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%XUGHQ VKLIWLQJ RI ZDWHU TXDQWLW\ DQG

PHJD FLW\ 6KDQJKDL

‘X =KDR-XQJXF /tRQJ <DBRVD 'XDODVUMVLQ 5 7LOORWWRKEDFHN

6FKRRO RI (QYLURQPHQWDO 6FLHQFHWD QR3 6GI1HQWHURLQG 6R

7HFKQRORJ\ Rl &KLQD 6KHQ]KHQ &KLQD

.H\ /DERUDWRU\ Rl ,QWHJUDWHG 5HJXWDRMQLRIQDD@®R 5 KD R X U F

HV OLQLVWU\ Rl (GXFDWLRQ &ROOHJHVRW\(QMQRDREHQW

&KLQD

6ZLVV )HGHUDO ,QVWLWXWH RI $TXDWOP @G VMWYMBH \DHQG 7HF
'XHEHQGRUI 6ZLW]HUODQG

'HSDUWPHQW RI (QYLURQPHQWDO 6FNVNB®FHV 8@IDWHOVLW\ %

6ZLW]HUODQG

'HSDUWPHQW RI (FRQRPLF $QDO\VLV )DFXOW\ RI (FRQRPLF

RI =DUDJR]D *UDQ 9tD =DUDJR]D 6SDLQ

ZDWHU#OHHGY 6FKRRO RI &LYLO (QJHMEHULEJI -BQLYHUVL

8QLWHG .LQJGRP

'HSDUWPHQW RI *HRJUDSKLFDO 6FLHQFGINJIHGDYHUWLW\ RI

H PDLO MXQJXR OLX#JPDLO FRP

.H\ SRLQWYV

$QDO\WLV RI YLUWXDO ZDWHU IORZV IRU ERWK TXDQWLW\ DQ
AXDQWLILFDWLR@QRIREXDGHIQ WRLUWVYYV IURP 6KDQJKDL
'LVFXVVLRQ RI FRQVXPHU UHVSRQVLELOLW\ IRU PHJD FLWLH



$SEVWUDFW

OXFK DWWHQWLRQ KDV EHHQ SDHBLWR. EQWVAHRPVHW.QR SR
UHJLRQV WR GHYHORSLQJ UHJLRQV WKURXJK WUDGH +RZHY
DFWV DV D PHFKDQLVP HQDEOLQJ ZHCOOMKAWARDMY & PTHUIDO MVR\
VWUHVV WR WKHLUQWUIIGL @ WV % 6 KRB HGW I WDRUDWKH ODUJH
PHJD FLW\ LQ &KLQD GUDZV ZDWHU QBVRXWNRXUBRY DWD
SROOXWLRQ WKURXJK YLUWXDO TXPLDWH\G DIQBKTWDOGW\ ZK
UHVXOWYV VKRZ WKDW 6KDQJKDLfV FR®VXPOWGRWRRI JRRGV
ELOOLRRIPHVKZDWHU FRQVXPSWLRQ WWRRYXDQGGWRQV R
WRQV R1 1© GLVFKDUJHG ZDVWHZDWHU 21 WKIRQ RI IUH
RI &2' DQG RIRIFFXUUHG LQ RWKHU &KLQHVH 3URY
SURYLGH JRRGV DQG VHUYLFHV WR 6\KHDYQHKD LD Y& LH[WHH @ H3 L
ZDWHU TXDQWLW)\ VWURV Q HDW PROUQS\RDEY | RRRV BKDIQRI KDL ZKLO
BURYLQFHV H[SHULHQFLQJ ZDWHUHWRQLRXWWRXVNLBQ G X
DQG RI QHWRXWVRXUFLQJ IURP 6KDQJKDL ,Q DFFRUGDG
HUHGOLQHVY UHFHQWO\ SXW IRUZDUGWEW R KHR GW IURKDV B DFHH
SROOXWLRQ DQG FDS WRWDO ZDW HWKRWH 6K® @IKD LS VR RXQRG
VKDUH LWV UHVSRQVLELOLW)\ IRU VUHNGXFHLWOV ZOQWMLY WKL
SDUWQHUV WKURXJK WDNLQJ PHDWRIHAX BPRW SUHRWH QW L D@ WK

PHDQWLPH 6KDQJKDL QHHGV WR HQKDQRRRMHRDQGRVYLGH P



ZDWHU LQWHQVLW\ FRQVXPSWLRQ
H\ZRU@DWHU TXDQWLW\ Q@WWHWW UHD/W H P BIPDB RMW\  LQS X\

DQDO\WLV RXWVRXUFLQJ



' QWURGXFWLRQ

ODQ\ VWXGLHV KDYH OLQNHGIFDWHR@ VW GLRLUGHR @R XWLRC(
WKUHDWY WR ELRGLYHUVLW)\ ZLWKH[ SORLOW H® WHKGIVH YR U@/
FRQVXPLQJ FRXQuvitéh et¥l. UH LinRaV > Peters et al. @

,Q VWXGLHV RI FDUERRLBVRRIPBH IRY H[DPSOH RQH RI WKFE
DFFHSWHG IDFWVQUVFRXQWUGHYHOHRIEBRQDOPRHQWWYWDRIH&QD
HPLVVLRQV GXH WR H[SRUWYV W RiG &hd DetresddcherFr R XQWULHV

Feng et al. @ $V D UHVXOW ZHDOWK\ FRRORMMULHY UHJLRK
&2 HPLVVLRQV WR WKH HFRQRPLFDOONGRRQHW H[BBNWHUV
FDUERQ ®&dhéMvD &thl> @ ODQ\ KDYH DUJXHG WKDW WKH EXUC
&2 HPLVVLRQV KDV XQGHUPLQHG FXUBRQW RIHVINKIRBDVLRYV R
Davis and Caldeira Weber and Peters @ &RQVXPSWLRQ EDVHG DFFR:
KDV EHHQ SURSRVHG WR DGGUHVV FRRAQMXVHRUUBSR O R WIDEK) W
RU UHVRXUFHYV HPERGLHG LQ ILQDOO\ I GHRBQEHWKHRPPRG
UHVRXUFHYV DUH XVHG RU I[SeRz8rOeKaV D Q WisdnabrH GL&@ FKDUJHG >
,W ZDV UHFHQWO\ IRXQG WKDW WUDIH ZXQ¥R DHWYWKXY D P
FRQVXPHUV VKLIW ORFDO ZDWHU TXSRRUWLAWI MVWSBRRHWWH VAR RA |
JRRGY DQG VHUYLFHV 7KLV SHUVSHFWHWYHDIU K DNHW®VXBRQG
SULQFLSOHV )LUVW WKURXJK L@WHPQRWWRRW G [WR DG HZ DUV

XVHG IRU WKH SURGXFWLRQ RI JRRGXYDDMEBUVHUYLFHV NQR?



Tamea et al. @ 7KH QHW LQIORZ RI YLUWXDR@DWHOLKKNGISV ZI
WKHLU ZDWHU TDXihpvwandea VW@HWRZHYHU VXFK UHOLHI KDV
VKRZQ WR KDYH D IDU PRUH GHOHWBWIHRXVFRHIVEKP\S WL IRQR XQ
VRPH H[SRUWLQJ UHJIHeaRsita griktl MekdmbehS OH@ IRXQG WKDW
DERXW RI JOREDO EOXH YLUWXDO ZDWHU JURXQG DQG V.
IURP D VPDOO QXPEHU RI FRXQWULHYHXKICAK ~ZIHZHWIHQOV X\QUGHH
$ VFHQDULR DQDO\VLV IRU &KLQDTVWHR YTX@OFEHVYL WK RVAMIGHW K
WKH PDLQ YLUWXDO ZDWHU H[SRUWHL @XBUWRRLQ®HYHIDW L3JLIN
GHPDQG IURP WKH PDLZao¥ttaU W X @O0 6HBRQHGU UHFSFHR WW
VWXGLHYVY KDYH LQGLFDWHG WKDW HOWNWHK® Z LADKY 1B W1 OAKUHDG-H
8VLQJ PXOWLYDULDWHTAhEHal &tV LR@ MKRARDNWGHWKDW DIITOXHC
**3 DORQJ ZLWK SRSXODWLRQ DQG IJHMBUDGHWLFBOVGRWVWL
YLUWXDO ZDWHU WUDGH O6WXGLHW RIQGLEFWWBG Z\DVDAW YW U [
ZDWHU IORZHG IURP HFRQRPLFDOO\ SRWehgWtralHFRQRPLFDO

Zhao et al. @

$OWKRXJIJK WKH ZDWHU TXDQWLW\ IVGWH HK\DW H. PESHOH@ D W L F
VWXGLHG DW WKH JOREDO QPEMWdnRI(@GDO Du@eGettDVLQ OHYHOV

Wang and Zimmerman @ IHZ VWXGLHVY KDYH IRFXVHG RQ KRZ
Rl ZHDOWK\ FRQVXPHUV W\SLFDO @\ \DWRJHHN\DV FLLQV W MVUUADVQ R | HALF
TXDQWLW\ DQG TXDOLW\ WR RWK HHI IUMH GRIW D $FP M/ DR B/L YWY B

DJJORPHUDWLR®@ R RUGIOMRQU UREIDNEtONE D Q VA0 >



RQH LQ HLJKW XUEDQ GZHOOHUV OLYMG FRQVHUDBWDODHP}
SURMHFWLRQV VXJJHVW WKDW WKHUWN ELQetEH DQ DGGLWLI

@ *LYHQ WKLV UDSLG LQFUHDVHRXQWW RD YL DWALRQ ZDWY\H
ZLOO EH UHTXLUHG WR VXSSRUW JURELQLHR QAXHPBEWILRQV G
ZKLFK PD\ EH UDLVHG DQG GLVFXVVHGRDWXSRONVFLM@®HYHO
PHJD FLWLHY FDQ GR WR UBGIQHUN DDW HKRZVIDWH UV
VWUHVVHG H[SRUWHUV FDQ UHGXFH WK LPBPFEW 2R WHW W
UHVRXUFHV ,Q DGGLWLRQ ZH FRQVKGHWL QXK RW ZDHWHIUD Y RKU F
WKURXJK WUDGH IURP WKH SHUVSHFIWIQQH @J WK B UR-PIDWHLR/Q\
RI D VKDUHG UHVSRQVLELOLW\ EHWZHH®DDHDOMRKRUFRQV X
ZDWHU VWUHVVHG H[SRUWHUV

'LWK WKH GHWHULRUDWLQJ VWDWHL@J ISROV/EXWWRIQ LMV
EHFRPHYV LPSRUWDQW WWRUBG\G WKV W HWRMA\R D E®R W B DIOKLDA
Scanlon et al. Zeng et al. @ +RZHYHU LPSDFWV RI WUDGH RQ :
KDYH UDUHO\ EHHQ LQYHVWLJDW H GR UNOWBeE@HaH[FHSWLRQV
> @ OGuasGand Hubacek>- @ 7R WKH EHVW RI RXU NQRZOHGJ
HODERUDWLRQ RQ KRZ D PHJD FLW\ HWDIWHVKLXW& & LWK HD @ 8U
TXDOLW\ VWUHVV WR LWV WUDGL QB SPWWHG UVK KDIVL B RW \S K
VWXG\ WKHUHIRUH LV WR LQYHWYRXISIBWHR @QMXP HIW HQ \D
PHJD FLW\ UHOLHV RQ YLUWXDO ZDWU L5 RPORKWD DG BV V\

HYDOXDWH WKH LPSDFWV RI WKHLURKR®WXPIRW LRRWKQZ B WHH



TXDQWLW\ DQG TXDOLW\ :H FKRRVHOWHKHHRMI B LFLWL QR I&BKQC
DQG WKH WKLUG ODUJHVW FLW\ LQ BKEXDPWILER QDFI R FBDW H
PLOOLRQ 6KDQJKDL SODFHV VLIJQLILRDQWVBXOEBDYFHKXY H|[
6KDQJKDL LV DQ KK[EHAOMWEW ERVB HWAUWKLIHW RIQBHDBGUHVVH
WKH LVVXHVY UHODWLQJ WR FRQVXPHUXDBWIRQVLEGOLX\D O RV
VWUHVY LQ LWV WUDGLQJ SDUWQHUYV

‘H XVH WKH ODWHVW QDWLRQDO PXOWLWWRHDNVR@ M\Q S R
FRQVXPSWLYH ZDWHU XVH DQG SROOPKMPQWD/OLR[\GHQFKDU.
GHPDQG &2' DQG DPPRQLDIFDIO) GKWQREBQ DIGG RWKHU SUR
OHYHO DGPLQLVWWHENLYHRYHQEREV \KWHIR PO GCHRP NG R
6KDQJKDL DW VHF\WRADD O WEKHHWDBIL D RMFHHBVIWRDL AV LIQJI WK
05,2 WDEOH WR VWXG\ FRQVXPSWLRQ IlEMO)EtHIG HQYLURQPH

Kanemoto et al. Lin et al. Wiedmann Wiedmann et al.

@ 7KH TXDQWLILFDWLRQ XVLQJ WHKRIOG,R2VWDER OXHL KBLNVQW K
SURGXFWLRQ VWUXFWXUH DQG WHFKQRORJ\ IRU HDFK UHJL
DQDO\VLVY ZLWK VHFWRUDO OHYHOYRIQ®WBWILRKO 0RE RRIGQD
UHFHQW GDWD TXDOLW\ LPSURYHPHQWY DQHLWHRRMLQ IJWWRC
XVH WKH 05,2 IUDPHZRUN WR TXOQKEGFEDetbllLUWXDO ZDW
2012 Zhang and Anadon Zhang et al. @ 8VLQJ WKH HFRQRPLF GDWI
WKH 05,2 WDEOH FRPSLOHG IRU &KLGIDFMDODWHWRNERGHNG ZH I

LQ 7TUDGHY :(7FeiyfdaKRG @ WR DFFRXQW IRU WKH YLUWXDO



DQG TXDOLW\ IORZV EHWZHHQ 6KDQJKDRQMQG R W& & UT ¥ BIO L R
VWUHVV LQGH[ LV WKHQ LQWURG XBHE RVRQ WHX®\DOK D Q GK R W]

SURYLQFHVY ZDWHU VWUHVYV

6KDQJKDLYV ZDWHU HQGRZPHQW

7KH +XDQJSX 5LYHU D WULEXWDU\ BR XWKH6KD@IWIH 5LYH
LV WUDGLWLRQDOO\ WKH PFnQysohéval U VX UFHWIRQ WKH FLW
XS WR RI 6KDQJKDLYV IUHVKZDWHU BNXWSOW KBPH IURP
+ XD QJS X ShalfgHdl Water Resources Bureau, @ /RFDWHG LQ WKH <DQJW
GHOWD )LJXUH 6KDQJKDLYV ZDWHYU XISADVWOUW Mid R VOKREZD/Y £ O\
et al. @ ,Q UHFHQW GHFDGHV WKH 7DIRKXO/MWNHGKDBXH MR P
HFRQRPLF GHYHORSPHQW DQG ODFNURID8RIURW DFEQ VFRQWU
-LDQJVX DQQisokeHaMLDQ® >,Q &KLQD ZDWHU TXDOLW\ LV FDW
ILYH JUDGHV ZLWK *UDGH ,,, DQG EHWDE QK ARKD WIVEH WK F
DTXDFXOWXUH DQG UHFUHDWLRQDO IDERKRVHUDGHZDWHU T
LQGLFDWHYV SRR UFADMWH X QNXOOLAMMEAOZAEKAR B \PIHIBIQXYWW KH ZDWH L
LV VR VHULRXVO\ SROOXWHG DV @BRM) WR ERIQKQW IRURDQ\ EH
OHQJWK RI WKH +XDQJSX 5LYHU PHWDWGE®H*VRGIHFEH RLWHU
EHWWHU ZKHUHDWAK RIRW KK K LO/HHQJIVY R VE HRARMULNGH WHK D Q WK
*U D G HSHanghai Water Resources Bureau @ 7KH +XDQJSX 5LYHU KD\

HITHFWLYHO\ EHFRPH D FKDQQHO WRPWHKDQVEBUW GER ACXHWV I



XSVWUHDP UHJLRQV WR WKH VHD XD EMG ZNWKG Y WER YBI HWD
VRXUFHV 6KDQJKDL KDV UHVRUWHGHVBR YW K HI P LLQV V W D MVDHRU
VXSSO\ 7KUHH UHVHUYRLUV KDYHWHEBQWO\ ERBRLEXLWWHW
<DQJW]H 5LYHU WKH PDLQ ZDWHU UHWRXUFLHQ IR D RBKIDM DLKDG

&KHQKDQJ 5HVHUYRLUV KDYH EHHQ GiLHUW DG F ROOQWHLR JUR |

IRU RI 6KDQJKDL V ZDWHU VXSSO\

'‘DWD

,Q DFFRXQWLQJ | RXDQW MX\DDHZRQEDRRHQV D G 16 UH EROXKHG H
JUHHQ ZDWHU UDLQ ZDWHU DFFRXQWLR®R T XDOMLFRQMXWK XD
ZDWHU WUDGH EHWZHHQ GLIIHUHQWDWKFWRWYDRI ZOLWHW H
ZLWKGUDZDO RU ZDWHU XVH &RQVXPH VEBIDYHV ZRWEDWXWH L
ZLWKGUDZDO WKDW LV HYDSRUDWHISG WQWQRVSUBBEFEAVSRD
FURSY FRQVXPHG E\ KXPDQV RU OL YRIR/ W/FRFHN L RRHBWIX\W H Z L\
ZDWHU HQYLURQPHQW KWWS ZDWHUWMINW RY RHFG X W HW L
ZLWKGUDZDO FRQVXPSWLYH ZDWHUWXMHQLIQD RV BRER K QDK
SDUW RI D GLYHUWHG IORZ WKDW LYQG®RBWWRR QW X P B WL HXD\
VRXUFH RU DQRWKHU ERG\ Rl ZDWHR Q RWWKSW PDD WHIH XPDIVQJ
UHDVRQ ZH FKRRVH WKH FRQVXPSW L YDH HZDRWHNU LX/'V W KLODW R X L
ZDWHU FRQVHUYDWLRQ HIIRUWYV D WRD VX P BSNWW HGZ DR H B FXWH

Ward and Pulido-Velazquez @ 7KLV LV EHFDXVH LQ PDQ\ FDVHV



LPSURYLQJ ZDWHU XVH HIILFLHQF\ RXQ\Q UKWZOWEXW D G
SDUDGR[LFDOO\ LQFUHDVH WKH FRQWKX P\ YOR ZIbW HQORXV H
EHQHILWYV IRU HQY kdg¢ RQ.PAd&@MAbD @ndX\w¢hU V Gemez and
Gutierrez Loch and Adamson Ward and Pulido-Velazquez @

7R REWDLQ WKH FRRYWHXBGBWDYIHR Z DHDHBDWHF W U FIMR BRWX
VHH )LJXUH IRU GHWDLOHG OLVVAFW® G ZPRVBURXV K FGID W B
SBURYLQFLDO OHYHO $PRQJ WKH VHFWFROUINXVRRZQHE®/ RUJXV
GHILQHG DV SULPDU\ LQGXVWU\ VHFWRUWR RMHEWRO ®RUQLQJ
&RQVWUXFWLRQ DUH GHILQHG DV VHARDKGMH FUDQE XRWW\ DRC
‘:DUHKRXVLQJ WR VHFWRU RI 2WKHU 6HUYLFHY DUH GHILQH
LQGXVWU\ 7KH ZDMHRB XZBHUGC DY O XRBWRYX LAQFBYILWUWMDMWHQ [UR
WKH &KLQD (FRQRPLF &HTh¥ Stete<GadintllE&aRiIMN Group>Office
of Second China Economic Census @ 7KH ZDWHU XVH GDWD RI SULPDU\
LQGXVWU\ LV IURP WKH :DWHU 5HVR X Brie#hctalXvate@HWLQ LQ GLI
Resources Bureau (PWRB) @ :DWHU XVH GDWD LQ HDFK VHFWRU LV
ZDWHU FRQVXPSWLRQ E\ PXOWLSO\L@GRWKR W DWKBW RRHFWAKPL
ZKLFK LV WDNHQ IURP :DWHU 5HYVRXHRHIcKIOVABFWLQ LQ GLIIE
Resources Bureau (PWRB) @

,Q &KLQD ZDWHU SROOXWLRQ GDWD LV JHQHUDOO\ ODI
VWDWLVWLFV DUH RIWHQ Rl SRR QRO GBIRALQ W WRW UWVW LFR/ORC

DQG ZDWHU SROOXWLRQ GDWD IRU DA ®HWYHX MDA H/ KPMX R 0D



DEVHQW 7KLV PDNHV LW GLIILFXORMQ WRUVIW)GA\Y HB K R G L\HHGF Wi
LQ WKHLU LQWHU 3URYLQFLDO WUBGWKH Qu)W K NVW VI Y& R QD
&HQVXV RQ 3ROOXWLRQ 6R XEHRdi4 BoartiwHEst RolIlGtibn& HQV XV >
Census Data @ 7KH FHQVXV WRRN WZR \HDUYV DQG LG
HQWHUSULVHYV IDFWRULHV QDWLRQPR®HDWWRL ER® W\XW HID QG L
W\SHV RI VHFWRUV IRU WKH \HDU 7KH FHQVXV DVVH\
HQWHUSULVHVY PDLQ SROOXWDQWYV MIQW UDQGIRI ILSEH WK
WUHDWPHQW IRU GLIIHUHQW NLQGYV VR/ILB® ODHWHIRQ FBIXQ F
SROOXWDQWY DQG RSHUDWLQJ FRQGLWLRWQVZHRUHSROO)
FRPSUHKHQVLYHG®a0EtQY HVVWEQI DM HG WWXG\ ZH FKRRVH WKH F
R[\JHQ GHPDQG &2' DQG DPPROLD¥DSURUWMYVRIHDDWHU TXDC
%RWK LQGLFWRUV DUH H[WHQVLYHO\ ZRH® G QWX LP®B DDWQGU
ZDWHU TXDOLW\ LQ VXUIDFH ZDWHU

7KLV VWXG\ XVHV &KLQDYV ODWHVGHPKOWEHEHELRQ LQSX!
etal > @ DV WKH GDWDEDVH 7KH 05,2 XWD/EOLD OV VB FMWRIU B \
ZLWKLQ WKH 3URYLQFHV RI PDLQODQG &KLQD )RU VXEVI
$JULFXOWXUH )RRG DQG 7REDFFR 3URIE MV \ill R R G DQHEO BRMIGC
VHFWRUVY 7KH U DWW HLIJKOR @HBWEOEHQW\R QURIGZXPBG E\ W
IRUPHU ,Q WKLV VWXG\ ZH IRFXV ROXRPKWMLR®S RPWZBWHKD C
TXDQWLW\ DQG TXDOLW\ WR RWKHUDDURDMWHHVE&ZLWKQ® &K

1+ 1 IORZV HPEHGGHG LQ 6KDQJKDLYTV L®WWH\GDHWQ R WMDKH W U



VIVWHP ERXQGDU\ ZLWKLQ &KLQD Y LUWRDRWZAOHUH B R Q RUL
DQG &2' DQG WHWDLQHG ZLWKLQ 6KDQJKDL DUH DVVXPHG

FRQVXPHU UHVSRQVLELOLW\ RI 6KDQJKDL

OHWKRGYV

7 K H : D W H U (P ERGLHG L

WUDQVDFWLRQV EHWZHHQ UHJLRQV

7R VWXG\ WKH YLUWXDO TXDQWLWQDE® QXL WO & | LZADW F
WUDGH SDUWQHUV ZH DSSOLHG WKH HVDKWEH8JeHP ERGLHG LQ 7

@ DQ HTXLYDOHQW PHWKRG WR WRGW JRRe@SPEVVLRQV (PI
et al. @ :H FKRVH WKH :(7 PRGHO EHFDXRH WWGLNVWKRIUH D
HQYLURQPHQWDO LVV X IPatei$ @@ Hastwieh ODV@HUDO WUDGH >

JRU DQ HFRQRPWRHUMRWPQ@ IRXWISKWRU IRUP LV SURGXFF
LQWHUPHGLDWH FRQVXPSWLRQ DQG IHQPRQVROSWRKRWLRQ
LQFOXGHVY GRPHY¥YWDE GXWKAKDMXR RI LQOWHUQDWLRQDO SXUFK
UHJISRAYSRUW IUR\RR‘M—I}ERQLNHZLVH WKHUH DUH GRPHVWLF
\"DQG LQWHUQDWl'erVpraust:D(GD\FR\QVXPSWLRQ +HQFH WKFH
[ LV JLYHQ E\ VXPPLQJ RYHU LQWHUPHGLDWH DQG ILQDO FF

T "= Srf5+="|l+\srfs \ :

,Q D (7 ((7 IUDPHZRUN WKH DVVXPEWWZGHEY WHIVREVOD'

DUH DOO GLUHFWHG W R P&disGNd He@iich FR@ VXRSEW IPRI® @V



LQ (TXDWLRQ WKHUH LV QR LQWHMMB ARIQR/XPS WXRF KD QB
WKH LQWHUQDW L RIQP 6 GDOM K IFRH) WXHERWYIRR O KLV IDYW HU Q D W L
SXUFKDVH RI 1LQDO FRQVXPBWIRQLV 7KIHSOPHBIGY E\

., °F _H®+" 1ZKHUHMH UHSUHVHQWV WKH LQWHUQDWLRQD

ILQDO FRQVXPSWLRQ XQGHU WKH :(7 ((TRUPPOZRURQ RIWKH

mo(7 ((71

7R VRAYIHRRU DQ\ DUELWUDU\ ILQDO FRQVXBS?IYLRQ WKH WH
ZDV LQWURGXFHG ZKLFK UHSUHVHQWY WKH LQWHUPHGLDW]
WKHLU RXWSXW ,Q (TXDWLRRHYHUWSHWHVHQWY WHFKQLFE
FRHIILFLHQWY RI GRPHVWLF LQWHUPHGLDWH LQSXWYV

[r:$r[rr+1 rs H

sr

(TXDWLRQ FDQ EH VROYHG DV IROORZV
[r ’$ rr\ :SrrsH
(TXDWLRQ PD\ EH H[SDQGHG WR VKRZA VOB RHFRQRPLF L

UHJLRQV PD@® IWHKHRUP RI p(UHILRRY LV VKRZQ EHORZ

a | s 0
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AXDQWLI\LQDWHUWKWDIDGH EHWZHHQ UHJLRQV

7R FDOFXODWH WKH WRWDO G LU & FW DHH3D [MMELWRHF W Y LU\
RWKHU UHJLRQV HHRQRW IUHJIPRQWOBZR'W BW H R Q WXIPRSKLF H G
DV IROORZV

P "G" , %

'KHURf UHSUHVHQWY WKH YHFWRU Rl WRWDW®W H3L XN FWVRQG L
SURGXFH D XQLW RI ILQDO FRQVXPSWR® @& %LLQ/J ZDWHU VX
WKH YHFWRU RI GLUHFW ZDWrHWKOAM U S/HDWH QW VR IWK HJ K
FRQVXPSWLYH ZDWHU XVH SHU XQZWL RI RXKVSXW H 6 W R FJ
FRQVXPSWLYH ZDWHU XVH LQ HDFK VHFWRU RI UHJLRQ U

7KH YLUWXDO ZDWHU M[B RIVK HZEBFADBRERQFDOFXODWH G

DV IROORZV

YZrH rG rr’ $| rs H

| sr

7KH YLUW)LIBGRZD/\VNH’UMZL]IEBQ EH ORRNHG XSRQ DV WKH

ZDWHU H[SRUW IURP RW K&¥ZLUW FIROPX /IRWMHGI ER Y XPPLQJ RY

YLUWXDO ZDWHU H[SRUWrRI RWKHU UHJLRQV WR UHJLRQ
YZL!  °G %Y H

'KHUB $DQ@ERI UHSLRBDUH UHVSHFWLYHO\ GLUHEF

WHEKQLFDO FRHIIWEEHIQWWWH R P KS@QRIPIHR/BIWL QISR WHB IQREQ H [ S

UHJLRQ



,Q DQDORJ\ WR WKH FDUERQ L QBDarQand Waldée®¥a WUDGH SUR
> @ ZH KHUHE\ LQWURGXFH ZDWKH GQWHRW LDA\Q GR L Q\GULDJGH
ZDWHU FRQVXPSWLRQ SHU XQLW RI WDRGHH[IS®R Z\WWH T KHR O

ZDWHU LQWHQWiErW\DQIGHL[BIHBMIR\/U HDFKFDKQJIERQH[SUHVVHG
DV IROORZV

A — rs | |

wie' = J_YZ"-I ;e tH |

wii" = jYZ,_ o H

vV U

:KHUI:-IJ,YZrH D(ij(ZLDUH WKH VXP RI YLUWXDO ZDWHU H[SRU\

UHIJLRRYVHFWRUYV
)LQDOO\ WKH DERYH HTXDWLRQV FDQ D®OYR EH XVHG

RXWVRXUFLQJ B\ BHWRDRQQEZKLFK DUH WKH ORDG RI &2' C
1+ 1 UHVSHFWLYHO\

:DWHU TXDQWLW\ DQG TXDOLW\ VWUHVV LQGI
,Q WKLV VWXG\ WKH ZDWHULVXPRQWLXDWHGHBV WXGH [ D

ZDWHU ZLWKEBUVUDZWE8® DQQXDO UHQHZDWOH IUHVKZDWHU

‘H FODYMLQ\WR IRXU ©IHY BHOYHUH({ W UHRBHUDWH

<l, < DQG 1R VWKHVYV

q

:DWHU ERGLHV FDQ EH WRR SROOXWHAGLWR PFPULRYEGH DQ\

WHUPHG pSROOXWDQW LIQ&AFHG @DVENU ¥YBWHRLWXPOLW\ VW

LQGH[ LV GHVLIJQHG WR TXDQWLI\ WKH RMRAMHAWWRI $SROBXWD



ZH XVH WKH FRQFHSW RI WE&H RVYUH\ZXKDWKIBPHRBRRW SWUKLK) WR O XF

RI TUHVKZDWHU UHTXLUHG WR DVVLPLOADWBPWKHQSWR Q0 WWD

TXDOLW\ VWDQGDUG DQG QDWNaekstta @BIFNJWR XQG FRQFHQWU

G= oL ?®

CPD[Cnat© '1

KHUH WRQ \U LV WKH CXRQGPR]ICSRLOVOW\KIBQ]/P‘ELHQW ZDWHU

VWDQGDQGPDQGLY WKH QDWXUDO E D FNINR XGHE LFFRHEBFHQ W U

I[URP WKH (QYLURQPHNDMEED ULND ORW\ Gkt Fof :DWHU >

Environment Protection of China (MEPC) @ 6LQFH *UDGH ,,, RI &KLQDYV

TXpDoLw\ JUDGHV UHSUHVHQWYV WKHVRLQ@DEXMH TRDOILW K HRU \ Z

DTXDFXOWXUH DQG UHFUHDWLRQ@RH %FHRUGL QI W EHHIQL W H

VWDQGDUG WKH PD[LEXP RRQEH Q QGO IURD PJ/ DQG

PJ/ UHVSHEWLYHRVY XDOO\ VHW DV JZdnd & alGXH WR GD

@@LV FDOFXODWHG ZLWK WKH ODUJHQWWROXPH DPRQJ WI

7KXWV, PD\ EH FDOFXODWHHGMR WKH UDWLR RI

e
|p_6

$FFRUGLQJ WR FUL WdeksttdDet\aX 3 J H \@NA8 163 GE al. > @ LI

I, LV OHVV WKDQQ FW@LNVVVRPOQOBWH WKH H[LVWLQJ ORDG RI

WKH ORFDO ZDWHU TXDROLWYV \GHDIQGHDE® ®V+AIRAHNUHVYV ,Q FI

LV JUHDWHU WKDQ WKHQ ITUHVKWBWGLW PWHLWRHLORW/O X

ZDWHU ‘H WKHQ VXE GLYLGH ZDWIiKBUQJWW R WKHQSWRRWRUWN R



WKH UHVXOWV F@KVWEHY HWU HP BIR G H kD W H

SHVXOWYV

,PSDFW RQ ZDWHU TXDQWLW\ IURP 6KDQJKDL

,Q ELOCRIR@DWHU ZDV FRQVXPHG WR VXSSRUW
FRQVXPSWLRQ RI JRRGV DQG VHUYLFHV REEZBOERQ PRI YLL
ZDV LPSRUWHG IURP RWKHU 3URYLQFHRSWLKORJIKRDLIY OR
SURGXFLQJ JRRGV DQG VHUYLFHV GUDZLQJ RQ ORFDO ZD\
J)LIXUH D

$ IXUWKHU EUHDNGRZQ WR SURGXFWVRIHSYHBWRQFHVKRZ!
RQ YLUWXDO ZDWHU LPSRUW IURP RWRRG BUIRDIVOHG W i F WL
L H $JULFXOWXUH )RRG DQG 7REDFMRHBUBFHYNDQJIKDIQW +
DJULFXOWXUDO YLUWXDO ZDWBRFRRORWU\PJIZORW  ERIOW® RRXD (
YLUWXDO ZDWHU LPSRUW &RQVLGHBRQUY >OFRSADICRO QERRESSC
DQG 7REDFFR 3URFHVVLQJ ZDV WKH VHFRQG ODUJHVW YLUW

RI WRWDO YLUWXDO ZDWHU 7S FRWELQH & L0 8 RRBEQ UM OD
VHFWRUVY DFFRXQWHG IRU RI YL @KB\DHD ZHDWAKHOUN I/ PB R LW \L
WKDW 6KDQJKDL LV VXSSRUWLQJ LSRURMLDWIRQVRIOKXHIWHW\
DPRXQWYV RI YLUWX &R ZGW HW R, R BHHWY M5 HFRMWMRMU FBHK D Q JK D |
LV ODUJHO\ VXSSRUWHG E\ RWKHU 3URYLQFHYV

7ZHQW\ ILYH BURYLQFHYVY ZHUH QHW PI[3$RUWX DO RDWRPH



WR 6KDQJKDL ZKLOH WKH UHPDLQL@®JI 3URNQ@®ER® PHUH QH
YLUWXDO ZDWHU IURP 6KDQJKDL 7KH WRY QMM W MRV XD O
6KDQJKDL ZHUH ;LQMLDQJ ,QQHU 0R Q@D IDI) G+ HIETHQJ VQ K X L
JLIXUH D 7KHVH 3URYLQFHV WRJIHROQKRRJI QHIWHHSRUWH
VKDULQJ RI 6KDNQUKMXDIY DHWHU LPSRUWYV

J)LIXUH D VKRZV WKH ZDWHU TXDQWLYWQRMWIHVY RI WKk
VXUSULVLQJ RXWFRPH LV WKDW 6KIDDQAN K B LZBOBWH W KRV OB\ HAC
DPRQJVW WKH Iy 3URYLEXFKY D ODUJH ZDWHU VWUHVV VXJJ
RYHU H[SORLWDWLRQ RI ORFDO ZDWHUWKHWRIXDUHY $SDU
3URYLQFHV VKRZIGQY HYWWHP H,IDWQH U RWWHKHYVEY &KLQD RZLQ.
WR LWV SRRU ZDWHU HQGRZPHQW D ® G HODPDWHH Z DAWHIH \G\H P,
FRQWUDVW VRXWKHUQ 3URYLQFHV ZMWHLUQNWLGIVG/R QAR WUH
D

&RPELQLQJ WKH ZDWHU TXDQWLW)\ QW WHYILVUMNKID®X DBM R Q
H[SRUW WR 6KDQJKDL ZH IRXQG RSIKQ BWK D L UADXD Q) R P W H L
WKH  3URYLQFHV ZLWK H[WUHPH DIQG VHYHKHHVRSBWHHWT X D Q
YLUWXDO ZDWHU H[SRUWLQJ SURYLRAHQ WRL QKD @IX® LDDOH
H[SHULHQFH GLIIHUHQW OHYHOV RU HDBHSO M X D @ WLPRIQV WW +
WKH PRVW ZDWHU VFDUFH 3URYLQFHV R{RIZWY HQ QW DL UW)>
UHQHZDEOH ZDWHU UHVRXUFHV WR &KDVQR I DL USNEKROROP R QW H [

HISRUWLQJ 3URYLQFHYV LV WKDW WWHEKWUDOHSPRKRBWW R,@X¥H



WRS QHW YLUWXDO ZDWHU H[SRUWIRWHWRYEQBEBMNV WR

6KDQJKDL LV HPEHGGHG LQ MIRRG UHODWHG VHFWRUVY

:DWHU TXDOLW\ LPSDFW IURP 6KDQJKDLYV FR

6KDQJKDLYV FRQVXPSWLRQ RI JRRG\RXYWIBQGHWRDVHRIUHYV
&2' DQG WKRXVDQIGL\QRQV BIABUJH DPRXQW RI WKLV SRO
LQ WKH GLVFKDUJHG ZDVWHZDWHU RiVREMRKHKX BEWYRQFRN G
JRRGY DQG VHUYLFHV ,Q WKH BRD OWRVR R/G HRX WY R XIUGE E
DPRXQWHG WR WKRXVDQG WRQV RI &2' DRFRXQWEKRXVDQG
IRU DERXW RI WKH WRWDO &2' QG Q FRE@WWHKWWWRWDO
WKRXVDQG WRQV RI &2' DQG IWKRKVBIQA VRWK R1 G+ V F
ZDVWHZDWHU IRU SQU®RGHALQLFHRRKY BKOQJIKBUUDIKHED O
ERXQGDU\ )LIJXUH E )LJXUH F

,Q WHUPV RI VHEWRU GLVWULEXW IRRQWXHFRRGIHMW. @& R V'
LQ SROOXWDQW RXWVRXUFLQJ DFFRROQWIQE IRURI Rl &2
1+ 1 RXWVRXUFLQJ )LIJXUH E )LIXUHFWRUY KLJKPRZIIVW W
RXWVRXUFLQJ VHFRRRUW Q®FDRKEHGR) 3URFHYVLD
RXWVRXUFLQJ DPRQJ DOO VHFWRUV QBDSPQBDEBERUWEXOV
$UWLFOHV 7H[WLOH ,QGXVWU\ :KLOHD®GJERKIHPLFDOV
RXWVRXUFLQJ VHFWRREDEFR BBYURRBVINQQJIJRXW \RR XIUFLQJ

DPRQJ DOO VHFWRUYV &KHPLFDOV RI OHQM\OD OGVHOWLQJ DQC



RI &2' DQG RIZHWH IURP SULPDU\ LQGXVWU\

,Q 3URYLQFHV H[SHULHQFHG GUWHYWQWVOHYHOV R
*HRJUDSKLFDOO\ PRVW 3URYLQFHV HAXIHZHU®JI ORRPWADGN HQ
QRUWKHUQ &KLQD )WRIXWNW E UHVXOM/HWKHQ SRRPHDIV LQ
QRUWKHUQ &KLQD ZDV FRPSRXQGHG E\ KLJK ZDWHU TXDOLW
H[WUHPH ZDWHUI,TXDGHWS MWMUEWLQJ WR VRPH H[WHQW DEO
VWUHVV WKURXJK RXWVRXWR @WRH®& 23 URYE QRFHYV

&RPELQLQJ WKH 3URYLQFLDO ZDWHUURXDQEWDOV\QHMVV |
SROOXWDQW RXWVRXUFLQJ ZH IRXQ® \WAKWWHVV3DRFR RO MAH ¢
IRU RI QHW &2' RXWVRXUFLQ1 BRWVRXUELQHWRP 6KDQJIK
7KH WRS 3URYLQFHV ZLWK GLIIHUHQNG OBILYRD & KDIQZ B W HILY TOH
&2' RXWVRXUFLQJ ZHUH 6KDQGRQJ +HEMLWKKHWRSQJ DQ
BURYLQFHV HQGXULQJ 6K®XQWKNRBXUWF LQQHWZHYH $QKXL +HQDQ
=KHMLDQJ DQG -LDQJVX +HEHL ZDVIDRXQG WMRSB 6 ® X®XHWKR
YLUWXDO ZDWHU LPSRUW DQG SR O OKMIDVN DROXARVRXIUFUQQ JI

I[IURP HIWUHPH ZDWHU VWUHVYV LQ WHUPV RI ERWK TXDOLW\ I

:DWHU LQWHQVLW\ RI WUDGH

JRU DQ\ UHJLRQ KLJK ZDWHU LQWHWKHW\URIY B[GRQYMH RUH
KLIKO\ ZDWHU LQWHQVLYH SURGXFWW SRa/Wshd> YDOXH RI Z|

Caldeira @ 2XU UHVXOWY VKRZ WKDW 6KWMHIXIELNTV FRQVX



LPSRUWV Rl ZDWHU LQWHQVLYH JRRGV DQG VHUYLFHV
,Q FRQWUDVW 6KDQJKDL H[SRUWYV WDWRZF D WHRU R\VPKHHL V|
BURYLQFHV ,Q WKH ZDWHU WERXWODQ®\&Rk LRPBR UQ\Q H
WLPHV KLJKHU WKDQ LWV ZDW MK RXQWDHEGY BW X R 17 K[ § RRIFDQ \
HYHU\ RPZDWHU XVHG LQ 6KDQJKDL RQ DYHWMDMIHGSURGXFHYV
VHUYLFHV H[SRUWHG WR RWKHU 3UBRGQFHV ZKIIKRLQ WXL
JRRGY DQG VHUYLFHV LPSRUWHG |URPKREG KM O BWRML ZPHWH U
LQWHQVLW\ RI H[SRUW WKDQ 6KDQJKDL BAWRXWKBRGH[FHSW
&1< )LIXUH 'LQMLDQJ WKH O DR BHD\W MKIDUW POV I XU B UWH
ODUJHVW ZDWHU LQWHQVLW\ RI H[SRKURWXVDRR® & D00 3URYLQI
6LPLODUO\ ZDWHU LQWHQVLW\ FDXE®GLMNS THWVEHBWIHU Wt
SROOXWDQW LQWHQVLW\ RI WUD B QX WDHV GG INHFRAWD DIHG SIHQ
Rl WUDGH LQ WKLV FDIVMRIOXRR' THUG XL W RI LPSRUW DQG
LQ 6KDQJKDL WKH &QWHIE/ UW\ RI LPSRUWYV WRQ ELOC
WRQ ELOOLRQ &1< ZHUH PRUH WHKREQ'VHYGIQ+WLPHV ODU
LQWHQVLW\ RI H[SRUWYV WRQ EL® O L6K® @IKDRQICD G B/RRWX E
WKH ORZHVW &R'LRD@GIQYLW\ Rl H[SRUWV DPRQJ DOO 3URYLQ
ODUJHVW &2' LQWHQVLW\ RI H[SRUWYV WRQ ELOOLRQ &1
ODUJHU WKDQ 6KDQJKDL *DQVX QKWDIGQ WIKWM\ GRD UK FBRW WL\

WRQ ELOOLRQ &1< DERXW WLPHVY ODUJHU WKDQ 6KDQJKD



'LVFXVVLRQ DQG &RQFOXVLRQV

7KLV VWXG\ LQYHVWLIJDWHG WKH H[WVHQW WHRLAKLFKHD P
EXUGHQ RI ERWK ZDWHU TXDQWLWY LDGHS LTAD HV\UY W B H V VUR
FRQVXPSWLRQ EDVHG SHUVSHFWLYH WRU MKE WKW WLPH
ZDWHU WUDQVIHU LQ WHUPV RI ZDWWMURDXDORYL\QB QBOHX DWW X
TXDOLW\ VWUHVV LQ &KLQD 7KH UHVPORLW\VRRIV VRIQIDN 6K
LPSRUWHG D ODUJH DPRXQW RI YLUGXNDI® ZDWWAHWL FEX\R | D&RV R
DQG 1+ ZKLFK IXUWKHU DJJUDYDWHG WK EZDYWKERAWUHVYV |
‘H WKXV VXJIJHVW WKH FRQVWUXFWLRQ RI PHFKDQLVPV UH
VIVWHPV WR WDFNOH WKH SUREOHPTRDEWUWHQ Y& LTWDQUWR
VWUHVV ZLWKLQ &KLQD

,W VKRXOG EH QRWHG WKDW LQ UK PRI® IPLDO LWVO\FVYW D WM.
LQ WKH &KLQHVH JRYHUQPHQW LP3DWRKHQWHMR XWKHYVPR
PDQDJHPHQW SROLF\" $Q LPSRUWDQ®QWLAMD WL YWK MW 3RIHWV
ZDWHU XVH ZDWHU XVH HIILFLHQF\LRQDBOZDWE& U3 $RVIOXVL DR
OHYHOV IRU DQG LH WKHLVB #DOOKG 2WHMUHH UHG
VWXG\ GHPRQVWUDWHY WKDW 6KDQJKRVYWF RQ HHHRW WLIQH V H
BURYLQFHV ZKLFK SURYLGH YLUWXH O HZBHAL Bl W\R VL W XDVQUGR B W
SROOXWLRQ :H EHOLHYH WKDW W K®IL QYO HR IDQ@VWWDMLLER@D RW

ZLGHU GLVFXVVLRQ RI HTXDOLW\ 3QRMIGQEBDYL QK HVUBIUR H W \L W



LPSRUWDQW WR GLVFXVV WKLV VKDANHE RXH/G RDY LIRS RW H
WZR SRVVLEOH VROXWLRQV WR WD RNKGOHPWEKD EXW\GHQ VKLIW
J)LUVW VKDUHG UHVSRQVLELOLW\ EGWXHHG [BRUDVAUWLH
QHHG WR EH FRQVLGHUHG LQ WKH WRQFHKWHYRH BB W HW K |
PDQDJHPHQW WDUJHWV 6KDUHG UHVGRQWLEHQWWO HD B CB\H L
3URYLQFLDO OHYHO JLYHQ WKH LQLWLPW &SLUONDHW PHFK
HQYLURQPHQWDO PDQDJHPHQW ILVFRQGWUDWKH B XRDAHBDAV |
SROLWLFDO V\VWHP $ SLORW SURMKWNFW G- DQ GIMU VAR E HQ DWW I
VXSSRUW DQG 6KDQJKDLTV VHOI UDLVQIQUPVXQGVLWRDEXLO:
WUDQVIHUV IURP 6KDQJKDL WR WKH HYHOF WHKGE SWRYQGHBYV
3URGXFHU 5HVSRQVLELOLW\ L H SURGXFHUV WDNH UHVSRQ
LQKHUHQW LQ WKH VHOHFWLRQ RI GONWNEFRIY DQG LQ WK
@ FDQ EH SURPRWHG 7KH GHYHOR$IRMHDDW\RD ERWK H¢
FHUWLILFDWLRQ PHFKDQLVPV ZLOO DHFFE DG UDIRE XFKKH SU
5HVSRQVLELOLW\ $W FRQVXPHU OHYHQIP BRUH ZQGORRUHWRR
SD\ IRU HQYLURQP HD@ived a., 301R \M ltFaN, L2R1B, Shen, 2082
BXFFHVVIXO GHVLJQ IURP HQYLURQPHXGND®O®2\S FOVPHFWLRQ
GHYHORS WKH FKDQQHOV ZKLFK DOORZ FRQVXPHUV WR SD\
UHVRXUFHV LQ WKH H[SRUWLQJ DUHDWLRIRUW GHYRP O W HWK L
VWHZDUGVKLS DFEFWLYLWL

KWWS DOOLDQFHIRUZDWHUVWHZ DADGWHKUL S/ WHZ DERYKXKL H ZV



6HFRQG FRQGXFWLQJ GHPDQG VLGH PDQBIEHPHQW IUR
SHUVSHFWLYH *RYHUQPHQWDO VWUBDRHQJWHXVERQ OOK\VMPB KD
RQ ORFDO ZDWHU FRQVXPSWLRQ WKURXRIKHQXS POIDVXE®H \PDQ
EXW ODUJHO\ LIJIQRUH WKH SRWHQWl emCGtbRU GBWPDQG VLGH
+RZHYHU DV VKRZQ LQ RXU VWXG\ 6KBQIKDQ R LRSIGAW | U
DQG VHUYLFHV RQ ZDWHU UHVRXUFRHXYQBRPWVLEH IRQ RW\K HG
ZRUGY WKH LQGLUHFW LPSDFW FDSHEH WXHF®E ORKBDBUZ N B Q
UHVRXUFHV $ GHPDQG VLGH PDQDJHPSHIQWW SBIRFR WHKH LVRW R X
FRQWURO VXFK LQGLUHFW LPSDFW H7K@GHUDBIEW WEK&DAFDNV RQ
LYV WR FKDQJH WKH FRQVXPSWLRQ SICPSWHRQ RV XFKRGW FUMG
ZLWK KLIJK ZDWHU TXDQWLW\ DQG TXRGXWW VP ZIXKEWK KRNV H [
WKH ODUJHVW VKDUH RI ZDWHU FR QWX PBSWVOL RQJ DFAPIR@IO NRRG |
HIWHUQDO LQSXW RI IRRG UHODWHGL®%®VYRBXEG WXP S6/KIDRYXJ KRDI L
PHDW SURGXFWV E\ SHamyRai Municipal Bureau of Statistics,

@ 3URSDJDWLQJ VXFK LQIRUPDWMRQ® WHRE BRNRROADIPEH\
HQFRXUDJLQJ OHVV PHDW FRQVXPSWDRRQ@PHKM R\WKPLNHED\ L
LQIRUPHG FKRLFHV DERXW JRRGV DQGDHWYLKRHY ZILOVKXK UH
UHTXLUH LQIRUPDWLRQ ZKLFK VKRZWWYKH HZ\D VWUV HFF S\CRFWV DRY
SURGXFW OHYHO 2XU DQDO\VLV LV WHFOSRXO LQ EKKILIK®&LJK
FRQVXPHUY KDYH ODUJH LPSDFW DQGEFEIRXPE K HE&®R LAFRHYV XP I

7KLV VWXG\ FRQGXFWHG D QRYHO D@RQUVRV RDVWBKDQJIKD



TXDQWLW\ DQG TXDOLW\ VWUHVYV VEGRDWEYIFWWDRBH VXIDUM. Q B |
UHVSRQVLELOLW\ IRU LPSURYLQJ ZDWHWUDKWHR SDRAMWO RDQ D
+RZHYHU ZH ZRXOG OLNH WR UHFRJQXQGH YIRPHN O MPHN DWL
ERXQGDU\ RI RXU VWXG\ LV OLPLWRIGVWRH&KHQB XXDB BOR GVR
FDOFXODWH 6KDQJKDLERXWYRPOKLOI WR RWKHU FRXQWULHYV
VHWWLQJ LV FRPPRQSODFH DQG FD3akE&hd\HHHa@kLQ VLPLODU

Zhang and Anadon Zhang et al. @ O6HFRQG D :(7 IUDPHZRUN
DVVLIJQV WKH ELODWHUDO WUDGH RRQVL@KNLR QLIQW R HF RDYVIXF
IURP LQWHUPHGLDWH LPSRUW 7KH VMWVXDWHR@ HOIHWHHE \
SURGXFWY HJ UDZ PDWHULDOV IMRR WEKHWMURBDP ISQYRXSWKW W
ZLWK WKRVH UDZ PDWHULDOV DQG QNXHBSBVYW DVKIHRWURIK X |
DFFRXQWHG IRU 7KH UHOHYDQW GMWROMH VROWK W QRWK HFB QRE

IRXQG LQ RWKHHdo&tRlU NV Lehkzed et al. @

$FNQRZOHGJHPHQWYV

7KH SUHVHQW ZRUN ZDV SDUWLDOO\ GAWKHOBRBB®/ XLWKL
5KHL 5HVHDUFK ,QLWLDWLYH RI WKH ,QWHUQDWLRQDO $VV
,$+6 E\ WKH ZRUNLQJ JURXS 3DWHU 6FDUFLW\ $VVHVVP
$SSOLFDWLRQ ~ 7KLV VWXG\ ZDV VX $ERHWHG )RX W& B WLIDRVDL R
RI &KLQD WKH %HLMLQJ 1DWXUDO 6FLHQFH )RXQGD

IDWLRQDO 1DWXUDO 6FLHQFH )RXQGDWLRQ RI &KLQD



WKH 1DWLRQDO 6FLHQFH DQG 7HFKQRORJ\ WBMRWVBURMH F\
<RXWK ([FHOOHQW 7DOHQWYVY 3URJUDP RR| WKHKH &HQ\W QDD WL
&RPPLWWHH Rl WKH &3& DQG WKH 6ZLVV *1DWLRQWDO 6F
=. =B ‘H DOVR WKDQN WKH 8QLEHQYLWILKI ZHW&\W IRU
BHQLRU &KHQH\ )HOORZVKLS DQG WTKXDBALF 8 F)IHEHWHD D Q@ V
7HEKQRORJ\ IRU KRVWLQJ ; =KDRYV YLVLW

7KH GDWD RI &KLQDYV 05,2 WDEOH YOGV iy FRQVXPSW!
GDWD ZLWK VHFWRUDO GHWDLO WRVWHKSU FOGXF B WDK 19 TKO B W

WKH DXWKRUV XSRQ UHTXHVW [X ]JKDR ZDWHU#KRWPDLO FRF



SHIHUHQFHYV

$GDPVRQ ' DQG $ IRFK S3RVVLEORP QHIJDWLYH
HJROG SODWLQJYLUUAgGHDvser R&rabed3) DVW U X FW X U H

$00DQ 7 JRUWXQDWHO\ WKHURWKXWHH ZVX BV R KW X W H
K\GURSROLWLFDO IXWXUHV ZRXOG EULRRER\NWHVE ORHU S:D S\WHHLU
5HVRXUFHVY $OORFDWLRQ DQG ODQDJHPHQW 2'$ 6RXWKDPSYV
$UWR DQG ( 'LHW]JHQEDFKHU JORBPD YHUM R Q KWROHY HU R\
H P LV VEnRIQVSci Techno#8

'DYLV 6 - DQG . &DOGHLUD ARJVRPS&PLRQ EDVHI
HPLVVLRQV

(GLWRULDO %RDUG RI )LUVW 3RPAIG¥ANIeRQs RdtQeV XV 'DWD
&KLQD (QYLURQPHQWDO 6FLHQFH 3UHVV %HLMLQJ

'LQJ + 4 /LX DQG / =KHQJ $ HMHRVPOQD MK IRIHFAQRP
HQYLURQPHQWDO VXVWDLQDEOH VX®SO\WHUBQROLMW UHG X FLQ
Oper Res255

(ZLQJ % 5 7 5 +DZNLQV 7 2 LHGPPQQ $ H1LQPHWWHOW.
DQG . 6WHHQ 20VHQ ,QWHJUDWLQJ HFRORJLFDO DQG :
PXOWL UHJLRQDO LQSEKmn&RX2®SXW IUDPHZRUN

YHQJ . < / 6LX ' *XDQ DQG . +XEBBHRQDO YBVWHKXDWOLDDW

IORZV DQG ZDWHU IRRWSULQWY LQ WKEAVXPGORRGLEBIVHG D \
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YHQJ . $ &KDSDJDLQ 6 6XK 6 3ILVWHU DQG . +XEDFHN
%RWWRP XS DQG 7RS GRZQ $SSURDFKBVLWR & RO FODADLWR IQYJ
Econ Syst Re23

JHQJ . 6 - 'DYLV / 6XQ ; /L '"DE®GQ +XHIXFHN/LX
2XWVRXUFLQJ &2 PiocWak AQd&E USAL0

YHQJ . . +XEDFHN 6 3ILVWHU < WXDOQ@EFEDUBKQDWHU 2IQu

& K L Brviron Sci Technok8

JLQOD\VRQ % / - %DUQHWW 7 :HRQD -HEEHQ 8 [X 0 <
DQG = &KHQ 7KH GULYHUV RI DQWRBVERVIIBDWHU VHFXUI
Change 13

*RPH] & 0 DQG & *XWLHUUH] L FIQHK@R FE QW 1L QW IUHDDAYLL R

ZDWHU XVH WKH -HYRQVY SDUDGR[ SWSHKDQUHVBIQG&HG D
XQFHUWDLQW\ FKDOOHQJHV IRU DBHVFXOWXUH IRRG DQG QL
*XDQ ' DQG . +XEDFHN $VVHVYBHOW R X UH ARQIBDO
IORZV L (EckIKEb@p b1

+RHNVWUD $ < DQG 0 0 OHNRQQHRI KXPBRRHWDWHU IRR\
Natl Acad Sci USA

+RHNVWUD $ < $ . &KDSDJDLQ 0 0QHKOGDW DQG 0 0 O
water footprint assessment manual: Setting the global standard SS (DUWKVFDQ
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(a) Sectoral spectrums of water use for production and virtual water import
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(b) Sectoral spectrums of COD discharge for production and COD outsourcing

Local COD discharge for production

COD outsourcing

million m*

thousand ton

(¢) Scctoral spectrums of NH_-N discharge for production and NH -N outsourcing
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(a) Shanghai's net virtual water import from China's other provinces
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Water quality stress

<1 -2
5




Heilongjiang

21 Jiangxi
20.5 Ningxia
19.6 Guangxi
16 Hubei
15.6 Inner Mongolia
15.3 Hunan
11.8 Anhui
103 Sichuan

A\
AN

3.6 [l Shandong
3.4 Jll Chongging
3.4 [l] Liaoning
2.9 ll Zhejiang
2.6 ] Guangdong
2.4 [1 Qinghai
2.4 [] Shanxi

1 | Tianjin

1 | Shanghai
0.5 ! Beijing

0 30 60 920
Water intensity of cxport(m‘/lhousand CNY)

T T
0 700 1400 2100
COD intensity of export(ton/billion CNY)

0 20 40 60
NIL-N intensity of export(ton/billion CNY)



&]PUE iX &]PUE



Jiangsu

E

N

) Huangpu Reservior

Shanghai

Zhejiang

Legend

[ | Reserviors [ | City area

|: Drinking water source reserves




&]PUE 11X &]PuE






&]PUE iX &]PUE






&IPUE 38X &]PUE






	Article File
	Figure 1 legend
	Figure 1
	Figure 2 legend
	Figure 2
	Figure 3 legend
	Figure 3
	Figure 4 legend

