Tk
U2 T IEL A0t FR P A o BEL A7 A5 R (B AR il AR ORI 8 2 3 - MG 5 1 T
HET

FRARK UG 2 B Z 3Tl TR RS FF L@ MG R MOKIF IR & 2 B SRR » LK
XA (water balance method) ~ HIEZ K& ~ A RHEETHE (base-flow record
estimation) ~ JR/KHT#RF%7% (recession-curve replacement method) 2525 /5 1A B 12

(15)
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BOE K E IR AT E » HAUK ORISR AT AR MR A RE R A — BT PR
M o EHE E AR IR AOKETRAE N 5 R EOK SRS HIEAR SR ~ AL R
#KRES) ~ HIEFLBRES s HIEE K ERIEGE - Ed T LB KR - B AR+
HhESRERN ~ SEIE I ARHTE R B R R AKERES) 5 BRI BHMEE A RSE & Al 1L &
JEAR > IFE BSOS E (runoff) BEILHEE (base-flow) 3 » i ARFRAIRS BELAT - LUK & HE
T ARMA SN KE 5 THRK AR ARk B RS E HE < SRR » HZERIER
SRR HHHR AR I i I B B ATIRR A AGT S > IREEH ERS SRE S B &R
Atk o

SREFRAE TR ARSOF B AR R BRI (1995) & AR R R ST KR
BRI HINWEZRIFREBEA S » HEMGRCE 2R EEHE gD ((PRIBISR M
SEfR » 2008) 5 HIEEKEEMER HET RO HEEF R SR~ ZAFREE HA KL
Fidat B2 28 EE MoK LIE R ReE BT EIRDT - IRMIHE R RE RS R BT
R AT A L BT K & R R K LE 3B AL T 5t R B AHRR R S ey (R -
1995) » FERFEIRA.2 T Bt DU EARMOKR ISR & R E R AR <& RE
ZR I B E - SEM AR R ~ K3 BE0  SRIIRN R 8 56K [ B ) 1] )
ST » 15 DI A0 B PRR AR R T BE i L HE Al O P e At - ZH M IR 52 Z 5 ) Bl 22
[ RUBE DA BB AR 2 A5 2R 5 SROK BRI Rk 2 AR I BRI MR AT - HETRSR
KR B o RN R R AT B R U » @ R BO@ R & Rl R < RS A -

RRMOKIE BB (BB Z A TTE TS - IR EESE (2004) LUK (2000)
FI AR B KIF S G < BRI R 2 70 B - AR SR ERS AR T A R LU 18 (1)
BB AR LA - MR AR — KR R AR K » DA TAsa PR
RERIFHRIIIRE - BTG EEETR EERA » 70 SRS ISR AL+ TRES0E
ULRRE - WERTRER G &8 E S - Mg HEE - LR KSR R ~ 3%
i TEE ~AEIHAR (discount rate) LUK M (B 2 150 (4R > 2011 Xue and Tisdell, 2001;
Zhang et al., 2010; Biao et al., 2010; Ninan and Inoue, 2013a, 2013b; Ninan and Kontoleon,

(16)
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2016) : (2) THIGEME-EARAKKE » B2 DUE R KPS ER T - AR RERE K 2l
B B TSEEZE (market valuation) HFYTTTEERS (market prices) » H KK EFEE K
HUSEEEE 5 SR B AR KBS [ R L & K B LB R R (I R A% & B S 2 5
N[ TR 32 7 8 » e B 1 S AR MK RIS R B 5 (3) s fiA& - A B (production
function approach) » MIEAF KB4 EE B3R 2 — o WiBa% A i & BB K A R el A1)
R » SEE T4 25 B 2 At A 7 SR T SR R B BB I ~ FREN > ARt AR HAh 240
) A i SR AR ARG BRI K52 7 A (SRERESE » 2004) » SRT /KIF I EE B 4 R Il
AN E AR AE TR SRETRERAEFTIK ~ BBt CR » A BCE S R S AR AR OK IR
W TR R e TERIRE B TIH 5 (4) BRERA » IWE DB EMAE R E 2P ik
Bk A B AR (BB > 1995) » H X THEA REE) B TEREREE W
G772 > RIS R PREY IR ofe B L T P AR R B LA R MR R s g A R 2R > 40 il
PRI LA ERE » BN AR IR B Z B S A » SRR AT 77 3% » AR OKIR R 2
W AEMIUEYEREL - EHETIH > BT EEE S R G E AR MOKIR S & 35
AR A FE U I FFEL s (5) (A # A AL » DU e (FaT % (contingent valuation method,
CVM) IR B8 I 5237 & AR HOBH A S AHE i (willingness to pay, WTP) sl
P2 w44 (willingness to accept, WTA) » DUV ELE (iE » b L (B i 22 FLi K »

A7 b SRR AR AR OK I B B AR 718 AW ST BRI LR Ak B 7 1%
%) P (50 B ST > M S T AR AT RF S8 Pt T R E B O TR BB A » SRR P JEZ W E I 172
FRARN I 2R A AR FHRRII TE. 2 51 o IR BV ZK SO 5 S 32 B B i Rl A 1 o2 7K Je BT
BAGETE - B G (B A R R MO RS R -

—  KCEEWEOAE L I RIE R

KSR % (water balance method, water budget method) & #RiAA: BE AR
B—EPARM B3 e IR oK IR A BT > SRR E AR A K B IR Y

A7)
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FHE L BN E AL R BRI AR bR B SRR R K SRR (R e (PR %> 1996
B #£555 2000 s Xue and Tisdell, 2001; Mashayekhi et al., 2010; Ninan and Inoue, 2013a; Ninan
and Kontoleon, 2016) » M7 E1 25 A F2 s m] 0 T o i) 78 25 1R FE B R Al e i B K [ 2
e o THSH DT K SO Sk 2 BRAGR X - TRk s 5 58 15 SR K [ HH K &z
MET (R > 1996) » J5ATE MG AR AR PR L S SO IE E  Z R o KSR
SUEMR BRI IR LR (FRLEBAEIK > 1995) » @K G SCHUR AT
165 86% ik U EIE I FE R N 7K 0 BR T 2 14% FHERMZEEWIRA (Xue and Tisdell,
2001) » 111 EFR AR AR K B BA R A RAE HAARE 2 A2 5 > BB S 2 EKE - JRH]
ARMOKIESE & FREASRMOKIR R R (BKR) e bRz RS » BT 23R4
KRR R (M5 > 2000)  HARGHE RS FAUR :

Q, =Q, xA=1000 @)

X Q) FQ, BEFEFIHRMIKITREE (m®) » SUMAMEEKE > Q RARMIER
dolkir B R 18 2 K (mm) > A S ARMGRIETRE (km?) » oA RS ARk B (L T A 5 7K
B ZFT ST L B2 ST T AR S L R

Qv = Qp - QET (2)

A EFE5E (2000) B Xue and Tisdell (2001) AF7K SIS ik 2 FR PR BT THIFE & 7K
HEHEX Q) HbQ, BEHFE KR (precipitation) (mm) > Qg & 17X F &

(evapotranspiration)  (mm) » Bt/ 31555 g R K & BL 2 S8 B R i 2 Z[ERR R o

Q|E = Qp _QET +AS (3)

(18)
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R BRMOKIF R R 2N RS > KX LUEE (S5 ARE > runoff
coefficient, RC)? [t—Z2 U SAHRRIFSTAN A KRB Z AF Ml (PESRT > 1996 5 HAIEIEY
FK kS5 » 2008 5 Ninan and Inoue, 2013a; Ninan and Kontoleon, 2016) » = (4) Bl /@4
PbEKE ~ TR R ~ TG E Qe (mm) LUK AS i /KiZER (groundwater
seepage) (mm) Z[HEIIBARRE » AR RS BRE I 25 B AR 2 U8 gL - i
ZEIRE R LR AR > M T K28 B — K SCEI S e A% (R
1996) °

Q =Q Qe —Qer 4)

bR 7R R B 2R AR 29t R G R AR MR B (LT R K R R B KSR
s AKX EBRN (4) Fior - P S ER (2008) #8 R K SOR#IS0E - 1
DR ot 1) g AR B 15508 5 I s PR - Aot PR BB P i i o R I A5
R &z Ll o

Qv :QPX(l_QET/QIE) (5)

iM% =M E ~ ZARHCE LRSI AR PR L T K & 8 Z SRR (R =0 A
#HX (3)» 2 (4) £ Ninan and Inoue (2013a) il Ninan and Kontoleon (2016) {7k
KRR RSB o LR 25 [ I 100 P A A Dk 2 MK & > 2RSSR A

DA RAN RIS RERER B A I 2 WH - EKE @M -
ERAFRA - -ERE - BEABEFHAERAMERL  WERB S Z4E 1 (1) %R
BRE O BEABTHEAFHMAI Y ERBO M 2) —HERERMAE —HET
BB AT HAETHZ M 3) RIFMEAGE RN (W5 -FHA%F) M
H838 R F AT T F 6 PAE s ST A AT R ATIR N X ARG BEAE S (TR EE R
G K ERFFE > 2006) °

(19)
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i 2 LEBIHI RS K it ok < LEB » IRBLRE B & .2 LE BBt R S AH S BV m] 15 R34 70 7R
MRAT&ETF LMK R > TREIREE 7T AR KR & -

Q, =0xQ; (6)

B Lt Ao o TRERFSEI IR E R SRR A AR B
LIGREARC > 123 (6) Ry 0 (FHGRFAAS [RIR PR B - i fge - FIE Al & H KSR
ek R ESBIE 2 L (AR - 2011) ©

— - EERNAER ERIRE

H B AN B ARG BRI 2 (EE > BT 7) K o Ve BARMEFRE
KR Z G ENE (TT) > Quw RS H Rl 75 VA8 B HH B - 22 AR PR 180 22 5 (m®) » Cru
FyKEEAATEEE u/md) > T E AR R KT E AR > B Al W 9e LK BLAT
FEKARDEEH (F1ER » 2011 5 Xue and Tisdell, 2001; Zhang et al., 2010; Biao et al.,
2010; Ninan and Inoue, 2013a, 2013b; Ninan and Kontoleon, 2016) » LI A TZ2& ¥ HL 4 /e
RIFEAWIIIRE - B B — R B R R Zfk K » HEFKE IR Z RENLL R
IKEZFEAE - WEB R TG EEE PR EE A - G0 R R LA AL
Rk MBS AT RER AL & 8 T ~ MERE BT - — MoK (RN - THRRBE A IR 50 4
SRR 5 R B3R ) < B R » 2 BOKE 2 SR F IR E AL R £ 80-100 F /24 (A
B LK) - TBEE K R ISF AT AN ~ BT » TR %3k EIEEIAS (discount
rate) » SR ESCRRITE IS B % -

Ve =Qu xCq (7

Ninan and Inoue (2013a) 3 FH 7K FEK A TG & H ATRIRORFE I /K I 2 4 > K
JEEREETERYAS 137.15 HT/m3/4E » #9815 % 39.32 JT 3 Ninan and Kontoleon (2016) HIJF It

(20)
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AN LB SR AR K IR B A > B H Kabini K% m® oK ZREBIRA S 0.58
B > RO EHE 0.27 7T : FREIBIZRMESS (2008) AT/ EH) (FRAAZERERHEARE D)
REAFERLEL) JRBEF LT » SET 2 STRMIIG L /7 3 > $RABR/K R E E 0.86-6.11 AR
Him?® Z[H] - ) 4.25-30.20 TLHT M 5 1T 1895 22K R R BB FRUE FRY 86.8 TT/m? (A4
f% > 2011) > LLEABIHBEE AT« O AR AR RERIE L K IR ER (I - BEE TIRE
KEERSY » HH Zhang etal. (2010) LUK/ B A RGEE G EES 21.5 (A RHE - £ 103.2 (&

ATi5E 4= Z 28 Ninan and Kontoleon (2016) 2 A& REARES (EEFF(L ST 11T 18
FRAOK I 2 A (R IO 5 SRR 8 A W2 KSR S B B B A — K B
MATEE M - B RIEHEEE ~ BRERATA A S ~ Frif R DU LB B D58, -
RRMRI ISR B AR SCPBICaET R E - AWFFERR 7% Ninan and Kontoleon (2016) 2
WM 2 H R B IR E %55 (2000) B Xue and Tisdell (2001) LAk HiEdE
FMER (2008) Pt 2 AL EAMET TN S - FERIARE < AT T -

Qer =Qp X Ry (8)

Qe =Qp xR ©)

RIS E TN E Qe (mm) 77 BITRLIEL ISR P78 #EZER Rer BLEHTAR
Rie » AR IS B P75 AR Qer (mm) DURCEFITEIRE Qe (mm)

Qv = QP x (l_ QET /QIE) (10)

Qv :Qp _QET (11)

(21)
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Q =Qp — Qe —Qgr (12)
Qy =Q, xA+100 (13)

Q, BRI B IR 2 K& (mm) > FIFEREOKE ~ KR FOSEHH
HEAEKE 2N (8) - (10) MNEF47 AL 7514 1 (Ninan and Kontoleon, 2016) ~ 77
11 (H#£5 » 2000 3 Xue and Tisdell, 2001) Ei757% N1 (FPEIBEZ AR - 2008) » B0 E
KB BLARAKEIRAE RS A (km?) FHTE » FEEE (IR0 (H n] 1S3 B A B 17 2 8 K 2
Qw (m3) » KSR F It B MoKk & -

Que = Cyy X Ay (14)
c, {Jﬁwm}ox(l-m D)) (15)
Coy =Co +Qy (16)
Vive =Qy xCqy 17)

FEAE /K B B AR (Ml P U 43 AT 5 1 2222 8 Ninan and Kontoleon (2016)
ZWHe T ARG ERMOKIRRE 2GR EE » Cv B/KEHEEFAEHEEE N (T
Iha) » A 57K B Z EHETE 17 (irrigation potential) (ha) » 7 2 /K JEE T /K A7 IRE P 3 17 A0 /K 7]
W% D NERIERE > Cow FA/KEHFEEASHEERLA (OT) » Co F/KIEHANE S (OT) » Le 51K
ARK R T (60 A A2 S SRR - D FSEERAS - REGH R T C ) KIEE 5 S HI AT A
A (r) > MRS AR DL Qr /KEHZE K& (m?) » AR EI/K A B AT KR & K Z I3
FUA Cru (TT/M®) o HRITALFT 15 2 AR I8 8 7K Y 5 B/ ek B 37 /K B R A A 3 - AT
i B O P A AR A U B KRS R (B E Ve (OT) ©

(22)
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/
B

.

A2

&9
il

EAMT

(—)EFIIERE (Qp)

Qp M T Z N & » PR EET IS 5 » RGOS 32 B ez 1Y
2014 FREF SR » AR EIET BRI SR NIZ (20158) Fat MA@ TSR
RHE RS 5 EHET 10 F (2005-2014) FER B0 » DURASBE R R R R
(2016) 2 2015 FHEHARE R 2 FIRENEE R > B 28 {85 BN I >
SHRT 1 B PRI 2 105G - BUSSE 10 A EHm T RN E (R 7) - #E2E$
RERDRR IR 8T 2T ~ o~ B LU R AT BRI # 7y o S ik 3% ot 2
PR E (R 8) » HHRAAHISTET it ¥ SR L BB ket » TR 2 Ik 2 7 [t R 2 4%
B ER Sy o

(Z) FEEER Rer) HIERER (R

AHH eI e B TS FH 5 it R 7,2 /K SCERH B SRR - SR T [ 1) 2% [ o2 7 e i (Bl
i) (GRERN R ZEUB - (ERES SORRELEORE AN R L3 28] 25 i Z G 1A - A0 - 1T BbE
HEFERKFIZ TRt S ERKIEER RS (EE AH7 R - iRt e 208 5P
SREHAERL (3R 0) HEITRE  BUAYISE (2006) BLSRIGESE (2008) LTS H A RE
FRAREHA G IS R R R 8 (3R 10) - ARIMETHS S AR MR IS i i 2 i geie )
WO L BB TP A0 s K (2015) il & SRR B HL 28 S HE (T I s P T 7Kl
LEZ WP Fe R S it s - BRI T R i B 58T IR 7 - IR
BLARARHBIE (3% 11) o RIEASE R LI TBBeAE BT K R (2015b) /KFIIFEET 2 20138 4

(23)
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KB (2015/05/27 SEHT) FALYE - HAEEFEREN ~ FAFDESREHL > &
KRR (Rer) A ERERN BT 22.86% » FIEWAE (Rie) HIKY o5 F B 9 &Y
72.02% > HEE AR BRI AR ~ BREAYISE (2006) LARHEZR (2015) ZH LR AH
AT {EZE AL GRERT R L LEBTHIMS (R SR <E (2008) ZHFFEHE A

T 9O B 2008-2013 FZFITEME - ERBEE AR

FIIWE (mm) FERE (@ md) ERE (@md)  ERER (%)

2008 3,025.00 1,086.43 784.82 72.24
2009 2,489.00 893.92 612.86 68.56
2010 2,368.00 850.47 624.87 73.47
2011 2,300.00 826.05 586.02 70.94
2012 3,139.00 1,127.37 846.98 75.13
2013 985.68 709.88 72.02

BRI « AT E K FIZE (20154) ©

R 10 SEHRMZEORIHELR

TR FHEY (S5 TIF5EEEE (mm/day) SIS ER
2001 £&H 6.04
2001 ‘EE 3.63 "
# M 2001 -k 4.47 BRI (2006)
2001 4 3.05
1995 5.71 BGES (2008)

BRI - BRI (2006) 5 SRIAET (2008) °

F& 11 #HESM 2004-2010 FAFTIRFERNEABE  TIEXRE - MKERERIM
TR FELFERKELZE DL

TIERE  FABE (%) ITEZEE () HMRERE (%) MTKEEE (%)

#Lt 29.14-38.07 18.25-27.72 61.93-70.86 8.47-10.84
WEE L 61.01-67.96 44.93-54.31 31.91-38.99 13.58-17.83

AR © #& (2015) °

(25)
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() HREEREHEE (A)

AT 2 AR FE AR A 5 1 18 2 o ML) 77.00% - AT BB RS R B MBS R /UK
PR s T BRI > AR PRI 2 e bA T R [ 2 22 AT B B (A - 25 Rl T
15 AT B SSA AE B LE BRIy A ikl » DRI BE AR 2 A5 AR AR AL - AR [
LE B £ A AR R ST R R (T BB R R B G MR - 2016b) » (& RABAHE
[RS8 T B A o7 2 EL B B A (3% 12) ©

* 12 SE\KEENHFNIEERE

WER BB DELEHI (%) FRAMERE (km?) DEEE (km?)

. JEER 11.1 185.07
R AR 88.9 1,667.33 1,482.26
¥ JEEs 100.0 1,460.81 1,460.81
JEEB 9.7 120.97
R o 90.0 1,247.16 1,122.44
AR 0.3 3.74
[EZEa e 100.0 1,748.06 1,748.06
s HhEp 39.2 441.35
REFR - 60.8 1,125.89 684 54
HREp 0.1 1.68
B B2l 97.9 1,679.73 1,644.46
AR 2.0 33.59
FA D 2.0 41.46
o BRED 98.0 2.073.06 2,031.60
1B B 100.0 2,965.00 2,965.00
=ri) 1,396,704.00

BRI - TR EZ A G ER (2016b) ©

(26)
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(PO KEFEBHEZNA (Crv)

HIA & 722 Bk B BT B — R E R 72 20 - AR C,, HETH LI
AT Ninan and Kontoleon (2016) 7= (14) AMEEEE » BT EBEASERET K
FIIZ (2016a) Attt 2 /KB 2 23 il b SERTHERE A BT TRCRE R » 4155 13 Ao » A
FEHN 2011-2015 FHE 5 AR T R HEE SO 2 T RS » ik 2011 FREBIEAIK
JESE KL BOK A PEAERR (FE) 2 (1T BBE RS ER K IS8 » 2016b) A28 & [ & RHE 58
{7 2 B AT AE T 2 7K e » 5 357K o B (A R (o AP P % [ R R R e
BRI FIE A & 2 GBS RS EE A S MG AR 17 FEEEKE » BF
16-18 B 76 MRRERS SR > ARIEAL ~ R~ B~ SRTIE DU 2010 A 2R AR R SR K AT K
IKEEE PR (1) & (1T BRI ET KR » 2016b) - G S S /K A B 4% [ AH T 2 K
[ AT KRR B AT o

® 13 BEBEIKEBEIEKE  EBLURFD (2011-2015) ##EEMH

KE (1THE) BKE (m?) & (n) FHEEER ()
F52KE (L) 406,000,000 11,450,000,000 7,815,800
FFKE (BE) 391,200,000 3,183,000,000 242,645,000
EEOKE () 266,210,000 5,120,000,000 13,618,800
FoKE (FE) 146,000,000 376,077,000 6,143,200
EOKE () 708,000,000 6,038,000,000 5,726,800
F{LKE (BHF) 149,460,000 12,800,000,000 42,469,800

BRI - AT BB KFIIE (2016a)

(27)
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— - BRERIGREDIN

(—) K HFHWSGEE S SR EIIBFRKEL DN

AWFEAOK ST M S » FITH 2013 2 5 2 N & ~ FAF MR DU EE
T o G AE A R BOEIRAR » K S A VA A BAS B S AR MOK IR IR B (G RERE
Y i LU > SIS AHIBE SCRRE T SRS SRS 3 14 » Hop 2 BOU 2 MoK B D RE &
HEFFS 55-65% » FIEHH A A 4 T I 2 R L S b 2 SRR BR AR R T 6 AR L 451
ZARMOKIR B IhRE (MR > 2011) o AWFSEIRAE kAT 2 G2 B ok
TR DIRE ST 75 68.27% (J714 1) ~ 77.14% (J7i£ 1) K 5.12% (J732 1) » =FE 535 LA
T | Z EAGSAE B ST IR EL 1% - BRI B IR ER BT 2 AR MK ER ThRE » U735 11 (4
G R AR RO 2B - S E S SRR IR DIRE Z FTREE » T T %
T BRI S8 AR A L v o DRI 18— (3R 72 v e 2 L S A I L DY R BRI 2
G > J5 AR 5 RN RS KT 2000 mm o FRPATE 252530 60.71% > BIVESZ 2 ZABE IS AT i AT
i S N R 8 AR GER MK R PR A7 o

® 14 FMERRERKFEVIRELIK @S A G E 2 RIS
*HNEENRELERE

MRASEL (FD) TRFEihE, SLEB (%)
F R (2007) HE-E R 55.00
B (2011) rRER - H A G e 25.00
Ninan and Inoue (2013a) H A 65.00
Krishnaswamy et al. (2013) 1 -p8 5 1k LRI 505 R 61.25
AW (2017) 8-\l A A L J5i% 1 ¢ 68.27
JiikN:77.14
J7i% 1 2 5.12

it R ETENE

(28)
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WS 45 77 P T B A AR R OKIR B 2 B AG S K a2 LA - Ho R g 2 A s e K &
B NSRS R (B R) (RN R Z A RIFFEE 45 (2006-2015) 274
R R ST RS TR IHIRR SRk B L =T /7 AR A3 B (PLER &) (5REN
2 B A P R S R LR R (3K 15) 0 ZEYWREE > AL
AN E RS - PR MR » 5 | 27 BB FEFEINEN N7
1300-2600 mm Z [ » T 11 &l B8 17 2 & HIRU¥& /2 1500-2900 mm Z #EERA » 75
I FTET 2 R P =AY 100-200 mm > 75 [ 817 AR W B ER IR 515 | BT
e

AWFFELIR 15 HEEIL ~ s B EE S TR R 2 F IR AN E - KA (13)
Bl {5 {1 A bk o) (L PO A AHSRE > MU EAE R (I & SRR A5 ko B I [ A A 32 458
S ZKIE > 2K 13 DIKRAF (15)-(17) FHEBIA MR ESFMOK RS E 280 EE - 5
FhoK % 2 (5 F AEBR 227% Ninan and Kontoleon (2016) 2211 80 F M HARER Edn » M
H B2 HI 5 B A A 0 (2016) BRI 2 BURF A (8 5 AEIARIZR 0.51% (BEHTH T -
2016/09/30) » FEIL /7 AlET 5L 518 95 227K e B A & KIS BR AR 5 0.15 (JT/md) ~ 19K
Joi BV K I ER B AR K £ 0,09 (JT/m3) ~ P /K ek B (v K IS BUAR AR ES 0.12 Ot/md) ~ 75

15 FAKNEERZER =L EaEsEFTIIBGFRKE
JEER FRED EEES ERAR

FERE (mm) 3,735.00 3,546.69 1,975.11 3,202.18
Fik A E (BRI E) (SRR L] 31.73% 31.73% 31.73% 31.73%
HIEEINE (mm) 2,549.89 242133 1,348.41 2,186.13
T AR (PSR E) RENRZE] 22.86% 22.86% 22.86%  22.86%
HIEEINE (mm) 2,881.18 273592 1,523.60 2,470.16
T -k R (ML E) (GRENEZHE] 94.87%  94.87%  94.87%  94.87%
HFFEINE (mm) 191.23 18159  101.13  163.95

BRIZRIE « {7 EBERS K A% (2015a » 2015b) ~ Ninan and Kontoleon (2016) (/572 1) ~
H €5 (2000) (J714 1) ~ BB FKZE SR (2008) (J714 1) ©

(29)
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oK ER BT & KGR R AKI RS 0.03 (JT/m®) ~ B SOKIE B KIS RAKI R 0.05 (T/m?)
LURe r ALK B (i K SR AT 0.56 (JT/m®) » _L5db AT R R 552 /K Je B {3 5 /K B
B A8 [R] 5 0.03-0.56 TT/m?® » ST RIS (i 75 1 A 5y » AN [ st [ 7 Jek BT 5 K B B ol
AJra] GEA B IR SF N SR oK 2252

(O SEEBEMEFRMEENREIEEN ML

K 16-3% 18 FATHIE ) BRI K SO P SOEZ TTEE 1~ 1> N oK B B A T
RS R - Hh DUGEBR A MR g F R 2 FIIN E RS - ZREEMERD
17135 7K ol BT 5 7K HE B AR AR (K A e s - 3 A K R (B RS AR A > It K 2 K
AT > G R AR A EE FL K HEMBRC ~ MhPHEREE B TR IR (K 34
THRA » (EBIA PRIEIRE ARG AR 7Y > DUR R RIS i e+ 3 2B A PRI A 1K
Ak (R R Z R A S /K o BT B K MBS o 5 8 4% B R [ g 22 N s
NIER > FITSHITE | Z AR KR Z S i B fE £ 3,102,671,667.08 7T » Bl &Gtk
AN Z KRR A 22.21 70 7715 1 Z AR PRI 7K IR 2 50 (B 1B 7 3,506,255,132.15
JC » BNEERRMREEERE A 2 K IR 2 B 25.10 JT + 771 11 Z AR KR 2588 8
% 232,951,090.58 JT » Rl {# AR b 19 AU 2 KIS ZE (B 1.67 JT 5 45 AR bR
KU (E R LA G T AR AR R T S RN & > ATy B L 15 VB A5 R I A AR U8 28 o B
(L E K 2SR BRI 0.10 TT/m? o

(30)
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& 16 SEEBMERWEHEKFREIIEENR-0E | B ERHIER
BEME =i REBEFIINE  KE EEKAEIR O HERINRM M
(km?) (m?) AAS(TT/m?) (1)

R
JtER 185.07  471,882,607.88 %572 /K 0.15 72,110,527.37
B 1,482.26 3,240,166,823.34 495,144,628.11
i
JtER 1,460.81 3,724,630,204.81 £k 0.09 335,731,749.48
RE
JtER 120.97  308,448,977.76 {ik /K i 0.12 36,966,640.24
rh 1,122.44 2,717,608,328.08 325,696,814.13
B 3.74 8,178,760.17 980,198.69
e 4%
rh 1,748.06 4,232,320,199.48 /K 0.03 129,212,867.70
RE
rh 441.35 1,068,573,035.16 &7 /K i 0.05 50,375,653.88
A 684.54  922,975,339.87 43,511,753.28
2L
rh 1.68 4,066,882.84 Fi{l k& 0.56 2,264,545.36
EEY 1,644.46 2,217,240,113.97 1,234,616,537.70
B 33.59  73,436,762.07 40,891,485.03
=
g 2 41.46  55,902,653.68 FEt/kE 0.03 1,706,709.76
B 2,031.60 4,441,012,474.85 135,584,249.38
L

s 2,965.00 6,481,398,782.04 &1t /K 0.03 197,877,306.98
a2t 1,396,704.00 29,967,841,946.00 3,102,671,667.08

(31)
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* 17 SEEBEMNEFRWEEKREIEENR-5E | BaRERER

HEEME HE RETEONE  KE BUEKEER BENRNG:

(km?) (m?) A (TT/m?) (1)
HRH
B[z 185.07  533,263,262.49 3574 /K i 0.15 81,490,384.35
B 1,482.26 3,661,635,123.65 559,551,115.86
e
B[ 1,460.81 4,209,115,617.85 75Fq/k /& 0.09 379,402,429.89
HE
B[ 120.97  348,570,821.32 f#iH/K i 0.12 41,775,117.05
SRR 1,122.44 3,071,104,251.42 368,062,189.17
5 3.74 9,242,621.49 1,107,699.13
P #%
SRR 1,748.06 4,782,843,952.78 itk JE 0.03 146,020,375.06
A%
SRR 441.35 1,207,568,860.21 &7 /K 0.05 56,928,323.04
S 684.54 1,043,032,382.90 49,171,592.94
JF# B
SR 1.68 4,595,887.14 F{l /K& 0.56 2,559,108.61
R 1,644.46 2,505,650,085.80 1,395,210,655.86
R 3359  82,989,130.50 46,210,490.38
BH
R 4146  63,174,253.48 Tt KJE 0.03 1,928,711.93
R 2,031.60 5,018,682,107.77 153,220,521.29
iz o
FR 2,965.00 7,324,473,931.35 &tk 0.03 223,616,417.59
sy 1,396,704.00 33,865,942,290.15 3,506,255,132.15

(32)
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EEME @EE W REEEENE  KE  SBUBEKEENES EENRNE
(km2) (m3) (7T/m3) (7T)
REH
b 185.07  35429,326.70 57 KJE 0.15 5,414,116.54
R 1,482.26  243,274,337.78 37,175,857.93
HrT
b 1,460.81  279,648,239.10 {5[*/k/d 0.09 25,207,010.47
i
b 120.97  23,158,597.97 fEKL/K/dE 0.12 2,775,485.16
SeR 1,122.44  204,040,224.59 24,453,579.43
g 3.74 614,067.91 73,594.11
R3¢
SeR 1,748.06  317,766,013.27 FEilok/E 0.03 9,701,406.30
== 2
75 T
SeR 44135  80,229,325.12 &7 /K e 0.05 3,782,244.71
ik 684.54  69,297,732.75 3,266,897.52
R
SeR 1.68 305,344.84 Fi{toK/E 0.56 170,023.89
R 1,644.46  166,472,175.61 92,696,005.17
i 33.59 5,513,691.31 3,070,165.67
=L
R 41.46 4,197,216.32 FEHKE 0.03 128,141.15
i 2,031.60  333,434,797.59 10,179,774.77
e
i 2,965.00  486,628,646.78 FEHl /K 0.03 14,856,787.77
3 1,396,704.00 2,250,009,737.64 232,951,090.58

(33)
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FRBE FSRFFAR S R > ANTF S % B AR PR A R A K90 258 PR 5 {8 1 £ B0 7% L {ehy REIRA T
Wk > D b ARPRAE LS B K B AR BT 0 RS SRA LI (R 19) » HPEHEREZX
Bk BRI AT L K B 2 (A 22 F T K > #iEH 0.64 % 86.8 JT/m® » LIZEEIIE (1995) 2
TS s SR A (B - AT REBLELAFSCRT O 2 B G A —E R E R B B A RE > 2
FAETE AR = {ER 29 (AR > 2011) » BILR {6 F B A — KRR B R S R (7 12
A B ECRP S g DLR 77 i T R AP P B » AN i BARS SRAS 0.10 JT/m® > BEARE
& (1995) LLK Ninan and Kontoleon (2016) ZHFFEERSAHNT » B & WIS/ DL EES
frgest®s > iR SRR AT Se £ BB 2 771% © 3% 19 o Bl HoAh R o) — A s - #&%
FRIBEE IR BT K RS R 2 (B 40 [ 13 15 %2 0.01 =8 86.8 JT/m?» LA Ninan and Kontoleon
(2016) FAENEE-RAMEE 5 Nagarhole [85% 23 [w Z 5% 3 AR B AE > HEMIAR (] B SRAEREAS
PR UC B i oz R 72 S B AT RE o i BRI 2 o — I EE R 54 o

&’ 19 HNERRKRERRBEET G AERISIR

MR EL (ZED) o B StEITA EREREER (Ju/m?)

B2 ERE (1986) =i 5 {E 6.60
AR K (B

845 (1988) =8 HERA 50.30
KNI AREE

A E (1995) =i FRMOK IR 2 1% 0.97
R
AR R sk
R IR B 2 1% 0.64
LA
SHERREE

BREKHE (1994) =i 5 {E 21.56
R BE

RIBESE (2004) 2 (- B~ mSER 15.36

o~ #21b) AR B

FE#{ESE (2007) FRE (/N 5 E 4.90*

AR K (B R

(34)
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MREESNEL (2ED) o Eh SR ENEBIEER (Ju/m?)

Tl EAEE (2009)  HE HERA 31.53*
KA ARG E

TrHEESE (2010) R (FLRR) HFERA 31.53*
K B S S

JatklR (2011) 28 (51 HFERA 86.80
KA ARG E

A B (2011) R (G EAe) EE A 4.44*
KA ARG E

BAZHLEL H B (2011) AR (RtRET) TS ER 7.23*
E 2R K (E A%

B HEVRE (2012) FRiE (/BT HERA 31.53*
KA ARG E

Ninan and Inoue (2013a) H7A ESEADY 41.06*
KA ARG E

Héyha et al. (2015) YAl iR 50.47*
E 2R K (E A%

Ninan and Kontoleon Fl ESEAD N 0.01*

(2016) KA ARG E

ARTRSE (2017) B HEMA 0.10
K HA A RS (E

5 L *RREE DL 2015 ARG E AR IR E R AT B

SRR » TR SZ 25

1B ~ %3

BRI
TR K Z I KR R (R AR MR L RE R AR Hh—IH E ) RE

ﬁ

22 Wavand

TR

L IE K

KBRS N A TR AR TRz — » N SR8 JR Bl A R BRUR (R E A A
GEEOKERERZ R H i

ﬁ%(%mauzmm’%mmﬁﬁﬁ B G2 = AR S BRI A > e rh A RE R ARoPS (R fiE
ARG RIS K& i A

(i 5855 F L REV SO

(3%)

s M ETTHAER > AHEGEERS
» [KIFEAHFZEEH Ninan
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and Kontoleon (2016) FAFITEE ZHE )5 » iZ @53 A 77 2T G 1A PRI AR ORI
Bk 2 P

FRAR KIS R A KRBT 73 E WA B0y > — F AR MoK g BRI A 5 > A 9E
EHA A R K SO B - (EIRS I e R BRI M A P 2 23 B 70 1 -
1 (F %55 » 2000 5 HIEIBZFRZES > 2008 5 Ninan and Kontoleon, 2016) » {7 #RAAZE K
EHERG 5 5 ER o IR FI A EE R > DOKIE B A TS BB MoK IR = T

5 V1R A5 A L AR I 2 KR S8 G (B o

El ) HE A M IR AEEE 2 AR - (52 B 77.00% TR » H AR
B RIKAEE &5 2KE) BIES 29,967,841,946.00 mé (/71 1) ~ 33,865,942,290.15 m3 (/5
% 11) k2 2,250,009,737.64 m® (J71% 1) » #S B HA SCRARS SR EL ¥R - LUVTE |25 SRR
e 2 BIRET - MARMOKIFIRER SR M » HoKE A RS E R E A
YRR KRR 0.10 TT/m® » B G EAHRR SOk R b 8 IR K 2 (B - 25 0 il I (E
RGBT |~ 1~ N Z AR K R » RIS {8 R PR L AR ki 28 K 2 R
@il 3,102,671,667.08 (J33Z: 1) ~ 3,506,255,132.15 (F33Z% 1) LAk 232,951,090.58 (F5i%
1) T o 1 P — 0 IR bR 2 KR 2 8 (B (R DA 1 B MR AR AR A BN P 45 2]
EEHRMEESAUES 1.67-25.10 JTH/KIFRBREEE o 2 RBUFERIEIIA SR A E
FAHE PRIEST 80258 /K U558 e FHBH 2 BRITEAG (BT I - SXCHIRT A RE PR MtE B > b —1H
A& B AT UM (R IE RS 0T S8 R AR 22 EARE - ELET AT B8 BUR BT AR 5 AH B A e i
SV BN A B S BhBOR R -

A RERI RS DhRE R — 1 B 2 T 1 O B8R » HCDhRE 2 70 e 5 e BL o - IR
REE =S G B HIIRE 273 > 5 T S NIKEUE B0 AR R R AR D Re e
TTaF e > WS B  ANE EBRE  SOEE [R 2 7718 - SR TG 73k > kR T 7%
JERIRF SRR SL » ST [R5 SRR - B IR 3 I b 2 B 25 2 T IR
o DRI E AR S L2 7715 LA Z P LR R i B BRI 72 52 > RIS A
TEFE S ERERY AR BB - 7R e AR AR RS D e B A (A (8 KRR AT

(36)
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RO S BTG 2 BB L > SZRIBUR ST BH R 61 LU B g Rl
UEEE RS » HAHFZE(% LA Ninan and Kontoleon (2016) 52 F B2k »
2 BOH B SCRR 2 B 7 i s 75 v B K et i, > B B A R P 2 32 > T T RE 3
AR B - R SRR 18 2 RH A SRR R0 15 1 AR bR A BRI 2 KT I 2 1)
REAHE BRI —3H -

E A ST 8 3 ARt SR B At SCRREL A rh - WG 1 1 18 B AR PR K T I 22 D REM
R AR SR - B B T (AR K 2 BN RS BISR o IR AR KR8 2 138
(B {E b > 5 IS [ SRR B 7 125 i 06 50 A2 A 7 FR LK » BEOR S HS Ae SE DI i PR A
(BB FME Tk ~ FEEE L I LR A i PR S 55 % V5 IR 3% % DA T 2 1E Y
5 BELETL > AT SEAS iz 08 e 8 (i B E A RE B SR AH LR » B 2 (B A B B
% EHBRABCRIG » fEERBE(ERSAS (T AN B D R -

(WFHEAERE 106 & 5 A 18 H » #2 HEABEE 106 4 11 A 30 H)

5% S

— ~ XEla

HEEI R IAZESR » 2008 > TRRMAZRERAARGS DHREAT (A EE 1 - rhE N RILFIRI AR ST
SEAEUE > LT - BIFRAZER o (National Forestry and Grass Administration, 2008, “Forest
Ecosystem Service Function Assessment Specification”, Forestry Industry Standard of the

People’s Republic of China, Beijing: National Forestry and Grass Administration.)
T S BB » 2009 > TR FE AR A RERAARBS (B IEFF(G 1 - HEFH A= 8 » 20 : 417-425

@37)
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(Wang, B. and S. W. Lu, 2009, “Evaluation of Economic Forest Ecosystem Services in
China”, Chinese Journal of Applied Ecology, 20: 417-425.)

TAHEE ~ SRR~ BRBHEHLIEE - 2010 > [ELRRMAERERHARG BEFF(E 1 - WL
FRERREERE, » 27 ¢ 757-761 ° (Wang, Z. H., L. L. Cai, Q. W. Guan, and X. Cai, 2010,
“Evaluation of Forest Ecosystem Services in Chunan County”, Journal of Zhejiang
Forestry Collage, 27: 757-761.)

AGHEARHRESR ST - 2016 - TREARKER - RlRHET » HUE http://www.cwb.gov.tw/V
7/climate/monthlyData/mD.htm » #% % H # : 2016/10/11 ° (Central Weather Bureau,

Ministry of Transportation and Communications, 2016, “Monthly Weather Data”, Climate
Statistics, Retrieved October 11, 2016, from http://www.cwb.gov.tw/V7/climate/monthlyD
ata/mD.htm.)

T84 ~ LUBIESLEIIEE - 1988 > T HERMEDK IR ZRE G FF G ) - haEife
Z=H]» 21:17-25° (Ren, Y. A., H. J. Wang, and L. Y. Lai, 1988, “Evaluating the Economic

Value of Water Conservation by Taiwan Forests”, Quarterly Jounal of Chinese Forestry,
21:17-25.)

1T RGeS A K RIS » 20150 » T E{EHLIRIT 10 5 (94-103) FERMEMEIL) > KRR FE
o AKSCEER - 273 B HUE https://www.wra.gov.tw/media/16076/f-temp-attachment-51

3016254771.pdf» f:5%8 HHH : 2016/10/11 ° (Water Resources Agency, Ministry of Economic
Affairs, 2015a, “Overview of Rainfall in the Last 10 Years (94-103) in Taiwan”, Water
Resources Statistics Bulletin, Hydrology Category, Issue 273, Retrieved October 11, 2016,
from https://www.wra.gov.tw/media/16076/f-temp-attachment-513016254771.pdf.)

1T BGERS T ARK R » 2015b > 1102 FKBEIRIRDL » KFIEET - #iat & RHEE » HUE
http://shihmen.wra.gov.tw/ct.asp?xItem=22922&ctNode=5402&comefrom=Ip > ##& & H

#A : 2016/10/11 - (Water Resources Agency, Ministry of Economic Affairs, 2015b, “Water
Resources Overview Year 1027, Water Resources Statistics, Statistical Data Indicators,
Retrieved October 11, 2016, from http://shihmen.wra.gov.tw/ct.asp?xltem=22922&ctNode

=5402&comefrom=lIp.)
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1T BGEAS i A K RIS » 2015 » b FOK PR B PR IG MRARTIASE 2 IRTEE (104~109 4F)
BEAR » B« 1T BEERE K F % o (Water Resources Agency, Ministry of Economic
Affairs, 2015c, Groundwater Conservation Management and Ground Subsidence
Prevention Plan (Stage 2,104-109), Taipei: Water Resources Agency, Ministry of

Economic Affairs.)

1T BERS AR KR » 2016 > TOKEH 22 2= dFd S BERTHERE LGS B TRR 1 > JKAIfEET -
NSRRI > SR 1152-02-03 » HYLH https://www.wra.gov.tw/6950/7169/7316/7324/24
023/ » 458 HA : 2016/10/11 - (Water Resources Agency, Ministry of Economic Affairs,

2016a, “Reservoir Safety Assessment and Renewal Maintenance Improvement
Implementation Results”, Water Resources Statistics, Public Service Statistical Reports,
Tag No. 1152-02-03, Retrieved October 11, 2016, from https://www.wra.gov.tw/6950/7169
[7316/7324/24023.)

1T BGERS KR » 2016b > T 42 B L A1K B S 7K IR A7 e /K ek A BB RA (K8) 2% (100 4 1
AHR) 1B H https://www.wranb.gov.tw/public/Attachment/5810155961.pdf » £ %% H 1A :
2016/10/11 - (Water Resources Agency, Ministry of Economic Affairs, 2016b, “Table of

Known Reservoir Catchment Areas and Reservoir Management Authorities (Organizations)
(January 2011 Version)”, Retrieved October 11, 2016, from https://www.wranb.gov.tw/pub
lic/Attachment/5810155961.pdf.)

TR REZE B E K L OREF R - 2006 » K EEREF T » B0 - AT R ¥R E G K LR
FiR ~ rhEEK LR R4 Er © (Soil and Water Conservation Bureau, Council of Agriculture,

Executive Yuan, 2006, Soil and Water Conservation Handbook, Taipei: Soil and Water
Conservation Bureau, Council of Agriculture, Executive Yuan, Chinese for Soil and Water
Conservation Society.)

THREXZBEGHBER > 2016a > THEMNRXAMKMERERMRELR) - LA
http://www.forest.gov.tw/0000052 * ##%& HIH : 2016/10/03 ° (Forestry Bureau, Council of
Agriculture, Executive Yuan 2016a, “Fourth Forest Resources Survey Results”, Retrieved
October 3, 2016, from http://www.forest.gov.tw/0000052.)
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TR R R B G MBS » 2016b » MREERATF 4 > BAL : ITEBREZAG - (Forestry
Bureau, Council of Agriculture, Executive Yuan, 2016b, Annual Report on Forestry
Statistics, Taipei: Council of Agriculture, Executive Yuan.)

DR B BRIG5> 2010 > TRk UMK B KRR 2 BT il 1 PRSERFFE R > 17 1 56-59 o
(Wu, C. S. and Y. H. Chen, 2010, “Evaluation of the Benefits of Green Afforestation on
Water Conservation”, Forestry Research Newsletter, 17: 56-59.)

DR ~ UG ~ SREAN ~ B IE REIZREIE - 2004 > Tk E KR B EE2H5e
SR EERIEL 191 187-197° (Wu, C. S., Y. H. Chen, M. R. Cheng, J. L. Huang, and K. C.
Lee, 2004, “Evaluating the Economic Benefit of Water Resource Nourishment by Forests”,
Taiwan Journal of Forestry Science, 19: 187-197.)

BAiG5E ~ BT 4z BLFEEE » 2008 - [ SRl AN B 22 ] RORE S 2R B R B 2 9
rREEFRERZR T » 41 : 211-219 = (Wu, C. T., C. C. Cheng, and H. C. Lo, 2008, “Effects of
Land-Use Types and Spatial Scales on Evapotranspiration”, Quarterly Jounal of Chinese
Forestry, 41: 211-219.)

e R ~ AR E B K RE 0 2012 0 TIEBRPE ARG EIEZFFHE ) - hEEREEZET
45 : 491-502 ° (Lu, M. L., J. Y. Huang, and Y. L. Luang, 2012, “Assessing the Ecosystem
Service Values in the Hengchun Peninsula”, Quarterly Jounal of Chinese Forestry, 45:
491-502.)

FHMG ~ AR ~ BRERE - BT B RS 0 2007 0 TR BN [ IR ORGE i A RE SR ML IR A5
et E— AP EE RN SR AR IR I A1 A RERGE 5 2007 : 367-371 © (Li, J. M.,
F.J. Zhu, C. Q. Duan, Y. Fei, and H. B. Wang, 2007, “Assessment of Ecosystem Services
Benefit for Mengla Nature Reserve in Xishuangbanna”, Ecological Economy, 2007:
367-371.)

FRWG ~ PRACE B > 2011 » ARMKERER RS DORE B B ELRGT » AL - 7B =
KRB GBS © (Lee, C. H., Y. H. Chen, and Y. H. Chen, 2011, Exploring the Service
Ffunction of Forest Ecosystem and Its Value, Taipei: Forestry Bureau, Council of

Agriculture, Executive Yuan.)

(40)
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PR > 1995 > TR EE MEBS R A BUKF R 252 1 » FhaEpREE =11 - 28 1 81-117 -
(Li, G. Z., 1995, “A Study on the Cost of Water-conserving Forests and Water Use
Efficiency”, Quarterly Jounal of Chinese Forestry, 28: 81-117.)

ZFREE ~ BUN ~ SRR~ B ~ i Bl 0 2012 0 TR ILZEREUL AR AL RE
SRR D RE S HABMEFFE 1 > PEACARERR B 4y » 27 + 15-20 < (Li, H. P, X. L. Liu, S. Z.
Zhang, Y. X. Lin, H. Y. Yang, and Y. C. Yuan, 2012, “Assessment on Value of Forest
Ecosystem Services in Xiaolongshan Ecological Research Station”, Journal of Northwest
Forestry University, 27: 15-20.)

2~ B EE ~ s rEBE R > 2000 0 AR AR RE SRS D RE e AE RERSIFHE
FMEWIEE — DU B Qi pa BV AR 1) - JEF A REER » 11 ¢ 481-484 © (Xiao, H.,
Z. Y. Qu-Yang, J. Z. Zhao, and X. K. Wang, 2000, “A Preliminary Atudy on the Aervice
Function of Forest Ecosystem and Its Ecological and Economic Value Assessment: A Case

of Tropical Forest in Jian Feng Ling, Hainan Island”, Chinese Journal of Applied Ecology,
11: 481-484.)

JEIRRE ~ 45 1 BEBRSE 0 » 2000 > 1 FH 380 Bl /K SO 2R K Je 8 K I Kl 28 2 A 0 o
fi il B & HIE2 ) » 5 0 57-74  (Chou, T. Y., L. S. Yang, and M. H. Chen, 2000, “The
Application of Remote Sensing and Hydrological Model on Water Conservation Capacity

Estimation for Reservoir Watershed”, Journal of Photogrammetry and Remote Sensing, 5:
57-74.)

JAPERR » 2011 - TEALHIARERHUKIFBEIRBS TEE 2981 > SR RS E
TREEFFEATRE -3 S ° (Chou, T. C., 2011, A Study in Ecosystem Nourishment of Water in
Taipei, Master’s Thesis, Institute of Foresty and Resource Converstion, National Taiwan
University.)

{RICHRBALLIKEE » 2008 » T A= FE R (B 1B A B A 5 V5 O BRI o 8 B 6 R B A TR e
HEIE ] o HFURZENTSE » 21 1 7-16 © (Hou, Y. Z. and S. R. Wu, 2008, “Recent Progress on

Theory & Method of Ecosystem Valuation and Rectification on the Related Concepts
Popular in China”, World Forestry Research, 21: 7-16.)

(41)
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PRALIEBUR B K » 1995 » K L OREFIES R AR S8R I FC B AR - LAT © drBIREER R
ffitt o (Sun, L. D. and C. C. Chao, 1995, Research and Evaluation of Comprehensive

Benefits of Soil and Water Conservation Forest Systems, Beijing: Shanghai Science &
Technology Press.)

FHIR(E ~ sRARE ~ BU/INGE ~ SREHE ~ BOZRIELE R » 2007 > TR L AR AL RE R AR
BSUTREEEFRG 1 » AR R B EE A BRI 224 » 231 27-30° (Ma, J. W, S. Z. Zhang, X. L. Guo,
H. J. Zhang, L. T. Chen, and C. M. Zhao, 2007, “Evaluation on Service Function of the
Forest Ecosystem of Xiaolong Mountain”, Journal of Ecology and Rural Environment, 23:
27-30.)

BT SR AE Y 2 AR TR ST 0 > 2006 0 G AR E R B AR REERHE 111 AR -
Ak ITHBE SR E & - (National Taiwan University, Biodiversity Research Center,
2006, Taiwan’s Natural Resources and Ecological Database Ill, Agriculture, Forestry,
Fisheries and Livestock, Taipei: Council of Agriculture, Executive Yuan.)

FROCE ~ BB ~ Al ~ B0 ~ M2 B (e » 2008 > TR BT AR AR 28 /K ~
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Evaluating the Economic Value of Water
Conservation by Taiwan National Forests

Ching-Hua Hsieh” and Wan-Yu Liu™

Abstract

Water is the subsistence of human beings and it can be conserved by forests. The water
conservation value is a kind of indirect use value. With the continued consumption of natural
resources, the problem of water scarcity has been becoming important. Estimating the value of
water conservation becomes critical to investigate the sustainable use of water resources by
forest. However, estimating the value of water is difficult. The estimates are easily affected by
many factors, such as climate, topography, and data sources. Therefore, it is challenging to
estimate the value of water accurately in a practical way. In this study, a water balance model
with replacement cost is adopted to estimate the value of water conservation in eight national
forest districts in Taiwan. The estimated water conserved in the national forest districts is
approximately 29,967,841,946.00 m3 annually and the average cost for reservoirs is NT$
0.10/m3. The economic value of the water stored in Taiwan’s national forest districts is
estimated to be NT$ 3,102,671,667.08 per year. The result of this study indicates that the
capability of conserving water by forests conforms to rainfalls generally. In addition, the

discounted cost of each reservoir in Taiwan has large variations in the assessment process. This
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study also suggests that we should consider water sources, in addition to the data scale, to
improve the estimation accuracy.
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