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HOW TO ADDRESS?

Changes made in the
system to reduce the
adverseeffectsof climate
change

Efforts to reduce or
prevent greenhouse gas
emissions

Climate 
Change

Mitigation

Adaptation

(IPCC WGIII 5AR, 2014)

Urban 
Flooding



-! ÓÔÒÏÎÇ Ȱ3ÙÓÔÅÍÓ approach to developing mitigation strategies. 
- They should also solve core transportation problems as well. 
- Fundamental strategy should be to reduce no. of motorized 
ÖÅÈÉÃÌÅÓȟ ÒÅÄÕÃÅ ÔÏÔÁÌ ÍÏÔÏÒÉÚÅÄ 6+4ȟ ÁÎÄ ÆÉØ )ÎÄÉÁȭÓ ÅÎÅÒÇÙ ÍÉØ ÔÏ 
renewable sources

Ȱ4ÒÁÎÓÐÏÒÔÁÔÉÏÎ ÐÌÁÎÎÉÎÇ ÓÈÏÕÌÄ ÎÏ ÍÏÒÅ ÂÅ ÊÕÓÔ ÁÂÏÕÔ 
removing congestion points and reducing V/C ratio but should 
also be about reducing total vehicles kilometre travelled (VKT) 
ÂÙ ÍÏÔÏÒÉÚÅÄ ÍÏÄÅ ÁÎÄ ÒÅÄÕÃÅÄ ÄÅÐÅÎÄÅÎÃÅ ÏÎ ÆÏÓÓÉÌ ÆÕÅÌÓȢȱ

ȱ%ÖÅÎÔÕÁÌÌÙ ÉÔ ÓÈÏÕÌÄ ÌÅÁÄ ÔÏ ÍÏÒÅ ÌÉÖÅÁÂÌÅ )ÎÄÉÁÎ ÃÉÔÉÅÓȱ



OBJECTIVES

To develop mitigation strategies for the base year and the
horizon years 2030 & 2050 for transportation sector which are
aimed at reducing the GHGemissions,local pollutants and traffic
congestionfrom a baselinecondition.

To identify the transportation infrastructure that is vulnerable to
climate changeand assessthe impacts of climate changeon the
transportation infrastructure

To develop adaptation strategies for the base year and the
horizon years2030 & 2050 to evaluatethe vulnerability, scope&
extent, severity of eachflood event causedby climate changeto
transportation sector

Improving the overall liveability of Bengaluru



LIVEABILITY

In this study, quantitative evaluation of sustainable transport
mitigation and adaptation measures are carried out aimed to
improve the liveability of Bengaluru in terms of;

Åreducedtraffic congestion(VKT)

Åreducedexhaustemissions(PM,CO,NOX,HCetc.)

Åreducedgreenhousegasemissions(CO2)

Åreducedcarbonemissionintensity with respectto GDPgrowth

Åincreasedconsumersurplus of sustainablemodes

Åimproved resiliency of transportation system



GENERAL FLOW CHART OF MITIGATION & ADAPTATION

Finalizing best policy bundles

Adaptation

Formulating & Evaluating of adaptation 

policy bundles

Climate Change

Evaluating the base line conditions under BAU Base year 

Scenario

Forecasting the BAU scenario to target years (2030 & 

2050)

Formulating & Evaluating mitigation 

policy bundles

Carbon emissions intensity

Consumer surplus

Appraisal of policy bundles

Mitigation



Mitigation 
Methodology
Flow Chart

Step 1: Setting baseline and target levels for 

sustainable transportation

Step 2: Scenario formulation

Socio economic trends,

Transport trends,

Transport sector emissions

Step 2: BAU 

scenario

Step 2: Sustainable transport 

scenarios
Delphi study

Step 6: Finalizing the best sustainable transport strategy for 

urban transport in India

Step 5: Appraisal of strategies

Step 4: Scenario analysis 

using Travel Demand 

Modelling

Step 3: Policy bundle scenarios to 

reduce vkt, emissions

Estimated travel demand for 

different scenarios

Emissions
Emissions 

intensity

Consumer 

surplus



TRAVEL DEMAND 
FORECAST FOR 
2030 AND 2050 
(BAU SCENARIO) 
ɀMODE SHARE

ÅReduction in two-wheeler & auto from
base year could be due to increased
income levels and shift towards car or
metro

ÅReduction in Busand NMT could be due
to introduction of metro
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Travel Demand 
Forecast for 2030 and 
2050 (BAU Scenario) -
Trip Assignment

User Equilibrium traffic 
assignment: Every user (in 
other words, traveller) choses 
route that minimizes his/her 
individual travel time or distance 
and will only increase it if they 
decide to change their path

Legend

Base year 2030

2050
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Emissions for Base year, 2030 and 2050 
(BAU Scenario)

Pollutant Tonnes/ year (% change w.r.t base year)

Base Year 2030 2050

CO 23101 12532 (-46%) 16988 (-26%)

HC 8962 3064.01 (-66%) 2765.35 (-69%)

NOx 7968 2131 (-73%) 7195 (-10%)

CO2 1023722 1702506 (+66%) 6964265 (+580%)

PM2.5 1113 158 (-86%) 560 (-50%)

Increased VKT, emission factor value, 
metro, mode shift towards bus

Emissions (g) = VKT (km) * 
Emission factor (g/km)



EVALUATION OF MITIGATION POLICIES FOR 

BENGALURU CITY

PARTNERS :

Ref: Vajjarapu , H., Verma, A., & Hemanthini A. R. (2023). Evaluating the Climate Change 
Mitigation Potential of Sustainable Urban Transport Measures in India, Journal of Urban 
Planning and Development, Vol. 149, Issue 1, ASCE.



Policy Bundles For Mitigation

ɆIncreasing network coverage of Public Transit
ɆCycling and walking infrastructure
ɆAdditional tax on purchasing vehicles

Bundle 1

ɆAdditional tax on purchasing vehicles
ɆStrict Vehicles inspection/ Improvement in standards for 

vehicle emission
ɆIncrease in fuel cost

Bundle 2

ɆIncreasing network coverage of Public Transit
ɆDefining car restricted roads
ɆCongestion Pricing
ɆPark and Ride
ɆCycling and Walking infrastructure
ɆEncouraging car-pooling and High Occupancy Lanes
ɆHigh density mix building use along main transport 

corridors

Bundle 3

ɆBundle 3 + All buses and cars running on electricityBundle 4

Combination 
of Planning 
Regulatory & 
Economic 
Instruments

Economic & 
Regulatory 
Instruments

Planning & 
Regulatory 
Instruments

Combination 
of Planning 
Regulatory, 
Economic & 
Technological 
Instruments



INCREASING NETWORK COVERAGE OF 
PUBLIC TRANSIT

Identifying 
Congested links

Links that are over congested 
with traffic are Identified

Add more PT links

More links are added in the 
zone that has more 
productions and heavy 
congestion to reduce load on 
other links

Re modelling
New travel times are obtained & 
these are used to re model the 
flows on roads.

For 2030 and 2050, 
60.1 km and 30 km of 
public Transport road 

network was increased.

Variables affected :

Å Travel cost

Å In vehicle travel time

Å Out of vehicle travel time (Public
Transit)



Encouraging carpooling and High 
Occupancy Vehicle (HOV) Lanes

A HOV road network is created

car trips that fall on the HOV network 
assumed to car pool and a separate 

OD matrix is created from the original 
car OD matrix

Assign the car pool trips onto the HOV 
network and then assign the Public 
Transportation trips onto the Public 

transportation network with a preload of 
car pool OD.

Private Trip assignment with 
preloads as zero and reduced road 

capacity. 

Sub-arterial & arterials roads and 
main transport corridors of Bangalore 
where HoVlanes can be provided are 
good places to implement.



Mode Share Comparisons between 
Policy Bundles & BAU

ÅIncreasing network coverage of Public Transit
ÅCycling and walking infrastructure
ÅAdditional tax on purchasing vehicles

Bundle 1



Mode Share Comparisons between 
Policy Bundles & BAU
ÅIncreasing network coverage of Public Transit
ÅDefining car restricted roads
ÅCongestion Pricing
ÅPark and Ride
ÅCycling and Walking infrastructure
ÅEncouraging car-pooling and High Occupancy Lanes
ÅHigh density mix building use along main transport corridors

Bundle 3



VKT Comparisons between 
Policy Bundles & BAU



Emission Factors

Theprincipal emissionsgeneratedfrom transportation sector:

ÅCarbonDioxide (CO2)
ÅNitrogen Oxides(NOX)
ÅCarbonMonoxide(CO)
ÅHydrocarbons(HC)
ÅParticulate Matter (PM2.5)

Renewableshareof electricity in future years is assumedto increase(IEA,2015).

4 Scenarioswith different energymixes

ÅScenario 1: New PoliciesScenario(IEA, 2015) ɀNon-renewable sources&
renewable (74% - 26%)

ÅScenario 2: Electricity from non-renewableSources(100 %)
ÅScenario 3: Half electricity from renewable and another half from non-

renewablesources(50 % - 50 %)
ÅScenario 4: Electricity from RenewableSources(100 %)

Source: Sharmaand Chandel(2020)

Total Emissions (g) = VKT (Km) * Emission Factor (g/km)



Total Vehicular & Total Percapita
Emissions ɀCO2


