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The Alluvium Group strives to solve the complex and
systemic challenges facing our society and environment

Critical environment and saciety
challenges facing India

Harnessing our integrated skillset to

solve these complex challenges
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Project: Integrating Blue Green Infrastructure in Urban Planning for Climate
Change Adaptation and Mitigation in Chennai Metropolitan Area (CMA)
Client: World Bank, CMDA
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Obijectives

1.

Forecast future urban growth
Project CMA’s urban expansion for 2030 and 2050 under two scenarios:
Business as Usual (BAU) and Safeguarding BGI.

Assess impacts on Blue-Green Infrastructure
Evaluate how projected growth affects blue and green infrastructure, particularly
potential encroachment into hydrologically and ecologically significant areas.

Identify growth zones and test spatial redistribution

Identify major future growth zones and assess whether BGI safeguards can
redirect development pressure toward less-sensitive urban and peri-urban
areas.
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I')I.

Bige-Green Infrastructure is part of the urban water system

Blue-Green Infrastructure (BGI) is the interconnected network of natural and semi-natural systems that support hydrological and ecological
functioning (moderates runoff, stores water, enables recharge, filters pollutants and reduces heat exposure) in cities
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BLUE-GREEN INFRASTRUCTURE
WHY DOES IT MATTER FOR WATER SECURITY?
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Urban Growth and Water Security in Chennai |

URBANIZATION H
Urban Growth Trend _ URBANIZATION A
3.5% Built Expanded from 168.5 km?in 1985 (1985-2019)

: to ~600 km?in 2019 (59,120 ha in
Footprint Growth ,,,,

ﬂlmpact
Blue-Green
Infrastructure Baseline

(1,178 haj of {4,403 ha) of

|29.5% &5 |[20.7% 25

Climate Vulnerability

&7y 348 mm rainfall in 24 ! E’ﬂﬁg{t“”ﬂ’ F R LN sﬁi
= hours {2015 floods) of 4 872 MCM by 2050 i v e ! I- - 3 _1 r I Urbanization Area in 1985
. Coastline receded up to High frequancy of 5-0 " ' : Urbanization Area added by 2000
h\-."\‘: 560m nesr Ennore ﬁ ghqu h lTes B urbanization Area added by 2010
year drought oye
I urbanization Area added by 2015
. I Urbanization Area added by 2019
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Method: scenarid-based CA-Markov modle\(lh%)g gr”mg Urban Futures and BGl Integrat|on

CMA
Data Inputs Data Preparation  Transition Potential  Scenario Simulation Validation Outputs
Spatial dasta and Frepare consistent Modelling Project futwere fsonn msdsl Decision-roiyvint
alxiliary layers inplt layers Estimate |ikelibwod vrban arowth parformance spathal insights

of land comvarsion

(CA-Markov & IDRISI TerrSet)

Land UsefLang Image Tarrbat Land
£ Cover (2011, 20221 propnicessing 4{: Madeier  £b CA-mevevmedel [ Meds caibration
L

A Foad natwork g Classification A Change modaling E M3 propection III Beuracy

A 5iaps(2m high-res) assessment

. Plarni = gk
Reclassification E o M5 propction
o Prenermity metrics oI .

Constraint Note: Analytical grid is defined at 3km x 3km to perfectly balance neighborhood-scale thermal variation with
broader hydrological basin processes.
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| Modelling Urban Futures and BGl Integration
S

I
Two alternative planning conditions for future growth tésted in the

model
Defining the 2030 and 2050 scenario pathways

|- ~ Hypothesis
: Business-as-Usual (BAU) ‘ Safeguarding BGI The purpose of the comparison is to
- test whether excluding ecologically

CONTIHUED DEVELOPMENT PRAGTECTION-LED FLANMNING . . g L
sensitive and hydrologically significant

areas materially changes the direction,

Guiding logic Guiding logic . .
Continued development trends @ Blue-green assets recognised as Concentr_atlon and spatial spread of
without spatial protection, critical water infrastructure, future built-up growth.

Land conversion rule Spatial constraint .
K;‘ Allows transitlons fram agriculture, O Wetlands, lakes, forests, and parks Interpretation rule: outputs are
Forest, and water bodies to urban land. treated as no-development zanes. scenario tests, not deterministic land-
conversion predictions.

Model accuracy

|I Model accuracy !I
i i
74.65% 70.17% Planning meaning: protecting BGI
does not materially reduce projected
A2 RMS error » gt urban growth; it changes the
0.19 0.29 geography of development pressure.

Same demand for growth. Different spatial rules.
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Scenario Results: Urban Growth Impacts on BGl
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*Note: During the urban growth modelling exercise, the 2022 baseline, integrated with BGI layers obtained from statutory sources (such as the Revenue Department, WRD, Forest Department, DMA, NCSCM, and

SMP) — revealed significant built-up development within designated Green Infrastructure (29.5%) and Blue Infrastructure (20.7%) areas, indicating substantial levels of encroachment.

Built-up area within BGI - Loss of Hectares (Cumulative)

10
&R
Fi0n
et 25.7%
Im 32‘2 % -
20.65 %
o 29.46 %
- 22.46% - N

S0 2030

33.6%

Green Infrastructure Lost:
. 42.6% (1,705 ha).

Blue Infrastructure Lost:

33.6% (7,167 ha).



‘Safe-guarding BGl

Scenario Results: Urban Growth Impacts on BGl
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*Note: During the urban growth modelling exercise, the 2022 baseline, integrated with BGI layers obtained from statutory sources (such as the Revenue Department, WRD, Forest Department, DMA, NCSCM, and
SMP) — revealed significant built-up development within designated Green Infrastructure (29.5%) and Blue Infrastructure (20.7%) areas, indicating substantial levels of encroachment.

By safeguarding Blue-Green Infrastructure (BGI) through protective zoning (No development

Zones) and planning policies, the same quantum of urban development can be accommodated
while preserving over 13.14% of green and ~13% of blue infrastructure that would otherwise be
lost under a business-as-usual scenario.




| SCenario Results: Urpban Growth Zones and ExXpansion areas -

2030
From 2022 to 2030 — Business as Usual From 2022 to 2030 — Safeguarding BGl

Relative Increase (%) in Safeguarding scenario Rel_ative Increas.e (%) in
Built-Up Footprint from distributes growth more g ! ks Built-Up Footprint from
= 2022 t0 2030 — evenly across several = .I — |:. te Sl e i |"|'._;a.|’ 2022 to 2030 —
Iﬁ_—'- Business as Usual nodes - i | i Safeguarding BGI
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1 dCenario Results: Urpban Growth Zones and Expansion areas -

'2030
From 2022 to 2050 — Business as Usual

Relative Increase (%) in
Built-Up Footprint from
2022 to 2050 —
Business as Usual
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Growth Zones -
Sholavaram PU,
Villivakkam PU,
Poonamallee PU,
Kundrathur PU,
Katangulathur PU

% Increase from
Baseline (2022) -

+28.4 %
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From 2022 to 2050 — Safeguarding BGl

Relative Increase (%) in
Built-Up Footprint from
2022 to 2050 —
Safeguarding BGI

Safeguarding scenario
distributes growth more
evenly and identifies a
similar set of growth °

zones

Growth Zones -
Sholavaram PU,
Villivakkam PU,
Thiruvallur PU,
Poonamallee PU,
Kundrathur PU,
Katangulathur PU
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The Safeguarding 2050 BGI scenario demonstrates that a
similar magnitude of urban growth can be accommodated with

% Increase from
Baseline (2022) -

+28 %

far lower ecological loss. !
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Hence, the same scenario result will be further used as the final
layer from this step in the overlay analysis to help identify the
priority sites.
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Total Built-up Footprint (Hectares)

| Results Summary: Urban Growth Model Outputs

Safeguarding BGl Accommodates the Same Urban Growth (+28% by 2050) While Saving 13% More Green & Blue Cover

Year Built-up Green Loss (%) | Blue Loss (%) | Major Growth Nodes
(ha) Increase

2022 Baseline 59,120 ha 1,178 ha (29.50%) 4,403 ha (20.70%) Reference Year
peaan Total Bullt-Up Area Quantum (Nearly Identical Growth) e BGI Encroachment Percentage: BAU vs Safeguarding
B Green Infra Bal %)
B Greery linffra Seala f 4G Sawved +#12,1% Grasm
S0000 - =3 Biue Infra BAL (% ek ]
I Ghue aira Sals (5 ¢
75,902 ha 75,6845 ha
5000 4-:1:.:'.]1-. Hius
3
FOO00 =
65,083 ha 65,042 ha 2
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50000
45000
40000 -
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2022 Baseline 2030 BAU 2030 Safe 2050 Bal 2050 Safe 2022 Baseline 2030 Projected 2050 Projected



| Conclusion: Steering urban growth to safequard water security

Urban growth modelling as a first-step decision-support tool for metropolitan planning
2 | Forecasting can inform where planning action is

Urban growth forecasting can
identify where future
development is most likely to
conflict with critical BGI.

1 | Growth can be redirected

Future growth does not have to follow the

needed
same spatial pathway. N

Projected growth —»% BGIconflict areas

RSO o
The Safeguarding BGI scenario can then provide a spatial basis for
priority BGI intervention areas
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« Safeguarding BGI changes the geography of e ".52" <
development pressure without materially reducing — : ::+ Safeguanding Ecological + Pricrity BGI
the projected scale of metropolitan growth. w* | ) SR BGI scenario climate-risk intervention
J { 3 ovarlay areas
Model interpretation ?ﬁ" " Policy entry points
:ﬂgztisu? ﬁ?scséoggzgfpg?cgylzse?o not v' Master Plan zoning | Development control rules |
P P v" Floodplain and wetland buffers | BGI restoration / DPR prioritisation

predictions. Validation, data quality and

. field verification remain critical.

°
Growth cannot simply be stopped. But it can be steered and redirected from critical BGI.







