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l1Pol icy cont ext

Wi t h rapi d ur bani zati on, the contr
protecs$ o ocanadamdmivel opment have i ntensi
degradation of natur al ecosystems a
addi tion, t he 1 mbal atnicoen iinn vtelsed meand |
occupation of ecol ogi cal bleentewa e i |
ecol ogicalangr dbtemed ovb i & h affects t he
devel opment between upstream and dow
Ecol ogi cal compbasaedi omechanasmar kai
on economic means that aim to coordi
stakehol ders and achieve ecological |

(Sun et Walt eresh@blcompensati on can hel

the soci al and economic interests be
regions, which can shatmernzbBumbhe agnpt;
t hr oruggadhlnigar et o I mprovements @ envi
economic benefits. Recentl vy, Chi na
ecol ogi cal compeamnsdath@asn eeehtadad sor e ¢
advance t he I mpie mepwotit acciyon | of 2014,
Environment al Protection Lawtafedhe

cleahhy China should establish and i
for ecological protection. Il n May 2(

Councsislueépitnhieons on | mproving the Col
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for Ecol ogidcalcl riotgechganlhaéer shyfi @@
compensation mechanism shall be i1init
protection compensationabysboerdi bebdbns:
be basically established. Il n Decembel
t hree ot her depart meaduisdi ng [jO@ii mti loy ¢
Accel erating t he Establ i shment of é
Hori zont al Ecmo |l oofgitchad Wprsottreecam oand Do
( Opi mi olnlkske Opinions proposes that by
protection compensation mechanism wi
provinci al river Dbasins that ndave in
ecol ogi cal service values, with cl ea
and downstream compensgmeipodogoplroj BEax
will be built to explore theitf feas:
Nati onal Con g redas st heexgparrefsestl by tshteatr e c u
system of cultivated | anandpesat ableiss!
mar¥eiented andl odgiiovaeanisae f 9 a&tdi oéc ome ¢ h ¢
maki nggst hbl p$§ hleecgocwanpensati on mechart
Il mprtant part of the system reform of
After the heavy fl oods (iZno nngajaonrd rad hvee
200®&)consequeinwce lodg geixngnasnd (sTaogped |
et al ,emelr9g9%8a)g y vtean f i nd a sustainabl

mai ntaining ecosystem services. | n
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ecol ogi cal compensation was ngdoiprt ed

t he revi si on of t he Nati onal Forest
establishment of a nati onal fund t o
f orest s. This iIis the instituti,onal or

after whi ch sewechiomrcahdgirealt opabi c

Il ni t(ieattdge.dd, Grain to Green project and

Benefi t-€omme rNoina | Forlens tp rparcd ji eccet, f ol
Grain to Green ©project whi ch was 1in
potection programs and ecol ogi cal C
pil oted, i mproved and i mpilcahamgedt r e
al ., 201 3; Yin et .alBagsteddekden pYiarcte tc e
range of policies were gradually dev
scales to guide the establishment of
Among t hese policies, teweo | il d aly
compensation schemes were iIissued by
Orei s the Guidelines on I mproving Ecol
which sets out the overall frameworKk

with emphasi s @mefsohre tbhuel | mn omtge cstciho n

ecol ogi cal envi rnommoenmtes ciianlc | ddiregt |,
grassl and, wetl and, deserf unmaronal
zones. Another policy document is th

MechamifsmEcol ogi cal Compensation bet
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Streams of Cross Province River, whi
centr al government Il Nbas®di dnngr 6vine
agreements aQWMOFomrmtr.abuti 804%86)

To consolidate t he achievements of

restoration projecttchemesyv diraavle demme IT

as dt@emgn mecFhoarniesxmasmpl|l e, t heGmpaion etca s
Green trbpeditat ur al Forest Protectio
Grazing Land to Grassland project, i1
and subsidizing relevant far mer s. W

participating househol ds irce @eiryve dsgm

we l | as financi al supports for ecol o
Currently, the ecological compensat
aspects, i.e. ecologicatunompenahtzol

nomommer ci algr dogleasnd, ¢thres egvaitn @amme n

restor aiiinommgofsites, and Watter shed

' To balance the relationship between ecosystem protection and sociaéconomic development,
the Chinese government implemented an unprecedented ecological protection and restoration
project in 1999 with an important component based on payment for ecosystem services, the
Grain To- Green project. The project contains four models of restoration, i.e. affostation of
farmland, establishment of fruit tree plantations, afforestation of degraded land, and conservation
of natural forest, which have led to the establishment of approximate 3.0 million ha area of forest
ave generally shown a reversal of ecosystem
degradation and have made significant achievements in ecosystem restoration. To compensate
residents of project areas for their loss of income, the government has implemented payment for
ecosystem services, suchs subsidies for afforested farmland and compensation for the cost of
seedlings and restoration work. Farmers who stop farming on marginal or degraded farmland or
who can no longer harvest forest products, and who instead establish or conserve forest or

grassland, receive a payment per unit area that they restore.
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Ho

ol ogi cal heatmpreastaead othnhe most attent
d policy makers in China. Molst pr e\
mpensation have obtained insights
nservation and sustainable water s
rel evant theories including | ega’
ol ogi cal compensafi owmat eastedt hec or
mpensation schemes in reconciling
vernments have devel oped guideline
Il ch address the concenmhs ualouwt Fwar
15; Li et | atlijgrea @ celxéamp | es of wat e
mpensati on have been I mpl ement ed
vernments and t hese schemes wer e

warding protectorShandf pkeeasaeéi pragt
ve progeced & emgams!| ati on on water sh
ke Jiangsu, Zhejiand,onki amgixiL,i ,F )0

n Februa®©ut20he, of héhe ®reard-dpmgent

ngkMancgao Groeabat 8ayt hat, efforts wi
tabli shment of an I mportant -econom
ng kMancgao Gr eat Bay as tXeRi veading

EconoBeild as the htnd edéwvaldgp mentdrofve:

So

So

ut hern and Sout hwestern regions of

uth Asia. Wi th the 1 mplementation
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| mportance of the Xijiang Thereagf drae,
t he coordination o f ecolecinmani ¢ pr
devel opment iIs of great 1| mpoirdiance f
Ri ver Economic Belt.

Xijiang River is |l ocated in the upp
and is the fmatihne tPreiabrut aRiyveor . |t orig
Mountain of the Wumeng Mountain Range
FI owing through Guizhou and Guangxi ,
i nto the South China Sea in Foshan (
drainage ared ooff 3wh6i,icGh0 0i nk nGuangx i ;

Aut onomou(se Reghuwainbgroi t he Mdgoist at us o

ecol ogi cal environment I n Gluaaaglx i p
sustainable devewbpmenbasas well as
To protect the ecol ogi cal environm

amounts of manpower ,sanartead aln aadvari
fi educswaéder resource conservation, wa
control. During the past twenty year :
in Guangxi has réat ofsd andsspkc02ilka
ret or at hfeonrsedasft ri ver sources and banks
I n soil erosion control. Since 2016,
poll ution control model s for | i vest

bil ICN6/'ho strengtthiemn tdentpolll uand cCo
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environment al I mprovement of the Nanl
2008015, the central and | ocal goverr
pl an of oveGCNYRoi7 obompremensi ve cont
desertini Gataingxi . l n November 2018,
and Environment and t he Mi ni stry of
AEcol ogi cal Protection Red Lloinnree Pl a

guaonfethe area under (Thhe jgustamdnmtvieo

Il ecol ogi cal and environment al prote
Guangxi | ost many -eocpopnoormniiucn idteiveesl ofponre n
I n view of the I mportance of ecol o
devel opment of | ocal soci ety and ec
ecol ogi cal civilizati bagc&Gcabegsat iharms
practices i n matnhye fcioenhpdesnh kfad neccloul doigni gc
bensoffi tfisortels¢g¢ control of soil erosi on

protection and restoration of water
ecol ogi cal functd 8nmuwlotnasneerovuastliyoon aar
ecol ogomménsati on policiles 2@G&7,betelne
Department of Fi namfdeaodr 6&u afn@grx it h e sG
and Use of the Compensation for Wate
and for the Condroh @D1Fopr GCaskandsi oa
compensation stamdacdoWweeditmheblsiiatwe

forests DbyCNl. 316n b20U4,ont he autonomou
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counties to the 1|1ist of key ecol ogi
transfer paymendtds. tihre ALwa@awngytxi 2&Gnd
governommengsed the MnAgreement -on the
border Water Environment Protection
March 2015, the two p@ruizbeuj BRimelyeE
Water Envi pemsmani oGo inmpdl eMhae r2tbat6i,on P
Guangxi and Guakgdeemesi gardHOhEZONTt
Compensation for the Upstream and D¢
Basi(R 02®137) mar ki ng t he pace of h o

compensat woeanpit el nove®s

Af ter year s of exploration, Guang?>
edogcoeompensation. However, due to th
i nterests of ecological benefit prov

Firstly, determining the benefits
ecosystem yseanwd cwalslugpgpt eat i mportanc:
the standardempénseavbiliogi cAdbwever, t he

value evaluated Isy caadt ismatpiliyg otf he cloisc

has a deviation from the actual benef
met hod. De hceompennsnagt i on t hreshol ds w
scenarios by considering | ocalt polic
plsaaond t he synthetic I mpacts of nat u

provi de val uabl e referencel ogorcalt he
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compensayion polic

Secbyhde exliaswianmge scattered i n diffe
di fferent legV esll,sa twohioi nckho caaplsptl Byn ddai rfdf se r cef
ecol ogical . chdMmpenoalt ssenm@mreun mermtri nci j
|l ittl e meaniTrhge fdornveprsadtyi mds.compensa
di fferent payments for thri fsama arsdéu
practicability of the | aws.

Thil iyd t h ewad xirssthiemdg ecol ogolcia¢i ecso mpre
| i mi t evdh t-rderd at e d ecosysCalimcud eatviome sof
compensation standards based on ecos
type yv$t emolsielwatiecreo va e e d p usreirfviiccaetsi or
Extending the flooggtT eampde isscaotgywor foptahle @
fields and multiple ecosystem servic
edogcompensation mechani sm.

Four,t hrleygi onal char act etr hbs toipchsy sec xmal
and afecoinomi ¢ condi tieon st atnioe tda sftfreifr e r
specific compensation object. For e
forest can be-owwineiddedol heatistvat and
wel fare forests according to the own
aim at ohjsecthgbd ypesbhgleceosystem, ar
di fferences of regional characteris

attributes of compensation objects,
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among stakehol der s.

As the core of ecologicaltandmap @rss atf
ecol ogi cal aocmempcelnssaeliyonassoci ated wi
efficiency of ecol ogTlioc afl u rctohmepre nisrag n @
ecol ogical meocmpensat noshpa éwmanctheet i on
Xi j ibasign, It tioarngs®akamyont ed reseatr
t hel egoompensatisomnsoadear d o provide
for the protection of ecological env
climate dhmatngtdyss based omsl bpemestisganh
and plannipngpaftGaahgxliy i n terms of
and restorat, omsopén@eepeggteemsed by co
cl i mat e chhuamagne sacatnsdgati ab. amtdet empor ¢
I hhe bi splpydiycalnd values of multiple
context of natur alweal nan aluynaend .di Gd mlribr
soxcBconomic chalragcempenhisas)j oecsetand
potenti al changes of compe nsdatfifeer en
devel opme e raseceelnyazreedo.s Resul ts of thi s
a scientific basitshhempreméet Aogonoabt i
compensayiinonXipgalainc pRicv €flriy ¢Baal ssiynn't het i ¢
analysis @odosmwsldtenpplosesead of a singl
ecosysteqi sesvimocee compr ethleensberefeixtp

thahe ecosystems 2sfthpplcyonsodéaaanen
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economic chartalte ecalsculcat idamiwmnfg ecol c
standalds to assimilate the payment
compensation policy, whotmecea kmsr ¢ he
practiacsalt;he3)structure and pror@lcyesses
associated with changkschnathegct onhme:
and t he bi ophysical supply tote di f 1
il ncorporation of externabandhfhwmarces
actiiessnt o t hanakgdus bet ttelre rwdrl ieaxtti on
ecosystem services, thereby i ncreas

compensation standards.

2Researchl® me

210bj ecti ves

())Cl arify the spati al patterns and h
di ffercecsetihXengdi ang river basin.

Q) Quant hé yi mportance of Dbiodiversity
t empairattri buti on characteristics in
of ecosystehXesjeravnigc ersi vienr basi n.

B)Expl ore how the use of the SEEA fr a
based assessment of ecosystem servi

@Cal cul ate the eoonl sgiacnalardombye rexatl ¢

trends of ecostyledbeml seagvietéecwist bf
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and doawdranges.
22Content s

(1)Converchiaomc toefr ilsatnipl@adctoerrem s

Datoan <cl i mat e, soi |, hydrol ogy, bi o
territorial Xp)jaangngwiolélr thheeescahd ect
dat aslodbsieo p hggrsd ¢ ssccooinanmy | be Thailstpat i e
di stri buaomwvec Lanaact er iremitc d amfd diofvfee

from 199wi Itbon BEOYIbedi mepawt $ omfment al f .

on the occurrence of | and cover type
| and cover changes wil|l be i dentifie
(2)Spattiearipor al changes coofs ybsitoedm vseerrsviitcy

Based on theotpdif éakr etaytpteesammo rctoavretr
habitat spaces wil|l be i dentified wi!Hi
Di fferent assessment model s wil/l be
suppkgoefystem sewasaiye ecsl diareceleund ionogd ,

mitigawiaoefi pat et o@an d oasda dpwensThreat i on
spatainadl e mpor al o fcthhaenngpeosr t abhtcediovfer si t
conseravnadthieonbi ophyseéecas$y stugpmp | yerofi c e s
characCemparat i wiel anla¢ ypespobmedi og t
of di fferent ecofEyobgmt emr geddismedek

spaamntdemporal changes wil/l be quantit
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(3)Ecosystemiaced st anldagodsalodn ssatoi on

Futluamed pcaocgwert h ddéfv el epment targets

ecol ogical protection priority, econoc¢
as usual, wi || be projected. Combi n
emi ssion targets in the future, cou

scenaltl obewcbost2@&dedc hanges of ecos
i n relthbkaosnel ticne wunder di fferent sce
Coupling the assessswerrthbodmgecady pireom
costl,ogeccoompensati on sd¢laangne sktsh ea ncdo ntt hee
of combi ndadnaf dcemtvtéesmaotfewiclhla nlpee scal c ul
Preli maonammenrdati ons loong ioweatipea rsshaetdi oa

polwiclyl be proposed.

23Techniqgue route

The technique route of tFhod |sotwi diyg wvaan

extensive <collectionaofd eéabasystem Il
accowendst abl i shed. Baseed Ohhresgnsbemnac
future | and weopereog dfccdiran g 8®8rbd t he spa

di striobbutdiidnd erent waamdbal|l gaedr Cypest
containing precipwdmefonedndotempmr h
scenari os according to the mansagement
Coupled with | and covewephaongeed edsif

ecosystem service assessmentwas After
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guantfiori edli fferent

modgel d$ased on

uesci onsgy s daisfeifeesreamwin T e

whi claceooBsyst aver s emdweiv

Si mul t ancempuasrliys ovvacamn a liiymsl i teeurbmes d e f

accuracy and

ecol ogi calwe pceaoltceucltaitoend .

compenea

standards

appl i can ltihtiys tfbhe@as iccshset X

Fi nladdiycalc ha

uwdmmadiyizfeedlr ent s

Climate change

Land cover change ‘

Precipitation
data

Temperature
data

Biophysical
data

Social-economic
data

| [

I

¥

-

Ecosystem extent account
(Baseline: 2015)

I I
I I
I I
: Climate change model |
| CMIPS (2026 - 2045) !
I I
I I
I I
1 1
I I
1 1

1 1
! RCP4.5 RCP8.5 ! BAU ECOL ECON E
! (81) (S2) | (81) (82) (S3) "
1 ] [l
Ecosystem service models '

Ecosystem Supply service Regulating service Biodiversity conservation

service * Water yield * \Water retention « Soil retention « List of rare and
« Flood mitigation  « i

assessment ood mitigation  « Carbon endangered species

« Water purification sequestration

* Habitat importance index

-

-

Ecosystem service account

Ecosystem condition account

A 4

Eco-compensation

Ecosystem service value

Ecological protection cost

standard

4

calculation

Eco-compensation standard

Fiug2lTechni que
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24Dat a and met hods
241Study ar ea

(1))Bi ophysi cal characteristics

As the | ongn&etthi €brnan Xijiang riv
Maoxi ong moundiatiy, iYunQ@Qunieragslbovongle, f
Gui zhou and Guangxi provinces, and el
city, Guangdam@2pr oihiencXda p(i RiogEi 4r Bv Em
| ength and happaoBatheh ;hd OTth egfXr ij Vv em
bamsi has a subtropical monsoon cl i me

temper at O eanadf anl .adnnual average rain

J Guangxi

Elevation (m) Basin boundary
. 2783 —— Administrative boundary

il j)\\/i
g SOUTH CHINA SEA oJIJ\ \,J{ 7
— River 1 \\'v}
33 — W f“/\’jﬁ/\’\ . v c’?’;

Fiug22.Location of Xijiang river bas

(2)Sozxzkconomic characteristics
The Xirjiiveamg basin connects two maj ol

Sout hwestof@bmmaadzdhme Sacwumhc Chidma
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di fferedmweet roifali nstructure reflects t
devel opment | evels in dithffeuabtal aagie:
economic devel opTnheent priinmatrhye imasuisrt.ry
dominate position in thearaypdtteamyr e
i ndustry account for &hreldawWnsstdlye alma
GDPThe key =econiomi theacupstd eteebaeqgo o
growing and tourism for Yunnan, mi ne
brewing f &y d&€loa ztiweiug ippaust ry, sugar

buil di ng materi al sCopmpoacreesds itnog o tohre rGut
the bmesidownstream Pearclharaveer idzedd
geographical advantages of convenier
Il ndustri al and agricultural foundat
technaondgwi de connecti gn hwist bhefcomei @m
the regaomnesl lat githneegrfee oo @omieaaness and t
strongest economihe Wit alaintgy riirnv e €h ibmas
Il mportant strategi c anod e e gnv @ hhaelp me mtc .c

Compared to Guangdong province whict

regi onXiojfi atnhge ri ver basi n, the econo
Gui zhou and Guangxi i n the lunp p2elrl 8r,e a ¢
the Xijiang river basin had a total

domestic product of 865d0c dudtbavd nf,orof

70%, which was al most 3 times higher
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242Data coll ection and anal yses
(1)Desi gn andofsifrutluartel osncenari os

ajlData collection
Land pavea@asnhage result of thytTuhree an

rapid processes of grlamivza tcihcam gerdd t

spatial pattern of | and cover and aff
anmut ri €mwtosy st ems, especi alaltyerabgedt i
have | ow resistance to climate chang
precipitation. Moreover, the rapid d

the watershed exacerbates wat.er di s
Therefore, c hearn gaersd i ;mr d cainpdi tcaotvi on we
the influence of human @amcteciosiyss em
services!| ognacampensati on synamearidalb
considering data avail.abbdtdyamdds ono

used for scenari oTasbbel ati on wer e | i
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Tab2 ata and sources used for |l and cover and cli
Na me Type Description Source
Land cov RasterlLand cover 1995, f rd0mM 5maanudh Resource andS&EnhendDatCaedtal
interpretation of satellite China Ecosystem Assessments
DEM RasterSRTM1 16 digital epa&tvéasddlont mNASA Shutt | ea pRayd aDa tTaolpaoge
Sl ope RasterExtracted from theumbfEaMcedaam DEM data was obtained from
ArcGlIl S. Dat abase
Road Vector Nati onal roads, provinci al IGooglmazyytkl 8
Eucl iddestrance to the nearest
di st anmc eArtco®ll S .i
River VectorExtracted from the DEM data DEM data was obtained from
ArcGl S and calibrated with CDatabase.
Google image 2018
POI VectorPoint shapefiles of <city cerGooglmazykls
the nearest city center or r
tool i n ArcGlI S.
Precipit RasterPrecipgint dathieoryermmu&l0ldvemagea Guangxi Met eor ol ogi cal Admin
2026 to 2045, with a resolutEarth System GridCok¢ deWoartlid
Dat abase
Soi l claRasterExtract edardrmom zé&éadk WorHWSPwiit HWSD v 1. 2
a spatial resolution of 1 kn
Popul ati RasterGrid data of popul ation withResource and Environmental ¢
GDP RasterGrid data of GDP with a spat Resource and Environmental ¢

mat e

S

mu



b)Scenari o design

Two representative conceR@CRAtS oandga
RCP8.5, with diffesemitswsecaregledfctrddr f
t he proj ecctliionmatoefi sfcu@udeieo RCP8. 5 r ep
an extreme scendreiveeg weodfimh d thsee hg ggh es 1t
This scenari o i ndi gcaotnecse ntthraattii4oyn 2w dd
times higher than rtimdt rlkeefodrud i tome ian
intensity wifl TrheeacRCP84..55 Wemresents
stable scenario, indicatingwboblhadd sin
belecreased, and twhiel |Ir ardédbaacd?¥ loinmai tnet e n
changes has signi fviacarett ye foffecemsviamn:t
i ncluding thpreempetat uod Chetht.e2®d 39 1
As the RCP4.5 scenario is relatively
devel opmenftChem G@midndiitn, w290 1991 ect ed
to address tehec hfamtgler. e Colnismalter i ng t h
i nputs by different model s, climate
preci paintdata nomu a | avamnuad IReOmMgberat ur e
uséor ecosystem service assessments
Compared to nathanatlehsd adfed roared nfgcre p a c «
(i resjdenti al areas, recreaddwxedar ea

by policy I mplementation, economic d



have stronger i mpact sdiohf ldahmd &cyopveesr &
(Gan et .lanl .20 128000 40Pl an f or Establ i shi
Supernwg sof the Territoricalardgilaesn Sy st
principle of giving priority to ecol

restorati og apfrodenctdesayasotustd 3 5 , a spati a

with ecological space characterized
wi || be forQ@renmsibdesiicnaglieyhei mgpaadandl s
demand of sustainability devel opment

| and cchoavmegres wi t h t he N@Ip%® odeatca eads ftrh
t he pesudgecpromot-eagnomoci adevel opme
Il mproving ecdluogingalt heemeX®®3 20 year s

Busi A&se slsg IBAIU)

I n thisheclkenarooi,cal trend of | and
20wWwsmassumed twi tchoonutti naunrey change i n t
and economic dedvuerl200B®Bt5 . p WM it i ¢ e s
set , It IS possi bl & htecommpanwnidd dfeeae bte n

| andypobnsequences

Ecological Pl &COtt)i on Priority

Ecol ogi cal | ands, providing a wide
or i ndirectly, serve as a natwure ba
ecol ogi cal l ands refer to the | and

mai ntaining regi amal sagploodi gl asndac p
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beengn devel opment, st atbhiel imayi na nedc ossuysst
( Li et .alThe 2B@®Bri o focuses on the
restoration of ecol ogical | ands i ncl
during-220B5Ssumptions are made that
restoration of ecologi cal l ands wi | |
sda@a-leconomic devel opment of di fferer
ecol ogi cal pectecttomn anao maxi mi ze

ecosystems prAvVitdeoeugb humans. change:

vari ety of aspects, tIi 3 nstcddynaft@c @an
pattern, which show significant i mpart
procesnsdesc,onsaddeent ltyhe bi ophysical S |

During the esoddle mmreaess swie reexcpaalnadgeide a |

by increasing the transformation r a
decreasing the | ossnrahestoanetcolt mgi
As an i mpor bobé&n@AMmarkaomwe tneordel , t he tr

rastien the tranist ogmahicannodwetarngi ng

characteomshissorical changes, after
estimated amount of change per each |
rate matri x( BHansttmhenCdnsQud29r i ng t he o
simplicity and t he popul arpdatyt eirm r
simul ati ons, the transformation rate

for differienntt hliasn ds ttuydpye s
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Economi c Devell&C@d&NnNt Priority

Thi naswiaas e mwbdHdhedssumption that ind
devel opment, technol ogi cal l nnovatio
that would | ead to urbanization and

During the enodtehe parmdpa deafnndhsi ctho r ef er

construcwaexnp dnadnedds ,by i ncreasing the
other | andecgver foypes$ | and, grassl a
I n this study, a total of six scenart

chanwermenal yzerde3)(.Fi Gomprehesnsovet haeal
ecosystem services under different s
the effects of climate changes and
benefits and help to identify sensit]i
of future natdustlur [@amberdesu,haw hp fcuhl for
optimizati on .anW trha-osacgeennazereitlo odga tca,l e
compensation standards bet weegn otnlse L
wereal cul at ed, whi ch coul d provi de

I mp|l e meonit aatt @ resdloeglc ompensay.i on polic



RCP8.5

A high pathway in
which radiative
forcing reaches
greater than 8.5 W
m# by 2100,

RCP4.5

A stabilization
pathway in which
radiative forcing is
stabilized at ~ 4.5
W m? after 2100.

Greenhouse gas emission

Ecological Protection Priority

RCP8.5 - ECOL

Enhanced protection and restoration
of ecological lands with a high
emission goal.

RCP4.5 - ECOL

Enhanced protection and restoration
of ecological lands with a low
emission goal.

Business As Usual

RCP8.5 - BAU

Baseline: continued historical trend
of land use changes over next years
with a high emission goal.

RCP4.5 - BAU

Baseline: continued historical trend
of land use changes over next years
with a low emission goal.

Economic Development Priority

RCP8.5 - ECON

Increased expansion of urban land
with a high emission goal.

RCP4.5 - ECON

Increased expansion of urban land
with a low emission goal.

Fiug23.Scenafiuaur e

c)Scenari o si
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Fiug.24.Compar iisnounl aotfeds and fodriefefrvndeg d mrediermfralllogi cal
(Theed solid |Iine represents y = X)

Si mulation of the | and cover chang

i nterpreted data of didgd9=nemdo2®®bt al

f actroerdshtto |l and coveirncthanggs el evat
precipitation, soil clay fraction, di
di stance to river, di st.aM daen tt-ch er dCaAd .
Mar kov model , the spati2@allS5Spawasensn mat
compared to the interpreted result t
the model| wwals a baseline | and cover

ofOy2e aTrlrskand covef pPMABBherdnisfferent mart
pri owetieesroj ect edt rbayn sd drjramssdtsi mgamd meg
di fferent | and cover types.

CAMar kov model cied laudmapo ssaud oonfat a ( CA
reaction chain. The model combines C/

variation of a complex system and t hi



I n predttcetrimmg tladnugs of tahmay 4 tigheea ilcan t
eval uotdidfire t iMarRA v waesdeled t o gener af
suitability distribution map for e a
bi ophysisoahl c oamogmivci r o n me n(t FRlrge f).a2c.t5or s
Changleand ncover oarteheparnplayc tdsueo ft cl i m
physiograpHiiBa rdamdi teithrmadn.g, t280alt9a)h v i r c
factors that produce | andscape patche
cause water |l oss and |l andslides, and
(Sarma and Beatr i&l,.S,@0AMt4e)ktuur e proper
cl ay farraectiimpor t ant components influ
affects the distribution and struct.
processad efri bal ance andPinuetri.aht , ut
Previous studies indicatearehatarglkaly

affected-edbynosmci facpopusl atniconudi G6QP

di stancansportatiionnd rrast{wairckeu a madl . |, 2
Whi | e ur bani zati on brings economic
quality, It I's al sanpax 3 ¢c ioant esdu swiati n
management. Thereoneepebpkel aurpger i s
| and needed for residence and |iveli
the secondary and tertiary industrie
urban | and conversion, resultmng i n

addition, the transportation network
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spati aolf ftohrem s,taunddy arreegaisonwi t h good a
transportation network faces greater
caused by ur brma(nRoldarnidg uceo.rlevte rtashiics 20U
tot al of - €ell0Oe vfaadtoor,s sl ope, preci pite
di stance toamdid ytacemeeirdendt st di st an
road, popul-avteiren camd i @RP ed according
and previous studi esSuami Ilia mwde rneaopvse r
gener altedd nteothe suitability of weach
cover types. Each pixel i n the suital
0O to 255, with O representing unsui
suitabolre aarpeaar tfi cul 8onit amd aeaode Mal aps
Based on t he bieocpohnyosmicca |f aasntido rsadodsiledl &y
mag f or dnidf fceorveemotmblyapesd i nt o an atl as

as an input file of the model



(a) Elevation (b) Slope

2814

(c) Precipitation (d) Soil clay fraction

(mm)
l 4346
937

(e) Dis. city center (f) Dis. residents

0 0
(9) Dis. river (h) Dis. road

0

(i) Population

(10 CNY) .

(person)
W 54682

W 30736

) o

Fiugza5.Envirofimenwald for | and cover simulati

Thaccur acysifmud2a0tlesbd | amd ssevalvVenat ed by
considering the consistency of | and
position with thmdechBégerehetolmnatsetpney

| and quantity refers to the consiste



for dind ecewndr Itaypes, while the si mil
t o stihnei | &nimuy asfed and interpreted | a
pi xWlt.h a met rointp aorfi skoanp pan, tche areas
the simulated and interpretedhbkand c
mo d e | p erTfhoarondaenlc eper f or mance was con
gener al anthepcoKamwpalh>0&. Kappa. © 0. 7
andapipa0O rOesdipectively.

(2Q)JAssessment obnbeodaveobnsity

ayData coll ection
Assessment a@cbnbieonaest epoesriftoyr med by qu
t hemportahceabéned dShecimas nh alait taa tasn.d

were I|Tadted i n

Tabd ébata and sources used for biodiversi

Name Type Description Source

Spatial Vect Names and spat International
di stri b rarenadnadngered Conservation of
rare Birdlife I ntern

endange!
species

Land co*Rast Data of interp Resource and Er
1995 and 2015 Cloud Pl atform.
|l and cover opgatAssessments at

resolution of Security Databa
DEM Rast SRTM1 dliegi t al NASA Shuttl eramRh
model with a r Database

-

byData anal yses
At ot al of 73 species with threatenir
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( CR) , endangered ( EN) and vul nerabl e
| mpoarnt areas for biodiversity5conser

amphibians, 37 Db(iTalbsl.ean2d. 31)1 mammal s

Tabl2 eSpediimdi versity account for Xijiang bas

Species 1 Threatening statuDistributi

Taxon CR EN VU

Amphib 25 1 10 14 7.-323858

Birds 37 5 12 20 558323858

Mammal 11 4 2 5 6.-323858

TOTAL 73 10 24 39

Not e: CR, critical endangered. EN, endangered. VAV,

mimim amad&ki mum di stribution area of di fferent taxon.

The framewor k for guanti fying t he
conservation waak. tohofwanciiln tRit@urtehe ¢
species &bomdancesxat,t bskp apteirasl p edcitsitvrei b
di fferewasrspresfiesmed Land gmasttieal fame
on the species abundances and envir ol
the raster calcBkeattusese tbel rangAr cm@bp
specaretsaicned unsavermrbhey bl yaits, was
refi petehei al habitats for each spec
ar ea, el evational Ta&mag e gahned z kenapnodr tcaonvc
obiodi eensetyat iwen g hRsf f3X;r eter 2; VU,
assigneed pioxel st hseepadspeantisn@ccor di ng
threaten{Xg ¢éevallmpor2Z®Inapiaordeiavser fSo 1t
conservation were identified by sumn

11



for ea¢KHKutexomnlRar 2ealc’h taxon, the s
nor mali zed separately and the maxi mu
taxon | ayers was used to indicate th

conservation.

[ Threatened species J

Y

[ Spatial distribution of species habitat J

Environmental factors
elevation, habitat type

[ Refined spatial habitats for threatened species }

Y

Weighted score
Weights: CR 3, EN 2, VU 1

Y

[ Importance index for species habitat protection J

Figar®ramework for the quantification of the overal
B)Quanti bt bbeitapohny si cal supply of eco
The type and the biophysical suppl
significamtt henp@&It ewlodtoigamcal benefit
ecoompenstaamn.da®md st he one hand, river
the division of watersheds and pl ay

upstream and downstream regions, as
12



a wat ens htehde. ot hweateerahdt y aannddheguant i

hydrol ogical characteristics are of
mai ntenance of ecol ogi cal security a
ecoompensation in a watershed. Ther e

study were speérspsedt hweamot bgy and wa
and quantity, and by considering the
the watershed. Finall vy, the biophysi
Il ncludi ng water suppl vy, water rete
purification, soil retenti onDatha car
sources and assessment models for dif

i n T2a.b4 e
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Tabd.eBata and sources used for different ecosystem servi ce

Dat a Type Description Source Mo d e Ecosys-
servi

Land resources

Land cov Raste lnterpreted | and cover data of Resource and Empir Wat er
data of 2Z2@&a4, awi trresal uti on of Data Cloud PlIlmodel Retenti:

Ecosystem Ass FIl ood
Ecol ogi cal Se mitigat|
Dat abase I nVES Water Yi

Wat er

Puri fic.
SoRét ent
Car bon
Sequest
SWAT Water Yi
Met eor ol ogy
Precipit Raste Annual aver aig2e0 1d0a,ti 22004185 24802062 Gl obal PreciEmpir WatRet en
with a spatial resolution of 1Climatology Fmodel
simul ati@amal gairs emand future sc Dat abase-2V21 (
Nati onal Met el nVES Wat er Yi

I nformation- ( Water
2018) .-CE®GF Puri fic.
Worl dClim Dat SWAT Water Yi
2045)

Rainfall ACSI I Rainfal/l depth greater than 0. Guangxi Met ecEmpir Water R«




(http://drought.unl . edu/ MonitoAdministraticmodel
Met eorol ogi ¢

m

Center.
Storm ra Raste Rainfall depth greater than 30 Guangxi Met ecEmpir Fl ood
(China Meteorological Administ Administraticmodel mitigat]|
Met eor ol ogi ce
Center.
Referenc Raste Annual average evapoit2rodmMs piarsatt Gl obal PrecifEmpir Water R«

evapotra hi storical characteristic simucClimatol ogy Fmodel
projection were performed base Database VerslI nVES Water Yi
calcubmtedi hfa201®fa®dABB26res 201(0Yal i antAza
using the method in a previous
resolution of 1 km.

Temperat Vecto Daily data from 2015 to 2018 Guangxi Met e c SWAT Wat er Yi

humi di ty Administratic
speed Met eorol ogi ce
Center.

Soil
Soi l typ Rast e km spati al resolution HWSD v1.2 SWAT Wat er Yi
Avail abl Rastel km spati al resolution HWSD v1.2 Il NnVES Wat er Yi
content
Physical mdhb Particle silzydr ®lud ky demesuipg,y,su HWSD v1.2 SWAT Wat er Yi
Rai nfall Raste Calcul ated based on the anniual (Renard and FI nVES Soi | Re:

2010,712200118 anndo02bB26sing the metl994)

literature. The spatial resolu
Soil ero Raste Calculated based on the soil t (Wi lliams et I nVES Soi l Re:




Soil dep
Carbon d

Topograph
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River f
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spati al

reso
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flow from 2016 t

storage
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Large

iteratur

uti on

(0]

mo d e

2018.

a

dati a

spati

and

L

HWSD v1. 2

Li Xu, Ni anpe
Yu. Dat aset s

density for
ecosystems.

NASA Shuttl
Topography

Guangxi Wat
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(OQuyang et

Guangxi Wat
Depart ment

er

al

er

Il nVES Wat
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Seq

Empir Wat
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model Mit

Empir Fl o

model Mit

er Yi
bon
uest
er R«
er

i fic.
| Re:
er VYi
er VYi
od

i gat
od

i gat




a)Pr ovi sieaniicg

To evalmpadedptheability, comparison \
the | aN&@STWAT model s in estimating wa
ran witthhrmeatlghoer pr olceessstersucti on of bas.i

di vision of hydsobmdiedalpered/sag ammsha eunn i

1)Construction of basic databases

Sodadat abase

The soil I nput file was generated
mask extraction basedTlhe $phat HAWMSDp atlt
maj or soil attribue. dnomwgr ehsehseswonl i at
soi | names weoediregetionacdheadSDA soi
st andaSA, . 19@®@dlensultky and saturated w
were determined based on soil textur
So-Pl aAnWat er t ool . Effective filed w
obtained by subtracting the wteéeting
hol di ng( $ayptecntgnd FRaowlls,erddd)i | ity
calculated based on soil texture an

foll owi ngWielgluiaa:mo,n 1990)

T8 ¢ YO 0 Yoo °® ™® 6 Y0
o mAGD—2 o enaon P 5 Agex ¢ @6 PP VO AGPus p ¢ &Y0
WhekKe, s soil erodibility factor. SAN

samd, t and clhi@8gN[{®O. SH@ FEslorganic c
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(a) Bulk density (b) USLE K factor

(tha hr ha'
M mm")
m 045

0

<3 =
" (mm hr)
l 154.08

0

N ro4267-1 M VRe-11447-1 [ Act-11786-1 [ | Acu-11820-1 [ cMo-11851-1
oo ovoess o [ Actvizery [ Acu ezt 1 [ CMa 11853 1
I cMe-11331-1 [ Fre-11483-1 [ Acr-117es-1 [ Acu-11822-1 [ CMo-11854-1
[ emenrasz1 [ cve o2 [ acevizest [ cvxcnsos o [ cma11ese
[ cme-11333-1 | SCo-11589-1 [N Acu-11790-1 [ cmx-11827-1 [ Lvh-11864-1

B iciiasa [ Avcrieost [ Acei7on [ cvxtisze [ Lno11ees

B o335 [ Avc 16051 [ acu-n7e3a [ owx-11829-1 [ 1vi-11866-1
I Frc133e-1 [ ~v-11e08-1 [ Acu-11794-1 [ chx-11830-1 [ Lvh-11867-1
I a1 [ Arc e [ cvo 11798 1 [ cx-11831-1 [ v 11e6s 1
I Arn-11350-1 [ Avc-11613-1 [ cvo-11803-1 [ cMx-11832-1 [ Lvn-11869-1
B x11o6e N Ave et [ Ach 11604 1 [ cvx 118331 [ Cha 118701
[ weknzor-1 [ Acnioi5 [ Ach-11s05-1 [ cMo-11834-1 [ cMa-11872-1
I ovn1ase-1 [ Avc-iets1 [ Ach-11e06-1 [ cMo-11e3s-1 [ Lvn-11879-1
B vx-11369-1 [ Avc-1i624-1 [ Ach-11e07-1 [ cMo-11837-1 [ 1vn-11883-1
I Roo-11374-1 [ ATe-11627-1 [ ] Ach-11808-1 [ CMo-11838-1 [ | Lvh-11884-1
[ cma-11375.1 [ Avc116as.1 [ Ach-1ieoo-t [ Acnieset [ urR-11e250

I cmo-11376-1 [ GLe-11663-1 [ Ach-1181041 [0 ALh-11810-1 [ | RK-119260

I Rec-11377-1 [0 ATc-11668-1 [ Ach-11812-1 [ ALh-11841-1 ] WR-11927-0
B poae . [ Acners [ Aco viera [ Anonsaz o [ wR 19280
B LPo-11379-1 [ scn-11681-1 [ Acu-11815-1 [ Aun-1843-1 [ Ds-11920-0

I reo-11ass-1 [ curness [ Acu-11eie [ Annissa [ e mesoo
N Rco-11389-1 [ Act-11782-1 [ Acu-11817-1 [ ALh-11847-1

I reo-11304-1 [ Act-11703-1 [ Acu-tie1s-1 [ Lxa-11840-1

I roo-11a031 [ Acr17es1 [ Acu-t1e1a [T ALj-11850-1

Fiug27.Spapabatoesromadj or physi dal es

Cli mate dat abase

Daily data botmpdetypanadtwiomd speed,
were wused for the SWAT model . For t
conditions, the annual average dat a
above from 2026Wittoh 2t0Mée SVWATe Wesae dh.er

imut files fwain ¢ fpeteedadad leagi cval) 2t 8t i o



Elevation (m) 4 Flow station
l2783 ® Weather station

— River
33 0 ZOQm

Fiug e.S2p.a8t i al dhgdrobaogi oal oAnd meteorological
2)Di vi sion of hydrsol ogi cal response

The Ar pbSWAWaos nused to reclassify the
and soil types to form corresponding
by t heAowdadredi.ng to the description or
| and (tLypuest,tdale. | addltpvers wer,e recl
I .FeRS D, RNGB, RI CE, WATRhi URHBt and B
forest | and, grassl-apd, aadr iacnwl thuarad
respe.cBasveed yon the sl ope <classificat
(Chesworth ,ahd at he @0 pdBharagpdtierai st i c
watershhd | and sl ope was 0Dielebl%, s sli6f i e
130%,74350 and > 45%. The reclassifiec
the basic soil database was direct.|
t hresolfol5ds, 5% and 20% for thsoirlecl as

type and | and (Duame etr eadperc ti2a0ylOd)yal y
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performed to form hydrological

3)Mo d e | perf or ma

Cali bantiwval i dat.i

nce

on

evaluati on

Sensitivity anal ysi s was @leo

sensitiviKyo amtal gBasamerey s

t pr evli iotues r( Atblbbraes

our

et al . | 20

respo

b aolr med

were sel

15; Ku

and JhantdB@l18pmfsittheipsyrshrmeatmeulrsegwer e

2.08odel hahgveacsar ri widt budat asgbtamle6

war mup, 2017 for

algorithmewasmasedt he

cal i brati on-2

Tabd . eSensitivity and operation for

ParameteFitt Unit OperaSensi Description
n order
CN2. mgt -0.70 Wei gh38 Soil permeabil
GWQMN. gw8.54 mm Add 6 Threshold wate
flow

GW_REVAPO. 114 Repl 85b Gr ndwater reva
REVAPMN. 2. 37 mm Repl 89 Threshol d wat

ALPHA _BFO0.79 1/d Repl &
ESCO. hru0.97 Repl s

SOL_AWC. 0. 02 mm/ m Wei gh
SOL_K.so-0.18 mm/ h Weigh
CH_K2.rt18.6 mm/ h Repl s

~N N

A W

percol ati on
Basefl ow al pha
Evaporation
factor

Pl ant avail abl
Satur at-eadn chydtr
Ef f ec tri@voeen chuyadt

and 2 (

besffadd a5 for e

SWAT mode
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WhemQgiis the obmel) Qeids ftlhoew s(i mul at ed
sH Qavps the averagemd)fQoihservedayv ¢ oag
simul atm®d?) f| dwe( model perforlmawce wa
consjismedt umanblinghbyeabnsi st erft with
O 0.590%Q WRad@. 7020< 1R Or0espectively; .
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b)) Regulhsgear vi ce
The models and parameters usedetosyguameseéyhingRadhei i

Tab2 . eMdodel s and parameters feoer ecosystem service assessme

Ecosystem Description Model Parameter
Provisioni
Water yielThe quantity . 00"Y . . WYii s the volume of wat)er AE
Www p —-— L pm O -
an ecosystem Y the actual evapotranspiirat
wel fare of so annual average preciopiitatar
ecosys®em i (m
WYiihs the water 3yi ¢W¥d tahte dic
AYATROYA 0 Y 60Yw volume a®) .day irm (insmeé hedaw)
day n (imm)t.heR surface r uwhsef
v o B actual evapotr & mmpiirsdtihoen p
and | ateral flu0ow athedayonn

entering aquifers at day n
Regul ati nc

Water reteThe ability coY 0 Y 60Ypn b WRi s the biophysical suppl’
i ntercept or (M .ii  the rainfall deipg ht hoe
resources fro runof f of ecosystem it he(

evapotranspiration 08 ¢ebes
ecosystem i (m
Flood mitiThe ability c¢cé&- 00 "00 "00 FM is the bi ophysical s
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FMegetiaSiont he fl ood mitigati
(M. ' EkMs the flood mitigadt.
FMesekvsoirt he fl ood mitvagiarfs,of

FMegetiaSiort he
t he nfall
ecosystemis

flood mitigdtiijd
deptihsot hecass$
{ men) arAaa Df

ecosystems.

rai
®c
number of

FMades the flood mitigHhtidn
area of) lakes (m
FMesetvoirt he fl ood mi ti.gag itoh
capacity o .reservoir (m
WRi s the amount o f pol l ut a
L o aids pol |l utant liomaddebgi Ve
pol l utant .

SRs the amount of soil ret
erosivity fak'y®r. (KMJ smns oh d
(t haMBmma. L is slope | en

topographic
factor (unitless).

ACS s the carbon sequedt r ait
iB&%e the <carbon
respectively (t).
BC%s the carbon
density of

gradi ent -mfammcatgce

and stor a

st ordgege tdfe
écio By $themair e@t 2ol




Wat er retenti on

Wat er retention refers to the wate
certain period (one year flasednicsn st
water bal awae pewvcesdebromKahei vaVES
al ., 2010, , Shaih@)reet mamai n parameters I
storm runof f, evapotr anssaisr alteifo mean d
| and Tovelri minatae ntleatbteli¢cectatsi s du
certain period, aver age aonrnmu arl aipnrfeaclil
was defined as water depth greater t

to the China Meteorological Administ

FIl ood mitigati on

FIl ood mitigattber wefeme of nat ur al
reservoirs thats rangdul mittei gsattree afm of d doiw
fl ood peaks and sForingtwaabkbrhabmpat s
of natur al habitats in reducing flo
Il ncluding precipitation, stoFmrrunof
| akes, an ewmhpicrhi ccaoln smmoddeerls t hwasthydr ol
usgdyang et. aThe @20dé) WwWasedowsnt rthe
rel ati onséav @i sbeetttwaegeen c a p a c(i Wayn ga nadn dl a |
Dou, 1998; Raosienataa tdhre 2ldalkdec )ar ea i s
to water regulating capakaort yr esnedr v i |

an empirical model based on the rel at
9



capacity and twhal UBegdragealkapa2z0lgb

Wat er puri ficati on

Water purifitbaettonhatefbemosntoof pol |
and tot al phosphorus i n this study)
Sstrelahnes .assessment model was revised
calculates a nutr, ewhi drelnegprgseemtts o

downstream pixels to trahShpaorg eatutal

2018)yiefly, hyhef aga¢atpwrgaesap(e. g. , | and
estimate the hydrological connecti vi
nutrient on a pixel i's likely to rea:
of nutrient that 1is not o ectaslicnuelda tbeyd

based on the maxi mum retention effic

pi xel and the stream. Then, the surf:
an exponenti al funpain amewooér $ he | C an
Soil retention

Soi |l retenthensaoielf eret dioned by ¢t he

certain period (9wmiel yreratrefitoiromn hwas sda a
the Universal Soi |l tidensvEBgdalk j owhi ¢JI%
considers the effects of rainfaldl er
gradient and vegetation cover on soOi
reflects the potenti al for ramddrops

was ctadduwiath a modi { RedafdouandeFr &b
10



199 80)i | erodibility reflects the sen
for aedg wa s cal cul at ed wi t h an Er o
Cal cul ator wusing t hregasnoiicl ccalrabyon sciadn
(Wil |l i ams et al ., 198he Zloprogr aphiad
i ncluding | and sl ope and gradient r
erosi on auwldatwed eusciang di {Leuvueat a8l ope

Rao et al .T,he2 Ovledgae)t at i on cover facto

vegetation on soil erosion through
community structure and cover. The v
from previous |iteraturdd, uwler al di, ff
We | et al ., 2002; Rao et al ., 2014a)

Carbon sequestration

Car bon sequestration refers t o C a
ecosystems and thereby slowing down
at mospheri c (dPaegamoanl ,d,iwvddi0dEe)car bon st o
to the carbon remaining inwiethreastr]
Lookup Tab( Xuaepr,olbhehd¥dha88) cs of car
i n the aboveground biomasssobkl 6&gr o
20 cm) were efxame saaited dmas stlhaend, Cror
ecosystems, and the averfargoem alnhus it o

2015 was ebBe¢itmatreestfoiralt ecosystems.

11



(4)Assessment soefr vel ccoes yvsatl eune

Based on the biophysical s uwgpltyheofe ceocswasst ssne msf es revm ecdecsie S i,

met hod r ®©pgangdeby dlhe mMmAEkd)s and plabBe’ters were |isted

Tab2 eModel s and parameters for the valuation of ecosystem

EcosystDescriptiorModel Par ameter Sources
servi ce
Water yValuation | 0 @ Vwgd 8 the value of annu 1) Qs estimated by
constructic y#H Qwd s the volume of3ya model .
reservoir. Hcis theunciotststoofrage ¢ 2) o is from the
(CNY ®m capacity (2015) ca
Bureau.
Wat er Valuation o 0 @ Vwri' s the value of annil) w Qs estimated by
retenticonstructic (CNYY) WQkis the amount model .
reservoir. annuafy#ci(sn t he cost 02) c is from the
reservoi®. (CNY m capacity (2015) ca
Bur eau.
FIl ood Valuation 0 @ Vihks the valfueodf manmgl) Qs estimated by
mitigatconstructic (CNYY) ¥ s the vol ume model .
reservoir. |l akes, reservoirsdydncd ¢2) c is from the
the cost of unit ca&paccapacity (2015) ca
Bureau.

12



Wat er Val uati on

purificcost of @
treat ment

poll utants.

Soil revValuation
reduction
depositi on-

point poll L

W

o

(O]

Vnpic S
( CNY?Y @ik s

val ue of
t he

t he annu

amount (0]

by ecosystemd .jamnualel
cost of polYutant i (C
Vsis the val ue Vs@afs stohiel
reducing sediWent tdheep:
reduci-pnogi mtonpol | utants
Qs s the amount of S0
annual®y ¢t igrthe dr e
(CNY)) & s sedi ment depios
soi |l bul k ®dCinsshiet yc o{ngc el
tot al ni t rpchgesmp haomr du st d tr
Qi s the amount of soi’l
. ¢ is the dredgi ngPh
4 i s thgradati on cost
engineering (CNY t

1) np®s estimated by
mo d e |

2)iis from the datas
total nitrogen and
of Environment al Pr
1) s/Qs estimated by
mo d e |

2) ¢ is from the da
uni t area excavated
i Wat er Conservancy
Budget Quota, Minis

t Peeopl ebs Republic

3) apdia€fe from Chin
Dat abase

1) s/Qs estimated by
mo d el

2) ¢ is from the da
unit area excavated
iWater Conservancy
Budget Quaotay Mif Wa
the Peoplebds Republ
3)Pii s from the dat .

13



Carbon Valuati on
sequestafforestat.i

wis the value of annu:

yHH D is the amount
ecosyaneumsl?l) M (st tyhre

adjust ment of stan
sewage <chargeso anc
and calculation met
releasedt bgndalheDdhae
Reform Commission.
1) ¢sQs esti mated by
mo d e |

co2) CM is from (pkeve

sequeshyr aaritoinfait ¢(icCaN¥) fto 2 0 1A8)

14



B5)Cal cul atliogr omfp eedc@at i on standards

ayjDetermination of imhée sopgpgemp@amd alt 0o wa |
A cbsesnhnefit analysis method was use:¢
compensationt het gndagheatpoont ecti on of

ecosysdreansofi st he main goal anwddulecc ol og

bri Mguta certain economic | odor As a
calculating the | ower l i mits o©heeco
ecol ogi cal Bwe tceacltciudnat eads tustgdh e dat a

prevention and c¢ ohhceoonp roefh ewastievre ptorlela

water and soarnfdoaoemssearyv.atoincssmh,eupt odnct

and |ife of society, human make the
benefici al i nfl uemcandnl itvhiengproadnuai
envirocmemds ng to the |.awhadafs i@sndll augein

rel ated to t he -tfeurnnd ainretnd rad s tasn do fl omwm;
soci al devel opment . Ecol ogi cal bal al
circul ati onaroef tehceo sfyosutnednast i on of ecol
are defined as tyhset ecmosn ttrorbbsugragBahl, owe |e
2006)In a broad sense, ecol ogi cal b
ecosystem service which reflfeotms t he
ecosyAtsemsh.e bhsesgroalperetdieadaonft, h e

upsteeamystemadeter mesedmabe the eco

benefhiatts shoul dhé&ewbk bk eceddnaceypnt.u allh ed i a ¢

15



offal cul abgogmpeasation standard was

_________________________________________________________________ |
s N
Shared benefits for (Cshm‘g_i + Bsha,‘e_i) X Wy Upper limit to be !
region i » obtained for regioni |1
1
Bshzre_1 J \_ Puppe(_1 Y, :
1
1
e ~
Upstream Shared costs for ) (Cshm‘e_i) Xy Lower limit to be |
region i » obtained for regioni |,
Cshareg J \_ Pln“'e(J ) i
Benefits ) h
sharing eff '
_ , 1
acrass Upstream Upsn;h (Cshf“’ﬂj Cu) X @i 1
the benefits B costs C '
1
whole Y _M i
basin | @ ] T T T T T e Attty -
Lower limit to be !
Downstream obtained for regionj |1
1
Plo‘.\'erj :
1
1
Shared benefits for ] ((Cshgrgij + Bspare j) — (Cu + By) ) X gy ( Upper limittobe ~ |!
region j » obtained for regionj |1
1
Bshare - J L Pupper - :

FiugZ2l 0Techni qgue rotecbmpeoaahtubakEdsgndaods
sharing coefficient for the upstream benef
whol e b é&lsainthiarTehe he demand coefficients for

for theamgpsdowmsnt ream regions, respe

The downstrmgamsr ddiieoreceosystem ser vi
upstream region and iIs the beneficie
upstream regi on, ecol ogi cal protect.
and restoration of ecol ogi cal envi
cmprehensive control and protection
| mprove the quality of the upstream
the adjustment of | ocal i ndustrial s
I's al so t heché¢adgfipcrcaGaencstiiadoep ri inrge it fhlee

of ai rbreegswseen t he upstreamhendl dgoiwaaslt r

16



bengdnd heosduwri ng ecol ogicalof prtchteect
upstr easrhabeégdsohnar ed by the upstream a
I n t hitshestpurdoypalrodfe cecosy ssaemosat edc dy
di fferent regions i n r ewaastailacnu |ltaad etdh
the sharingf ceebdlf og.ilewaltasdoda nte foint,s t he
economic devel oppanyermetn t a fcfaepcet esg ttgmeo f t h
affecting the i mplementati do mbhkecol
edomgicooaipensati on pol acydemand pnaen
coef fwadetndr s nad cor r e ctthieo nc of napcet nosra t fi
thresiWwbl thee. tsharing coefdifci emeé ncree fi
ecol ogi cal compensation obtained by
coefficient redobteat diongh eccaddo gcaemgegye nsfat
ecol ogi cabby padioftfeer d&matn red gilad®lga r2 Onlg9 )
coefficient and demand coTifamcieintalw
2019)
O"Yw

¢A O A GDAYESO

0°0°0

Wherejsethe sharing cdeésf ithiee ndte mfam

coefficient fer thegitoen al. vBaSYe of ec
region i ( 3i0s Ot0ODe CGIXR .f dGr rTehge -oanr d (1
tangent function was used t o avoi

compensation in an individual admini

17



For wupstr,eatm e & panid I &Eedl iimi t s

of leocgocompensation that region i obta
06 6 6 QQQ|
06 6 QQQ

WheregandB Ce the upstream benefits ar
000 CNINhe,i.B cal cul atweps tasse d fhyes tsaim odr v
value (10 00Q@i sCN¥al cullheet e@ pasr dadime s
ecol ogi cal protection andef@&msdor ati o
are the sharing coefficient and dema

For downstream (EG@Giecpamd ,I(dEvBes) dipper

| i mi t coafpeencsati on that region i obta
06 6 8 QQQp |
06 6 QQQp |

WhereandBaCe the upstream benefits ar
000 CNM)nWaerfef t he sharing coefficient

respectivel y.

by)Det er mi n altoigocno aopfe nescaa ri iotny pr

Considewvanginderoles in ecological
regions play and the uneven | evels
di fferent regi ons, the wurgency of t

di fferent amongo dalflfevieatte rtalgpemoatse r g €
devel opment and to reduce the risk o

value in relatively underdevel oped r

18



region with a relatively hidglthedeman:
priority for t hreal ooi gnicpd @elpreemst aayt waosn  pod | |
cal cul atedmbtbed odi sttbargishwhyii om has b
used for a wide range of &tbheseespméntbl
het er oigre ntea rtgyett lUmeatrin nadtlheiss (st uednyt) amo |
regilhes priority was <categorimed as

(central 50%) and high (upper 25%).

3Re s wIntds di scussi on

3l1Convercsfiaomcteristipag tefr nlsand cover

31l1Land covehi stypemsecamsi on character.
The areas of f oraensd b pweltd nage di,inamnrgo p |
river basin appeared0 . ilnmcr20lste, dtulrd
cover types3labc4c.ou% toefd tfhoer t ohal204d5e a
(Tabl,ani@ndneased7%8&s compared t o thos
with both the proportional rued tand
up andThe increase of forest | and mai

cr oplaandd f o r(leask!| el,a3wd2i ch accoutndleyd f or

hal f nefawrtelaess, respectively. The incre
from the conversion of forest | and,
accountailm@g 8f0orof the increased cropl :

Il mportant contgse baf ocr opl ameé amease.a

19



cropl and a4£zZ% uab®d7offort he i ncreased

f orleasntd areas, rmwashbecmayelrysowhicehof

cover |ltny paedsd.i t i on, the conversion of
approxi mately one t hiwaalosfo tahne itnoptoarlt
contributor to -tphellamdPk2@€dsde ohebygrck
accounted for I ess than 10% of the

decr eds3@&dabycompared t o tiRatl 5 ,n nlo9sA5 .
of the woemssYyamtded i nto forest, whicl
of the | oss of gr assllamde tlmi radd dd ft i
gr as sleacemdlnverted into craml anmdp,orwhindg

contributor to the | oss of grassland

20



Tab3d eBcosystem efxarentthe cXiojuinanig Ol(eésnin) ,dukkmm ng 1995

Ecosystem types

Forest Grassland  Cropland Wetland Built-up land Bare land
T1.1 T2.1 T3.1 T4.1 T5.1 T6.1
Opening extent 167380 48628 90219 8354 9143 134
Additions to extent 69299 19502 54108 7548 12866 1340
Expansions 69299 19502 54108 7548 12866 1340
Reductions in extent 58727 40794 53459 5784 5772 127
Regressions 58727 40794 53459 5784 5772 127
Net change in extent 10572 -21292 649 1764 7094 1213
Closing extent 177952 27336 90868 10118 16237 1347
Note: The opening extent refers to rtelfeerssy sttoe m heex teecnots yisnt elnm® 9%5x,t ewhti lien t2h
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Tabd . eRcosystem

extadntr ioaa®®Smatri kEUXiiY), alng basin

Opening Extent

Forest Grassland Cropland Wetland Built-up land Bareland Closing
T1.1 T2.1 T3.1 T4.1 T5.1 T6.1
Forest T1.1 108653 28659 37150 1912 1521 57 177952
Grassland T2.1 13227 7834 6050 87 123 15 27336
, Cropland T3.1 37763 10304 36760 2553 3449 39 90868
Closing Extent
Wetland T4.1 2924 715 3236 2570 666 7 10118
Built-up land T5.1 3829 995 6820 1213 3371 9 16237
Bare land T6.1 984 121 203 19 13 7 1347
Opening 167380 48628 90219 8354 9143 134 323858
Note: The opening extent refers to the system extent in 1995, whi

22
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3.1.2En v i r o nimmepnabaatld a nddi storvielrut i on
Theransitioaviasn nloanda stationary p
determibhamhiic and MeCyhfarnogiadst t, h e2 Osl®g t |
di stribution of | and covers are driwv
factors rledtalo gy ¢t ioaklbeamadni cxocihar act ¢
Different envirtonwmanyiahg fiampacts eamr
type, whil e changes i n the spatial
responses nonlinearly tol Poaantyiursg aert
Par menti.erTo 20uladnt i fy the isngdicts of

economianfilaevvalsate the difference I

on the | and @abwgrstdistrepgowthashdre emod
wi del y umpdr tassntant dol I (NnFemrgeatiddas] .|t
Osman et al ., 20Q016&as!l silsamhewwi ampat uad:

bi ophysi cal c oannodmi £ o cfiascpaotrisalonditshhea i bt
di f fleared ttcyopdedse omedmd rlf or mance was e\
with a metric of AUC whichelsataindes f
operahiangct erduwrtviec. (TRCC)AUCT aandcks be
the higher the AUC is, the ®Rsttaer tF
resthe maoadeld fwiel | as indicated by hi
O. 9%80r di fferen(tcFur@lhd dJadoeeasitgyneass f or
forest and grraelsdtainede IWhUiCcihgdh audes t han

| ower {fugpr |Iawidl tanwdhilthr ehaldanmdlULt i vely
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val ues.

1.00

0.754

Sensitivity
o
[4)]
o

AUC
—— Forest (0.980)

Grassland (0.952)

0.251 Cropland (0.895)

—— Wetland (0.879)
Builtup land (0.791)
Bare land (0.778)

0.00 T T T
0.00 0.25 0.50 0.75 1.00

1 - Specificity

Fiug®l.Rel ative oper ROt r o wagri asdtti ecr irsetgiraers sdiiof nf emoednet |
| and tcyopveesr

Changetshkiwphysica¥fcamamicocbhaddi tio
significant effects on the diasaitddri but
sl ope was found to be wihdspatieall ar
di stribution of for esvhjdigsrtaabnec ea ntdo arni
and popul ation density were ftohuend t o

spadialtri bution efp wWetnldgnd easmdk cluivletl

environment al factors investigated,
positieelgdalby el evation, sl ope, rair
to roads, but negatively affected by

densi t Y .)BTalbhlee grassl and mainly dist:H

el evati on, | ow s | sipteyt rdamds ppopal abhnon
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The distribution of cropland was po:
roads, but negatively affected by el ¢
popul atilom aeédnistitgn, the croptlhaend di
density of popul ation andThag amajport c
contribution of the distance to rive
could be related to the hydrol ogical
the wetlands dretsilwattdd | ow el evati
popul ation depsiwapdntletbatled in f1l a
| ow el evat, omutanhi gh opepandt r ohudeds
aredose tosamidt wrodeamt enmai n frrooand sr,i vbeuts
The areas where the bare |l and distr
el evation and sl ope, | ong di stance t

| ow popul ation density.
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Tab3d .eGoef fici entesgroefs slioogni sntoidcel s for different | and cover
Ecosystem types

Environmental fact Fores Grassl a Cropl ai Wetl an Buitulpt | an Bare | a
Bi ophysics
El evati on 0.141 0.112 -0. 136 -0. 231 -0. 130 -0. 102
Sl ope 0.427 -0. 236 -0.470 -0.240 -0. 141 -0.122
Rainfall 0.23¢C
Soi l clay fractior 0.147
Spati al accessibil
Di stance to city ¢ 0.252 0.210 -0.119
Di stance to resi de
Di stance to river s -0. 20¢ -0. 373 -0. 483 0.1014 0.272
Di stance to roads 0.215 0.230 0.274 0.210 -0. 301 -0.1114
Socdgmonomi c condit
Popul ation densit) 0. 17¢ -0. 202 -0. 182 -0.202 0.340 0. 107
GDP
Constant 0.95¢C 0.785 0.760 0.887 0.822 0.816
Not e: Empty cells inwecaetéonaodsagnafbecgntfi mpaceslevel of O0.05.
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313Characteristics o6 future | and co

(1)Model simul ation and evaluati on

Based on the | and covenr3®dattah eo fs pladtai

di stribution of | and coveacanmt i2g0uli5t yw
filter of 5 I 5,wlincRraoe tkaeéi maioh P
model structure

(a) Year 1995

Land cover Border
I Forest [ Wetland [ Xijiang basin
(b) Year 2005 Grassland Builtup land [ Guangxi
Cropland Bare land 0 200

km

Figurgpati2al di stribution2005the | and cover
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Thei ] tehich is integral to the acti
generate a spatiiweeli gehxtpilnigc ifta cctoonrt itgouic
of cells based on its neighbors, whi
t hbei as odéd pregslulctts withbEavemarrfleR @h2¥
this study, the parameter values wer
(Fu et al ., 2018,heMaosndmaull agte dala.n,d 22

cover pattermwninn2@Fliyuwer 8. S3h

(a) Simulated

Land cover Border
I Forest 00 Wetland [ Xijiang basin
(b) Interpreted Grassland Builtup land  [—] Guangyi
Cropland Bare land

Fiug3® Bpatial dbsrmurliabktivendi eanhpdonéd ecdover in 2015
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Anal ysidsi foffd rmethtséheed cover type of 20
simul ated and tsher i etaehpgeiceid eeé & hlatt
mo d e | perf oramed pwal Ivawiutehsogqfua® e8 vy al an
0f3. 2% 1Comparison of the simulated
I nt erdprfeotr each | and coverqgehapoifetdyan
di fferent ylpkmed modelr di screpancy bet
and interpreted ar eaa froal ataicvhe ll ya nfdi gh
t he -bpuil[RRingdur e 3,.Md a8 .dwer al I under e
t hfeorleas(@. 0&n d gr @0s.s§/%ungdgest i ng t hat t
accuracy 1 n predicting the changes o

the type of | and cover.

Grassland

o) Cropland
>
o
o
o
c
5 Wetland

Bare land

-10 0 10 20

Changes of simulated areas in relation to intepreted areas (%)

Fiug3® Lompabies weenhmuhat ed aarde aisn toef rapdridef ttgepgveesn ti n
2015
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(2)Pr oj ection ofpaftutteurrnes | and cover

The areas of foresmndegraistci @ameprtansce
esti matled7 Ridl OBk }hH0 2. Ui R2I. BBk ®h@n d

1. 00T L1029k B0 respecabllveThasegwi ficant
di fference ilhandecavhamgepgpeos under d
Taken the |l and cover data of 2015 as
| andsoreshtandgrasdndvet | ahed) ECOL scenar
by 132.75 56he yearwh2d0elebgr eat est i ncreaseé
wetl.am@si ncreases of forest and wet|
werad mdstand 3 times higher than thos
Under the ECON scenario, the areas o
decrease as compared to etabe badualdi fe
grassland. The ar-empsluafiécr dpf aedeahnd:
weresti mat8e.d3 gti@ o0&k h@nd 1 4i326.181501 10

kM respectively. Compared tup tlhmendbas
we mpe 0] e ceieeda $aysB%.a 6d¥01 respectivel y,

ECOL scenari obg bu% amacrem.s4%, respect
ECON scd&hamicoeases of ecol ogi cal | a
scenari o d¢ on cGaumtnrgaxtee @unadn g rdmhmity ee

Il ncreases of eurpo pll amdl wmderbut h e E C(
concedtnr d@the c e nptarafls Guedndnxdirhtehofor t h p

G@angd(okugge 5)
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Tabl eAr3e.a4s. and proportion of different | and cover types un
Aread) (km Proportion (Changes in rel
2015 BAU ECOL ECON BAU ECOL ECON BAU ECOL ECON
Forest 1779 1796: 18431 1705¢: 55%. 56 . 57. 1.0 3.6 -42
Grasslar 2733 2068 2829 2012 64 8.7 6. 2 24.:. 3.5 -26.
Croplanc 9086 9248 8380 9133! 28.€¢ 2D3. 28. . 18 -78 0.5
Wet |l and 1011 1120 1290 1003 35 4.0 3.1 1@. 27. ¢ 0.8
Butulpt la 1623 1739 1364 2848 54 4. 2 8. 8 7.1 -16 . 0 7 B
Bare | ar 1347 2457 849 3361 08 03 1.0 82.¢ 3.0 149.
Not e: BAU, ECOL, ECON represent the future scecaniomscofdiebesiopmeataprus
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(a) BAU

Land cover Border
I Forest [0 Wetland [ Xijiang basin
Grassland Builtup land [ Guangxi
(b) ECOL Cropland Bare land

(c) ECON

Fiug3® Spatial distribution ofli df¢€demamitod and
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3.14L 1 mi taantdi onmpolfi ctahtei oomo d e | perfor manc

Al though the model performed well i
i n Xijiang basin, severalekimttaWhDbh:e
the model had a high @uantriacy amd ps|

di striobuttihen | and thevenodienhn 2a@ruyracy
scenafilband cover pabDterne Wwasanatcas:s
validation was chrsiedi oalt lbahg d¢ove
the |l and cover pattern in 2@15 iom th
| and cover.

On the other hand, the model constr
| and cover patterns were processed b
hi storical datasets (e.g.dishancenime
I nfrarsgpopot,awttmout considering the t
the environwmkbnthl|l tbaat earegtain extent

uncertainty.
32Hi st or i caolf @patotdervres sity and ecosysHt

3.21Pr ovi shircemtoefnetd species habitats

(1))Spati al di stribution of I mportant a
For amphiebiawmiretaisgh | evel acftedmpror t an
19. 2% of the t oflaldB.ead) etahaeoste mtalreelaga s i |

di stributed i npthéGumailgixtheoapdr tweest
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Gui z (Feiug 8 6) . arTdwestnMedi um | evel of I
accedmtr3% bf t heabmaiiml yardidutjri inlgu tod d
Yunnan. |l nhaddmpoahaot dasteh¥es iut &md i n
Ho ngphasr thufnnan ptriiesupaes Qiua n xgprastatro f

Gui zhou apmaod vhdeegu adi ngymasrntGufangdong
province. Generfadriagmpihm@po camdmotr Dr. bds
of therkasmamunl| y di stri buared eedastt he

Guangxi andpaw®u anmogddrer.st

Tabl eAr3e.abs. and proportion of species habitats wi

Hi gh Medi um Low

Species Are¢ Propor Aree Propor Area Propor

( k3n ( %) ( kn (%) ( k3n ( %)

Amphi bi 8506 19. 2 3156 71. 3 4217 9.5
Birds 1322 29.9 2273 51. 3 8324 18. 8
Mammal s 1774 40.1 2220 50. 2 4329 9.8

(a) Amphibians (b) Birds

(c) Mammals ' (d) Overall

I High I Medium Low

Figur@&p8tibal disthiabutiaos witdpeciféerent i mport
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For thkbebhadstat areas categorized
| evel of 1 mport @ caen da c5clo BB eod ftdire 2 D

basi n, réeBepebtghnelyicomeretmdnmtat adeasn t

and east parts of Guangdong (e.g., Sl
Hui zhou, Shenzhen) and the northeas
Gunhdi while the medium i mportant are
north parts of Guangxi , the southea:
Hongphaeoft Yunnan and the centr al and

Generally | magdbet aths afcoeBa®8h tdt he t ot
area of the basin d4m@G&haoragxndy arod cWwnz
pamntfs GuangxXx i paadaft t Yauen nQaun .i n g

Fotr hrmammal s, the habitat areas <cate
medium | evel of | mpBooatnadmlbelo.accbent et
area of the basin. The highly i mport
Ssowe &t parts of Guangxi (eamdhe Bai s
sout hwest, south and southeast parts
areas coincehermaopealotf atGd amgxti and mos
Guangdomwdgi | e t he generally Il mport a
approxbPDrm®Btod]l ft he totamaiaokeprcentt aeeds
the Honghe, Yuxi pakdmsniumg aaand w@Qu jcihn @ |
i n the upper reaches of the basin.

With an overlay analysis of the spa
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The habitat areas with different T
endangered species wamge biademt i fTiheed r
showed that approximately 40% of t h
categorized as having high or medium
areas were categorized as having a |
| mport amai mirsgeas buted i n the west an
Guangxi (e. g., Bai se, Hechi, Chongzu

of Gui zhou and the east part of Guan

medi um I mportant areas mainltys dafst r i
Guangxi, the Wenshan part of Yuannan,
pasotf Guangdong. The generally i mport

the centrpaar tGananfgxiut danpadfh eY uQun a nn.g
(2)Li mi taantdi oinmpolfi cngotelierd ror manc e

With the data of rare and endangere
species groups covering amphibians,
and the areas with varying importanc
i denti fied for di fferent species gr
However, there are sever al l i mi tati o
needspr ovement durwingh fmorrteh edra tsatsuedise s
One of the aims of this study is t
ecosystems on the i mportance of bi o

ecosystem type was taken as a major
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|l i ke theiara@enees sang, heal th status w
I s also due to the data availability
Recognizing that the objective of b
a wide range of species in order to
| mpor paont ecd areas that perhaps have
but that are I mportant for the conse
other ecodynstdeamst wpgpady, specific dat

of protected arieass faorrd ceemrd eaminc escpoescy S

availabl e. Therefore, species richne
whi ch might | eaodf ttoh eu nadreeraess ta fmap cetse nt
hi gh 1 mportance for conservation

322Spat eampor al dadfi sttihra bluita pheycsoiscyaslt esnu p
services

(D)Pr ovi ssemvinge

a)jMo d e | cali bration and validation
Based on the daily flow datahérom t
mo dwals al i brated using both automatic
After 1000 iterations, the model fit
indicated by a de#®eronii nda t5i20 m ncdo eaf fNiacs|
coefficient (NS) afamethdr WMadakieamza |l woérnr
i nto Arcoe®WAd awmdupdate the input dat

correctwelhefalrowt i on of t he Si mul at ec
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consistent with eaMBe7monitored fl ow (
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——Simulated —— Observed Precipitation

Fiug3® Thangesr amifnftahleli mud dattelde andlu bz e f | ow

Generally, the surface flow fluctua
T2018. Considering the high capacity
over al l decr eaastienrg falnmoowsnt i nodfi cvat ed I
ecosystems i rmMDutrheagsyt lpeeyr daondelbre ngde as o
with relatively high values from Ju
values from Octwaledf ouemdDé oe mhh dare, sur f
hydrol ogy st aWiitom times ecsdaliighartaetded par ¢
performance wasdadfh i 2101 8.d Tuhsd nrge st uhlet
changes infile predi otved al | ercwend i st e
flow and the celatul ateeckcrasr the per (
simul ated water f | owwak,a tsiuvgeg etsot itnhge

the model performance had a relative
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b)Compari son between the SaMATymaeddlI n
Considering the t heomssiadteenafy t he

aggregation in the water yield was

| NnVEST modend oaud ppudrsi son in the total
from the wano cneordreilesd out dth@mosnbwat e
oivater yield estimated by the SWAT mc
similarity in the spatial edi $nhrithhwet i
centr al and nor tihh hpea rntosr tolf pGauratn gaxfi  Gu
| ow voablsueersved i n parts of (Ylkunrgea8n) and

Compared to SWAT modelr,oduked!| maVEJTat
specific map oforweateir s tyriiedlddtei voind hmpdm
amount of waves$ eir mg 7@l dinBa bS] 1

by the SWAT andr dsnpveEcStTi veed dye. lo sCtohmgp a$ WA
modeéhe | mM6EST producedesrtellmattiaveetl ggr |
yiealnd the rooted (MkeMSEdsqeadBZd oéyr or
compared to fbe dbsbwvaevaendsleddd cati ng
the | mvBBT could better describe the

Xijiang river basin.
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(a) SWAT water yield: 7.9 x 10" m?

0 200,

(m®ha)
< 8000
(b) INVEST water yield 8.8 x 10" m? F 8000 - 9000
[ 9000 - 10000
I 10000 - 12000
I > 12000

Figurgpa&8tiB8al distribution of water yield from

During model |l ing pmodcelssesnsitder sl n
hydr ol ogi cal processes | ike precipit
and base flow, while the SWAT model ¢
processes |i ke infiltration, | ateral
etc Compared to the I nVEST model |, wh i
fluctuations in water flows, the SWA"
changes of flows (e.g., daily or mont

I n different studgctaeriast iwdad hofvageaoln
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|l and patterns and soils may result i

for the relatively | ower accuracy of
the insufficiency of training proces:
on other hydrol ogical and mass fl ows
c)Hi st orical <c¢changes of water yield

The water yield of Xil3liGmn B8bladsi n i n
m*duri ngi 2109%mBMong the provinces <cover
Guangxi and the central parts of G
rel atiercengr dagds | nr@Yt. erm hyei ¢lod a( Fiagn
water yi el d2olBl'@l aan il Swacsvleiacsked by 2

comparednt ®b996at

2015 - 1995 (m*ha™')
<8000

0 8000 - 9000

I 2000 - 10000

I 10000 - 12000

I > 12000

0 200

km

Fiug3¥.Changes of water20yWi5eld during 1995
(2JRegul ating services

During209®r, overallthenbirephbwsisoa l S

41



f oufnarat er

p uvarniglfoii ¢ a tr(eGaeBnl6e) pnwi t h t

h e

| ncrfecaawdnedr t he supply of water puri fi
regul ating services I h78&u@angaf wlhatt
supply of the basin, of whi dhilt he pr
2.1 ti mest haosxd bdeefrt hagul ati ng service
Tabd ei ophysi aat odnotexloysy st eXm jsiearnvgi cheassi n in 1995 ai
Ecosystem types
Fore Grass Cropl Wetl Tot a
Unit T1.: T2.1 T3.1 T4.
Year
1995
Provisioning
Water suj| 180md 76.4 715. 6465. 65. 57322
Regul ating s
Water rei 180md 768. 206.' 3.9t5108. 1087
Fl ood mi  18m 3434 668.: 19.7 258. 4381
Water pur 1® on 3575 236.:. 37.5 9.3i3858
Soil ret 1B on 3749 348.' 56.3 29.14183
Yeal
201
Provisioning
Water su| 10m 225. 608.1 7675 316. 8825
Regul ating s
Water rei 180md 662. 204.. 5.8 77.C950.
Fl ood mi  18m 739. 270.. 16.2 70.510096
Water pul 18 on 5472 288. 89.3 19.758609
Soil ret 1B on 5330 326. 75.7 49.€5782
Car bon
sequestr 18 on 359. 8.43 1.22 0.1 369.
Not e: Carbon sequestartaetd oans ftohre 2wWalr5i antaisonc ailnc ut he ar

during2@Q®®.5
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During20®295 the most signithiecédnopihmpg
supply of ec o sfyosufnedna tseerr vpiutra sf2i@GcdaSt,i otnh.
areas categor ibzeod hayssilmwdaMV iwasd ehpil ghur i f i
accounapgpr dirmadt eo fo nteh et htiort a | area of
was 13.45% highdm taldainet thuwaetae gor 18606 .
havinhbi opghnsiwerl e sfupppnd) t o be approxi
t reegul at imigatsenmr vri eéteesnt i ocna r bsooni, |s troertaeg
whi chl ihtaad ei nc htameg elsr glasbwophgsiicadg su
199201Al.t hough the bamepdyswiothh fhiophl vy
mi tigation accounted 5%0r otf hdlalsa mgpd satl
ar ea, | iwdrl e dcdnammhge st he study peri od.
The areas <categorbiizogpphyss ol Vvidomgmhy
mitigation, soil r 8 € e mniaci ensb yacnedn t craart beod
I n the north and norutrBeWelsnt apdadrittsi oonf,

areas with high supply ofséerlvaiecdeesmi t i

found in the central and north parts
as havsogpphiwht ers errectoenreteinotnr at ed 1 n t
reachemsaifnt haes well as the north pai

categorized assu p bobfy i wagt ehri gper viceat i
concentrated in the east part of Gua
During20%85 overall migrparonotothédeb

was fourhdke faareass uwiptifhy fhliogphd mi t i gat i
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puri fication, soil sreertye nateigom aardc emtrr
observed in Guangxi a nd nt h2e0 1s50,u tohveears
of ttdhealedh t heermshsairmcwerisagpFflyy hlei gh
regul ating services, with additional
and north parts of Guangdon@gnl gxcept

foundwittohhdepphyGuangxi
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Year 1995 Year 2015
(a) Water retention

(b) Flood mitigation

(c) Water purification

(d) Soil retention

Border
[ Xijiang Category
[ ] Guangxi [ High Medium Low

Fiug3*10.Spatial distribution of the biophysical suppl

Vari ation in the contribution

supplryegafl sadri migc e s had a si mi

45
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watershed scal es, with the greatest
ecosyGteMT%)3 i n( RICFeHD. The areal suppl
retentfilomod mitigati on, water puri fi
storage services byiltdheairfd r2eisme ® cloisg It
than those by the grassland and wet
grsalsand ecosys@Pei 4&o07notfr i tblhue etdot al b i
supptggofsaetrivingCeopl and and wetl and, w
|l ess than 10%, dwgp hrgen adctohseytisy peehso.we r
Compared to Guizhou apdt¥unmcamtrGbandg
t otbalophysi cal supply of the regul at

contributed most to the total biophy

Water yield (m?) Water retention (m?) Flood mitigation (m?)

R U P — Ge+10 -
- 4e+10
o
N de+11
£ 3e+10 4e+10
B ze+11-
[%} I
s pertt 2e+10 |

11
g - 2e+10 -
g te+11 - 1e+10 -
3 N e
& 0e+00 0e+00 - -- 0e+00 -
Q
[5]
2 Water purification (tons) Soil retention (tons) Carbon sequestration (tons)
© 250+11- | 2.08+10 -
=2
g
= 2.0e+11 - 1.5¢+10 -
o 20411+
& 1.5e+11 -
‘B 1.0e+10 -
Z 10411
g ¢ 1e+11
= 5.0e+09 -
B sper10- . - . N

Guangdong Guangxi Guizhou Yunnan Guangdong Guangxi Guizhou Yunnan Guangdong Guangxi Guizhou Yunnan
Region
. Forest land Grassland Cropland Wetland

Fig@r&bntribution of different ecosystems to the t
for different regions of the Xijiang basin in 2015.
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323Spateampor al dfi sdad bwdtieom service Vv
The tot al val ue woafs 3e @al Sy Ntfemmr stelrevi ¢
Xijiang rivemDubiasgin21091855, 2 @1h5 val ue <
puri fionateased from 385GNYIiwHIi om was
hi gheat hdhrant ypes of( Teacbol sey 8h.e/ny ailelu & | @ fe
retesnéi wacse compar abdaebam ¢ dsgeurevtfcrea,t i
both of wéeiahi wbkegp thawatke vaeleesi of
fl ood mitigation services

The total value 035748 oGBNMIDieontGsanyg KX C ¢
I n 280dGountaxnigmaapepdry 41. 8 of the tot
val ue of t.heThveh orhoes tbh aisncnr ease was fou
puri fi catwhoinc hs éwBavsi m2 s h itghhoesret tolefa n
ecosystem serVvV2@Eshedureilmg i 95 great
the value of water purification ser
services could resul texftreornm atl h en ucmoaunp le
on t he I mprovement of water enviro
mechani samt iccf eaxcduwsryist g mshe studied per
ecol ogi cal protection and restorati
| mprove the ecological environment
water pollution disposals,t watnesrt raurcd i
contribute directly to the I mproveme

hand, the biopmgidt@oqgunattmoxcydt ems ar e
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sensianidvecoul d respond mor e qui ckly
compared t o datulrdrnge c@ao sqyadattnegimesn pha@m@ino et

2013)

Table Bcd@systemcocoeauwrntcebamrmiliiej nang95 8@Ny 2015 (Uni

Ecosystem typec:c

Fore Grass Cropl Wetl ¢ Tot a
T1.1 T2.1 T3.1 T4.1
Year 1
Provisioning s
Water sup| 309.. 2896. 26183 265. 29654

Regul seimngces

Water ret¢ 3111. 838.: 16.0 439. 4404.
FIl ood mit 13908 2708. 79.9 1047 17744
Water puri3d35756 2363. 375. 93.8 38589
Soil rete 8659. 805.¢ 130.: 67.3 9663.

Year 2015
Provisioning s
Water sup|] 911.! 2465. 31087 1280 35744

Regul ating ser
Water ret« 2684. 828.( 23.8 311. 3848.
Flood mit 2992. 1095. 65.9 284. 4439.
Watpeuri fic54725 2880. 893. 197. 58697

Soil rete 12543 754.: 175.1 114. 13587
Carbon se 20616 483.°7 69.9 9.9€ 21180
Not e: Carbon sequestataetd oans ftolre 2valr5i caat ai gpoo ai lsnd wt rhaeg ea r

during2ad®®5

The value of ecosystemowsrd29tct28e per
CNYWwaf or for28twbi ch was Btghwsytpeelsan ot
During 209%5 difference was found 1in
servatee among different ecdswuxntde ms,
i n the value of ecosystem services pl

44795. 7% of the tot(aFi gwa.l€he .ple) uen iotf
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water purification service danodunsdoi | r
t o hbgher grassl| anadt bescroc oty geengecde ptt o

forkrsal.ati vely greater increywais@l dzvas f
water retenttogatainadn fd ®erodi cneis per ut
during2ad®hbal d ittl e decrease was foun
purification anspesroiulnirte taernetai conf sce rowi

a reverse trend for thesealVuessof ot

Water yield Water retention Flood mitigation
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Changes of ecosystem service value in relation to year 1995 (%)

o
L

T T T T T T T T
Forest Grassland Cropland Wetland Forest Grassland Cropland Wetland
Ecosystem type

Fiug®2A2Changes in the values ofofedaddyetredius iencgpisyesd epr
1993015

Dur i ngi 21091955, the values of ecosyste
i ncreased for al/l prO®urnogst theseped .
val ues of wat er retenti on, fl ood mi

retention services pelf.%)n483 aanrde & 4i. Bc%
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i n Guangespect iwealeyghewhi t han t he I N
correspondyBagemerseuniott baerre ap(riainvgien c e s
331The values of water retespérounniand
area had i ncreasead bloy howein zaoacamidr 0
1995i,l evht he values of water ppear ficat

unit area of these two provinces wer

Water yield Water retention Flood mitigation

80

60

40

204

T . T .
e . i . Guangdong Guangxi Guizhou Yunnan
Water purification Soil retention

80

60

Changes of ecosystem service value in relation to year 1995 (%)

Guangdong Guangxi Guizhou Yunnan Guangdong Guangxi Guizhou Yunnan
Province

Fiug®3dChanges in the values of ecosystem services p
19983015
324Li mi t ati on and i mplication of the

With different ecosystem service mt
critical provirsiyoneilndg saenrdv irceeg,ulwaattieng
water retenti on, flood mitigation, \

carbon sequestration has been quant.
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|l i mitations on the applicatoodabéa th

availability and the assumptions and
For water yi el d, the amount of wa't
quantified for different years, whil ¢

the upstream and, doswnwdlrle aams rtelge odche ma

i n the basin, were not quantified due
requirements. With hydrologic datase
t his study) , t he SWAT mo d e | was C a
uncertainty of t he model i ng perforn

performance was ¢ aklvabreatsende dt ca nal sgxed

the overall basin due to the |l ack o
critical fl ow stati oem,s mdroengc rtihtei csalr
relating to the regional characteri

guality with a |l oihafeyear mg acal aegede
accurate application.

Ecol ogi cal processes and enwvcranten
abiotic conditions of the basin fluct
For example, streamflow varies with

by different flows at dry and wet se

the increasphly dvatiemg raining seaso
features | i ke elevation and sl ope var
|l onger time scale. Il n this study, ec

51



and

whi c

char

repr

water retention wer e iases.es soende wie
h might | ead to the | osgss®ea@asacefd se
acteristics within a year.

model i ng t he water puri ficati o

esenting the nutrient trdarmduport e

to data availability. However, the tr

| aye
bi ol
whi c
For
but
bi op
proc
unde
to t
supp
Al t
bene
wat e
carb
serv

stud

rs, as wel | as the transfor mat.
ogical and physiochemical proces:

h mi ghtverreessulitmaitn oann oon t he water

t he soi l retention service, t he L

only comsilderes osi loih/ pnobeesses, w
hysical supply ofglsedtli oanetcetnhidaron
esses I i ke gul Iy or streambank
resti mation of the amount of ero
he stream, which in turn results
l' y ofnsverdvired.enti o

hough other ecosystem services p
fits for human beings, only 6 ecc¢
r retenti on, flood mitigation, \
on seqarestca@ansiocher e in this stu
i ces play much more significant

y area, compared to other ecosys
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study may present the | cwewvabaend of

33Changes of biodiversity and ecosyst

| and cover scenari os

331Changlkisodifuadsertdi fferent scenari o
Compared to the baseli unuedetrhde hlea lEICtO:
sceniamdroeased by 21.8%, which was ap
t han that wunder utr3ed .BAUWh sccoemrmpaarriios o(nF,i
| mportanagepdearndehke ECd@Nr s a eddrany 6 .
compared the baseline. A similar tr
| mportance 1 ndex wehserfeeurmabi oat Gu ap g
Il ndienxcreased by 7.8% and 12. 3% under

respectivel py BuB®Wdeodeasetlie ECON sc

BAU

. ‘
. o
[ Whole basin

I Guangxi

Scenario

-10 0 10 20
Changes of habitat importance index in relation to 2015 (%)

Fiug®4Changes of habitat i mportance index unde
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Theproportiohaldi Af easent | evelfsr of h

bi odi ver si tcyh acnognesde rwi a thi owecreyniarrg olsa n dr |

h

u

o

r

abitat areas categorized as having
nder the ECOL scenari 6 acdc atithret ¢ d tfad
f the basin, respectively, which we
cen(aTrabol.€le@r. dport ioofnahli gahr eaansd me di um
abitat I mportance under t2%e aBAOL s
7. 3%, respectpirweloy,t i miialggearckEasd h altk

mportance decreased by al noofst2 05105% a
Fu rge 9). |l n contrast, a repeonppertrendlIl
r evansd e r the EQGQON hgdh@ghabiratretabi ¢l

mportance I ncreasedpumpen nticlneermBsAeU s

el ation twastheslasgdlainn8&80 % of t hat u |

whil babadaeatts of medium and | ow | evel
as compared.to the baseline
Tabd .eAr eaansd pr opabitt atns owi thh di fferent i mportance f
under future scenarios in 2035.
Scenar Area?d(km Proportion in the
Hi gh Medi urLow Hi gh Medium Low
BAU 12224 11704719245 28.3 27.1 44 .6
ECOL 17501 14927510745 40.5 34.6 24. 9
ECON 91104 99135 24150 21.1 23.0 56.0
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—e— BAU
—e— ECOL
—e— ECON

Low Medium

Fiug®3Changes of habitat areas fwirt bidoidfifveresntt yl eweals
compared to 2015.

The increases of habitat i mportance
sout heast part of GGuahgdouar@ged Fhe we
whitlheeecr eases of the habiteadtn itmper t &

Quj pagft Yunnan and trlreag.i Perar | river de

(a) ECOL (b) BAU

Border Changes (%)
C_JXijiang w622
[_1 Guangxi

Q200 247

Fiuge .Bhadbhges of habitat i mportadceOi3bdex mpraderd diof f
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332Chanigembeophysical supply of e€Cco0Ss
di fferent scenari os

Significanthefbeopbgeoswhktranngepete v of
found ffudrurtetdta agneéit | acth asgeWirstahmet h e
representative concentration path, (
scenarios indicated a relatively hidg
ECON scenari o t ha(nTatbheh &@CBOQOBMcenanano0
seemed to be more conduci veommandaad f
to the BAUW0aeemoeewmmtatofsr, y3 211507 . 880d e r

the ECON scenamouwnft whiteendgheltthe ECO
Scendaeciroe a8s7Tee @4 ®Wi t h t he same | and co\
amount of water yield uwnderthitghhdey RCP ¢
than the RCP&xxepdtenadirei ECON scenario

climate change scenari o produecledd a r ¢

Tab3d eBi ophysiaatodofexlosysfem Xejuadgsbdsifderent cl i
and | and cover scenarios in 2035.

Scenario
BAU ECOL ECON
Unit RCP4 RCP8 RCP4 RCP8 RCP4 RCP8
Provisioning se
Water yie 16m* 799<2 315¢ 4671 385:1060 476°:

Regul ating serv

Water ret 16m 484 577 999:. 130:. 366 202
FIlood mit 16m 732 843 142 189! 515 482
Water pur 16to1 1271 888: 15321632 299 1871
Soil rete 16tor 104¢ 924(119C 1252 273( 197,
Carbon se 16tor 151: 961 398 285:. 242 228
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c

Changes in relation to baseline (%)

Compared to otthheer bisocpehnyasriicoasl, suppl y

er vhhacdkesgreater I BECORGR4&sS5 uf@egarnidae

l1where incheapbysncaxlaebompmplsyeqoafestr
ervice was cootmpea rvadtl eer frdeotoddratimiotni gaant
ervices, whi ch wer e r eMaateirv epluyr ihfiigcha
ngdo i | rseetrevni tcieosn. Usndemtahlt éh@g lkcCulONt o f v
I el d sisnicgrneiafsdctamt t he same | and cov
i ophysi cal supply of ecosystem serv
nder the RCP4.5 BCR8abis®céehani ander
BAU ' EcoL ECON
=3 z
@ (@]
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g o
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Ecosystem service

Fi gur eChaa.ngre.s in the biophysical swmpdgdry oiff feecroesnytst
cli mate and | and cover scenarios in 2035 in

Changes in the climatic and | and co
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the tradeoffs among different ecosys
of ecosystaaf fseatvad elsy wt he cl i mat e ch
| and cover change, which showed rel a
of ecosystem servi cesscemardinoes h ea ckE QL
I hhe biophydi dalf feupmity veroes ysit ewn dew
with an increased radiation intensit
the biophysical supply of regul ating
scenari o but decreased underrtizedECO
by relatively high | evels of water y
ECON scenario with a priority on eco
the formation of surface runoff at t
supply of rceegsu.l altn ngo rsterravs t i ncreas
ecol ogicalungdeot dditei oECOL scenari o IS

reducti on of water di sasters caused

si mul t amelopmfsdly i n i mprovinghtdegheco
Il ncsrienag t he Dbiophysical swEms ga slo f e (
retention, water purification and wa
Spati al di fference was found in the

of ecosystem services undeandiddwvaern:
changes on the spati al di stribution
foundatbedbtted by fwuherearcil atmdoader Tond

the RCP4.5 scenaridijf tleanpda saccoswearr apn al
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I ndi cat edattihans tihre tvlaeg ibi ophysi cal S L
mi tigation, water purificati on, soi |
ser vmacieassomcentrated in the west and

parts of Guizhou auwmmdB&8yynmwadn | gr d\vien vea
I n the Dbiophysical s unpailoyb yc e ntartaetre d «
the west and north parts of Guangxi

the RCPS8. b hwacreinaatriioonn i n the Dbiophysi
ret entiicoen dsueer vi o t he changes of | and
the north and northeast parits wefreGuart
found i n the central and south part
regul ati.ngAdsceirtviioccreasl | ssmatdieal t den cReOPt8
scenario could be found in the centr
bi ophysical supply of soi |l retenti ol
respectivel y.
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333Changes of ecossystdem dgefvecenvakao
The oval ue of watienr 2y0i3ebl dv asrerevdi cfer om
CNYnder t-REPECB®BLscenari GNWUWnd£296@ hebi
ECORCP4.5 scenatThe (mdabl end8ré&&ase in
value was found for Glueageonygi @r odv v
under t-RELBEBECONached the p3&izx72wu8 and
compared to that u(nFMieg u rtéhhed8 .B1AAY ud ad n a
serwiadssuein 2035 show a significant
scenarios, twernt heotviematld fRR@P4. F oand h
ECORCPS8. 5 scenari os compared t o t hc
scenarios. sdthethetaétgubadueng service
507RRi4l amadn368TNYbnidelri crREPEC®DLa-nd ECOL
RCP8cé&narios,.Comppeecedi v®|l yot her provi
t he IlGasainmgX.i was characterized by th
regul ating service value, which was 1
wat er rsetrevnaid¢i®dee t odsalofvadaigul ating s
Guangxi wereaegt i mameiNoBrdd eri |tl-h eo nECON

RCP8.5 scenar ONMond8RO0O2REBECDHDLODMenar |
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Tab3d3 .e9 Ecosyst emccecauwntc ef ovra hXiejri adn of fhbea seinnt
scenar i dUniifiCNYDLD5

Scenario

BAU ECOL ECON

RCP4 RCP8 RCP4 RCP8 RCP4 RCPS8

Provisioning

Water yield 3237 1279 1893 1559 4296 1929

Regul ating se
Wat er retent 1961 2337 4047 527t 148: 818

FIlood mitige¢ 296¢< 341¢ 5764 767t 208t 195°¢

Water purifi 1271 8882 1532 1633 2996 1869

Soil retenti 2423 2134 2749 2895 630¢ 455°¢

Caremquestr 8683 5514 2283 1636 1389 1308

BAU ECOL ECON
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Guangldong Guéngxi Gui‘zhou Yur;nan .Guang’dong Guéngxi Guilzhou Yur;nan Guang,rdong Guéngxi Guilzhou Yur:nnan
Region
B water yield I Water retention T Flood mitigation
[0 Water purification B Soil retention I Carbon sequestration
Figur e&Echslystem service values for

and | and cover scenarios 1in
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B4Ecosystemasxratlogeompensaainadm@ar ds

341Cosatnd benefits of ecol ogi cal pr ot e
(1)Ecol ogi cal protection cost
The total cost of ecological protect

river basin wasnb5Z0h®!|)Ee®l wwihomw hCNYhe ¢
of wpokelruti on prevention and contro

accounting for al most slhal fcompr ehensop

treat nvartterofand soi l conservation an:i
11.60 billion CNY and h&.c@& nhkiiomlgi drorC
and3% 0o.f the total cost of ecological

the provinces cobheredstbyot hecblhsging a

Guangxi was 37.64 billion CNY, which
(8.90 bilanidonwWwu@€NXph (6.57 billion CN°
poll ution prevention and control acc
tot al cost of ecological protection

which were higher thawmr3@®e costs of

From the perspective of provinci al
poll ution prevention and c otnharto | was
comprehensive treatment of water and
costs of these taB0 tdynpd@ds.ohctbaentedarf
of ecol ogi cal prot ecetritecoghent @gpaati ve

forestry construction. However, t he
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GuangxXxi was al most 3 times hi gher t
treat ment oif| wcaa nesre matinadc hxoawas f ound a

trefdthese timo Gwad szthotuy pensd Yunnan

Tabl e 3Eclo0 ogi cal protection costs for different r e
1OCNY) .
Province tot al

Ecol omgricctadcti on Guangxi Gui zhouYunnan

Water pollution 186.42 37.65 30. 21 254. 2¢
Water and soil 52.21 38.71 25.14 116.0¢€
Forestry constr 137.77 12.68 10. 33 160. 7¢
tot al 376. 4 89. 014 65. 68 531. 1<

Guangxi Guizhou Yunnan

13.87
38.28
43.47
42.28

49_53 46.00

Engineering investment (%)

I Forest construction Water and soil conservation Water pollution disposal

Fiug® @Costs of ecol ogical protection in the

(2J Ecol ogi cal benefits

The ¢oodvladbgi cfadtrhire ugpfsit tvee Beas trienmgaitoend a ¢
785 billion @NYhime2@lb5vely higher ¢
province compegrneeodst ¢ oovtefr Brdg rylent Hh.e2 b)a

2015, Guangxi produced total benef it
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5 times higherWitthhant hoe hceau prleign g nesf.f e c
soca@dnomi c devel ¢ hme retc 0o$ totgsa tckad 1 ebsemes
upstreaweresgi mated to vENY fumdmr 17 3 e
ECORCP8.5 scenario to 4986-R6P#] 5o0n (
scendme ovariation in the ecological |
| a-ndver scenaribbke i eadolkcagiedalt hlaénef.i
i ndi vidual province and the whole up:
with an extensive devel opment I ntens

| mpervious areas under the ECON scen

the ecol ogical benefits were observe
restoration of the ecological enviro
BAU ECOL ECON
50000
40000
30000 Pl
o
0
3
< 20000 n
z
S 10000+
=
2 o
2
B 50000+
T
O 40000+
g
o
LJUJ 30000 g
0
o]
20000 n
10000
0 1 I
Upstream Gualngxi Guiéhou ‘r’unlnan Upstream Gualngxi Guizhou Yunnan Upstream Guangxi Guizhou Yunnan
Region
Fiug® R2Total value of ecosystem services for differ

reaches of Xipni ahg yiewaer 20450 n
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342Ec bogcompenstaamomdds di fferent sci
With the sharing s ubjwacstts eafm trheeg i uoms
basi hogeompensation that the upstreec
were calculated based on -etchbpemomenef.
characteristics of di fferenttotafgi on:

edogcompeonns attao be obtainedwdhg8the up

T 693bi51 1 i on CNYwiitnh 2rO0€ell5ati vely | arge
Guangxiir498443billion CNY) da@mmpafed t
billion CNY) 1a8nmd 9YubninlalWiofné . CGINnYe) coupl
effects of climate change and | and m;

of the compensation standards were e
di fferent scenarios projected, excep
decreases i n t hescovwepgen soabtsieornv esdt a nnd ar

baseline (Table 3.11). With an enhanc

for | oc al ecol ogi cal environments, 1
scenari o) to be obtained I ni8NW5 wer
comped to those with a historical de
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Tabl eEBollagi cal

compens atbiaosn nt hurnedsehro Idd sf ffeare nXi jcil a nfgUtne 8tCaNnYd) Ol a n d

cover

Scenari os

BAU ECOL ECON
RCP4. 5 RCP8. 5 RCP4. 5 RCP8. 5 RCP4. 5 RCP8. 5
Lowe Uppe Lowe Uppe Lowe Uppe Lowe Uppe Lowe Uppe Lowe Uppe
Upstream

Guang 441. 18849 421. 11629 403. 34515 390. 23192 506. 4123 414. 1631

Guizh 26.7 1142. 39. ¢ 1103. 15.0 1286. 20. 2z 1203. 27.0220. 37.¢ 148.

Yunna 24.71 1030. 23.%t 649. ' 12.9 1102. 17.C 1014. 24. 7 201. 28.¢ 111.

Tot ¢ 492. 21022 484. 13382 431. 36903 427. 25410 557. 4545 480. 1890
Not e: BAU, ECOL and ECON represent the | and devel op memnto nsicce ndaervied so parfe nbt u spirn eosrsi
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Significantn dihfef eurpepreloce gliciommlptesn s@aft | ® o
was ffoournfdder ent ecosystem services u
future climate ahmd 2@a% ocwveeal chiange
compensation standards f borhteheEECUWONst r
scenianimosel ati onFitgou rjgh e® hbal2see lai me2 v(er s e
found for the BWA@Llhoxudemnmaryi odsependenc
scal eCsompared to the BAU scenarios, t
standards under t he (EICEOINZ 49%cld mar itohse i
upstream wheiglieont he upper | imits of ¢
t he ECOL scenarvbsil8d&wér ecChaemdyedy i n
compensation standards for the studi
with the setrlvd cee agyrpeep Gamdad alt loyc,&a hve o n
same representative concentsiatitdohre pa
upper | | miogscoaberEdriwmse regm!| ati ng
serviimceae3found to be higher imnder t
relation tastohmpabaseltionet,hose under
scenarwlisl e an opposite trend. was fc
Compared to t he BAU scenari os, t he
compengadeont he ECOL s coevrearfi®widskhti mer e
water retention, flood mitigation an
were relatively higherf otrhavattelre ppurra @

and soil retention services. Il n addi
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Gu
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Gu

e X

di

w h

ompwmratti i ncreases in the upper | imit
e regul ating se&rAiicreess we rgeh efro ufnodr tt

enari o compar ed Tthee tchhea nRIG Fn8gh &masgend 1t

mpensht esihhol 26635 wasvtaaefsrtamartegi on |
gi on, with relativesiym hha glhhgpperprloipr
und for Guangxi comparS®pdectid i Gal lzy
angxi was projected to obtain high

treet entoidommi tAhlgdhtc@amnmbon sequeasnd at.i
l zhou and Yunnan were projected to

mits on the flood mitThatrn eoxnulatnd a&h

di cated RIE®Y. 6hecEGAL ibol ewatso nroerdeu cri
ter disasters caused by excessive
regul ating services including wat
rification, soi | retention and car
me deved ompmeeadecosystems in the up
riable sensitivity to the c¢cli mate
ternal di sturbances wiher egorye amha ksi pn
fferent contributions to the ecol o

i chimedgdlutctuati ons in the upper 1

among di fferent regions.
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Fiug3® 2Changescoonfipencsoati on thresholds folimpstceam r
and | asdeaaveéns

343Pr i sreiqgtuyeh deocgoc ompensati on

Near |l y hueplsft cefamidmees categori zed as

| evel | odiceampensatj omampngomwhigh apprc
59. 7%% aAd% 1dbf.up hteceamwerees | dieort i fi e
Guangxi, Gui zhaouv sgpred tMuvnentaynn Compared
t hese cadoruelta teise ghéayna md ¢ fo@grcocrmpteon s at i on.
The counties categofrpomwreidamistonavedgf m
approxi mat e ounpes tqcueaarmteire so.f t he

Al most half of twereocategorimzeBuasc
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priprang these counitn etsh emaciintliye sd iosft rH
Chongzuo a(nFrdgd@zAdadu t,onae¢eVvegr al countii

Rongbdan, Rongshui,) PBPahngclhe ,diXitnrg ébaunt,e d

of Liuzhou, Gui I i n andA pLpariobxiinm&otael |syo 2
of the counties in Guangxi, which mai
Li uzhou, Lai bin and Guigang, were ca
of leocgocwmanpensati on priority, whil e

categorized as aviomg tay rel atively |

j——

Priority
Level lll
Level Il

B Level |

Fiug®2Coudtewel di stlro gbtuotempoenn soaft reecroept i ogi t e sequen

obtaining ecological compensation among different

categorized into high (level I, upper 25%), mediunm
25%) cl asses btaisend ofn itmeéexdiwdalruds.

A4Prel i meoammemdati gyns for polic
The resul ts of t his study contri b

guantifying the spatial and tempor al
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value of different ecosyaneéem aedvc a\ec

conditions, 2) lidanemotrit faynicreg otf hea i If é lea te

basin in biodiversity conservation &
services, and 3) determining the re
compensation schemes applied for di

futureaotdi mand c¢oWietrh stchespa®rideahoeh |

characteristics in the status and po
contents and ecosystem services unde
change -ambamnianat i on hHoveev ebre e nmorreev eeaf | f
coul d nbef rgoinvet he foll owing aspects toc

model ing perf or maonrcee ,sfuaphpiopriotl pcegvi de

4 . Slt rengt hening of ecosystem service
Ecosystems genew@Aiehdicaer peosedei ae!
benefits-bdionghsumahhe valuatiwmi cohf e C
I nt eract with each oedemo miacs cwenldi t
provides dabampe®rtamtcal cul ating the
compenea. over all caonogedesgstem sarv
contributes to the maximum of t he |
upstream and d.cOmn stthree aont hhieérg i hdaimsd , n am L
capitalpraccwioduentas quant i t a&tciowse suHieanw amn
ecosystem service stocks, further ef:

of serwi cei fdewloss of ecosystem se
72



transmission between the body of sup|]

under est i maitdaln cooompeecnoslaotgi on st andar o

4 E2st abhagssht andardi zed met hodol ogy fr
The diversity of i1 ndex and methods

the status, odc elcogiysdlempsr ocesses and

di fferent steduesgsot heegomparability
whi cihncr eases t he U n c earstsael sistanye exdo f r
cal cul aecohogafcal compensation stan

met hodol ogy framewor k wietnwi aonme deal

monitoring, natuyueadtsyapemas e@aoido@ na s
ecol ogical compensati dmutduetse rsrAinnda tei o
depth resear ch on t he I ndex system
containing I mportant i ndicato+rs r1ele

economic features need to be strengt

4 . CGonstnnguect el | i gent moni thertiwmog kand as
To better delineate the dynamics C
accuracy of ecosysmemesé-ppgmrteoins sdat
and i nformati on (e. g., wat er fl ow,
protection and restoraadasomndopPosjcwn)
needtdedbseuptpearr t t he det ebmsedt moni aodi

of ecol ogi ca.l Fcuoreftgheeghavtulll édn g ii vne n
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strengt hleadhg@ggm dynami c monitoring a
ecol ogi cal enivmprognomiemtit di amd egli onal er

prevention andfcwhhiteb @ § C atuvapplaicnilgt ytwwh e

met hodatdr al capi eglul aarccagsskeissmqmentrs
bi ophysi cal supply and value of ecos
security attamelstiaple needed. By expl o

and sharitrhgeg unstfeam,d col m@ctioomngnani

assessment information, as wel/l as t
for fields includinggikal gealvi ry nmen
sources of water and soil pol l uti on

expected twi tbhre trireea |l s EEp@koErA p porf.o akhhe S
system i ntteigmeatnegp onesads , feedbacks
status of ec ol osguipcpatl ® eednen s t oume et wbt
devel opment and i mplementation of an
monitoring and aegpstsemamtabdt dvewnst hce

as wel | as other systematic units of

4 P&r omméggdaoogcoampensation demonstratior

Based on t hecocnosntcreupctt ioofn fiacnod s hari ng
of Awho benefits, whobodclhempginsean eism, p
t he constr botgicccamp @ in s aetcioo n demonstr:

especially in areas where the ecol og\

ecosystem services is high, such as
74



Bai s e, Liuzhou), the south part of
Yunn@aombi netdhewipglhan of ecological fur
i ntegration of regional sources adva

I ncluding ecol ogiocradt iprngt eecctaloong i amd

ecol ogi cal i ndustry, ecol ogi cal cul t
ecologically Ilivable ur6Gaopaendtiraomaa
exchanges on ecol ogical practices

deveéeoppmand diversified cooperation.

4 RBei nifighe cooperation of different i
Furtheémoshed d bet agimper he admini str a
responsibility mechani sm that combi
I nt er eGltosse cooperation amoagi tliocall

roles in different fields, could ben
whi ch contthrei -bleotnegs e t beiccoil eongciyc adf pr ot ec
rest otrhartaaungeh col |l aborative devel opmen
Mor eoawmrereval uatsomesygyetdemo guhee an:c

| mpl ement ati on of ecol ogi cal compens

4 BEox pl odgi ver sl ogedapemsati on financin
Currentlilpygctompeamcsati on funds in the
I's mainly sourced fromhfrcbecabutdaneset

needs of | Incgieaalpags atcioon funds I n
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Therefore, on the one hand, efforts
financial funds and gradually i1increa
di fferent regions of the bazonesespe
and ecologically sensitive and frag
geomor phol ogy) . @i fohes otbelrd hlhad,gi
exploration of di vemcigfeinedn tf iannadn cbionogs
osSoci al lamidk e t ma h tewcsoil @sgm cafl p ptr oit e Cct i
pl aacedi versified investment and fina
protection, which is supported by th
operatas mamdfehgover nment gui dance, SO

mar kett iroeng.ul a

4 Eflxpansion ofl watemisbdesaticon model s

The main plogecovenpemsatoon iIis to re
equity of different regions, protect
sustainabl e dewvel oponedcitn atfed egi onal s
Usually, a single model of financing
demsaftktcol ogi cal protectors due to t|
mechani sms among different rne gafons.

ecoompensation policies can choose

accelerating the construction of sup

edogcompbensation in the upstream r e
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structure in ther duipnsatrienagn trheegi ey e lcc

whol e basin and promot i-thegr m hef fficn |

mechani sino gitcoadpreons at i on I n t he Xi i
Compared to Guangdong which is | ocat
basi n, t heegiwms tirse almesrs devel oped 1in

t asks of devel oping econemyi raomdne ntnp
guality, whil e the downstream region
has advantages i n manpower and fina
spposed to actively guide the downst |
assistance and exchanges with the u
economic devel opment of wupstream reg
permbontraining and thealdepebdpmest i o

pl aces.
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