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ABSTRACT

Wivter resources ane vilal for sussaining L, ecosystemes, andeconomic develogament, with trnditicaal imansgemem
lim g prvmstily on Blue water (apfice sid prounds gier), Bowever, the aqually erooal mle ol grees winer, sol
moisture used by vegewaticn, kas hees underrepresensed in water nanagemesl policies, This sudy explores the
coik el ol grecn waler accousting, cmiplasizing Ba significencs iy rein-5al apriceliure, sopsyereny ealih, owxl
sustminahle winer mazmagement. Threagh o mized: methed approach inv olvizg remote semsing, Teld surveys, md
modeling, the reseanch puantifies green water Dows and highlighes teir inponmece for agricolomal prodec bvity
dibd cumyelcm savices, The limdigs underscore the el for integrating presin wuler e Propdss walc
meragement fameworks, developiag hodistic strategies that congider (he inderpley betoeen waler, lend, and
grosysgiEs, The sudy comehiles witlh recammendations 0 policy micgranion, capacity budkling. amd funher
mercarch by enhece the undemstendieg and applicabon of grem wvaler sccounbmg.

keywerds:  Cireen Waler Acoountieg, Rain=Fed Agriceliure, Ecesystem Services,  Sestzinebhle  'Winer
Muragemenl, Scal Moisture

Fichls: Hydmdopy, Evonotmy, Busimess
B3z hips oo e | DS 2% imerconnectom. v LRI

INTRONAICTION

Water resources are fundamental 0 susaming life, supporisg ccosysens, ond drivisg eceacmic
dhielopmmnesd. They ane exsential wot only foe drinking and =anitstion but also e sgriculione, mdosiry, and enengy
proshtion. A the gll..iu! puogmabaion comtinucs o oo and climale changs s hbeaics waler scuraly @ mauy
megioas, ihe susminable managemest of weter resowces his become increasinghy oritival. Traditiceally, waier
merwgsmenl clliors have fomal on "Bl wolcr,” which imcludes surlice water e nvers, lakies, sl resovmrs,
as well ax grossdwater. Flowever, ikis approack ofien overlooks the egually imponiam “gnees wner, the waier
sored in soil md wsed by vegetation thaough grocesses like tronspirotios and evigporataon (Wong of al, 20210,

Uircen waler plins a pvetal rele im rain-led spreculturg, sduch sccounis for a significas pertion of ghebal
fimoed produciics. I is olsi cnecial for maimaining, the health of mabural ecosystems, soch as fonests, gresslands,
and wetlands. whick paovide vital services bike carbon seqeesmation, habitst for biodiversiry, asd regulmion of
the waler cycle. Deyanc it anportanee, prien wator hos traditiomally SBen imelerepresenied in walgr mimsgeinen|
peolicies and acomumtiag systems | Ronakdo et al, 2021, This i perly because i i mmore chellenging to guantify
then blus waicr, aa it mvabves comples imtenctions beiwom sail, vepehinion, sl climstz (Coran, 20019)

Uireun wakgr = a enbical eomponent of tae bydrelogical oy cle, porticalorly im roin-fed iggricabur e, forestry,
aiad naturel ecosysteins. |t represenis the witer that is abserbed and stored in the woil efter precipitaton and is
subsecquemily wend b plasds for prowth and mnspisotion. This form af veaber s cssenfial for the susiiniscs of
wegemmtion, which in tare supports bicdiversiny, regulmes lecol elimates, and cemributes 1o corbon sequestration.
Dhespite it imtegrnl tole in apponting terresizial ecosyeiems and agricaliuml prodostivice, gresn water bas ofien
bzun pvershedirwed by the Fooss on Blug wakr in ieditiomal water sccounting proctices lelem & Muswlam,
02

Blhie woter [T Chandre of b, 2024), which iscbedes surface and groundwster ressmces, b bom the
prmmory foous o wiler manogerment dee be s dired use for drrigstion, madsstria] proceses, and domestic
coqempicm, A 0 ressd, water polizies, infrastrecmure investmnenis, and manogement srategies have been largely
cunigred arpund the exmciion. deinbution, and conservation of bles water researves, Hewgvor, this Base sater-
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centic apprmach faik ko capdure the full demamics of the hydmlegical cvele, kading 0 0 meooplee
nmclerstanding of water rvailehiliny and use, especielly inregioas dependent nn rain-led sy aems

The avemght of pren weier in maditional eceaummg saestemes s signiflemd eplicsnons for
sustinahle waker mamagement. In musy partsaf the world, especinlly i developing covmtries, main=fedd agnenlmne
A8 the ackbone ol food secoring and neral livelihonds, By not seconniing Tor green water, we risk unde restisaring
the water meeds of these agmiculnmal gxiems, potentially leading bo unsesminable lasd use practices, il
deymclation, and meduced crop vields. Furnhermore, e lack of istegration of green waler inte broader water
mareEgement frameworks imders fhedeveopment al bl SHe saraiepies Mar Coasider [ e i s heiwes
vater land, end ecasystems.

Kevognizing e imgportance of green waler and moorponsting it inie wster accounting practices is crecial
lis gpgatisg more resilicat agriculveml syaiems gl Mediinasle coosssasin magapeinanl, This pips ams o dshe
deeper into e concepd of green water acoouniing by exploring its methedebkigies. the chellenges aseciated with
lisagueanii Neation. andihe mplcalbsss By s policy (Reaaklo, Sally, eral . 2025 8 sestninghle & vl opimeiv
Gy doimg =0, it secks w highlight the need fora more isclusive approach o watermarrement that peknow ledges
the vital role of green waer in sustaining both hosnas {Tenjung et al.. 200% and ecological commaniiiza

LITERATURE HEVIEW

Cireen waber accousting hes emenged as & vital ool for undersesding the role of soil moisre in
agriculwral prochictiviny mxl ecodvaem heakh, Enrly saalics by Falteiimark amd Rocksirim ¢ 0 highlighied
the xignificance of groen water inensering Sood secusiny, particulesly in regions dependest on rain-fisd agriosliure.
These sidies paved the way foe subsequent reseasch, which enphasized the need to imegrate groes waier s
Tresadier walet acoouning Iramewarks (frazsl eial, 2022 Maiaim ial, 20310 MoCaroll & Humass, 20200,

Fewarch las shown that grees wirler plays a pvatal rede in biomass prochiction, carbon sequestration,
aibld climate reEudaiion. Lo el gl {2010 demonstmed gl gresi wolel cominibuies significastly w giop v elds in
we -t fepbodke, wlkeng Bhie Wil fesonised e soamoe. Motaone, Teseml advanceiissils i femie sensig il
modeling technigues have enibled more aocerete guanilicaicen af groen waier flows, further ndersooring iis
TPTIEnCS in wRe] P e MEsEemey (A mnin & Yasa, 2029, Femg of al,. 2021, Dlusanmd e1al , 20210

Deapits these iwlverssmenis chollenges mniﬁur Mully infcgratmy green walsr o walgr scoomring
systems. The complexity of measuring seil moisiure, the spatial sad tersporad varability of green water {lows,
and 1B lack of stondenizcd micthindidogics ag some ol the key bandlcs w@entiled i the lscrsturs THock=4ra gt
al, 2iiiy

METHODILOGY

T stuaky asdeopds o mis ed-metbos] appeach 1o green waler pevounting, soisbining bodh qualiatve amd
cpmaitative methads (Creswell, 2004; Selarm & Dougie, 20060 The research is condecied in ihree stages

Data Collesam (W i gl 20235

. Remwoie Senang: Saelliie imagery is wsed io estinmie sl medsiere level across differas lond-ase types
{Renaldo Amdi, et al, 200%, moheling agnoolerl Gelds, fonesis, and grssionds. The Nonnebized Differesce
Wepatation lmdes (NDWVE v cmplovad fo psscss vopeistion Bealthe whech 5 closshy habed 0 presn waler
availahiliny.

|

Fieht Serveys: Soil sunples are collecssl um seleoed sives o mmeasure soil moisune coment drectly. These
mcusuromoed s an: used o vabichs the remine sensamg data.

3. Luemiure Review: A thorough review ol existing sulies oo green wates acomssting s condecied s deninfy

lesk penctices amd eethodobegios.
Dats Analysms;

1. Wier Balance Model {Myou, Sudiome, @ al . 2023 A wster bolence model is developed (o gquamify green
water fows, comsniering Dilors =eclh o preapitatem, svapostmnsprin, asd sml chamsionstics, The mosi]
o ealibrnied usng the sty obbimed Trom remeds sensimg imel Tick] auneys,

b

Soenario Amalyss Different lond-use scenarios are simuloled w0 msess the mpaa of dianges in vepeiolioo
s, Climade, nnd agriculiues] practices on grom wiler avaifabiline
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Validation: The mnodels aceurey s evaliated by companng s cetpuis with sbserved data from freld
surveys and oier indepemndent stadies. Sensitivity analves 1= conducted modemidy the mesa crienl faciom
mfluencng green weler flons.

EESILT AND DESCT S50

The resuls af this smdy ondersgers e Inponancs of preen water iy sasapining ngricaliural profuctivify
and perweysiem zervices. The water balance madel reseak Bal green water acoouns for a signafican? prapontiog
of the soinl witer ied by crops in the sy ares, pamicalarky in repoms widh lnvied aecessto bl winer reames,
T seegario pnafysis idicance thal chasges ia land use, such as delftesianion of converesm of nMIrel eaEysiems
o ngriculiture, cn led 1 o substantial reduction ia green water availabititg, with adverse effects an crop yields
amd exnsyracn Beafth

The finding= ako highlight the guatial vamabdlity of green water fows (Fakeon & Tmseperua, 200 10;
Fotmudkayey el el 2021}, with soane regions expesiencing kigher seil maisture lovels dee v S2vonible climatic
cisbithoie o sipssircdde inl msgagement practices. The aikdy emphisizes the nesd T cones-speific
straegies o enhance green waber use, such as optimizing op skclion, mpoying sl mesagement, and
gramnliag EEiGTorsary Hid v,

Pelessmuring green waler s casendial or ssvaal isisams, penicularly in e coiesl af sesaginghle wales
maregement. agrionliee, and ecosysiem preservation. Heneare the key reasoas for measuring green waier:

1. Agnculmmal Frodecany ad Bood Seeuniy (Estaght o 8l J22; Holyoak gtal , 208%; famsaed i, 200§

i Cireen maler & the primany sasee of waler formin=fad ngricelivre, whick seeaunts for o dgmificant postion
al giokal e prechicTion. By nieasiring green waler, we cas beier undersiomd 1hie sal modsmire gvaklask:
in crops, leading to more acoursie predictiors of agricaliuml yiekls and betier plamming for food secosnty.

a |arepiin s where srigabon infrastrcme s limiled, sscerdanding grees water scaibbility can help fimmers
aptimize planting schadules, seleed apprapnate crop suristies, and implemens soil management pmctices
that enhance wiler retestinn and onsg prowth.

e

Sustinahle Water Besweee Mamgement (Carmena, ii'l-lu;l‘ugd wl., 2021 (Whismrem et al., 26020 §:

»  Traditional wiater management foosses heavily on bhie waber {saurface and grouwnsdnater), often seglecting
the camtributan of gresn witer o the eversll badmdogical eyele. Messsneg grees water allows tor 8 maoe
comprehensive imderdlaading of water resources, enswnmg that waler manapement gmilegies accomt for
the fulk spesctrum of wanler use, imclwding the vilil nole of soil meoidene,

= This holishic approach = crucial for developang sestimable woter policies that balance dhe seeds of
agrici e, madusiry, amld naberl coosydems.

3 Climate Change Aclaptation (Foet £ Froechet, 2020 Halyoak et al . 30019: Turrer of al., 2006

s Climete chasge 15 alenng precipietion petierss, leeding 1o wome Trequest droughas anid shifts m she
availabslity of wistor neseamers, By measmag greun waban we can asseess how these chasges mpast sail
moksture and plang water mae, ennhlisg hetter adopintion sireteges f agicuhure and sanem| resournce

mimEsient,

o Unsberstamfing preen water dynomics 5 parsiarly impocim) for regions thed mely coomon-fed apricelore,
whery clanges i proen watker svaclability directhy affia Tood securtty and hveliboods,

4 Feosysiean Health and Bicadiversity (Corry & Donsellsy, 2005):

#  Cireen water = esserial for maisning the bealth of natural ecosysioms, such as fegesis, grasslands, and
welbmds, These comvstenms  provide critmal services, mohshng caten sequesration, babisd for
hindiversty, and regulation of kol clampes.

® By moasuring preen volo, we can imombo the bealth of e comysbemnes, asscss (he mmpacts ol led-uss:
chanpes, and devebop comservetion simiegies thal nain@ia of ealance green water availabibity for these
writical covvmremmends,

. Informed Land-Use Flassing (Aunajo & Yasa, 2020 Gazal et ol 2022; Schoonmover & Crimg, 2015):

& Laibf-ime civdi (5, Clainlie ¢ ol 20231, sech a8 Eefofcstpliod, diaiviealisn, e ogicelivial
expansem, con significamly aler green woter ows. Measring preen wister helps lad mamagers
wndersrail the iwplcations of e clanpes oo sajl it akil ecosyian ser kes

[
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& Thie mbermation i vitnl far making mformed decicines that Balanee development |Seuvemfy ¢ al | 21235)
newids with the presecvition of natural resources aad sosrstom fanctims

#i Witer Accoasting and Palicy Develapment:

*  |ncorpomting groes water info waker accountme fameworks allems for o meorme acourase represontition of
toial water resaurces. This b= ontical for develoqung wader policies that reflect the e availabadity and
distribation of vster, ensurimg that all sowmzes of water, meluding soil maidwre, am manaped sustinghly

e DPofickes mformed by comprohemsivg maler sccounting, meheding green waber. re betier cquipped b
aaddreis wuler sconeity, sepport ngricebium sussisability. ond pradeet eoos yebene.

7. Imprwed Hydrolegical Models: Measssnng green woter contmbutes o the development of meord acesmie
Bovdrobopical models that s simmlse water mavement through sadl, vepetation, me the nimesphere. Thees
mredels ore essential for predicting the inpacts of climare change, land-ume changes, nnd wialer manogemesd
prichices om waber v labality and distribeation {Tureer ¢f al.. 20004,

Furthermere, fhe rescarch identibies sevemal challengges i green water accoamting. including thy ditficulty
af pocorssely messuring soil moistare e dee need for more robust models 1o captore the complen mteractiong

hetuneem vegelition, il and climsde. These challempges ssppest thal there i g1l considemahle ssope for firther
mesearch mnd methodolo preal refinemend im this field.

CONCLUSMIN
Cancloxion

Cireen water peeonntisg offers a valnahle Fumewerk for undemssanding the mde of soil molssre o
supporting agnsulaml preduction and maimtaming ecrsvagm srvices, The study domomstrstes thil greos waler
i o eritizal bul often everlcoked comperent of the hydrologiesl cvcle. partieularly in regrons depedest on ram-
fied ngriculiere. Hy indsgroting orecn weter ivo waser arcowing systenrs, policymekers snd welsr manpgers con
made mone imfonmed decisions o promote aestinable water use (Doh et al., 20220 oed evhance fomd secunty,

However, the siedy alss highlights severel chellenges in impbementing green wder occounting, including
the meed for standardized methodalogies 2aad heiter dain an soil wveods bere. Addressang these challenges will reguine

suitinued rescarch, capacity elding, and callabomtion betesen nesearchers, poficomakers, and practibioeers,
Beeconume sd aginms
Hased ody the fimdfings of this snidy, several recommmendations are peopaeed

1. Policy Enegratvom: Govermnmaents and miesabonal capanizations shoukd meerpoaiie grem waler acoowmmting
min neticnal wesr mangpenod policies ond fromeworks w ensere o more holisid epgeoach fo waber reaoes
BTk g Em e

2 Capawity Building: Traiwing programes should be developed teguipwater masagens, apriculiums] practitioners,
and pobicyek ore with ihe skilk aad knowledpe needed o mplement green woler seooaniisg effectively

4 Research and Developneent Farshes researed e secded o nefine mmethadalngees e measuring and miodeling
green wirker Penes, particalardy m diserse climanic and land -uze comtents.

g

Sustaable Lasd Marogswent Prectces sech os agrofimesiry, cofeeryintion agneulbene, end soll mostur
ennrervatinn shomld he promated o enhunee grees sater avalabibing and ogdineize iz use in sgracmbune and

grcsysbem managemant

& Pubhe Awareness Efforts should be made @0 rase mearenss amoag siakehalders ghout the npontesce af
(oo il in sustaming agmculberal productivity and ecossiom Realth, neauragmg the sdopiion of prctices
that enhance gees water use.

Future Researeh

Furture research ongreen water seenwmiing cosakd feeus onseveral by arers to ailvanee our underctandmo
and improve the apelication ol this critical comcept in asdainghle vater sasapement. Here dee some polenlial
dlirections for fubare research

1. Integration of Cingen asd Biwe Water Accountng

#  [Holistic Water Aceountieg Models: Fuluwre research should fores on devieloping inlegrated waler
acronmting models that comiine preen and bl water resswrees, These models weald provide & more
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fea

comprehensive underdasding of the entire hydmilcgrcal eyvcle snd mmprove water mamgremenl strteges
ar hoth reginnal and global scoles

#  Podicy Implicatians: Investigaimg bow nsegrated grees and hlue water accooating can infleence polbcy
cevelogment, panwulady iy waer-scaree replons, 15 essential Beseanch cowuld explore the impact of
inchidizg preen waser in water allocaiton framewerks aad bow (L might influence lmdsuse plannizg,
agricubnmal policies. imd clivabe plaprataon draicmes.

Advanpeansns s Remate Sensing and Daa Analytics

#  Enhaseed Hemore Sessing echnologes Plunnesd e al., 3005 Kvown eral, 2028): Funme research cowld
explare mdvimements in rensote wensing techackigies to improve the accuracy and resolution ol groen
wabdr neegnemnenta. The meledern the developisent of mew setellite senam dross-hased remose eencing,
and the sz af anificial imellipmes fo onahvee lange datasets

= Hig Dain and Machine Leoming: Levernging biz disio and reactring Tearning tochnoquis o analyee complox
dhasets from multiple soorces (e, setellite omagery, chmite maodels, soil semsarsh comld enhanoe she
precision of green waler assesments, Besenrch cowld foecus on crennsg predictive neodeks thet accoant for
climate virmbility and e mmpact om gneen water incdlafblity.

Clinreste Change Fmpsicts o Cireen Waler

Modelng Climate Scomanios: Reseasch corld axplom bow difforemt chimae chonge scenarios will affoct
green water reseerces, panicularly s vilnerable regicns. This includes saelving changes in precipimion
ptome, sail moisture dymamics. ansd vepehidion responses 10 climale strssor,

w Achpestion Stmitcgics. Irvestigming laplive stralggics thal optmize gresn watces use in agncolie and
nasral eossaiemeunder chaaging Shimate condibions = emueinl, Fubens research could foms ondoveloping
resilicnt crop voretics, impeoving soil meragement practices, and enhancing weder retenticn i soils.

Esonomac Yalunies of Cioeen Water

* Walwing Beeyatem Services: Filure msareh could saplore methosds for quaint o the coomoamic valoe
{Sudarme o al. 20C2) of green water i suppodting ecosysiem services, such o carbon sequesimiion,
hindiversity, and locel climesse regudatom. This could inform cost-beneli analyses of conservation
alratezics aad ok inveslimes in cossyviiem resforsbion

»  Cireen Water im Apricaliuc] Evomornics: Tavestipsting the mele of grecn woler in agmiculbural prosdes tvity
and ilx coniribetion o the scimmey cowld provide insights inte the econnmic benefis of sessinzble waler
mmagsmes prachecs, This redcarch €oukl abo explire the polenbal i oo waler kst el
inentives far fnrmes o sdopl green saler-s e practices

. Bocizl and Isdtivetional Dimeaxions (Benalds, hneedi et al - 2022

Community =Based Waler Managemen: Besearch coulld explone the role of ocsl commenities i manag ing
green wHler iesouies patcularly dn mali-fed agiicalumal sysens Undemsiaifing how osdicional
Tevoewleglps CAndr et ab, 202 30 and practices sim be indeprated with mindem wilcs massgsmen! slmigmes
is impoctani for foetenng susaimable practices ai the grassroois bevel

o |mstitwtional Frameworks: [svestigating the institutional funewnorks meeded @0 suppon. green winer
el g amd mpmagcisei copk] proyvids insights o the govenmnes sivemires [Renekio, Sehanfio, o
al, D220 Warsrial e @l 2021, policies, el repulotions reguinsd oo Geere sustainabbe waler e This
includes exploring bow mmenmationel conperation and vnrsboundury wrler mansgeimcnl ci iacoopore
preen Waler sonsiderations.

. Gireens Water m Urban Envimoaments

@ Uiban Giegii Siies Fire reseaiclh comild exphore the mole of grecin wabes in wlail eainiments,
pasticularly in maEdmining green spoces, neducing usban heas islamds, end managing siormwader. This
resemrch could anfinm wrhan plannisg amd e design of sgsamehle crbes tho Heoipoesie gaeon wanei
memagemend into their miFstrucine,

w WaterSemative Lrban Design: Investigating how wister-sensitive usban design (' WSL T prnoples can be
applicd v enhence green waler wse im cities could lead to mmavetions { Resaldo et gl., 202d) in wban water
mpmagemesd. This inchudes exploring ahe posennial for green rools, permeable pavemests, and aian
wetlamds o optimize green witler retestion and e,

Fibag el i Capacity-Hailding ladianives
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& Fddueatminl Programe {Calyeanto of al, 20255 Begeareh could feeus on devceloping educatemal programs
ansd traming materials b mse aoaneme s aboat the imyportnge of grees waber among policomakers, witer
managers, and the pesersl pobbe. This ecledes cresting comicnln for schealk and ssiversitiea thed
epihiwine the nalke of presn wales in suiminahle development (Nyobo, Effendi, ersl., 20255

& Copscity Baildisg in Develoging Cotmtres: Frtune ressarch-conld explore sirstegies for butlding capacity
in develoging conmtries fo messure, manage, and ubilize preen water nesourcs effectively, This ine lwdes
traming in the use of remste sensiag echaalngies, data ssalysie, ond the inapleseatation of green water
accenmiing in wateT masigeEment prachices.
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