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Abstract

Ur ban rivers have historically shapédurale
identities of cities. However, rapid urbani

policy integration have | ed NagtRieWNagpumg,ni fi

Maharadahca a vital ecological and cudtur al

now faces severe challenges due to pollutior
urban neglect. As Nagp2urcietnyer geess taosr ian gk eeyh et it
Ri vlkeecomes critical to its sustainable urban

Thi s research fJobmol aRrevsent b d Deve-ROPMent
framewor k, an interdisciplinary ©planning mo

ur ban assets and driver-RObfdrazws ofgicalspatsii

hydrol ogi cal model ing, and flood vulnerabil:i
use conflicts and environment al ri sks. It ¢
mechandismcsl udi ng green bonds, | and value capt
pub-prcvateenimvesmabi | i ze r eseaur ceess tfoaratli oomg

Al igned with nati onadllr biami tRii ateirv eda nagemears tPH
under Nathieonal | Ug thiatnu tPef f @fi r-BJOR Ni WA@gFrat es
sensitive zoning, participatory governance,
rixxemtric urban devel opmeats.e dl ts od mpgh @aNiSz e sC ¢
engagement ,.saantdorcalossoor di nat i osnu satsa i ensasbel net irai

management .

The study not only addresses the specific c¢h

a replicabl e, scal abl e model applicable to
emerging cities. By repositioning rivers as
contributes to global dial oguesse nosni tsiuwsd ap |naanbt
and regeneradbwvedgrbgncseimtical gaps between
urban | ivability, and resilient futures.

Keywortdsban -Qriivent ed Dev&klO®Dp men$Sust@di nabl e
Devel opment; FBasedeSolNad@aw®isti ve Zoning
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NKONTRODUCTI ON

1. 1ICONTEXTUAL BACKGROUND

Urbanizati on, especially in rapidly develop
growth i n ciptoipaud ,atdroinvdmclryeases and migratio
in search of better economic opportunities.
natur al resources intensi fies, cCr&atrimng C
sustainability. Undrae @anhargempntsjomw of the
and waste producers are concentrated, contr
natur al resources. The rapid growth of ur b e
infrastructure such als a@aowdscogmeroiadls, f aoidluis
management systems, often resulting in the d
One vital but frequently overlrdoked nfee.aetcwrse s
River s, especially in urban environment s, ar
cruci al ecosystems, providing services suc!
transportation routes, and recreational spac
rigerwith these water bodies supplying resou
However, with the pressures of urbani zati or
ecoiogl degradation and the |l oss of their na
Fi gdr eTot al Urban Pd&Reyli atnit $HY

Souricret egrating the Environment in Un(2&d3pl anning and
From Neglect To Transformati on: Envisioning A Sustai

Ur ban -Qriivetee e | o g RO

1
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1.1 The Multifaceted Role and Function of Ur

City ecosystems are shaped by wurban rivers,

and enhance cauddiualal add f e. Because rivers a
transportation, and food, cities have histoa
2022) . Groundwater recharge, biodiversity p

j ust a few ofteéemeseoiviatexscblsgts urban river
Environment Programme [ UNEP], 2021) . Howeve

i ntegrated and sustainabl e management frar

degradati on caused by rapi dt hur bamd z a tniaare,q
environment al governance (United Nati-ons Hu
Habitat], 2021; OECD, 2021).

Ecol ogical and Climate Resilience Functions
Urban rivers are cruci al i n protecting citi
environment. They act as natwural barriers, s
serious city flooding (I ntergovernment al Pan
areas around these rivers, called riparian z
|l ife and natwurally help clean water by filt
Urban rivers also store carbon, which is i mg
the air (I'nternational Uni on for Conservat.
these river environments is essenti al for

i mproving air and water quality, and hel ping
Economic Contributions and Revitalizing City
Urban rivers are key to boosting | ocal and
waterfront properties, attract tourists, su
activities. Cities such as London, Pari s, a
making semaof wheir river systems. Nowadays,
demonstrate how i mproving riverfront areas
economic growt h. These projects transform ur
whi |l e saf egruaalr driensgo unracteus .

From Neglect To Transformati on: EnRigveoni NggpusSusShao
Ur ban -@riivent ed DgwWwRADb pment

2
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Urban rivers hold a speci al place in both ci
roles in religious, spiritual, and community
Educational , Scientific and CulturaltiOegani
Ganges in India and the Seine in France are
stand as symbol s of |l ong histories and c¢omil
riverfronts in cities are easy to reach and
Thee benefits include i mproving public healt
down hot <city zones, and making wurban air cl

|l ntegrated Approaches for Sustainable River

To protect city rivers for the future, we ne:
together. This means doing things | ike fixi:H
green areas. lt's also critical tongent hel p
businesses, and | ocal communities so everyon
We must i nvest in controlling pollution, tr
designs can handle climate changes. Tthheyse st
and useful again in terms of ecology, econorm
To address these challenges, an integrated r
Thi s i ncludes the-basegtisohubif onsatusech as
projects, wetl and conservation, and green i
Addi tilgnamakéehol der coll aborations invol ving
sector players, and community groups are cru
management (Worl d Bank, 2021) . |l nvest ment s
control smeasnwrgesilient urban planning can

for future generations (ADB, 2022).

Urban rivers are indispensable assets for S
ecol ogical, economi c, and soci al benefits. \
policy interventions, these rivers risk furt
anduality of i fe. By adopting a holistic
maxi mi ze t he potenti al of -tuerrbm n emrviivreamsme n
sustainability, economic prosperity, and i mp
pl anner sakemond,i cgmd | ocal stakehol ders must j
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revitalizati on of ur ban rivers t o create r

environments.

1. 1RRv@rri ented Devel opment (ROD): Rei maginin

From the very Dbeginning, human beings have
primarily because rivers serve numerous purp
agriculture, and cultural intersection point
asur ban growth, witnessed during the rise of

|l ndus Vall ey, and Egypt regions (Mitra, 201!

rivers have been systematically disconnectec
becomeghly powerl ess, giving rise to fragmen
l and use (Jain & Shamuhmaurad2hbnd EBrtelsgdical v
heavily overl ooked in the current paradigm o
tare -tandric growth models alongside infrast

Ri v@rri ented Devel opmadtvamhR@D)ansaelbsant @l annin
rivers are integrated into the devel opment
Oriented Devel opment (TOD) uses transport h
ROD di ffer s -cfernatne rneodb iTIODt yorsvi ewi ngrei feasur e

|l ife, as spines instead of ddges,.edpuwtrtbiamg pd ia
ROD strives to improve the integration and I
order to improve theial trlre,sidnensegi etcals ylsd reer

whi ch revol ves taramsipaderntpabtbieddecae d e tdi gilensi ty

residential @aemrtassedeRCDanicsi ng the quality anc
through urban cores. This shift aetbgwst emth
basedl utions, infrastructure that embraces ¢

principles.

1. 1RBv@rri ented Devel opment (ROD) & Its Benef

Ur ban -oriiwvenrt ed devROD)pmest ag¢Uan approach to
positions rivers as features of architectur
with urban ecosystemsrisesnmedadevel opwmennt aig3 O
arowndnning an urban areROBrompdemeaitiamag® h

restoration, publ i c space construction, C
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Ur ban -@riivent ed DgwWwRADb pment

4



f NAg§?0O9Nf §

infrastructur e, and multifunctional devel op
i mproving the quality of i f e, while mitig
neglected riverfronts (UN Habitat, 2021). Th
of swadtl @i nur ban devel opmenbta steldats od udarosnes , nat
l and water planning systtheimmsk i nagn da phporloi ascthiecs s(y
2021) . l nstead of condfai nynglr ail ver sor asbhaibii
conceptualizespéemeiimbeenmnpnpubl i c asset for k
connectivity, and community health.

The concepts of ROD are not as formally docu
studies on wurban riverfront regeneration.

Riverfront | ocated-iindufshmeaddhbasd reeramsodti ke C
Seoul emed Los Angeles with the Los Angel es
showcase the eddntcearcegyd ol aninvienrg ( ADB, 2019;
Rivers can serve as a catalyst for ur ban r e
recreati otnardalanfdaciulli ti es.

1. 1RAparian Zones Al ong Urban Rivers & Their
Ri parian zones are effusively vegetated buff
the sustainable development of our encl aves
river sedi ments and i mprove water gual ity b
pactes before they are released into the riwv
habitats for various species which fosters
productivity of ecosystems (Il nternational U
2021]addiltni omanpaweld! ri parian zones increase u
alleviating the i mpacts of c¢climate change, d
use planning (United Nations Environment Pro
Additional ly, riparian zones greatly assist
manage the recharge of ground silver (water
torrenti al rains, thus assisting in the prev
Il n addition, these zones augment the abilit
assisting in the prevention of adverse clim
From Neglect To Transformati on: EnRigveoni NggpusSusShao
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zones function as buffers basing on their a

which augments the climates changing i ssues.

Climate Moderation

Oxygen generation 4
through Photosynthesis Carbon capture -
Reducing pollution load
Less Evaporation due to in environment
shade provided by the
Riparian Zone

s A

Preserving Thermal
Characteristics

Reducing Heat
Island effect in
Urban Areas

Riparian Zone River Channel Riparian Zone

Fi g@r eRi parian Buffer zone in Urban Ar ¢

SourClapter 9: Enriching and Maintaining the Riparian
FroRfl anning to Practice

1. 1KBy Benefits of Riparian Zones:

T Recreational & A®spheibo Yahes provide gl
public use, prodmet ngg ameinf alstwel ihg commun
t hrough par ks, trail s, and recreational
Settl ements Padbrndammng ,[ 2N021) . Uor pbnaenn wat e
projects incorporating riparian zones ha
values and attract tourism (OECD, 2021).

T FIl ood MitNVMggéetanion in riparian zones ab:
reducing flood intensity and pr atedattierdg
damages (Il ntergovernment al Panel on CIl i ma

have shown that ur bami amelsf fwetdh exparcien:
| ower fl ood damage costs compared to thos
al ., 2020) .
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T Water QualityilTmpsevemerts act as natur al
poll utants such as heavy metals, nitrates
river health and ensuring safer water r e
[ ADB], 2022). Research indicanesediae mi f
l evel s in urban runoff by up to 80%, prev:
(Gomez et al ., 2021).

T Erosion CoRiitpeorli an vegetation stabilizes
degradation and minimizing sedi mentation
for mai ntaining navigability and aquati
Economiocpe€C@ati on and Dev202pmenRoPpODEECRPE!L €
ri parian plants such as willows and reeds
|l oss due to water flow (Anderson & Green,

Ri parian watersheds are iIimportant for t he
providing biodiversity and providing access
spaces that are inclusive to the community.
intedratlkean planning can significantly i mpro
as wel | as g relram cec ollcoomgg ¢ al sustainability
restoration success in cities such as Mel bou
serveseramphe of how ecological preservation
bl ended ( Kumar & Lee, 2022) . Policy maker s
stakeholders must consider riparian coOnserVv:
term viabilitwdot herbabenevets &80 people and
1. 1BG6dgetary Constraints in Urban River Rest
Mechani sms
Urban river restoration is a core component
significant envi reocnomeonntiacl baenndefs dcsi oi ncl udi n
guality, flood risk mitigation, biodiversit
resid.i edespite the obvi ouse ceonnvoinriocn nmbeennteafli tasn d
river restoration, cities are often unabl e t
due to serious financi al constraints: I i mi t
From Neglect To Transformati on: EnRigveoni NggpusSusShao
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urban devel opment and underdeveloped financi
inefficiencies and continued ecological deg
(Worl d Bank, 2021; OECD, 2020) .

One maj or obstacle is the | arge amount of |
infrastructure, pol l uti on contr ol and ongo
countries, muni ci pal budgets are heavily I

demands imaodsuidngh,g transportation and sanitat
for sustainable river rehabilitation. |t IS
governance struct uraese nacryd cao olradd kn aa fi oinn tceornt r |
resouriczatuitonl and substandar-Halbietsator a20dh; e
2022) . Lack of integrated financi al pl ann|

governmentsdé commitment to sustainabl e rehab

Three I mportant agenci-eat iaamealt heaen dn adgli omall , g
environmental organizations, |l andowners, bus
govern, plan, and finance urban river restor
(NMX) (division of Ministry of Jal Shakti) i
the Ganga and its tributaries in I ndia. St a
manage —river water quality and regulate 1ind
Locaddies (ULBs) can manage solid waste and
have an | mpact on the river heal t h. | nt ern
Devel opment Bank (ADB), United Nations Habi't
institutamdhsprfawidde techni cal assistance to
management projects, and multiple organizat:.

Conservation of Nature (Il UCN) and Worl d Res

policy formulaAmiromnas awelilonas

Against the backdrop of | ack of funding, cli
for urban river revitalization. Many <c¢l i mat
Climate Fund (GCF), Gl obal Environment Faci
i nsttiidmnus i ncreasi nghygseccoglhutzieomatsuueh as ri
approaches for climate adaptati on, hel ping
environmentally sustainabl e devel opment (1P
From Neglect To Transformati on: EnRigveoni NggpusSusShao
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instruments that are emerging in recent yeal
i mpact funds, wat er tarpffsat®PpPpar amar sohihpes
contribute to mobilizing financi al support

ecology,(Q@BpQ@1) .

But despite the rising availability of <c¢cl i ma
them do not have access to these funds due
complexities of the documentation pmaoagss an
ur ban | ocal aut hor-streetf urperdoodubanigabweel | pro
relevance to gl obal climate agendas is a bar
t hese gaps requires strengtheni ngseicrtotriatlut
d alogue and |l inking river restoration with ¢
urban development (World Bank, 2021; ADB, 20

Tabl.e Comparative Overview of Key Urban River

Mechani s ms

Funding Type Description Key Challenges
Source Example(s)
National Public Allocated via Namami Budget
Government Ministries (e.qg., Gange (India) | constraints,
MoEFCC, NMCG) policy shifts
ULB/Municipal | Public Property taxes, Sewage Limited
Finance water tariffs, network financial
development upgrades autonomy
charges
Climate Multilateral | Grants/loans for GCF, GEF Inaccessible
Finance climate-linked to many cities

river projects

PPP Hybrid Private Sabarmati Risk-sharing,
investment in Riverfront regulation
exchange for (India)
commercial rights
or annuity

Green Bonds Market- Debt instrument Pune Regulatory

based for eco-projects Municipal framework,
Green Bond credibility
(2017)

Source: Compiled from World Bank (2021), -ADB (2
Habitat (2021)
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To address these challenges, a multilateral
focus on climate finance, involving the priwv
restoration in national and | ocal devel opmen
financing models and promote integrated urbe
the full potenti al of urban rivers as <c¢l i ma
integrity in addition to contributieng uttoureec o

(UNabitat, 2020).

1. 2PROBLEM STATEMENT

The Nag River, from which the city of Nagpul
ecol ogical, cul tural, and hydrologi cal signi
ur bani zation, encroachments, untreated waste
famewor ks have tr amsaftaurrmdd atstsiess amdeo a sevel
drain (MPCB, 2022; CPCB, 2020). Despite its

and environment al resilience, the river has
plneni ng and devel opment priorities. This neg
ri parian zones, decl i ni nsgp aktiicadi vdeirssciotnyn e catni do

citizens and the riverfront (NIUA, 2021).

Current regeneration efforts under the Natio
the Nag River Pollution Abatement -PBifpojpect (

solutions such as sewage treat ment and infr
these mesasal one f ail to addreses dhecoesyase @tm,
conflicts, and the | acknoficnpégnated, (C&mwu
is an urgent need to reframe the river not
socdaoogi cal and economic o-Pppoenueadt YDevéelkop
(ROD). This approach necessitates-fansthi énhalr
inclusive, and adaptive planning that can re
real eesnadt recreational potential, and foster

The absence ofspecitiecedeguli aeory -snercdiatnii \sans

urban design frameworks for cities |ike Naq
Wit hout embedding the Nag River into the ci
sust aitmallmlsd or mati on remains el usi ve. Theref c
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the potenti al of ROD dans stehses i Mag i Risv efre acsa rbti d
barriers, and -pt akebdhdienaf, ompnbetdi cryegener ati on

aligned with contemporary urban resilience a

1. 3SI GNI FI CANCE OF STUDY

1. 3Nag River: Lifeline Under Threat

Nagpur i sl atrhgee stthicriddt y i n Maharashtra and i n
i S a <center for trade, transportation and
Maharashtr a, it has devel oped rapi dly and
expansi @hi s expansi on has had great econo!
connectivity wi t h ot her cities i n t he st a:
environment al chall enges, with particul ar n
through the city.n Tihrap dNratga mRRti veou waes af water
considered as an ecological asset. However,
put tremendous strain on the river's ecologi
resources require iamnde dd cadleo gsiucsatlaiinmtbdrevent i
and protect this critical river system.

The Nag River Basin Action Plan identifies
Ri ver: Rapid and wunregulated wurbanisation al
|l eading to increased pollution and ecol ogi c:
tam¢ ed sewage into the river, |l ack of effect
green cover resulted in the widespread deg]
infrastructure, residential devel opment, and
use tpatns roifvetrhhe creating more i mpervious s
natur al groundwater recharge, and Il ncrease
contaminated. There was no comprehensive ri

effective enforcement of exi sting regulatio

Ri ver.
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1. 3CRRal | eragest Nag River
1. Threat of Periodic Floods
The Nag River is highlg, 1S 0
fl ooding, primarily du wi
t he floodpl ain and thm tur
drainage capacity. The
should allow excess Wwé .= r
heavy rainfall, has -bpe
areas, I i mirtGsngabhihlei tiyi vien A A e ——
FigdreFl oods in Nag
stor mwater effECtivelySouAr—CHCe“frv%'ng to 1t ne Na
River Basin Acti on Pl an, unaut horized
construction along the riverbanks has signif
velocity and elevating flood stiogknwatRur idmait
systems i n Nagpur remai n i nadequat e, l eadi
infrastructure damage (Hitavada, 2022).
2. Choked by Devel opment
Rapid urban expansion -~ -~~~ ~!— =~t*=-93d t
hydrol ogi cal bal ance :
Unregul ated devel opmen nk:
has resul ted i n t he VAN
channel , i mpeding 1its den
commerci al, and Hsndlhiﬁﬁwx;%3m=:” — '
encroached upon the ”ﬁv%%%i?e&%t?gvmn:unes,
|l eaving i ttl e t o nOSoSuggg'émefsorof elggi%gica
restoration (TOIlI, -26ada2)ti Vheulrbakh pfannveg p
urban sprawl to extend directly d$oabihlei try vt
function as a natural water system (Hitavada
From Neglect To Transformation: EnRiséeoni NggpuSusThao
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3. Polluted by Outfalls

The Nag Ri ver has

untreated

l eading t o severe ticC
Numer ous pi ped outfall‘" ‘iite
wastewater directly i n. -‘lifi
rai sing l evel s of bi oc ma n
(BOD) . chemical oxygen m=asoriut ant s "o

heavy met al contaminaéoluornce_(Jl_8|,(2&2012)1)

According to the Nag River Pollution Abat eme
Project, more than 70% of sewage discharged
water unsuitable for any ecological or humart

adequat e deawadg ment plants (STPs) and wast ewa

exacerbated this iIssue.

4 . Polluted Nall as

| n addition t o sewage i pe
out fall s, sever al stor | as)
untreated domestic and dir
into the river. Ori gi ma n
rainwater runoff, these=s as

drainage fcorammdlisd and - _ !
| ack ofmaanwal hed drainFig@;repoHut aga

has turned the Nag Rivepurddd:0 HRt PQdd uted ur
waterbody, resembling an open sewer rather t
This issue is furthedidomwmsurdeth naygemeaot , s o

waste, industrial sludge, and organic debris
ecosystems (Hitavada, 2022).
From Neglect To Transformation: EnRiséeoni NggpuSusThao
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5. |l naccessi bl e Banks

The Nag River o6s Iimite" ““.,.4:“:":':‘”:5 an
critical concern. Unl i iver
projects such as Ahm [
Riverfront or Seoul 6s ream
Nagpur | acks an I nt ont
devel opment pl an. nMoss t

privately owned or OCFigWrelnaccessi bl datert
settl ement s, restrictiRiVer 3 an
ecol ogi cal conservatioSnourglanaod'FB%OSZZ)(Hitavada
2022) . The absence of pedestrian pathways,
spaces has resul tedegilnecftreadg me nvteerdo aenrkds , n f ur t
river from the cityds urban fabric (TOIlI, 202
1. 4A1 M

To develop a compr e@reinesntved UD &w0 DRp Merma meg wo r k
that | eveoaegaetNatdhevefr and its riparian zones

rixxemtric urban growth in Nagpur.

1. 50BJECTI VES

1. To assess the | mpoat hreiofg a ruirdm nd zasy sotnem of

2. To review existing policies madagémaemti ng f

3. To evaluate thepaornitemt bafafsrf azeges approa
riverbank restorati on atnhdr oeucgohl ocgai scea | e xeannhpal n
river Nagpur.

4. To formul at e @a@r iUebtaend RD e/\eRFrO )p merna mg Wo r k

1. 6SCOPE

Objective 1.

This objective focuses on evaluating the ext

in the riparian zones of the Nag River due t

i1l egal encroachment s, |l oss of nati vtieo veget
natur al hydrol ogi cal fl ows. The assessment
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changes using GI'S tool s, satellite i magery,
the rivero6és reduced ecological buffer capac
vulnerability. This analysi-seasmsi ve wrbandp

and restoration strategies.

Objec2.i ve

This objective aims to identify gaps in exi
i nsti tmetcih@amalsms that | imit sustainabl e manag
zones. I't involves a comparative analysis wij

riwemtric opbahniamsgy Ahmedabadods 88 bardmaaw I
contextual | ledsys owmisl. | Tolesstexpl ore innovative
Pub-Prcvate Partnerships (PPPs) and Environm
their applicabi-tleartm riinverunadada mgerlwantgi on and r
Nagpur .

Objec3.i ve

This objective focuses on critically review
Control Regul ations (DCRs), and wurban-policy
sensitive planning provisions. It wi I-1 pr of
sensetpolicies that encourage sustainabl e de
proper floodplain management . Furthermore, t
for reforestation, erosion mitigation, i mpr
bidda versity in the Nag River6s riparian corr.i

Objeca.i ve

This objective aims to explore national and
to riparian ecosystem restoratiiodenatnidf yr evsiiad
funding sources such as green bonds, car bon
backed climate i1initiatives that can be | eve
devel op an Urban River -ROOD)enftreamdwrvored otpmamn t |
climate fi nesrmemeiwiitvlke rliawmaedr use pl anning. Add
institutional arranegeompmrtts bt e dmbedopmertr i

ur ban governance and planning systems.
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1. 7L1 MI TATI ONS

A significant sltiudiyt atsi otnheofl itnhitsed avail abil

current ecol ogi cal data <concerning the Nag
environment . This constraint may affect t he
analysis, thereby iohloénébesgdnbestormul an s
Additional ly, i ntegrating climate finance 1in
procedur al compl exities, ads ucclhi mag egrfeermanbe
car bon credits, anddairmsttdaridatewmlavi nfgu nidn n g e
frameworks, accessibility, and i mplementatio
hi nder t he effective operationalization o f

Devel opnrrD) (fbh amewor k withincexisytsitregnsur ban

1. 8METHODOLOGY

The resear ch -daidnoenssi an ankmledtnhdo dsi xaepdpr oach t o a

compl ex interactions between urbanization an
t he Nag River i n Nagpur. Anchored around
met hodoladcdgewistat |y bl ends spati al anal ysi s,
reviews, and financial and institutional fea

Ur ban -Qriiveenrt ed De v+vROD)p Merna mgwor k. Each phase

i s designdeduptoon btuniel previous one, ensuring
responds to | ocal urban realities while dr aw
To ful fildl t haes sfeisrssitn go btjheec tii mppa ct of ur bani
ecosyadttleen research begins with a comprehens
degradation and physical transformations t ha
undergower the past two to three decades. |
satellite imagery (Landsat, Sentinel, and Ca
ur ban encr oachmenitmsduciendf rdaiss rrwpttiuares , and s
buffers.atTihelsedastpasets are l-ayerracowid$h tho s\ i
the | oss of native vegetation, wildlife habi
surveys -gamdindn transect wal ks along differe
conduot gd ga¢trrud h t he remote sensing findings.
on understanding the hydrological i mpact s (
From Neglect To Transformati on: Envisioning A Sustai
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surface runoff, bl ocked stormwater channel s,
patterns. The research al S@anianwyalings pwataenet g
Bi ol ogical Oxygen Demand (BOD), Chemical Oxy
Oxygenot(@®®derstand the extent of pollution a
aims to producheasaend ewiodemde al profile of t

informing restor atdemsiptriivwe ide wel ammde mti veal i

Il n the second phase, the study critically r
framewor ks that govern urban planning and

includedeptnh iannal ysi s of key urban planning

Devel opPileant ( CDP) , Master Pl an, and Devel o]
(DCRs), along with policies related to water
The review aims to i demdrntfryi ct hpl aanbnsienngc ep roifn c
fragmented bhatuteoonél inesponsibilities acr os:s
Municipal Corporation ( NMC) , Nagpur | mpr ov

Metropolitan Region Devel opment Authority (N

case studies of suctcemahabememtani mi getfesnl

(Sabar mat i Riverfront), Seoul (ChedMugdhyreche
River Rejuvenation) are examined. These <ca
i nnovations, institutional mecaanppmBivaaed
partnerships (PPPs), |l and value captur e, an
The policy review also explores the potenti
incentives |like Transfer of Devel opment Ri g
finance river rejuvenation projects. The goa
institutional overl aps, and mi ssed-t drimanc.i

sustainable management of the Nag River.

Foll owing this, the third phase focuses on
zones as a strategic and ecol ogi cal t ool fo
spati al and policy insights from theiearl!l i er
of scientifically informed bufi3@®&r metoeires) can

secondaily00 ( 3met er s) based on topography, I

susceptibility, and -axodé dgs «cwiatlalsielnistiyt i magyi n
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all oca
creat.i
Nagpur
can be
furthe
ensur e
addi ti
decent
outl in

al so t

The fi

te specific intemdsamrthi canss rwiftolrienst talh @ ©
on, bi oswal es, p epavrekasdh.l eA pavi hig¢galand)
0s DCRs is undertaken to identify how
trugetdr uco accommodate these green infr

rr proposes modificatiousetallbsisl di cagt:i

t hatmpraet hidglvel opment occurs within
on, ape@gctiscdlorster osi on control, 1 mprov
ralized wastewater treatment systems,
ed. These strategies aim not only to
oidgmhasmacad al, cultural, and recreati on:
nal phase synthesizes the findings of

t he Ur ba@r i Rink eerd Dev®IO®pPp mefnrta megwor k for N a ¢

framew

ork aims t e emaiindtvree adne vreil wgrment wi t hi

pl anningsteeaosby aligning ecological restora
financial sustainability.

The-ROD framewor k fiolkeyr gomptoene nt s:

(1Bcol ogical & Environment al Component s

(2)nfrastructure & Land Use Components

(3Mi nancial & Economic I nstruments
(4QGovernance & Policy Measures

It proposes the use of <c¢climate finance tool
credi t-¢ggr, e o vienvest ment platforms, and centra
Smart Cities Mi sssciadne troesftwomrdatliaorngeand conser
saidy recommends the establishment of a dedi
under NMC or NMRDA t-BOD mpt eamewodr K hesdlpport e
agency coordination commi ttees. Further mor
participatory gogecintainzendy edwvodtvi eanal i nst
private sector I n monitoring and mai ntai n
engagement tools such as participatory GI S p
reporting, and educariopoaldcampdiogrnserarae sen
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responsibility for the Nag River. The final
River is not a neglected urban drain, but a
equity, and ecodmdem !l Yo peopmbddichéed yin the urban
THESIS FRAMEWORK
NEED OF STUDY RESEARCH TOPIC
' FORMULATION OF AIM, OBJECTIVES & SELECTION OF STUDY AREA |
OBJECTIVES
Assess urbanization Review existing policies Promote buffer zones Formulate a
! impactsonriver ! andframework for for ecological i Comprehensive
: ecosystems. i riverine management. | i restoration. ' Development Strategy. !
PHASE 1 RIPARIAN ECOSYSTEM ASSESSENT PHASE 2 POLICY & INSTITUTIONAL REVIEW
* GIS & Remote Sensing Analysis (Landsat, Sentinal. EREUEROHCRE St aDCRS
CartoSAT) ¢ Analysis of NMC, NIT, NMRDA Roles
» Land Use Change &Encroachment Mapping > ° (C:zmparativehCase gtudies (Sabarmati,
¢ Field Surveys & Transect Walks eonggyec €on; Pne)
% ) ¢ Exploration of PPP. TDR, Land Value Capture
¢ Water Quality Analysis (BOD, COD, DO)
Outcome: Planning Gaps ° Institutional Constraints
Outcome: Ecological Profile ¢ Degradation Mapping Identified
& J - e
PHASE 4 U-ROD FRAMEWORK FORMULATION PHASE 3 RIPARIAN BUFFER STRATEGY DEVLOPMENT
* Integration of Previous Phase Outcomes * Egﬁeorozn‘i;‘e Relineationi(Brimary/0:80im Seconddny
o Framework Components: 1. Ecglogy & Environment o GIS-Based Suitability Mapping
2. Infrastructure & Lang Use o Ecological interventions (Reforestation, Wettlands,
3. Finance & Economics Eco-Parks)
4. Governance & Policy » Policy Recommendations for DCR Modifications
Outcome: Urban River Oriented Development: Outcome: Strategic Buffer-Based Restoration Plan
ANALYSIS
ECOLOGICAL INFRASTRUCTURAL
iHydrology . iEncroachment and Land Use Mapping
iWaterQuality Assessment iStormwater and Drainage System Assessment |
iAnthropogenic Pressure Mapping  Green Infrastructure and Open Spaces i
iLand Use Land Cover Change (LULC) iProperty Ownership and Land Tenure Mapping
PROPOSALS & INTERVENTIONS
Fi g@&r eMet hodol ogy
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This chapter presents a comprehensive revi e\
river management , focusing on t he ecol ogi c
di mensiriomesr i@$t or ation. It explores how urban

evaluates current pl anning and regulatory f

national and international case studies of r
i nt o 1 nnnodviantgi viee cfhuani sms and cl i mate fd4inance
cenitc devel opment. This review set ssptehcei ffiocun

Ur ban -Qriiveenrt ed De v+vROD)p Merna mgwor k for the Nag

2. 1Ri parZioamand Ur banization

Ri parian zones, the transitional interfaces

play a vital role in maintaining ecological
and supporting bi odiversity. These areas f
sedi ments and pollutants, stabilize riverba
provide critical habitat for both aquatic an
vegetation in riparian corridors mrnav éretl p ser
recharge groundwater aquifers. These zones .
and slowing down surface runoff, thereby re
( Nai man & D®camps, 1997) . Given their ecolo
ofnr econsidered keystone features of riverin
resilience and functionality of wurban ecosys
Despite their value, riparian zones are incr
urbanizati on. Urban expansion often | eads tc
degradation of these areas, compromising the
The construction of i mpervious surfaces suc
surface runoff, diminishes water infiltratio
bodi es (Frankl in et al ., 200 2; Liwu et al

ant hreonpiocg I nterventions, i ncluding channel
infrastructur al devel opment s, have histori
particularly in urban contexts (Castonguay .

only degrade wabeodigwearl gittyy abhut al so di sru
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hydr ol ogi cal regi mes essential for sustainin
As such, the conservation and restoration of
pl anning, i ntegrated through policits drmdat r
ecological significance.

2. 1ThRol eRiopfarZzbasa i n Ur ban Ecosystem

Ri parian zones, the trnemgietsitan all &ameasaqueattw
serve as vital ecol ogi cal buffers t hat ma
biodiversity, and mitigate the adverse i mpac
range of ecosystem servicessoli |i nsctlaubdiilnigzawato
temperature regulation, flood mitigation, a

Ri parian vegetation reduces nutrient and p:
thereby enhancing water qualidegrates astsoe amlk

dynamics, and provides crucial habitats for

Given these benefits, riparian buffer zones
components of sustainable urban planning. T
urban runof f, sedi mecmndmmadrmng o ranealq ueon cleust i mfn |
devel opmedel i des for riparian buffer plannin
regul ations based on the riverodés ecological
For inst amens, tlyi gghr ban areas may necessitate

miti gpgdtleutp on and physical encroachment.

Voluntary

management

quidelines are

Quter Zone recommended for
7.5m ) area adjacent to

: riparian buffer

Streamside Zone

om

Fi g@r eRi parian Buffer Zone

Source: Urban River Management Plan (URMP)
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Toaddress the challenges of balancing ecol ogi
u. S. Environment al ProtectionzAgencyp&@GEPAN b
model . This includes a streamside zone desig
mi ndlm per mi ssi ble activities (e.g., footpath

outer zone designed for managed urban wutil

infrastructure (US EPA, 2005) . Restrictions
reoval, soi l di sturbance, pesticide use, [
permanent structures. I n some caohextapproiacih
i ncorporating native flora, shrubs, and pede
of land and specific urban needs. This strat
ecosystems while integrating wurban mobility
ensuring a balance between ecological sustai
However, despite their ecological val ue, roi
ant hropogenidpaptessbrnebsy from unregul ated ¢
expansi on. Such pressures often result in tF
compl eseoforiparian areas, thereby compromis
ecosystem services and threatening t he r e s
(Bernhardt & Pal mer , 2007) . Ef fective wurban
incorporatericegdl ley banf er policies, spati a

restoration strategies t o safeguardantdhese
pat hways, tailored to available | and. Thi s

ur ban needs.

2.1l hpact of Urbanization on Riparian Ecosys

Urbani zation poses profound challenges to tfF
which are <critical for mai ntaining biodiver
services. I n a rapidly wurbanizing worl d, un.
t see ecosystems is cruci al for ensuring sust:
both residents and nature. The migration of
with the gl obal i ncr@&swawsrep asins iurgb atn. 6p8o phuil laltii oo
propdctt o reach 70% of the gl obal popul ati o
201®¥has accelerated the | oss of natur al eco
(Camacho et al., 2021; Monk et al., 2019).
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One direct consequence of urbanization i s t
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ch as roads and buildings, which reduce tF

nof f, and | ead t o t he | oss of original

npunded by wurban sprawl, which not only f

parian zones from other natur al regions (

ditionally, wurbanization introduces poll ut

td ewabodi es, negatively affecting water ¢
, 2005) .

e anthropogenic pressures on riparian zone
ch as channelization, |l and reclamati on, a
pport urban growt h. Hi stori cal account s
monstaowtaerthan rivers in Europe and North
commodate expanding cities, frequently at
terventions disrupt the natur al structure
sulting irnuchtaiboint,atbidoedsitver sity | oss, and

akovoglou et al., 2013).

spite these <challenges, ri parian zones roe
sproportionately high biodiversity relatiyv
: 2019) . These areas offer vital ecosyst
aliftlyood protection, recreational opportun
ange mitigation (Gonz8lez et al., 2015). H
contingent on active ri parian restorati
omphic resteoetabl oshmert of natur al fl oodpl
native plant species to revitalize the et
al ., 2015) .

ur bani zation continues, it i'sS i mperati ve
storation initiatives to mitigate the adve
|l i stic approach that considers the ntntrica

ol ogical health, and the critical ecosyste
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2. 1RBparian Restoration in Urbanized Landsca
Ri parian restoration in wurbanized areas foc
zones to reinstate their ecological, hydrolc
riparian buffers hawvuep bseternu crteuprleasc,e di nbmye vbautiil vt
essenti al t o addr ess space constraints an
Restoration efforts Dbegin with identifying
detailed mapping, hydrol ogi cal anal ysi s, an
2017)te&tea such as | and use conversion, re\
green infrastructure are pivotal in reviving
Revegetation with native plant species I s a
stabilizes riverbanks, enhances biodiversit)
sedi ments and pollutants (Naiman & D®camps,
bi oswales, rain gardens, and permeabl e paven
runoff and restore natur al hydrol ogi cal proc
unattainabl e, alternative measures |ike f1l o:
byupporting aquatic habitats and reducing wz¢
2017) .

Restoration eff oretsd abll s eshf ogudl oowdpkain fun
resilience against flooding. This includes
features that mi mi c natur al fl oodpl ai ns. I
devpment , riparian restoration in urban ar.
policymakers, urban planners, ecologists, an
not onl vy restore ecologi-bahefhietad t Budhut asal s
aest het i cesd, reenchraenact i onal spaces, and cl i mat e
2003) .
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2.1P46l i cy and Pl anhomgl fragreatirkg Ri ver Syst
Riverine systems in India face increasing ec
ur ban expansion and weak policy intelgewaéel on.
frameworks address environment al conservati
gapersistseinsitiver planning and regul atory
explore the existing policy and regul atory I
pl ans regarding river integration, and exami
SensetUrban Planning and the Urban River Man
it aims to critically evalwuate the vision,

these approaches to understand their potent
withinowvrebamange.

Ri par i admt rzaomsist i on al interfaces betwedn terr
play a pivot al role in sustaining ecological
I n the context of growing wurbanization, t he
frameworks to protect these fragile ecosyst
Ef fective governance mechani sms mu s t ensu
devel opment, ecol ogi cal sustainability, and
t he urgenciyi sohfi ngs taanbd enforcing policies |
conservation and sustainabl e management of t
Gl obally, sever al regul atory instruments un
ri parian and wetl and ecosystems. The Ramsar
international framework for the conservatio
ri pari amscofMlfhiedEuropean Union Water Framewor
|l andmar k policy that mandates member states
all water bodies. It requires the integratio
into naern obasimi management pl ans, promoting
governance. These international exampl es h
significance of riparian zones and the pol
safeguard t hem.

Il n I ndi a, riparian zone management iI's suppo
|l egi sl ations. The Environment (Protection)
From Neglect To Transformati on: Envisioning A Sustai

Ur bRnv@rri ent ed DgwRADd pment

25



LI TERATURE REVI EW

government to regulate and restrict devel opr
areas, including riverbanks. The Water (Prev

provides a statutory basis for monis$oandg ar

streams, indirectly supporting riparian heal
(NGT) has issued multiple | andmark directi v
prohibiting encroachment s, and mandating er
affecting riverine areas. The Wetlands (Cons

al so acknowledge the role of ri parian and

hydrol ogi cal regi mes, although i mplementati
Thus, ofswmiat ¢ onal |l aws and judicial pronoun
| egal basis for riparian zone protection in
At the municipal l evel, ur ban planning inst
ri parian conservation. City Master Rl ans (
construction zones' and integrate setback re
can secwokogical, recreational, and flood m.
Regul ation ZoneomBRE) egubfiekernebhe Coastal Re
nordnsere proposed to introduce a wuniform r

riverbanks. Alghobtfghcstall hopehdication at t he
governments have atfilopeeduinteei inmsRRD control
pollution along urban watercourses. Moreover

water management dpsemotseol mat wns such as ri|

bi oswal es, and stormwater wetl ands. Conseque
evolving to incorporate riparian conservat.i
application and enfolreegmesnt remain key chal
Il n conclusion, the policy and regulatory | a
ri parian zone management is a complex interp
|l egislations, judicial directives, anadl evol \
and policy foundation exists, the identifiec
and weak policy integration underscore the
i mpl emented framewor ks, paseéemciutl ave yamnd opgeot
eol ogi cal integrity of riparian zones within
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approaches-Senket Rveetdrban Planning and the
bridge these gaps and mainstream river resto
2.2Urban River Management and Planning Integ
The increasing ecol ogical degradation of riveri
ur ban expansion and weak policy integration, ne
river management and pl anning. Thi scesebcyt i Dinr satc
identifying gaps i n prevailing master pl anning
Subsequentl vy, it eSpheiresveadcban Riwmening Fram
foster greater ecol ogi cal consider dathieonUr bRinn aR il
Management Pl an (URMP) i s presented, encompas
mechani s ms, and funding strategi es, to evaluat
restoration within the broader context of wurban
2. 2Curr@aps i n Master Planning for River | nt
Urban master planning in India has historica
treating rivers as infrastructur al constrai
ecology. This oversight has | ed to uwihteald efgara
flood mitigation, wat er purification, and
Nati onal Il nstitute of Urban Affairs (NI UA)
comprehensive strategies for rivemd cromasctriviad
approaches to river management

& Ho

uctur Enforcement Implementation
2rioritiza Issues Gap

Poor ulations Challenges m.

FigdOe Gaps in the Master Planning Fr

SourRiever Sensitive

Ma s t,e rN I RJAa i2r0i2rg

Fr amewor k

To Transfor mati on:
Ur bRnwv@rri ent ed
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On

e significant gap iIs the -mhdbsedcpl aodniimg.eg

pl anning often occurs within administrative
continuity of river basi ns. This disjointed
downsamrempacts, | eading to cumulative enviro
| atvude zoning regulations rarely delineate f|
for encroachments and unregul ated devel opmen
The prioritization of economic devel opmen
exacerbates these issues. Master plans tend
expansi on,t hoef t @xp eants e of natur al ecosystems
Assessments (EI As), when conducted, typicall
considering the broader ecological context
i nterconnectednessntofamd brainvearvikeée alptmlke.

I nstitutional fragmentation further hinders
Mul ti ple agencies with overl apping mandates
enforcement of existing regulations remains
accmtuability mechanisms allows for continued
To address these gaps, there i s a-spernessistiinvge I
strategies Il nto wurban master pl annbiansge.d Thi
pl anning approaches, delineating and protect
agenxcoordinati on. l ncorporating ecological c
pl anning can foster sustainable devel opment
ecosystems.

2. 2RRv®ansitive Urban Planning Framewor ks
Urban devel opment i n proximity to rivers ne
pl anning approach due to the ecol ogical, t
significance ORI wdawnesri t syet amdb.an planning f
har moni ze ur ban growt h wi t h t he preservat
ecosystems, etnesrumm i mgs illoinegn c e and sustainabi
prioritize the health sa&fi nrgi warbamo rcrhiad d resn gwelsi
management , water qguality, habitat protect.i
adaptation (Sinha & Mishr a, 2020) .
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A critical advancement in this domain i s th
statutory ur ban pl anning i nstrument s. The
Management i n Master Pl ans (NI UA, 2020) pr
embedding rinmerdeédreatlitdinscoi nt o master pl anni
strategic i nterventions for zoning riverfr
systems, int-ggeeani nghf baseructur-depaarndneansal
coordination for U taamicerablTeher ifvrearmegov kK er
adoption of Ri ver Heal t h Assessment l ndi c
Regul ations within city master plans, thereb

ur ban planning principle.

_q}@ Sustainable Land Use
Practices

River

Management

Framework féz\ Stakeholder
Yo Engagement

@ Monitoring and Adaptive
[I Oo Management

Figadade Ri ver Management Framewor k

Source: Mainstreaming River Management in Master
Key componenstesnsafti vieverl anning include the

zones, restoration of ripari an habitats, i
systems) (Sab8 int eegyrraeteinoni noffr alsltuearct ur e. Buf
mitigate the i mpacts of wurban runoff and pro
reducing flood risks (Fletcher et al ., 2015
and per maakiment s, are vital I n managing sto
qguality before it enters river systems (Ashl
Moreovesensivervwve frameworks are increasingl:
pl anning model s t hat i nvol ve | ocal communi
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knowl edge. Such inclusive processes foster
rel evance of pl annialgi tatt coan®k6) ( UNI nt egr at
management (I RBM) principles ar e al so cent
bet ween | and wastee rp |l naanma gnegment , and ecol ogi ca
administrative boundaries (GWP, 2000).

WHAT CAN THE

MASTER PLANS

DO ABOUT IT?
(Planning Tools)

ISSUES ON
URBAN RIVERS

* Restriction of natural/

* Localizing national
storm water channels

policies

* Dedicated sectoral
strategy

* Assigning land use (land
use, use zone, use
premise, use activities)

WHAT NEEDS TO BE
ADDRESSED

¢ Pollution

- -
- - - 7

* Over-abstraction of water

Will depend on the
specific context
of the city

* Degrading stagnant water

bodies/ wetlands

* Depleting green cover

* Development Control
Regulations

* Weak citizen-river connect

* River Governance * Norms and Standards
* Recommendations

* Creating the ground for
project Development

* Others

FigadRkel ntegrating Urban River Concern

SourMa&i:nstreaming River Management in Master Pl a
Successful international examples include th
Seoul , South Korea, wkpiod H utt realn safnadr nteodv ea ea@n a
into a vibrant public space, reducing urban
2010) ar$iymi t he I sar Pl an fmunMdunionlmlexempglri fpil
bal ances flood protection with ecological r e
et al ., 2014).

Théuture-sefnsinitvere ur ban planni-magsdd eso liut iaoc
and adaptive governance mechanisms that resp
and ur ban pressures. As emphasi zed by NI U
management imagtoemnwrplaamns i s not merely an env

socdmonomi c necessity for enhancing urban re
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2. 2UBban River Management Plan (URMP)

The Ur ban Ri ver Management Pl an (OURMM)t eds
pl anning framework aimed at the sustainable
broader context of <city devel opment and envi
effortsgriad e ismetnésart i ve pl anning i nto ur ban

provides <cities with a structured approach

manage their river systems. |t iI's an initia
Clean Ganga ( NoMCrGgt iionn cwiiltlha t he Nati onal | n
(NI UA), and has been pil oted i RCisteiveesr aAl Ilinadnict

URMPs are designed to operate alongside stat

master plans and devel opment pl ans. They p
management with urban priorities such as | ar
changeaimgati on, biodiversity conservation, at

Vi sion ands Objective

The Urban River Management Pl an ( URMP) i S
framewor k that redefines the relationship b
overarching vision is to restore, protect,
dynami c eenmcso styhsatt contri bute to urban resilie
and souwlitour al vitality. The plan perceives ri
but as integral urban assets -ebahomhaptal hie
cititesi.t sA core, the URMP seeks to achieve mu
include ecological restoration through the
biodiversity; pol |l ution abat ement by i den
contaminatiuon rewadcldasewage and industrial ef
through integrated watershedimhaeage merftr asmnd
publ i c engagement by enhancing community
recreational opportuont s es Addiomnigo nrail i &, t he
institutional i ntegrat-semsibyi vmaipnsatnrne anngi ngr
statutory urban planning frameworks, thereby
in |l and use deci si oannsd, iznofnriansgt rruecgtuul raet idoenvse | o
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* Riversensitive Norms
* Law Enforcement
/ * Resettlement
==
,"t * Sewerage Systems
* DEWATS
* ETPs
Y@ o - 12:15m Width
[/ f * Native Species
S * No Development Zone
\ / [ ...
»
\ > / Revive
\/ * Rejuvenate
wy

FigadBe Ur ban

SourW@dreban

| mpl ement ati on Mechani sms

The effective execution of a URMP-l agquedes
i mpl ementation strategy, involving coordinat
of governance. A critical first step involve
stuctures, such as a River Management Commi
urban | ocal bodi es, state pollution control
environment al experts, and civil soci ety rer
gui di ngmplheement ati on procagencyfacobrtdanhango
ensuring accountability. Techni cal compone .|
delineation of river buffer zones, -paepdrati
mapping of cattbmdptai mnd and-rehtégdatdiadma

master plans and devel opment oc@rtcidli creguwleat

pl an ar e

dr ai age

ec-esensiti

supported

Ri

channel s,

vV e

by

Diversion of S N 3 CHfien o
“ ) mmimme o prkin SR
= = River Clean-up Activities
vf\ﬁ\, * Small Scale Riverfront
ORE )« G Bevsopment
G’ . Remaﬁonal’;’:a:es
Avh
>
e « Biodiversity Parks
4 * Floating Market
_A® * River Sports
q] = B¢
£t =
el * Non-potable Uses
Elhy Ao -
* Apps and * Groundwater Recharge
¥y
Ri ver Management Pl an Vi
ver MahOdg&m2)n20PI an

sol i d

riverfront i

e
s
the constructiieredofwadd cevmatt rea
n
n
0

wast e

nfrastructur e.

moni hosyegemad whathbhatrack

treat ment

formul at erde,d i cuam d-ti dnrom gi mrstheorrve nt i ons

syst e

management i
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per f
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|l i ke water quality, biodiversity indices, an
al so emphasi-zeis| ciafppg@aciniyti atives for muni ci |

ensure institutional readiness and technical

Funding Mechani sms

Financing the initiatives under a URMP neces
model , capable of mobilizing resources from
projseetci fic requirements. Public sector func
drawing on central and state government sclt
Progr amme, AMRUT ( At al Mi ssion for Rej uven:
Smart Cities Mission, and the Jal Shakt. Ab

expected to wahlrgpcaesobwuwdcgsmatfeadr prrioyerct s wit h.
expenditure plans and annual budget <cycl es.
framework encouragéesitvlae euParamePshli ipcs ( PPP:s
infrastheravtywpreceoennt s | i ke sewage treatment p
beauti ficattioaum,i samd aecad i ti es.

il L 13

=) B2 ) =

Viability Gap Finance Compensatory
Funding Commission Afforestation
Grants Fund
Government grants
that support Allocations from Funds dedicated to
financially Llnylable government afforestation and
but essential commissions for ecological projects.
projects urban infrastructure.

UUU Jull 000
( ) ( ) ( )

Figade Di fferent Financi al Options

Source: Urban River Management Pl an (NI UA, 2
l nnovative financing Il nstrument s, such as
adaptation funds (e. g., Green Climate Fund),
mobilization, especially for projeltdrrse fwiittdh. s
Cor ptoa aSoci al Responsibility (CSR) contribut
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al so be harnessbdsétdrrtcommust ewardship progr
URMP promotes participatory financing by in\
wel fare assocsa@aal enisniiini amaves such as wur ban
ad the maintenance of public riverfront spac
aim to create a sustainable finaecmaVi abobobkys

river management initiatives.

2. 3Case StoufdiRisver Restoration

This section presents a comparative anal ysi

case studies that illustrate diverse approa
devel opment . These exampl es demonstrate h o
i ntegradleagie al restoration, ur ban desi gn,
engagement -siemtsotrveempl anni ng. Each case hi
chall enges, planning framewor ks, stakehol de
val uabl e i nsiegrhatbsl ea nlde stsroanrss ff or ur ban river
studies i ncl-aedteabdatsthewelmodel s and evolving
bal anced perspective on strategic intervent:.
2.3Cheonggyecheon Stream Restoration, South

The Cheonggyecheon Stream Restoration Projecq
transformative example of wurban river regen
2005, the project replaced a decaying el eva
corri@aebl!l irshirngpari an ecosystem in the heart

densely popul at edSecoiutli eMe.t rlLoepdo | byt atnheGover nme

by p+pbliivate partnerships, the ©project repr
infrastructowarplsarciohg@gi cal sustainability.
Majoestoration interventions included the re
and rehabilitate the historic streambed, re
species, and devel-bpmentdl gfgpedawybanl ong t
efforeated a vibrant urban ecosystem that i m
ur ban heat island effects, and provided valu
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Financially, the proj \! E ed by
innovative mechani s s A

i ssuance of municipa‘? a

|l and val ue capture cA 'S
property values along Bcorrid
surged 1BY9%,25t he re

revenues tednttro buthef= & - =
financi al viability Fi‘gasecheonggyehﬁaermor
coll aboration with piSbueArech®©ahnilsy ruction and
engineering firms enabled resource mobilizat
Cheonggyecheon stands as a g¢glwabyalr ensaadoerlatafon
simultaneously drive ecological, economic, a
2.3Sdbar mat i Riverfront Development, Ahmedab
The Sabarmati Riverfront Devel opment Project
of urban riverfront transformation in I ndie
restoration, and urban renewal, the project
yearof encroachment and degradati on. It was
Devel opment Corporation Limited (SRFDCL), é
established by the Ahmedabad Municipal Corpo
governance daldi peroy.ect

The devel opment included the construction o
flooding, establ i shment of green public spa
installation of wastewater treatment plants
i nter verotti oonnssl y restored the riverds wecol og
inclusive recreational and commerci al zones
economic fabric.

The financing model was both innovative and
central role, wherein redeveloped parcel s al
infrastructure devel opRmeinvtat eAdRlartti menrad Hiyps P
|l evedage finance commerci al spaces and amen
streams for maintenance. State government g
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supplementary capital, making the project f
Devel opment Corporation, 2018). The Sabar ma
pl anning, institutional i nnovation, and fin
ur bavrerrsi into thriving, multifunctional spac:¢

\od
-\\\\:‘\\

¥ J . e .
270 2016 ¢ vivewastedMyLifeAgain
. % o .

Figdbe Sabar mat i Ri ver
SourlWdreb:an Design Lab

2.3Sa@bar mat i Riverfront LandSDhsspiosiahg Pdt bawy
Ri ver Model

Th&abar mat i Riverfront LandntDicpwsad FPyylibyg.
Riverfront Development Corporation Limited (

i n ur ban riverfront governance and manager

foundati onal success of the Sabar mat. Ri ver
outl i nesr ead ,sttleoumogt it r at egy f or monetizing rec
safeguarding publ i c access and ecol ogical

approach in essgadtt aismimg modell ffor urban riv
A central pillar-fofnathice ngo If irayneiwo rikt, s wsheslrfe i n
from the | ease and devel opment of designated
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reinvested into the operation, maintenance,
This includes green open spaces, promenades,
civic amenities. By | everaging |l and value <caeé
mo d | ensures financi al sustainability wi t h
subsidies or external grants.

Equally i mportant is the emphasis on public
riverfront l and alloocaeneed f spaceosmmsuichy as
wal kways, gardens, and cultural zones. These
t o t href rroinvte promote environment al stewar dsh
of urban |ife. The policy enforces-fetmict
gui delines and design control s ensuring t h
aestheticl, ezxmndcagaaiacal vision of the riverfr
A noteworthy environmental component of the
restoration t hsrcoaugeh ptlhaentlagan gen o f 500,000 n
Mi yawak.i afforestatcihomn qguet hadh.ar Blititspezedsby
planting, is designed to accelerate forest g
urban | andscape. The initiative seeks to i mp
effects, and staceclnggyh.en ri parian e
Furthermore, the policy integrates transport
devel opment of arterial roads, pedestrian
bet ween the riverfront and the wider wurban
aims deoongest surrounding ur ban areas whi
accessibility.

OverallSabahmatii Riverfront L a n @ mbDoi dsi peoss a ka
comprehensive mod®énwift iuvreb aml arninvienrg t hat h a
viability with ecol ogical respoqendndtiitryg Be
environmentally conscious framewor k, rt he p C
sustainabl e riverfront governance and exer
management can-treeinmm feaccrocddeoglioccmg and ci vic resi
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2.3Ydmun&ZoB®e, TBelCoinfl i ct Between Urban Expar

Preservati on

The YamZowaeOin Del hi represents a critical (
to protect the floodplains of the Yamuna RivV
(MPD) 2021 and reiterated in MPOn2ODAdAct it dmnsa
meant to preserve the riveros ecological 1int
O-Zone has become a battl eground bet ween |
uncontrolled wurban expansi on, with more tha

nearly RowBsémklhds currently occupying this s

Chall enges to the zone's integrity are mul ti
to extend basic sewerage infrastructure to t
densities, and regulatory delays. Weaki enfor
i nfor mal devel opments to proliferate unchecl
MPD 2041 i ntr ozdarciersg &aOyldsu &lsnt r i ct conddrvati
(regul ated dtoebapmece) ecol ogi cal protectio

Notably,exdleugpe-aonbef Oom | and regul arizati on

firm policy stance against further encroachn

Thi s case underscores the urgent need for

reconcile wurban growth with environment al S
| apses, regul atory ambiguity, and infor mal h
healthghadandghhs the | mpoarstdnwve aff bainvegd annin

such as Urban River OfRODNt ed oDegwea ldep nieunttu r(eU
(DDA, 2021).

2.3ThBhames River Restoration, United Kingdom

The Thames Ri ver Restoratiammi mgi ainat icvoempir €

program that exemplifies holistic riverine

context. Led by t he Thames Ri ver Restorat
biodiversitntenmaveemank stabilization, and
rehabilitate one of the UKOGSsS most iconi c w
emphasi zes the ecol ogi cal regeneration of th

to urban f | ooadn dnacnlaigneanieentadapt ati on.
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Key ecological strategies include the recon
facilitate wetland r®&datedatsitoanbi | bizaen @inn eoefr
mini mze erosion, and the reintroduction of
dversity. These interventions have significeze
ripari an ecosystems, whil e al so enhancing

floodwaters during extreme weather events.

The initiative's financi al sustainability i
National government support is channell ed th
Funds, while | ocal authorities contribute 1t
ta x l evi ed on communities along t he -Thames

finadpangicularly through the Eduhaoypemmo Wwind ed

significant capital for i ntegrated wat er r
restoration. iTghss model ehigbdi veness of com
| ocal accountability, and i nternational C O

restoration (Thames River Restoration Trust,

2. 3Afnandal e Riparian Restoration Initiative
The AnnandaResRopatian Initiative in Virgini
of a co«xhmuwieny approach to ecological rehabi
native vegetation, i mproving water quality,
initiativeedsbprgmasstgots environmental org
| ocal school s, municipalities, and citizen
i nvol vement of t he | ocal communi t-gf ouwnhd ¢ h
restoration ekster#dgslrbomi telwsaa dfshi p.

Community engagement activities i ncl ude roi
schoolchildren and residents actively partic
riverbanks. Citizen science initiatives, su
enablcal |l s esidents to measure sedimentation,
reinforcing awareness and accountability. Th

outreach campaigns to promote environment al

Il nstitutionally, t he program i s Sulppwoel ed
environment al grants under t he Chesapeake
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Virginia Clean Water Initiative. Private phi
|l i ke the Chesapeake Bay Foundation, plays a
Additional ly, | ocal businesses contrSR)ute v
programs, further reinforcing the financi al
model showcases how empowered communities,
frameworks and targeted funding, can @hay a

(Chesapeake Bay Foundation, 2019).

2. 3H@mpshire County Riparian Task Force, Uni

The Hampshire County Riparian Task Force in
coll aborastakehardudeari approach to riparian z
regional planning and ecological stewardship
Counci |, t he initiativeusientglgamniesg,suasmhai m
conscious agricul tural -bmrsedt irceest,orarnd oerc 4"
address pressing challenges such as water qu
i ncraeafslekood risk. Operating under the UKO&s W

aligned with the Nati onal Ecosystem Assess
coordination with key institutions includin
Engl and. | t sr agoevvearnkanemes ur es policy coheren
i mpl ement at isprecoff irceg@innronmental standards.
Core restoration strategies include the esta
to filter runoff and st abtiillilz ef arrinvienrgb aannkds ,c op
reduce soil erosi on, and the r ec odnpnleacitniso nt oo
enhance hydrological resilience. These inter
and habitat quality but also promote biodive
the initiative iIs multifaceted,0s eCyumtgr yosni c
Stewardship Scheme, EU environment al fundi
| andowner s. Far mer s, i n particular, benefit

practices, whi | e | ocal municipalities al l

ma n angeen t agencies. Thi s i ntegrated model ur
aligning | ocal policy, agricul tural i ncent

measurabl e outcomes in riparian restoration
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2. 4Financi al l nstruments for Riverine Restor
Effective riverine restoration requires not
but also a robust framework of financial and
enabl ers -tfeom leemd ogi cal heal t h, resilience
setainable urban integration of river systen
mechani sms currently advancing riparian res
Climate Finance Mechani sms whi ch-r edhialninent

ecologicas$s, propevative

Bus-Basessesd BotelksohsesrtiN

economic viability with ecol ogFcaentheypwePot B¢
designed to encourage sustainable practices,
and ESG Exnt Rteemlin recognizing and integratin
value of healthy riverine ecosystems.
Tab2 e Overview of Finance Mechanisms for Ur be
Finance Type Key Focus Areas | Relevance to Examples
Mechanism Instruments River
Restoration
Green Multilateral | Grants, Climate Supports India (urban
Climate Fund concessionall adaptation, | urban flood | water
Fund (GCF) loans, water control, projects),
technical resilience, | wetland Bangladesh
assistance | NbS restoration, | (resilient
infrastructure cities)
upgrades
Global Multilateral | Blended Biodiversity, | Co-finances | Vietham
Environment | Fund finance, land riparian and | (Mekong
Facility grants, ce degradation,| wetland Delta), India
(GEF) financing international| rehabilitation| (Lake
waters under NAPs | Conservation
& NDCs
Adaptation UNFCCC | Project Community | Supports Rajasthan
Fund Mechanism| grants, based river- (India), Peru
capacity adaptation, | dependent | (ecosystem
building water livelihoods | based
managemen| and green adaptation)
buffer
creation
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World Bank | Multilateral | Investment | Resilient Finances Vietnam,
Climate Lending loans, DPLs,| cities, green India,
Funds CAT-DDO, | watershed | infrastructurel Colombia
blended managemen| and
climate integrated
funding urban water
systems
UN-Habitat | UN Technical Urban Integrates Kenya,
Climate Agency support, pilot| resilience, | river Nepal, India
Action Program projects, city | flood restoration in| (urban
capacity mitigation | city climate | planning
building adaptation | assistance)
strategies
Green Bonds| Market Debt Sustainable | Municipal Pune
Based instruments | water, green bonds | Municipal
Instrument | for eco energy, fund Green Bond
focused green sewerage, |(2017),
infrastructure| buildings riparian and | Johannesburg
bioswale (2014)
systems
Sourddapted from GCF (202H39hi tUaNEP( 2 R1092)1,) , WoUrNl d
OECD (2021)
2.4C0Li mate Finance Mechani sms
Climate finance has emerged assaapevoiaériereg
watershed restoration efforts, especially i
environment al degradati on. I nternational c |
Geen Climate Fund (GCF), Adaptation Fund, an
are central to this transfor mat i omt.hrTohuegshe m
concessional | oans ,-buwirlacitmsg t samplp dcr atpeascimla ityes n t

projectn | ulat-bmaiessteuldr esol uti ons

wet |

n

nfrastructur e,

and

ur ban

t hrough

rehab

cont

ext s,

ecol ogi cal

tati

reduci

on,

cl i

ng

and

mate fi

fl oo

restoratio

(Nbs),

ripari an

nance
d v ul
n of

such

has
ner abi

ri
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l ndia and Bangl adesh have accessed GCF sup

management and resil i eprtonien fcriasitersuddt@aiiFe a2 2fC
2019) . Similarly, Vietnamés MekongubDédlkdab@l i
the WorlandBa@KF, demonstrates how internat:.

underpin riparian restoration as part of nat
Bank, 2020) .

| mportantly, i ntegrating climate finance i nt
bridge the funding gap for environment al I nf
with nationally determined contributions (N
Nadn a | Adaptation Plans (NAPs). This ali gnme
funding and coherence i n nat ttoenram eccloil noagti ec ap
fiancial sustainability (UNFCCC, 2022)

2. 4BAsi ness ModeBass agdrSoodlautuiroen s

Nat BBrassed Solu})ji bmyve(gmaEned prominemdce cansnted
interventions for addressing environmental d
i vability. However, their successful i mpl e
innovative and vila®dl ée hbusicaes ssremald €ndmmigng
st ak

a

hol der engagement .-PrAmang tPhaase,er Phibp s
stem service markets, and i mpact invest
p

e
ecosy
u

to s port riverine and WWHMar2io0aznl ;r elsNEoPr aFtli, o n

A key mechanism within this framework is the
model , wherein downdodtsuedm alsenwhterarutisl it
municipalities, 6dcompewabtéel apdowpramsactors

restoringl efconotgii@wms . Thi s approach has be:
water
i nki

2]

hed management programs +iSmhbhBathn AAmec

=}

g financi al i ncentives to conservation

Anot her emerging financing model i s the wuse
structures, whi ch combine concessional capi
private sector funding. This approach not on
NbS pcrtosj emore attractive to institutional i

(O0ECD, 2020). In riverfront restoration, suc
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wi thin broader ur ban pl anning framewor ks,
environment al anddseuccohn oars Cci mpeprtauvend water qu
biodiversity, and increased property values.
By internalizing the value of ecosystem ser
ecol ogical out comes, these business model s
integrated into urban and regional devel opme
dondependent conser vastuisanai niomwgr decacleddi cal
i nvest ment .

2.4T8x I ncent i-Wreisermdldy ER®| i ci es

Fi scal i ncentives and regulatory instruments
tools for mai-esshsetbmvegurbaerplanning and pr
and water wuse. Through mechani sms such as t
govaements can encour age devel oper s, i ndust
environmentally responsible practices that
(OECD, 2021).

Municipalities have begun i Apluemenas ngeduwae
property taxes, devel opment foéeo®r wpirovgrstso
i ncorporate green infrastructure features |
pavements, odrn verlsan ybicorridor s. For exampl e,
and Philadel phia offer stormwater fee reduct
green roofs or bioswal es, which also contri
rivers and t0r2ddgms ( EPA,

| n par alzloeamli hgeac@gul ati ons and Transfer of

—
—
Q

mewor ks enabl e -unscer ep | falnenxiinbgl ewhlidned preser

sensitive areas along riverbanks and fl oodpl
regions Fsluocrhi dmas and Karnataka (I ndia) to pro
evel opers to acquire additional devel opment
designated envi r chhareinttatl, a20kIla&) .( UN

At a broader scal e, environmental tax reforrv
|l evies, generate fiscal space for green infr
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t hat align economic activities with environ
instruments into river governance frameworks
measurabl e ecological O t tea armesst, e wearr adacsthri gpg i anngd

depemdce on ad hoc funding mechanisms (Worl d

Ulti mately, these financi al and regul atory

devel opment procfersisendrnajk i gsiegmi ander pvanni i

economically viable and institutionally supp
2.4E4vironmental Valuation and ESG in Real E
Environment al valuation plays a pivot al r ol
economic planning, particularly in the cont e
suchCagsBtenefit Anal ysCird teCBA) ,DeMulstiion Anal ys
Natur al Capital Accounting (NCA) are increas
soci al, and economic returns of riparian re

Bank, ZB24¢. methodologies enable policymaker
evi déommcseed deci sions by internalizdswgch has val
water purification, flood regulati ®@mw, tdambon
conventi ompanendewalpr ai sal s.

I n parallel, the rise of Environmental, Soc|
the real estate and infrastructure sectors h
riverfront devel opment. ESG integration ¢ omg
eNironment al risks, including flood vulner :
guality i mpact s, thereby aligning devel opme
( GRESB, 2022) . Projects t hat i ncolrpvadt e

sol utidonbsi,odainver sity corridorsriasl,-i agtrleasninc

nvestimemptexxi ally wunder the scrutiny of i ns

regul ator s.

The financial 1 mpl i catoinopnsi aanrte dseivgenliofpi nteanntts. &

to attract gr een -l bonnkdesd, |souasntsa i naanbdi | fiurnydi ng f

institutions, thereby expanding capital acec
2021). Moreover, real estate assets that denm
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community Il ntegration often enjoy hi gher 0C
regul atory incentives, reinforcing the busi |

ur ban river s.

Together, environment al valuation and ESG a
riverfronts adMeotomee gtl yalaiszedibl i c amenitie:
but as integral components of sustainable ur
temrmmal estate value.
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I NTRODUCTI ON TO STUDY AREA

O NTRODUCTISINUDY AREA

3. 1Nagpur: The Strategic Heart of 1 ndia

Nagpur, commonly referred to as the AOrange
Ti-@r urban centers. Functioning as the winte
capital of Mahar ashtra, the city holds a c¢r
goernance framewor k. I'ts strategic | @&@cation

mar ked by the histtbhraiscesdermabdl MshedSNageur as

t he countryos transportation, |l ogi stics, a
urbani zemo@@maphdic expansion, and infrastruct
emerging as a key player in I ndia'"s smart

devel opment .

Figai7e Location of Nagpur City Map

Sour/Akwt:hor
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3.1Géographical Significance

Nagpur 6s geographical centrality offers subs
It serves as a junction for mdldt apid8 NiHatnidon a
key railway corridors, l inking northehe, S 0L
country. This connectivity has reinforced t|
growt h in sectors such as warehousing, tré
Additionally, its |l ocation has made intd a nat
emergency response coordination, further add
3. 1Administrative Rol e

The cityds administrative prominence stems
conferred upon it the status of Maharashtr ac
agreement, the state | egislature conducts i
uni gpuoel i ti cal arrangement has ensured consi
urban infrastructure, administrative institu
Nagpur has evolved into a regional governanc
and d¢iuwnice i ons.

3.1E8o0nomic and I ndustri al Gr owt h

Il n recent decades, Nagpur has experienced r
driven in | arge part by-mollal deéwneleopme mtonal
and Airport at Nagpur ( MI HAN) . MI HAN i s one
and spaoe projects, positioning the <city a:¢
war ehousing, and aviation i ndustries. Comp
industri al zones such as Butibori and Hingna
across secrngrisnfiarcrhnautdiion technol ogy, phar mac
education.

However, this rapid economic and spatial exp
Nagpur és natur al ecosystems. The Nag River,
and ecol ogy, has been significantly i mpact ec
and encroachments. This underscores the crit
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devel opment framewor ks that Il ntegrate ecol o
advancement .

3.2The Nag River: Significance and Rational e
The Nag River, from which the city of Nagpur
cultural, and ecological significance. Once
domestic use, and | ocal biodiversi thyeawvihley r i
poll uted wurban drain. This transformation I
expansi on, unchecked di scharge of sewage
encroachments along its banks. The deterior
broader ecshaolfl enrgpan river degr aeatlinodn ainn crianp
making it a highly relevant case study for e
environment al policy, and sustainable restor
3.2Géographical Features and Origin

The Nag River extends approximately 68 kil on
with the Kanhan River, with around 17 kil om
fabric of Nagpur. The river's width ranges f
seasonally between 2 and 4.5 meters, infl ue
ur ban runof f . Traditionally, t he river i s k
sensitive Lava Hills, which host seasonal w
Howevceornt emporary urban planning and real es
controversially repositioned the riveros or
about ecological accountability, |l egal ambig
baselonfeascitlitate | and conversion and infras
3.2URbanization I mpacts

The cityods rapid population growt h, recorde
projected to rise significantly, has i nt en:
resources. The spatial expansion of t he Na
wi despr easle | amanges, Il ncluding the encroachi
settl ements, and unregulated construction al
have severely disrupted tohdei nriinv esrhd sn ge d dlso gecia
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natur al drainage, el evating the risk of ur be
deterioration due to increased surface runof
riparian buffer zones and the | oss of wetl a
ability to support biodiversity and ecosyste
3.2P8licy Reversal and Buffer Zone Encroachn
A critical turning point in the rivero6s ec

Maharashtra River Regulation Zone (RR2Z) Pol

i mpl emented in 2000, provided regulatory pr
commemat developments within designated buff
has all owed extensive real estate and indu
safeguarded areas along the Nag River. This

in ecdllygiseansi tive zones, accelerated the p
eroded the riveros resilience to seasonal f|
of stringent zoning | aws and enforcement m
trends, | emdvapgsuiskel & rlaasnmsd or mati ons and ecol ¢
Given these intersecting challenges, the Nag

of the envir-ohimgnassotcraded with -uirdbedcd Idrediiedr

cities. l'ts restoration offers <critibaal i ns
wat er management strategi es, the role of p
protection, and the potential for aligning u
goal s. Accordingly, the river has beem selec
emphasis on examining restoration intervent.
resilient planning model s.

3.3Environment al Chall enges Al ong the Nag Ri

The Nag River is emblematic of the ecologic
rivers in rapidly developing Indian cities.

t he city's environment al and cul tur al | and
envi rrotnare stressors arising from unr egul a
infrastructure, and ineffective governance.
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primary environment al chall enges that have
functionality.

3.3Pallution and Waste Management Deficienci
One of the most pressing environment al conce
l evel of poll uti on, | argely attributed to s
Approximately 80% o6f aNgeglbywrobisst sdeiasboghgar ged di
i nt o vtere riontributing to critically high | e
(BOD) and Chemical Oxygen Demand (COD). The:s
of organic and chemical poll utants that hav
l evel s, | eaciond apeetbf aguatic ecosystems.
dumpi ng of muni ci pal solid waste and the |
exacerbate water quality deterioration. The
plants (STPs) aenndanche @fooerx insatiinng dr ai nage s\
rendered the river =ecologically I|Iifeless 1in
ur ban cor e.

3.3Ha@abitat Loss and Encroachments
Encroachment along tHMeor Nmgr iRiwerdos thanksrn
settl ements and wunrdehgausl art esgdu |lctoends cianh et l edorslsa ro
riparian habitats. Natur al vegetation has be
infrastrecuptengdnative flora and fauna and
in biodiversity. The riveroés floodplains, on
i nundation, have been severely narrowed, 1inc
monsoonkurt hermore, habitat fragmentation cal
movement and survival-agpdataqguadpeciamrsd wamie
ecol ogical integrity of the river corridor.
3.3H8dr ol ogi cal Di sruptions

Ur bani zation has profoundly altered the hydr
proliferation ofodsiumpheravs orucsa kdsu,r fppaved@mhart s , a
drastically reduced groundwater recharge an

fl

afslhoods during periods of heavy rainfall
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groundwater for residential, commerci al , ar
declining water tabl es, resulting in |l ow or
These <changes have destabilized the rivero

str et cshuensmeirn and heightened fl ood risks duri
i mbal ance not onl vy exacerbates water scarc

undermines the riverodés role as a dynamic eco

3.4Slums and I nfor mal Settl ements in Riparia

Nagpur is homleatgeshesfomrpadpul ation in I ndi:
accounting for an esti mated 35% of t he t o

demographic data, the city houses 858, 983 sl

e
nclgudinl, 645 sl um househol ds. These settl e
c

0sSss administrative zones, with the Satran

-

hest sl dmanginsgtiesm 110,001 to 133,000
sity zongsadjeceont abb the Nag River and i

O o T 9
o -
S5 «Q

]

tical to any riparian ecological restorat

.4Spati al Distribution and Riparian | mpact

e spatial analysis from the accompanying n
I fi ednoatnidf ineodn sl ums al ong the Nag River c

o S5 - w

—
®Q S5 T S O =T

l12nondrfied slums fall within the irnigpari a

t
d
e river through untreated domestic wastewa
croachments on the floodpl ain. The majori
n

w o

I tation, waste disposal systems, and pinp

-

ivee pollution and public health vulnerabil
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one wise Slum Populati\b\g\ T N

B8RO e

[:J Water_Bodies

¢ Notified Slums
Non-Notified Slums
49000 - 53000
53001 - 62500
62501 - 78000
78001 - 110000
110001 - 133000

OEmEEEO -

Municipal Boundary

o

4,400 Meters

.-‘/
o 2447494 L 858983 L 171e4s 379 |
 Total City Population | | Total Slum Population | | Slum Household | | TotalSlums |
S 4™ Largest Slum Population inthe country. |
35% 64% 64% 31% 5%

| Notified Slum
m Non- Notifiesd Slum
Newly Developed Slum Pocket

FiguB8e Zone wise Slum Population Map

Sourc€&€limate Resilient, CiCyEAcSoowonhh PAsina Nagpaz2)

Newly developed slum pocketsdamasé&ed disteéeme

in pebian zones such as Hanuman Nagar and La

i nfor mal urban sprawl. These newer encroach
they tend to develop in ecologicay |ogveresisghti
i's mini mal foll owing the rollback of the Ma

policy in 2015.
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3.4S8cEoonomic Vulnerability and Environment
The physical proximity of i nf or mal settl eme
exposure to environment al hazards,-b@pramea i cul
di seases, and water contamination. These ri s
and instaadréenure, which prevent residents f
i nsurance mechanisms. Despite the depl oyment
schemes | i ke the Pradhan Mantri Awas Yoj ana

Nati onal Ur ban oReneJWaNIURMI)Ss rel ocation and r
have been hampered by administrative del ays

and community resistance.

Furthermore, the slum populationdés high den

urban planning mechani sms pose significant ¢

of t he NR@j] RMmereati on Project. Wit hout par al
rights, pridwi denfirmstructur e upgrades, and
participatory restoration planning, ecol ogi c

incompl ete ande unsustainahb

3.4EBvironment al Degradation from I nfor mal S
2041

The Nagpur City Development Plan (CDP) 2041
the environmental challenges stemming from t
particularly those | ocated along riparian 2z
35% of the cityds population residi-magtiifni esd u

slums situated directly within therbdrmarriivaer

system has reached a <critical point. These
formal planning or infrastructure, |l ack basi
di sposal mechani sms, and saamek i dgi ntkh enrg  bwaa
conttrorbsu to and victims of ecological degr ad

According to the CDP 2041, continuous discha

from these communities has | ed to excessive
high | evels of Bi ochemical Oxygen Demand (B
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I NTRODUCTI ON TO STUDY AREA

(COD) i n the Nag River. Furthermore, unprot
settlements have exacerbated i1issues of silt
during monsoon seasons, wh-ep awvweas$fehtremsde

unchecked

The absence of regul ated devel opment and en
resulted in encroachments into the floodpl a
drainage and assimilation capacity. The | ack
of vmpoeeurs materials i n informal housing fur
|l eading to hydrological i mbal ances and seasao
effect on public healt h, particularly in de

cont ami nfagd ®el ssrud groundwater sources.

Th

e CDP emphasizes the urgent need for 1intec
urban housdsesgcpobdsciks Pradhan Madwirt h Awiasgel
n
e

conservation strategies. 't devemhmnementt lzeo n

t h | egcatli opr ootfe ri parian corridors;Pranmatehe

Partnership (PPP) model s t o support rel oce
restoration. Strengthening the institutional
and enfoateomegu$ identified as essenti al t
riverine ecosystemnrseramd rebmasnurriensg |licemge e .
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MKOATANALYSI S

4. 1Ur ban Growth and Planning in Nagpur

Nagpur és urban growth has been shaped by a |

spatial development, with the Nag River play
at the geographical center of I ndi a, Nagpu
exgpnsi on, each contributing tenttsctsansf emm
maj or urban and industrial hub. Despite this
Ri weornce the |1iféhiase deftl t hed cstgnificantly
deewl opment and inadequate integration of env

Legend

I NAG RIVER

GOND RULE (1636-1743)

[] BHONSALE RULE (1743- 1854)

[C] COLONIAL RULE (1854-1947)

"1 POST COLONIAL RULE (POST 1947)
OpenStreetMap

——.

0 2.5 5 km
Historic Context (City Growth) Map L E—

Figua®e Evolution of Nagpur City Map

Sourlcrettegrating Heritage in Urban Devel opment, N
Hi storically, the cityds growth revolved aro
and cultural certomall irtuyl id 7D¥UBrHit3be telae | | e st s e
were established along the river, relying on
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This phase |l aid the foundatBbon®dl @ hdulca t(yb
1854)Nagpur expanded outward with the const

religious sites, and | ocal mar kets, further
daily IciofleoniTaHe pé&Xx9 dDidht(rlo8d5u4c ed structured wu
i ncluding transportation networks and i ndust

t he river ' s ncdoeupresned.e nRcoes,t Nagpur witnessed r afy

i ndus alization, resulting in extensive urba
the cityds economic profile, it also |l ed to
degradation of the river and its surrounding

- “’q‘%?
Pase o
BRssis @Eﬁﬁgﬁ%
S
e

L

¥

Fig2aBOe Nagpur City Ward Boundal

Source: Nagpur Municipal Corporation

Today, Nagpur c@weér.s08amqaoegt b3 i egector al W ¢
acrd¥®sadmini stratlTheeczorydéds pd.pdlmnitliloino s taso dp
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2011 Cengsusating substanti al demands on inf
resources. This rapid urbanization has signi
ur ban growt h, infor malensetttyl emenmtes ci amnd almie@l
upon natuwrreasl. fTehaet Nag Ri ver, once centr al t o
severe ecological challenges, including pol/l
vegetation, and vulnerability to flooding.
One of the most critical consequences of t
environment al deterioration of t he Nag Rive
sensitive planning, the city has witnessed
di schafrgentreated sewage and industri al wa st
zones into urban | and. As highlighted in th
2041, the absence of buffer zones and conser
ri sks, uzed mgedundwat er recharge, thereby we
resilience.

Moving forward, Nagpuro6s urban planning must
the Nag River as a foundational el ement of
enforcidegehopment zones along the river, el
i mpl eamenrg afforestation along riverbanks, an
management. By restoring the +isvam'ls sdnwigr on
in urban Iife, Nagpur can-teamaercel bgicaé gus
4. 21l nterdepart ment al Gaps: A Key Factor in N

The degradation of the Nag Ri viert ersd eipnatrrtinceant

gaps among the wvarious government al and tec
devel opment, sanitation, and environment al

mul tiple stakeholders, the absence ofta@an i nt
di sjointed efforts, overl apping responsibil
riverods environment al chall enges.

A prominent example of this disconnect 1iIs th

Nagpur I mprovement Trust (NIT) and the Nagpu
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the NIT has distanced itself from the river
Nag River falls wunder the purview of the NN
fragmentation. Wi thin the NMC, critical depe
Panning operate wi t h l' i mited coordination.
continues to rely on outdated maps from ¢t
preparation of the 2041 Development PFan, wt

speci fic pelsasnensi nsgu cphr oacs def i ning buffer zones

Addi tionally, the Public Health Engineering
narrowly focused on the management of S ewa
ecol ogical buffers or U rarce rotr sw atsesretnajriuma ll i tf
poll uti omnmi tMoga&tover, the Project Manageme .|
Engineering Consultancy (TEC), possesses val
analyses and sewage outl et mappings. However
t o technical i mprmiemiemd lat iecrg,a g eving mt i n br oce

restoration strategies.

"We are not involved in the Nag River project. This is solely
I under the jurisdiction of Nagpur Municipal Corporation (NMC)."

T
i Nagpur Improvement Trust
|
|
|

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Nagpur Municipal Corporation (Directorate of Town Planning Department)

*Not working on Nag River regarding buffer zones, plotting, or development plans. |
*Development Plan 2041 report is published, but no finalized map exists. 1
«Still using the 2000 Development Plan map.

*Hired personnel to create the 2041 map, which will take 2 more years.

_______________________

Nagpur Municipal Corporation (Public Health Engineering Department)

*Currently focused on stopping sewage flow into Nag River.

*Not addressing buffer zones, RRZ, or flood lines (blue/red).

*Lack of latest water quality maps.

*Exploring the possibility of laying interceptor lines.

*Only focusing on cleaning of the river.

*Collaborating with Tata Engineering Consultancy (TEC) as PMC for sewage.

[
: Tata Engineering Consultancy (TEC)

| *Possesses 2019 water quality data from NEERI (National Environmental
|

I

|

|

|

|

Engineering Research Institute).
*Has a sewage outlet map.
*Exploring the potential for buffer zones but not actively working on it yet.

CONSULTING

ENGINEERS

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Source: Primary Survey, FGD
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This compartmentalized and siloed approach
inefficiencies, and a pieddtrnmnesad trhee proinser G s e
comprehensively. Without a uni fi edshfarramewor
among all stakeholders, efforts to restore t

and insufficient-agfRncyo dsir @anpepdr,atiinvteert o dr i\

progress in river rejuvenation and environme

4. 3Ri parian Restoration Zone of the Nag Rive

The Ri pari an Restoration Zone (RRZ) del i ne

represents a strategically significant area
Encompassing 37 municipal wards, this zone
servesaafocal point for interventions ai med .
caused by rapid urbanization. Restoration in
need to reconcile urban development with th

rirviene ecosystem.

According to data from the 2011 Census, the

i S approxi mately 6. 16 Il akh, unegéewscomimeaqt t
i nteractions that i nfluence the health of t
expansiand increased ant hropogenic pressur
encroachment s on riverbanks, poll ution frot
di sappearance of natur al fl oodpl ai ns. These
formul ation of a cdamp malbdresirveestamd&at sans str
restoring the ecol ogical integrity and resi|l

4. 3Kédy Challenges in the Riparian Restoratio
A detailed assessment of the Riparian Resto

interrelated challenges that compromise both

we-bking of surrounding communities
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_____

KEY MAP

Legend

I NAG RIVER
[ wards

73 Study Area
= Railway_Lines
— Arterial_Roads
71 NMC Limits
OpenStreetMap

0 2.5

1) | ————)

5km

_./ / Restoration Zone (Study Area)

Fig

2ie Nag River Restoration Zone

Sour/Akwt:hor

1. Urban Encroachment and Infrastructure EXPp
The wunchecked proliferation of residenti al

riverbanks has significantly al tered t he |
Encroachments into the floodplain have not ¢
but have also contributed to the erosion of
habttd.a I n many cases, unauthorized construct
flow and reduced its capacity to absorb an
seasonal flood events.

2. Water Pollution and Solid Waste Accumul at
The Nag River has increasingly been subjecte
for untreated sewage, industrial discharges,
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Ur ban -Qriiveent ed DgwRdDppment

61

Envisioni

ng

A Sust ai



DATA ANALYSI S

absence of robust waste management pplyadteimc h
debris, organic waste, and hazardous effl uen
of bi ochemical oxygen demand (BOD), chemica
have significantly deteriorated the arnidver 6s

public health.

3. Slum Settlements and Lack of Sanitation |
| nf or mal settl ements along the riparian <cor
waste disposal infrastructur e, further agagr

residents within these slum areas are depend
resulting in frequent instances of open def ¢
into the river. The absence of proper -sewer a
density settl ements contributes t o t he SY ¢

environment .

4. Loss of Aquatic Biodiversity and Ecol ogic
Despite the adverse environment al conditions
in certain segments of the river, signalin
However, continued exposure to pollution,

desttriwon of vegetative cover along the banks
fish species and riparian flora. The gradual
buffers has weakened tplue i fi gcatdben i mechasi s

restom abadat h more urgent and more compl ex.

4. 4Hydr ol ogical and Environmental Analysis o
A comprehensive hydrol ogical and environmen
provides <critical i nsights into the current
i mpact of wurbanization on the natural flow
detdi mapping and spatial analysis, this sect
|l and cover changes, and the implications of
guality, and biodiversity within the basin.
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4. 4SuBasin Map: Understanding the Hydrologic

The -Babins map serves as a vital t ool for
drainage system and the interconnection betw
basi n. It reveals that the western and cent
degrde natur al vegetation and open spaces,
recharge zones. These regions, characteri ze
systems, help to regul ate water flow, contri

l ocal ®itoy.i ver

SUblbasinz?)

Fig@2Re Sub Basin Map

Sour ce: Prepared by the author wusing SRTM DEM d
processed Iin-bQ@6i 8§ et i mehti on

Conversely, the eastern sections of the ba

significant f r ag mersti antsi. o nT ha fs dtulsdbapt s pt A&l na

water flow, i mpedes groundwater percol ati on
changes amplify the risk of flooding and wat
season. The encroachment into ripdrinaant uzracane

water retention areas have exacerbated the

highlighting the wmnesed pflamntcagefamld leaxrmd ogi ¢
mitigate these hydrological <challenges.

4. 4LAnd Cover Map (2021): Ur bani zation at th
The 2021 |l and <cover map further accentuate

il lustrating how rapid ur bani zation has e

agricul tural l and, . upndrempasn sSppces edBuinl tr ed
repl acedswystams exwoch as forests, wetlands, a
From Neglect To Transformation: Envisioning A Sustai

Ur ban -@Qriivent ed DgWRADb pment

63



DATA ANALYSI S

green spaces once pl ayed an essenti al rol e

groundwater recharge, and maintaining ecolog

B Treecover
Shrubland
Grassland
Cropland

B Builtup
Bare/Sparse Vegetation

B Permanent Waterbodies

Figeade Land Cover Map
Source: Prepared by the autlid02@)sifngomabdGAatEa

classified in Google Earth Engine using superyv
The fragmentation of green patches signals
health. Urban expansion has not been accompa

l eading to a diminished caparceigtuyl aft @r atnldle ad|

excessr.waNcet abl vy, the conversion of wetl and
residenti al and commerci al devel opments has
but has also contributed to escalating pollu
wat eresh,odas indicated by the |l and cover ma p
streams, ponds, and smal l |l akes have either
to unregul ated devel opment, further stressin

4. 4BBiUlpt Gr owtiR0ORL993 The Al arming Expansion ¢
The 4dpi gr owth map spanning from 1993 to 2021

on the pattern of wurbanization in thei Nag Ri
2000) , urban growth was confined to the cor
20000 2010 witnessed a r-apbdneapaeasjomesnto

encroachment of agricultural | ands and open

The mo s t concerning phase occurred bet ween
unregul ated urban growth surged along the ri
the |l oss of critical buffer zones,t Heurrtihvear e
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and increasing the proportion of I mpervious
runoff. The | ack of efufsec triegasl earn fi orncse mairrti nagf
resulted in unplanned getotnlee nmeengtiso,nsq fatceonnt irn
significant rise in urban flooding risks. T
hi ghlights the inadequacy of ur ban planni ng

demands of devel opment and the need for envi

Built Up (1990-2000)

Built Up (2000-2010)

M 7. RTqWUEGMENEMNM
Fig@ade Built Up Growth Map

Source: Prepared by the author R29Di2r0g Lar dad ate ds dtreolm iUtSEGSi rEaac

analyzed through supervised cl asstufpi clantdieoxn (aNfDdBBINor mal i zed |

4. 4Tdpographic Wetness I ndBkskTWI podl 2enesfy

The Topographic Wetneissstmadment( d&IWli)n magentsi f
to flooding and water stagnation within the
shades indicate areas with hi gh water accu
susceptible to flooding, es@r.ci BHhdgesdkhuizgome st
often coincide with densely wurbanized areas
encroached upon natur al wat elryirnegt ednetpiroens sz comi

wetl ands, that were once capable of absorbin

.
1

ok f;;:y.»:_

,ﬁ-‘:.} ‘, 2? vl “

}»vf B &

Eie 2

& \;;.W

-7.355 - -3.709

TSR Ly ®  -3.708--2.088

B 2087-0242

Fig2be Wetness I nde W 0243-3585
B 3586-18477

SourPeepared by the s3ouhce weimogeopensing aata (Landsat S
USGS Earth Explorer) and processed using Normalized Differ
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The transformati on of t hese naturally wet

properties has resulted in severe waterloggi
absence of planned stormwater drainage syst.
t he i sasduien,g Iteo water accumulation in urban |
natural drainage into the river. The | oss of
has not only heightened flood risks but al so

grounadrwaand regul ate water fl ow.

4. 4ABalyzing Vegetation Trendik20i2nl )t he Nag Ri

The vegetation trend map, caogdingrothaedesr b

representation of the changes in green cove
categorizes areas into zones of high, moder
areas of vegetation gai n. Thi s hter elmdo aidser ¢
environmental i mpacts of urban expansion and

»

Vegetation Trend (1993-2021)
B High Loss

v e J 3 - M Moderate Loss

z Low Loss

Low Gain

B Moderate Gain

[ RDEAWEINUgc qRYUWNI JUT WW~¢ G

Source: Prepared bysathrec eaurtehmat ai ssenrgs iorpeendat a f
archi veée20219)93and processed using QGI S

Key Observations from the Vegetation Trend M

1.Significant VegetationULbas Aned®sban and

o Areas mar&ed( hingh | oss) and orange (m
substanti al deforestation or copver si
areas, roads, awznd industrial zone
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(0]

2 .Mod

3.Veg

The encroachment I nt o natur al ripar
di sappearance of tree cover I n ur ban
increased sur face runof f, reduced ai

biodiversity.

The central and eastern parts of the r
has occurred, exhibit the most promine
erate &ondsLow Peripheral Areas:

Yell ow zones (|l ow 1 oss) suggest gr ad.l
potentially due to the fragmentation
into barren | and.

Whil e these areas exhibit |l ess severe
they still face risks of further degra

| atude regul ations.
etation Gain in Specific Pocket s:

Light green (l ow gain) and dark green
where positive changes in vegetation ¢

to afforestation efforts, reforestatio

Some wetl and areas and water bodi es

thanks to conservation initiatives ofr
pl ant s.

o Urban greening efforts, including tre
establishment of protected ecol ogical
to these positive changes in select ar

| mpact on Hydrology and Microclimat e:

T The significant | oss of vegetation has
contributing to the wurban heat I sl and ef
flooding risks, and a reduction in the ba
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1 The di sappearance of riparian buffers an:i

the river's natur al ability to filter pol

ecosystem more susceptible to contaminat:.
and quantity.
4. 5Buil ding Footprint and Encroachment Analy

The Building Footprint Mapping of the Ripar

urbanization trends along the Nag River, roe
exacerbates flooding risks, environment al C
resowmrameagement . The analysis underscores th
devel opment on the river's ecosystem, highl

| atvude planning and regul atory measures.

One of tchoencmeasnti ng observations from the map

buffer zone along the river. |l deal |l vy, ripar
buffer to help mitigate fl ooding, facilitat
bi odiverevdry,, tHpev map indicates that ur ban
directly to the river's edge, l eaving | ittl e
ecological functions. This | ack of a buffer

the riskfbbébodiirrb@nby eliminating open space:
rai nwater, l imts the capacity for groundwa

erosion, which further degrades the ecol ogic

SourGEE
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|l naddi ti on, t he moaen s ¢ we adrsbamiiglati on al ong
particularly in pockets of raquipd adewas!| oEpmand
extensive impervious surfaces, which | mpede
increase unnwfffacerhi s runoff carries pollutar
sewage directly into the river, further det e
unaut horized structures and informal settlem
t hese | stshueesse aarseas often | ack basic sanitat
Consequently, waste is frequently disposed
degrades aquatic ecosystems but al so heighte
near by cosmmuniti e

This analysis highlights the urgent need f ol
measures to address encroachment and restore
that future urbanization occurs in harmony w

hal th objectives.

Th

6Comparison of Land Use: Development Pl an
Use (2025)

e comparison between the 2011 Devel opment

(ELU) of 2025 offers a det ai luesde dwearnvsifeow maft

an
b o
ur
cr

Wi

d emerging urban management <challenges. T
t h t hdeedi nuaeend patterns outlined i n t he 2 (
banization trends that have occurred by 2|
uci al for addressing gaps in planning and
th sustainahblpd egsrrowt h prin
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Figa®8e Nagpur Master Plan 2011
Source: Nagpur Municipal Corporation (NMC)

LEGEND

0 NAG RIVER
I Agriculture Land
[ BARREN LAND
B Commercial
[ Industrial

[ Mixed Use
B PSP

[] Recreational
[ Residential
[ Transportation
[ utilities

[ Water Bodies
~—— Arterial_Roads

e\

0 25 5km

Figa2a®e Na®Pppwel opment Pl an 2035
Source: NagpQor Maumatciigml ( NMC)
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Key Observations from Land Use Maps

1. Expansion of Urbanized Areas

The 202bsd amap i rsdigmatfexaamt i ncrease in ur
compared to the 2011 DP. Residenti al Zone
expanded, reflecting rapi d popul ati on gr o
designated for agricultural pwmpdgeaxsifrortme
i ntooubuizbnhes, signifying unchecked wurbaniz

2.Growt h of Commer dlisel Daewvel Mipmed t s

Il n 2025, there is a mar ked iunscer edaesvee |ionp nteonnt
Wh a t were once primarily residenti al area
heightened commercial activity, especially
change i nrdeiscpactnesse at o growi ng urban demands
centers, ase mewedopments, whi ch hel p ac
economic expansion.

3.l ndustri al Expansion and Land Reall ocation
Il ndustri al l and, shown in blue on the 202!

particularly on the outskirts of the city.

l' i kely influenced by economic policies or

i nsteanof unpl anned industrial settl ements

bet ween industrial zones and residential a
4 Reduction in Open Spaces and Green Areas

One of the most concerni-mge tmamdss i nhe hei (

reduction in open spaces and green areas.
encroached upon for devel opment, reducing
| and, andurodlhespaads. Thi s | oss contri but
chall enges of urbani zation, such as I ncr e
di mini shed ecosystem services. The e educt i
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i mportance of integrating ecological consi de
5.l nfrastructure and Transport Network Devel

The 202bsd amalp refl ects considerabl e progr «

transportation corridors, roads, and urban
| odvensity in 2011 have been transformed du
maj or rpovardrsi, n gsl ehnisgihteyr devel opment s. The ©pr

transport hubs and corridors has significar

facilitating both residential and commerci .
6.l nformal and Unregul ated Devel opment

A notabl e concernusien stcheen a2z 0 5 ilsa ntdh e ri se

unregul ated devel opment . While the 2011 DP
ground reality shows deviations, including
commer ci al aadtiivirteigaud ar urbani zation in s
devel opment presents challenges for wurban
infrastructure, and environmental sustainal

4. 7TExi sting Land Use 2025: Ri parian Restorat

The Riparian Restoration Zone along the Naf_¢
ecological conservation Bxids tuirb@nlL ared el 0 maa
highlights how urban growth has significant/
uses within the riparian zone, emphasizing t

pl anning effort
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Fig@8belLand Use of Riparian Restorati:«

Source: Nagpur Municipal Corporation

Key Land Use Observations

1.Predominance of Residentialeand Use (56%
Residential areas account fi 4% -t han h
ripari anfzdoemrcd,i ng substant.i 2ncro
along the riverbanks. This sett
hi gh popul ation density an I h o
which pose environment al C,h 5%6% s suct
di sposal, sewage di schar ge, and river
Addssing these issues requilres _Efi'ianced

. . m forest . mindustry . .
pl anning and i mprovements hkfawsSanistsat i on i
WATER BODIES

2.Limited Green Cover (14%)
Gr een cover, including par ks, open spac
represents only 14% of the Il and in the |
i mportance of riparian buffers for flood
bi odiversity, et hias sleosw cpoenrcceernntsaggabout t he
of the river's ecosystem. Restoration ef
infrastructure and protecting natural hab
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3.Water Bodies and River Channel (5 %)

The Nag River and connected water bodies
zone in 2025. This shrinking of the rive
bodies wunderscores the growing pressure
Conservation meaalurte m®@maientasismnwater fl ow

and improve wastewater treat ment t o resto

.Commerci al dmse BBiroevd h ( 3 %)

Approximately 3% of the riparian zone is
use devel opments. While these areas contr
al so increase waste generation and put fu
not carefull Wyumanaged ban planning in thi
sustainabtieendlcyo commer ci al growth that
har m.

dndustrial Presence and Potenti al Pol | uti
Il ndustri al |l and use accounts for just 1%
i mpact on t he environment i s significan
di scharge can contribute to water poll uti
heal t h. Seguihgetoty measures and pollutio
needed to mitigate the environmental 1 mpa

nstitution&lemod!l Pab(PSP) Land (4 %)

Public aemudlsemiinstitutions, such as gove]
centers, and healthcare facilities, cover
|l and uses are vital for community wel far
avoid negaitdale iemmdowtgs on the river. Urbal
t hese facilities i nto broader sustainal

degradati on.
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7.Barren Land and Forest Cover (1% Each)

Barren | and and forest cover each account

Il i mi ted f orest cover under scores t he nee

barren | and offers potenti al for green i
spaces, orr estodrogtiicaan projects. These are
managed to enhance the ecological heal t h

environment .

4. 8Fl ood Ri sk Assessmen(t2 00Zd 3 &)e: Nade rRtiivfeyri ng

Vul nerabilities

The Flood Risk Assid9s38entf oMapt h(e2 ON2adg Ri ver I

detailed evalwuation of areas vulyearash.l eTheo
assessment i1demski fziomeshigdmcluding residenti
hospital s, school s, par ks, and sewage treat

urban assets that could face severeflimpdct s
prone areas suggests t hat unregul ated ur b
floodpl ai ns, and inadequate drainage infras
l eading to a heightened need for mitigation

Legend

M Building at Risk

P ::‘:x::::::\ at Risk

% Hospital at Risk

o i
: @ STP atRisk
Fig8le FIl ood Ri sk assesment Ma p
SourArecMap Online
One of the most <critical i ssues highlighted

settl ements (slum$syimgtaatad ah ongwt he roi
settlements, often characterized by poor con
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the highest risk of inundati on, resulting in
health hazards due to water contamination.
publ i c buil dingprond haneddhei 1l padticul arly

i naccessibility during extreme fl ood event
compromi sed healthcare, and | oss of educatio
The map also indicates that key transportat
risk, potentially hampering emergency respo
activities. The | oss of connectivity during
di staer response efforts more challenging. A
(STPs) | ocapednea nzdneodare susceptible to
l'i kel i hood of untreated wastewater -tceamt amir
environmenutbali canhdeap th i ssues. The potenti al
spaces could further i mpact urban biodivers
overal/l urban resilience.

4. 9Resul t

This analysis underscores the urgent need fo

t hat focus on improving drainage systems,
restoring natur al floodpl wiame,d &md ui mMphe mei
wetl|l amdkeroanr i on and afforestation. Additional

emergency preparednesssplaest manfilrabkt mateure
mitigate-ettlb@omoci o mpacts of future floods. (
and nisnittey of extreme weat her evendisscdiupel itnoarc
approach involving engineering solutions, po

i mperative to enhance urban resilience and d

The urban growth and planning of Nagpur have

with the Nag River serving as a centr al el e
during the Gond and Bhonsale rule, the cityd¢
which played a vital role in sustaining agr.i
period, structured urban planning integrated
around the river, cementing its ielpopmamice I
From Neglect To Transformati on: Envisioning A Sustai

Ur ban -Qriiveenrt ed DgwrRODb pment

76



DATA ANALYSI S

H

e

p

p
a

owe
ndu
i ve
ncl
ncr
| an
| an

cco

mu | t

(@]

D

-

e
n

-

q
c

ani

h
or
col
u

me
i pa

ual

ont

ver , rapi d dambdaeampienadtinee, padsti ven by poplL
strializati on, has |l ed to uncontroll ed
ros ecol ogi cal heal t h. The once vital )
udoilnlgut ipon, reduced water flow, and h
oachment s, i nadequate wast e maemasg & mevret
ning. This ongoing degradation underscor
ning prioritsiteos, nfodwhsxei negcodrmgr e al bal an

mmodating future growt h.

y factor in the degradation of the Nag
i ple government al and technical agenci e
tation, and environment al conservation
ovememMtl Tyr vasntd (Nagpur Munici pal Corporat
aborate effectively, with fragmented r es
ohesive restoration strategies. For i ns
ates with, owhidlae¢ edle maptsments | i ke Public
l' y on sewage management, neglecting the
i al to addressing water quality and riv
| t ed i n oper atfifoincaile ndelesy s eanpdhas ne2i ng
grated governance framework to ensure
iatives. Bridging these interdepartmenta
ting a comprehensi ve Ntamgat Rigwert oanmde sm

ronment al ri sks.

Ri parian Restoration Zone within the Naft
environment al rejuvenati on, requiring t e
ogi cal integrity. Thi s zone, whi ch enc
sowhall enges, i ncluding wurban encroachn
rian buffers, which have exacerbated f|
ity. The absence of adequate green infra

ri butedneoofhaqgqdatlc biodiversity and t|

sep@irify. Hydrological and environmental ana
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t hat

commer ci al devel

unchecked

ur bani

opments al or
To addr e

functions.

i mpl emahegstrrestoration initiatives, includ
i mprovement s, and t he creation of ecol ogi
environment al health and enhance its role in
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PKPROPOSASL SI NTERVENTI ONS

5. 1U-ROD Framewor k: -Qidribeannt eRli vDeerv el op ment

The Ur ba@r iRanwteed DevROD)p mema md Wotrrka nosfffoerrnsa tai \

pl anning model ai med at integrating rivers i
model i s designed to foster ecological resto
devel opment , and robust governatnc ey e aetnsdir i
peripher al or di sposabl e, but as vital ur b a

heritage conservati eRROD amed gsepsa teinavli reoquumetnyt,a | U
with adaptive planning tools to addrersisvetrhe

Ssystems. The frameworkdi empbasnaey appgmomasch
toget her ecol ogi cal wi sdom, technical i nnov
sustainabilityetran priovmmaot edheladndh and | i veabl e
5.1Etol ogi cal & Environment al Component s

This component-edtoaxhilsieshiomg rtehe river 6s ecol o

its natural functions and i mproving its inte
The framework mandates the establishment of
Setbacks ranging from 30 to 100 meters, in c

NGT directives, to safeguard f [-Baosded a3 olsu tainal
(NbS) such as bioswales, rain gardens, const
argoposed to enhance infiltration, filter rv
Il n addition, Floodplain Restoration and Reco
with their original hydrol ogi cal paths, i mpr

Bl «Ga een Il nfrastructure strategi es, inspire
incorporated to manage runoff-samsi riepé eRi gér
Devel opment | everages native vegetation, s of
to strengehéeme ecosystems. Water Quality Man

wastewater treatment systems and phytoremedi

at source. The wuse of Soil Bi oengineering a
such astkeinad®nampodnpercol ation tanks will cor
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and reducerdumsafrff.acki nal |l vy, Sedi ment and Sil
desilting operations, check dams, and ripa

capacity and prevent riverbed degradati on.

6]
O o O]
ooOO ‘@

Blue-Green Infrastructure & Riparian Buffer Zones & Water Quality
Urban Sponge Planning River Edge Setbacks Management
" (Y}
p oo (g@
= !
Floodplain Restoration & Eco-sensitive Riverfront Nature-Based Solutions
Reconnection Development (NbS)
Soil Bioengineering & Sediment and Siltation
Groundwater Recharge Management
Fig82e Ecol ogical & Environment al Com

5. 1ndrastructure & Land Use Components

Thi s section of t he framewor k envi sions [
infrastructure devel opment that align with e
el ement i s t he demarcati on of Zonal Develc
regul ati ofner tROMDrzeadnes, wlhsiech mplawlca wumibxaed z a
The framework also integrates Multimodal Ri \
motori zed mobil ity wi t h wal kways, -miilceycl e
connections to metkrso dhmhebue®neRemiponfsi Cki Matbe
Design i s embedded t hr ourgehf Isehcatdiewde pma themaiyasl, s .

ventilation strategies.
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To address t hecacpiatcyi'tsy,c arSrly iQpgt i mi zati on and
proposed to redirect devel opment away from
encouraging sustainable densities i n design
Liquid Waste Management iszyesdt,e ntsi rwiullla re nwsausrtee
t hrough MRF s, composting, and faecal sl uddg
Biodiversity Loops, designed with native fl o
corridor s, enhancing e8asgsdt €mBdCese)n t(wrhnluli trye p |

conventional zoning, regulating built for ms
porosity. Lastly, strategic interventions su
and +#filacemg green housing willamrhswse. equitat
CRZ/NDZ Integration via Multi-Modal Riverfront Zonal Development & Adaptive
TDR Mechanism Connectivity Land Use Regulations
- o
= <
Decentralized Solid & FSI Efficiency & Max Climate-Responsive Urban
Liguid Waste Management Development Optimization Design & Green Building
ﬁ; @ %
<& Lo
Plot Amalgamation for Urban Forests, and FBC (facade regulation, porosity
Redevelopment Biodiversity Loops river)

Figd8B8elnfrastructure & Land Use Compon

5. 1FBnanci al & Economic I nstruments

Ensuring financi al vi abiRIODt y nterkenti onsmpal e
framework incorporates Land -BEwag eueP rGanpituunm eP r(il
to monetize | and value appreciation arising
infrasreucTax I ncrement Financing (TIF) mech

in property tax revenue to fund current deve
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inclusi ofrafvaRwblIPiaact ner ships (PPP)towutilsmaci
affordable housing, and green infrastructur
bet ween public authorities and private stake
To reinforce environmental accountability, i
and -Eawation wil/l i mpose penalties and | evi
degradati on. Payment for Ecosystem Services
pregsergv riparian buffers and sustaining ec
Valuation Tools |ike I nVEST can be employed
restored ecosystems, aiding investment deci :
include Greeal iBonatdes fainmMlance i nstruments reglt
mobilization. l nnovative tools such as Deve
additional FSI i n return for ecological per
aligned with sustainability goal s.
~ |
o —
HOT 1D = [z
PRICE 5L _
Tax Increment Public-Privat Sustainable
River-Edge Financing G n\{ae Tourism
Premium Financing method partnerShlps Integration
Pricing using future tax Cpllaborative Combining tourism
benefits for projects between with sustainable
trateqy development go\{emmentand practices and eco-
e private sector. taxation
roperty value J’
N_ | .
€ R =
@ Polluter Pays @
Environmental \/\ L Payment for
! Principle Development
Valuation Ecosystem !
Green Bonds Framework where Services nghts
Assessing economic rEsmETbeEs polluters bear the Auctions
value of ecosystem for environmental costs of Compensation for o
services projects and environmental row"dainmdoeir;esrsstem mimt\o‘mng r|q1ht5 for
Vg sustainability. damage. ’ segrvice:ay (rive?-zzgfgm?f:
Fig@de Financi al and Economic I nstruments
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5.1Gd4vernance & Policy Measures

Robust governance -RODdef pamewotr ke Wi th an €

i ntegration, accountability, and communi ty
Management (I RBM) aligns ur ban planning wi
upst rdecanm st r eam caonodr dgrneasgseromi ng the river os
Carrying Capacity Planning sets quantifiabl
| oad, and population density, avoiding overe
Drone Surveill andcet ovitlrla cdoke leampd owsse changes,
pol l ution i n real ti me, whil e Ur ban Ri ver
Regul ations (DCRs) wil/ institutionalize pro
Participatory processes ar e key t o l egi ti
Governance Mechani sms, such as River Moni to
from civil society, academi a, t maams darcencygov

protection of Culdiumalluddenrg taglget sA,s sehdsi ne s,
will be integrated into planning through <col
| NTACH. The UROD framework also catéd OUBODt h
Pl anning Manual at the state |l evel, akin to
gui de-l ecvietly 1 mpl ement ati on. Conservation |l aw
extraction, and enforcement of Wet |lagidcaRul e:

safeguards.

Fi g8be Governance and Polic
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