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CLIMATE CHANGE ASSESSMENT 

 
I. BASIC PROJECT INFORMATION 

 
Project Title: IND (51337-001): Tamil Nadu Industrial Connectivity Project 
Project Cost ($ million): 904.60 
Location: Tamil Nadu, India 
Sector / Subsector(s): Transport / Road transport (non-urban) 
Theme:  
Brief Description: 
 

The project will rehabilitate and upgrade about 590 km of state roads on the 
CRN in Tamil Nadu to improve road transport connectivity with economic and 
industrial centers in the state. It will involve upgrading state roads to standard 
two-lane or four-lane width with paved shoulders, depending on traffic 
requirements. Bridges and culverts will be widened, road safety features will be 
strengthened, and the improved road assets will be maintained for 7 years after 
construction. The proposed project will build resilient infrastructure to improve 
road connectivity in the CKIC and its influence area of 23 out of 32 districts of 
Tamil Nadu (13 on the coast and 10 in the hinterland), which also accounts for 
about 70% of the state’s population and 74% of the state’s gross domestic 
product. The CKIC study has identified around 590 km of state highways for 
upgrading north–south and transverse connectivity to improve the 
competitiveness of the industrial corridor through good roads for passenger and 
freight movement. The roads identified will serve to (i) ease congestion on 
major routes connecting into the CKIC; (ii) offer alternate routes between 
industrial areas and transport gateways; (iii) increase last-mile connectivity to 
ports; (iv) promote linkages between major urban areas, industrial hubs and 
tourist centers; and (v) improve the capacity of the CRN in the state. The project 
envisages the following outputs: (i) state highways upgraded and maintained; 
and (ii) capacity in road safety, sector planning, and research enhanced. These 
outputs will result in the following outcome: capacity, connectivity, efficiency, 
and safety of the highways system in Tamil Nadu increased.   

CKIC = Chennai Kanyakumari Industrial Corridor, CRN = core road network, km =  kilometers. 
Source: Asian Development Bank. 

 
II. SUMMARY OF CLIMATE CHANGE FINANCE 

 
Project Financing Climate Finance 

Source 
Amount 
($ million) 

Adaptation 
($ million) 

Mitigation 
($ million) 

Asian Development Bank 408.59 42.50  
 Ordinary capital resources (regular loan) 408.59 42.50  

Note: ADB will finance 80% of the total climate finance. 
Source: Asian Development Bank. 

 
III. SUMMARY OF CLIMATE RISK SCREENING AND ASSESSMENT 

 
A. Sensitivity of Project Component(s) to Climate or Weather Conditions and the Sea Level 
 
Project Components – High 
1. Widening and upgrading of 590 km state highways, with EWCD-friendly features at locations to be 

specified1 
2. Performance-based maintenance of state highways initiated 

 
1 EWCD-friendly features include well-marked crossings, safety signage, and pedestrian walkways. 

http://www.adb.org/Documents/RRPs/?id=51337-001-3
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Sensitivities: 
1. Temperature change 

- More rapid road asphalt deterioration due to prolonged heat 
- Increased maintenance cost 

2. Increased intensity of precipitation and storm events – Medium 
- Increased flooding of roadways particularly due to sea level rise 
- Increased soil erosion and washout of road- and tunnel-supporting culverts during flashfloods 

3. Storm surge and temporary inundation of and diminished access to roadways 
4. Increasing likelihood of extreme weather events increases the costs associated with road maintenance. 

The degree of effects will be dependent on the (i) materials used (e.g., asphalt or cement); (ii) design 
(e.g., no drainage or with lateral drainage); and (iii) location (e.g., flood-prone or low-lying areas, areas 
with seismic fault lines). 

B. Climate Risk Screening 

 
Tamil Nadu is prone to multiple hazards of various nature and different intensities such as cyclone; water 
scarcity and extreme heat; river flood and coastal flood (high risk); earthquake; tsunami; urban flood; and 
landslides (medium risk).  
 
1. Temperature increase and/or extreme heat: High 

The current temperature average over Tamil Nadu ranges from 18oC (November to March) to 43oC (April 
and May). For the state as a whole, the projections of maximum (daytime) temperature show an increase 
of 1.0oC for the period 2020 (2005–2035), 2.2oC for 2050 (2035–2065), and 3.1oC,  for 2080 (2065–2095), 
with respect to the baseline period (1970–2000). Similarly, the projections of minimum (nighttime) 
temperature show an increase of 1.1oC, 2.4oC, and 3.5oC, respectively. This increasing trend is statistically 
significant (Mann-Kendall trend test).2 However, the risk posed by extreme heat is already considered high 
for all districts of Tamil Nadu.3 

 
2. Flooding:  

Due to increased precipitation – High 
Due to storm surges, sea level rise or tsunami – Low for inland locations, Medium for infrastructure located 
near or in the coastal areas 
High rainfall areas cover (i) Anaimalai, Nilgiris, and Palani hills in the west; (ii) the coastal belt of 
Cuddalore, Kancheepuram, and Thiruvallur districts in the east; and (iii) Kanyakumari district in the south.4 

The annual rainfall projections with respect to the baseline period (1970–2000) are about 2%–7% for the 
periods 2020 (2005–2035), 1%–4% for 2050 (2035–2065), and 4%–9% 2080 (2065–2095), , indicating a 
general decrease in rainfall , ,  (footnote 2). However, significant exceptions are noticed over some pockets 
of western hilly areas and high rainfall areas where increases in rainfall are seen. There are also 
indications of increasing heavy rainfall events during the northeast monsoon season and a slight decrease 
during the southwest monsoon season. 

Storm surge varies from 3 m to 11 m in Tamil Nadu coast. The southern part of Kanyakumari, Puddukottai, 
Ramanathapuram, Thanjavur, Thirunelveli, and Thutthukudi have experienced 6 m above current sea 
level (footnote 3). The northern region of Chennai, Cuddalore, and Thanjavur have lower storm surges of 
around 3 m. 

Climate Risk Classification: 
High for flooding due to extreme rainfall, storm surges, and other extreme events such as water scarcity and 
heat waves. 
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C. Climate Risk and Adaptation Assessment 

 
1. Climate risk and adaptation assessments were done using literature search and other secondary 

sources. 
2. The key climate risks to the project components are increases in temperature and in the frequency and 

intensity of extreme rainfall events, adding to the problem of urban and coastal floods. 
3. Geophysical hazards (earthquakes and tsunami) are also present. 
4. Limitation in the use of climate change projections for Tamil Nadu: The regional climate change 

projections for Tamil Nadu were simulated by the Met Office Hadley Centre regional climate model. The 
model is run at 25 km horizontal resolution driven by lateral boundary conditions generated by a 
perturbed physical ensemble of 17 simulations produced by a version of Hadley Centre coupled climate 
model, known as HadCM3Q under A1B (SRES) scenario. The large-scale features of these 17 
simulations were evaluated for the target region to choose lateral boundary conditions from six members 
that represent a range of climate variations over the study region. The regional climate, known as 
PRECIS, was then run 130 years from 1970. The A1B scenario is comparable to the assumptions of 
RCP4.5 and RCP6.5 of CMIP5. Under RCP8.5 scenario (business as usual, or with very high GHG 
emission scenario compared to RCP4.5 and RCP6.5 where there are some GHG mitigation), climate 
risks are higher. 

5. The proposed adaptation options for this project were identified and prioritized for managing the climate 
change risks (Table IV). 

D. Climate Risk Screening Tool and/or Procedure Used 
SARD climate risk screening framework and methodology 

CMIP = Climate Model Intercomparison Project, EWCD = elderly, women, children, and differently abled, GHG = 
greenhouse gas, m = meter, PRECIS = Providing Regional Climates for Impacts Studies, RCP = representative 
concentration pathway, SARD = South Asia Department, SRES = Special Report on Emissions Scenarios. 
1  EWCD-friendly features include well-marked crossings, safety signage, and pedestrian walkways. 
2  P. K. Bal, A. Ramachandran, R. Geetha, et al. 2016. Climate change projections for Tamil Nadu, India: Deriving high-

resolution climate data by a downscaling approach using PRECIS. Theoretical and Applied Climatology. 123. pp. 
523–535.  

3  ThinkHazard! developed for informational purposes by the Global Facility for Disaster Reduction and Recovery 
(GFDRR). https://thinkhazard.org/en/report/1508-india-tamil-nadu. 

4  Government of Tamil Nadu. 2018. State Disaster Management Perspective Plan 2018–2023. Tamil Nadu State 
Disaster Management, Authority Government of Tamil Nadu. 202 pp. 

Source: Asian Development Bank. 

 
IV. CLIMATE ADAPTATION PLANS WITHIN THE PROJECT 

Adaptation Activity 
Target Climate 

Risk 

Estimated DRR and 
Adaptation Costs 

($ million) 

DRR and 
Adaptation Finance 

Justification 
Improvement in alignment and 
provision of embankment fill to 
increase embankment height in 
critical sections by 1 m–3 m   

Flood risks 12.82 Costs of upgrading to 
all climate-resilient 
designs with road 
safety features 

Improvement in discharge capacities 
and new construction of longitudinal 
roadside drains 

Flood risks 8.04 

Improvement and construction of 
cross drains, culverts, and minor 
bridges 

Flood risks 10.22 

Protection of embankment slopes 
through turfing and stone pitching and 
provision of retaining wall 

Flooding and 
extreme 
precipitation that 
cause landslides 

11.43 

https://doi.org/10.1007/s00704-014-1367-9
https://doi.org/10.1007/s00704-014-1367-9
https://thinkhazard.org/en/report/1508-india-tamil-nadu
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Adaptation Activity 
Target Climate 

Risk 

Estimated DRR and 
Adaptation Costs 

($ million) 

DRR and 
Adaptation Finance 

Justification 

Total 42.50 

Adaptation cost is 
10.40% of ADB 
financing for civil 
works, equivalent to 
$408.59 million 

ADB = Asian Development Bank, DRR = disaster risk reduction, EMP = environmental management plan, km = kilometer, 
m = meter. 
Note: ADB will finance 80% of the total climate adaptation finance. 
Source: Asian Development Bank.  
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Annex A: Summary of Climate Change Adaptation 
($) 

Adaptation Measures BAU  

Incremental 
Cost   

Total Cost 
(BAU+Incremental)  

%  
Increase 

Provision and/or improvement 
of lined drain in urban 
stretches 

31,620,139.91 7,905,034.98 39,525,174.88 25 

Provision and/or improvement 
of unlined drain in urban 
stretches 

524,737.68 131,184.42 655,922.10 25 

Improvement of embankment 
height and/or improvement in 
alignment 

- 12,820,500.65 12,820,500.65 100 

Embankment protection 
and/or slope protection and/or 
turfing 

- 11,431,654.40 11,431,654.40 100 

Improvement of cross 
drainage structure (culverts, 
minor bridges) 

40,861,518.76 10,215,379.69 51,076,898.45 25 

Total 73,006,396.35 42,503,754.14 115,510,150.49 58 

BAU = business as usual. 
Note: Incremental cost = Adaptation cost. 
Source: Asian Development Bank. 
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I. INTRODUCTION 

A. Background 
 
1. Tamil Nadu covers an area of 130,058 square kilometers (km2), and is the 10th largest 
state in India and the thirdmost urbanized state. It is bounded by the Bay of Bengal to the east 
and Indian Ocean to the south and by the states of Kerala to the west, Karnataka to the northwest, 
and Andhra Pradesh to the north. The climate of Tamil Nadu is essentially tropical. The hottest 
months fall in May and June, where maximum daily temperatures average about 38°C, while 
minimum temperatures average about 20°C. The coolest months are December and January 
where average day temperatures usually range from 20°C to about 30°C. The average annual 
precipitation, falling mainly between October and December, depends on the southwest and 
northeast monsoons and ranges between 630 and 1,900 millimeters (mm) a year. The 
mountainous and hilly areas, especially in the extreme western part of the state, receive the most 
precipitation, while the lowerlying southern and southeastern regions receive the least rainfall. 
 
2. Considered vital to economic development, trade, and social integration, road transport 
networks and systems in the state are maintained by the Tamil Nadu Highways and Minor Ports 
Department (TNHD). Tamil Nadu has an extensive road network covering about 153 kilometers 
(km) per 100 km2 area, which is higher than the country’s average road network coverage of 103 
km per 100 km2 area.  
 
3. Currently, the state has a total of 66,038 km of roads segregated into various classes such 
as national highways, state highways, major district roads and other district roads. Table 1 shows 
the total lengths of roads according to Indian classification and number of lanes as of 2019. 
 

Table 1: Lengths of Roads by Types, Tamil Nadu State 
(km) 

No. Road Classification 
Single 
Lane  

Intermediate 
Lane  

Double 
Lane  

Multi – 
Lane  Total  

1 National highways (NH)   3,514 3,120 6,634 

2 State highways (SH) 38 215 8,570 2,346 11,169 

3 Major district roads (MDR) 321 7,186 3,869 236 11,612 

4 Other district roads (ODR) 30,290 4,960 1,103 71 36,624 

 Total 30,849 12,361 17,056 5,773 66,039 
Source: Tamil Nadu Highways and Minor Ports Department; https://www.tnhighways.gov.in/index.php/en/aboutus. 

 
4. The Government of Tamil Nadu has applied for a loan from the Asian Development Bank 
(ADB) towards the cost of improvement of state highways under engineering procurement and 
construction (EPC) contracts. The TNHDis the executing agency for the proposed Tamil Nadu 
Industrial Connectivity Project (TNICP). Table 2 lists theproject roads under this project. 
 
 
 
 
 
 
 
 
 
 

https://www.tnhighways.gov.in/index.php/en/aboutus
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Table 2: List of Roads under Tamil Nadu Industrial Connectivity Project  

No. Road ID Connectivity 
Length, 

km 

Estimated Total 
Civil Works Cost* 

(INR) Remarks 
1 SH 9 Cuddalore to Madapattu Junction 

(SH 9) 
37.36 1,916,065,888.00 * Total civil cost given 

here does not include 
(a) GST, and (b) 6th 
year maintenance 
outlay 

2 SH 23 Mayiladuthurai to Thiruvarur (SH 
23) 

29.88 1,772,808,165.00 

3 SH 40-I Tiruchendur to Ambasamudram 
via Palayamkottai (SH 40-I) 

50.59 2,370,027,161.00 

4 SH 58 I Chengelpet to Kanchepurm (SH 
58) -Part I 

39.79 3,790,062,238.00 

5 SH 58 II Chengalpattu – Kanchipuram 
Road (SH 58) Part II 

41.78 3,053,877,377.00 

6 SH 63 Thanjavur to Mannargudi(SH 63) 27.59 1,124,465,869.00 

7 SH 64  Kumbakonam to Sirkazhi(SH 64) 36.78 1,993,867,640.00 

8 SH 69 Virudhachalam to Ulundurpettai 
(SH 69) 

22.86 1,156,843,139.00 

9 SH 79 Tiruchengode to Erode(SH 79) 11.15 1,598,666,248.00 

10 SH 86 Omalur to Tiruchengode via 
Sankakiri including Tiruch 
engode Bypass (SH86) 

51.72 3,806,926,902.00 

11 SH 115 Cheyyur (ECR) to Polur (SH115) 
including ECR link 

109.27 5,130,364,071.00 

12 SH 142 Thuraiyur to Perambalur(SH 142) 30.06 1,179,788,614.00 

13 SH 191  Melur to Karakikudi via 
Tirupattur, Kundrakudi(SH 191 & 
SH 191A) 

30.49 1,134,562,862.00 

14 SH 95 Mohanur – Namakkal –
Senthamangalam-Rasipuram 
Road (SH 95)  

31.50 1,515,872,430.00 

15 SH 66 Kumbakonam Mannargudi Road 14.90 983,872,197.00 

16 SH 40-II Tiruchendur to Ambasamudram 
via Palayamkottai (SH 40-II) 

21.40 1,108,645,110.00 

Source: DPRs of Chennai–Kanyakumari Industrial Corridor Project. 
 

5. Projected change in global climate is widely recognized to have significant impacts on the 
appraisal, planning, design, construction, operation and maintenance of road infrastructure. This 
climate risk and vulnerability adaptation (CRVA) is an essential component where, under ADB’s 
requirements and for the purposes of subsequent project loan formalities, the study needs to 
demonstrate that climate change risks and adaptation considerations have been integrated into 
the detailed project reports (DPR) of the project roads.  
 
B. Climate Change Action Plan of Tamil Nadu  
 
6. The state government endorsed its first Tamil Nadu State Action Plan on Climate Change 
(TNSAPCC) in 2015 in compliance with the directives of India’s National Action Plan on Climate 
Change (NAPCC) of 2008 that required each state to address aspects of climate change in its 
development policies and programs. The TNSAPCC provided a first statewide and cross-sectoral 
climate change impact and vulnerability assessment, and formulated adaptation and mitigation 
strategies to be carried out by the state government agencies. The strategies were envisaged to 
cover seven vulnerable sectors: (i) sustainable agriculture, (ii) forestry and biodiversity, (iii) water 
resources, (iv) coastal area management, (v) sustainable habitat, (vi) energy efficiency, and (vii) 
knowledge management.  
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7. The TNSAPCC was revised in 2018 to align with the objectives of India’s Nationally 
Determined Contribution (NDC) and with Tamil Nadu’s development targets, with a view to enable 
formulation of short- and long-term action strategies pertinent to the state. This revised action 
plan TNSAPCC-2.0 takes stock of the state’s specific climate change impacts, risks and 
vulnerabilities in the implementation of development programs with focus on risk mitigation, risk 
reduction and adaptation measures besides looking into cobenefits, if any, from climate change. 
 
8. The implementation of TNSAPCC-2.0 strategies and activities are to be overseen by the 
TNSAPCC Steering Committee, chaired by the state’s Chief Secretary with support from the nodal 
agency which is the Department of Environment. The formulated adaptation and mitigation 
strategies are to be carried out by responsible state government agencies. 
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II. CLIMATE RISK AND VULNERABILITY 

A. Sector Climate Risk and Vulnerability 
 
9. Scientific evidence has shown that warming of the global climate system is unambiguous; 
global average temperatures are higher than they were in past centuries and continue to increase. 
As a result, seas and oceans are warming, polar ice caps and glaciers are melting, sea levels are 
rising, and there are more varied and extreme weather patterns. In general, temperatures, 
precipitation levels, and flooding risks  will be higher. More incidents of record hot weather and 
frequent and more severe extreme weather events are projected under a changed future climate.  
 
10. Reports and analyses done by government organizations, international agencies and  
research faculties draw attention to the impact of climate change on road infrastructure integrity 
and performance and the need for adaptation measures. Two major types of climate-related risks 
to road infrastructure are those driven by long-term changes in temperature and precipitation, and 
impacts driven by changing weather conditions which can accelerate deterioration; increase risks 
and damages to road infrastructure; and traffic interruption and accidents. These in turn affect 
socioeconomic activities. 
 
11. Climate vulnerability has been traditionally understood in terms of a relationship between 
exposure, sensitivity and adaptive capacity. Climate change vulnerability levels are influenced by 
variables such as geographic location, the local environment, and the ability of local authorities to 
both respond to events and adapt their assets in advance. Due to direct exposure to elements of 
nature, road infrastructure and operations are vulnerable to many different types of weather 
conditions and these forces of nature are highly likely to be exacerbated under climate change. 
The risks posed by extreme events such as fluvial as well as pluvial floods, landslides and 
embankment washouts, and deterioration of road pavements are amply imminent.  It is thus 
imperative to consider the risks posed by increasingly frequent and intensified extreme weather 
events at the onset of any road improvement design.  
 

12. Some generic impacts of climate change on road infrastructures and/or assets as 
experienced in the Indian subcontinent are briefly summarized below. 
 

(i) Changes in rainfall, temperature and evaporation patterns can alter the moisture 
balances in road pavement subbase formation. 

(ii) Rise in the water table can lead to the reduction of the structural strength of the 
road subbase and pavement leading to damages to earthworks, embankments, 
and drainage systems.  

(iii) Rise in air temperature and temperature extremes can accelerate the ageing of 
road surfacing bitumen layers leading to surface cracking, migration of asphalt and 
rutting, and increased rate of wear and tear. 

(iv) Rise in temperature extremes impacts on concrete construction, including thermal 
expansion on bridge expansion joints. 

(v) Increases in precipitation and in intense precipitation events can cause 
overloading of drainage systems including bridges, causing backups and flooding, 
and increases in road washouts and bridge damages. 

(vi) Changes in seasonal precipitation and river flow patterns induce increased risk of 
floods from runoff, landslides, slope failures, and damage to roads and bridges.  

(vii) Storms and more frequent strong cyclones can bring about increased road 
flooding; greater probability of infrastructure failures; erosion of road base and 
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bridge supports; bridge scour; reduced clearance under bridges; and wind damage 
to signs, lighting, overhead cables, road signals, and tall structures. 

 
B. Climate Risk and Vulnerability Assessment—The Rationale  
 
13. Since 2010, ADB has defined its priorities for action that include assisting developing 
member countries in climate-proofing of projects to ensure that their outcomes are not 
compromised by climate change and variability or by natural hazards in general. ADB has also 
institutionalized a framework in response to the mandated requirement that exposure and 
vulnerability to climate change risks be identified and accounted for in the preparation of 
investment projects.1 The framework encourages a sequential process to assess climate change 
vulnerability and impacts, and to identify adaptation needs and options.  
 
14. ADB recognizes that development is about lasting benefits. Hence, a CRVA is mandated 
to be undertaken during the project preparation phase to examine climate change events and 
risks and, where appropriate, the technical and economic feasibility of adaptation options. Based 
on the level of climate change risks for the project and the adaptation measures chosen in the 
project design, the associated climate change adaptation costs are determined.  
 
15. The scope of this CRVA is also in line with the objectives of TNSAPCC-2.0 that mandates 
to take stock of the state’s specific climate change impacts, risks, and vulnerabilities in the design 
and implementation of development programs with focus on risk mitigation, risk reduction and 
adaptation measures. 
 
C. Scope, Methodology and Limitations 
 

1. Scope  
 
16. The broad objectives of a CRVA usually are: (i) assessment of exposure, sensitivity, and 
adaptive capacity of the project roads to climate risks and; (ii) examination of climate-risk adaptive 
interventions to build resilience. The various terminologies used in climate vulnerability 
assessments are defined and presented in Appendix I of this report.  
 
17. The scope of this report is the assessment of climate-related natural hazards and 
associated risks and vulnerabilities of the TNICP project roads. This report will deal in part as brief 
narrative descriptions with regard to objective (i) while its main focus is objective (ii) which is to 
narrow down the climate change adaptive measures envisaged for the project roads as identified 
in the final DPRs and disclose their associated incremental costs. 
  

2. Methodology 
 
18. Desk reviews. Desk reviews are the first step to exploring available literature on 
vulnerability assessment and adaptation related to development of road infrastructures. Climate 
change studies are ongoing exercises being undertaken by various research institutes, 
government, as well as nongovernment agencies. Specific to TNICP, the DPR for each of the 
project roads as finalized in September 2020 were made available for this assessment.  
 

 
1 Asian Development Bank. 2014. Climate Proofing ADB Investment in the Transport Sector, Initial Experience. Manila. 

 

https://www.adb.org/sites/default/files/publication/152434/climate-proofing-adb-investment-transport.pdf
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19. Consultations with stakeholders and experts. Although a broad representative 
consultation with the key stakeholders, the TNHD and expert members of the design team would 
have helped ensure a wide range of perspectives on impacts and adaptive measures against 
climate change vulnerabilities, the ongoing coronavirus disease (COVID-19) pandemic could not 
allow an opportunity. The key stakeholders possess firsthand knowledge about the extent to 
which climate stressors have affected or can affect the project besides providing substantive 
information on analysis for vulnerabilities and adaptive capacity measures. Inputs from TNHD 
were sought through online review of the draft report in lieu of detailed face-to-face discussion 
and in conjunction with a thorough desk review. 
 

3. Limitations 
 
20. Due to the complexity and uncertainty of the factors that define climate risks and 
vulnerability, particularly at a project scale, climate proofing can be a challenging activity. There 
are gaps in the guidance materials and information resources currently available to facilitate the 
climate proofing of investment projects in the region.2 
 
21. As climate factors manifest their effects in a multitude of ways, there will certainly be a 
large number of important qualification and limitation issues in relation to the presentation of this 
vulnerability assessment and the application of adaptation strategies. It must be noted that at 
present there is no clear and universally adopted methodology to model the adverse effects of 
climate change and its integration in infrastructure design procedures.  
 
D. Data Inventory and Collection 
 
22. Data and information are an essential input to climate-resilient development. The desk 
review  can help unfold a wide variety of useful information and data and such include:  
 

1. Web-available literature on 
(i) climate data, including downscaled projections from climate models that 

were generated for other assessments;  
(ii) vulnerability assessments that have been done for a given area or sector, 

including national reports on climate change; and 
(iii) climate-related analyses done for roads sector in the country or region, 

including project documents for climate adaptation projects. 
 
2. Desk reviews of studies on 

(i) Understanding and interpretations of risks and vulnerabilities and 
recommendations as given in other road projects in India; and 

(ii) Engineering upgrade responses and cost estimates as prepared in the 
detailed design reports of the project road such as  

 
(a) engineering surveys and investigations reports that uncover current 

structural deficiencies with regards to project roads; and  
(b) relevant chapters in the engineering design reports including 

hydrology and climate adaptation report that deal with improvements 
in structural designs with the intention to alleviate future climate 
change risks and vulnerabilities. 

 
2 Asian Development Bank. 2011. Guidelines for Climate Proofing Investment in the Transport Sector. Road 

Infrastructure Projects. Manila.  

https://www.adb.org/sites/default/files/institutional-document/32772/files/guidelines-climate-proofing-roads.pdf
https://www.adb.org/sites/default/files/institutional-document/32772/files/guidelines-climate-proofing-roads.pdf
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III. PROJECT AREA DESCRIPTION 

A. General Physiography and Climate of Tamil Nadu 
 
23. The general physiography of Tamil Nadu is characterized by hills of the Eastern and 
Western Ghats to the northwest and west, the Bay of Bengal to the East and the Indian Ocean to 
the South.3 Tamil Nadu is divided into four distinct geographical zones, viz: (i) the hills (Eastern 
and Western Ghats), (ii) the plateau, (iii) the plains, and (iv) the coastline. The state is drained by 
the rivers Palar, Cheyyar, Pennar and Vellar in the north; Kaveri and its tributaries in the central 
region; Vaigai, Vaippar and Thamirabarani in the south. (Figure 1) From an agro-climatic point of 
view, the State is divided into seven agroclimatic zones, differentiated by rainfall, temperature, 
soil and cropping characteristics (See Table 3).4 
 

Figure 1: The General Physiography and Drainage of Tamil Nadu 
 

(a) General Physiography as Differentiated by 
Elevation amsl 

(b) Geographical Zones and Drainage 
Patterns 

 
 

Source: www.winmeen.com. 

 
24. The climate of Tamil Nadu is referred to as semiarid and tropical monsoon.5 The long 
coastal stretch in the east, hilly orography of the western rim, and inland plains play a significant 
role that influences the climate of the state. There is very little variation in summer and winter 
temperatures. The state features hot temperatures over the year except during the monsoon 
season. Due to its proximity to the sea, the temperatures and humidity remain relatively high all 
year round. During the hot summer that prevails from April to June, the upper maximum 

 
3 Physiography of Tamil Nadu, Winmeen. https://www.winmeen.com/physiography-of-tamil-nadu-notes/. 
4 Agriculture Geography of Tamil Nadu, Slideshare. https://www.slideshare.net/pavithrasenthilkumar5/agricultural-

geography. 
5 Chapter 3, Tamil Nadu Climate Profile. https://www.environment.tn.gov.in/Document/tnsapcc/Chapter%203.pdf. 

https://www.winmeen.com/physiography-of-tamil-nadu-notes/
https://www.slideshare.net/pavithrasenthilkumar5/agricultural-geography
https://www.slideshare.net/pavithrasenthilkumar5/agricultural-geography
https://www.environment.tn.gov.in/Document/tnsapcc/Chapter%203.pdf
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temperature can rise to as high as 43oC and during the cool winter months from November to 
February, the mean minimum temperature is about 18oC.  
 
25. Tamil Nadu receives maximum rainfall during the months of October to December (post 
monsoon), unlike the rest of the country where the maximum rainfall is received in the months of 
June to September (monsoon). The mean annual rainfall of Tamil Nadu is 987.0 mm, with a range 
of 317.4 mm to as high as 1,890.5 mm, averaged over a 63 year-period of gauged records (1951–
2013). Among all districts, Nilgiris receives the maximum average annual rainfall while 
Thoothukkudi and Karur receive the least. The eastern and northeastern districts namely, 
Chennai, Cuddalore, Kancheepuram, Nagapattinam, Thiruvarur, and the western district of 
Nilgiris have the heaviest rainfall as compared to the other districts.  
 
26. The state is frequently subjected to extreme weather conditions such as flooding in the 
coastal districts and severe droughts in some inland areas due to monsoon failure. The state also 
faces incidences of cyclonic events that cause severe floods.  
 
B. Tamil Nadu Industrial Connectivity Project Locations 
 
27. The 16 Chennai–Kanyakumari Industrial Corridor Project roads are widely scattered in 
various districts of Tamil Nadu charcaterized by physiographic and climatic variations. Figure 3 
provides an overview of the project roads by locations in relation to the agro-climatic zones.  
 
28. The road packages SH09, SH58-1, SH58-2, SH69 and SH115 stretch out in the 
northeastern zone containing the districts of Cuddalore, Kancheepuram, Tiruvallur, 
Tiruvannamalai, Vellore, Villupuram, and some parts of Chennai where the predominant soil types 
are red sandy loam, clayey loam and saline coastal alluvium. The mean annual rainfall in this 
zone is about 1,054 mm contributed by two monsoon streams: the southwest and northeast 
monsoons. The monthly maxium temperature ranges from 28.2oC to 38.9oC  in this zone. 
 
29. The road packages SH63, SH23, SH66 and SH64 lie in the Cauvery delta zone containing 
the districts of Thiruvarur, Thanjavur, Nagapattinam, some parts of Trichy, Pudukottai and 
Cuddalore where the predominant soil types are red loam and coastal alluvium. The mean annual 
rainfall in this zone is about 1,078 mm contributed by two monsoon streams. 
 
30. The road packages SH40-1, SH40-2, and SH191 stretch out in the southern zone 
containing the districts of Ramanathapuram, Sivagangai, Tirunelveli; Tuticorin, Virudunagar, and 
some parts of Dindigul and Madurai districts. The predominant soil types are coastal alluvium, red 
sandy soil including deep red, and black soil. The zone falls in a rain shadow and is often prone 
to doughts. The mean annual rainfall is about 776 mm, and the mean monthly maximum 
temperature ranges from 28.5oC to 38.5oC . 
 
31. The road package SH79 lies in the western zone containing the districts of Coimbatore, 
Dindigal, Erode, Theni, and some parts of Karur and Madurai districts. The predominant soil types 
are red loam and black soil. The mean annual rainfall is 718 mm and the mean monthly maximum 
temperature ranges from 30oC to 35oC . 
 
32. The road packages SH86, SH95 and SH142 stretch out in the northwestern zone 
containing the districts of Dharmapuri, Krishnagiri, and Salem and some parts of Namakkal and 
Perambulur districts. The predominant soil types in this zone are non-calcareous red, brown and 
black soils. The general climate in this zone is dry and subhumid and moderately drought prone. 



2 

The mean annual rainfall is 825 mm and the mean monthly maximum temperature ranges from 
30oC to 37oC . 
 

Table 3: Project Road Locations by Zones and Climatic Features 

 

1. North-Eastern Zone 
(a) Districts Covered: (1) Kanchepuram, (2) 
Tiruvallur, (3) Cuddalore, (4) Vellore, (5) 
Villupuram, and (6) Tiruvannamali; and also some 
parts of Chennai 
(b)  Mean annual rainfall is 1054 mm  
(c) Mean monthly maximum temperature ranges 
from 28.2 to 38.90C 
(d) Mean monthly minimum temperature varies 
from 19.5 to 24.80C  

2. North-Western Zone 
(a) Districts Covered: (1) Dharmapuri, (2) 
Krishnagiri, (3) Salem, (4) Namakkal, and some 
parts of Perambulur 
(b) Mean annual rainfall is 825 mm; drought-prone  
(c) Mean monthly maximum temperature ranges 
from 30 to 370C 
(d) Mean monthly minimum temperature varies 
from 19 to 25.50C 

3. Western Zone 
(a) Districts Covered: (1) Erode, (2) Coimbatore, (3) 
Dindigal, (4) Theni; and some parts of Karur and 
Madurai districts 
(b)  Mean annual rainfall is 718 mm  
(c) Mean monthly maximum temperature ranges 
from 30 to 350C 
(d) Mean monthly minimum temperature varies 
from 19 to 240C 

4. Cauvery Delta Zone 
(a) Districts Covered: (1) Thanjavur, (2) Thiruvarur, (3) 
Nagapattinam; and some parts of Tiruchirapalli, Pudukottai 
and Cuddalore districts 
(b)  Mean annual rainfall is 1078 mm 

5. Southern Zone 
(a) Districts Covered: (1) Sivagangai, (2) 
Ramanathapuram, (3) Virudunagar, (4) Tuticorin, 
(5) Tirunelveli; and some parts of Dindigul and 
Madurai districts 
(b)  Mean annual rainfall is 776 mm; drought prone  
(c) Mean monthly maximum temperature ranges 
from 28.5to 38.50C 
(d) Mean monthly minimum temperature varies 
from 21 to 27.50C 

6,  High Rainfall Zone 
(a) Districts Covered: (1) Kanyakumari 
(b)  Mean annual rainfall is 1469 mm 
(c) Mean monthly maximum temperature ranges from 28.0 to 
33.50C 
(d) Mean monthly minimum temperature varies from 22.0 to 
26.50C 

7.  High Altitude and Hilly Zone 
(a) Zone covers hilly regions namely: Nilgiri, 
Shivroy, Elagiri-Javvadhu, Kollimalai, 
Patchaimalai, Anamalai,Palani and Podhigamalai 
(b)  Mean annual rainfall ranges from 850mm in 
Kalrayan to 4500mm in Nilgiri 
 

C = celsius, mm = millimeter., SH = state highway. 
Source: Agriculture Geography. 
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IV. CLIMATE, OBSERVED TRENDS AND CLIMATE CHANGE IN TAMIL NADU 

A. The Baseline Climate 
 
33. The following information are extracts from sources available on line. Meteoblue-Data.org 
offers climate information on its website and the meteoblue climate diagrams presented below 
are based on 30 years (from 1985 onwards) of weather data and model simulations.6 They give 
good indications of typical climate patterns and expected conditions (temperature, precipitation, 
sunshine and wind). The simulated weather data have a spatial resolution of approximately 30 km 
and do not reproduce all local weather effects, such as thunderstorms, local winds, or cyclones. 
 
34. Figure 2 illustrates average monthly baseline information in terms of two important climatic 
variables, temperature and precipitation, for representative districts where the 16 TNICP project 
roads are located. The mean daily maximum (solid red line) shows the maximum temperature of 
an average day for every month for the project districts. Likewise, mean daily minimum (solid blue 
line) shows the average minimum temperature. Hot days and cold nights (dashed red and blue 
lines) show the average of the hottest day and coldest night of each month of the last 30 years. 
 

Figure 2: Average Monthly Temperature and Precipitation by Project Districts 
Chennai: 13.09°N 80.28°E, 14m asl 

 

Kanchipuram: 12.84°N 79.7°E, 85m asl 

 
Tiruvallur: 13.14°N 79.91°E, 46m asl 

 

Cuddalore: 11.76°N 79.77°E, 13m asl 

 

 
6  Meteoblue. https://www.meteoblue.com/en/weather/historyclimate/climatemodelled/ratnagiri_india_1258338. 

https://www.meteoblue.com/en/weather/historyclimate/climatemodelled/ratnagiri_india_1258338
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Salem: 11.65°N 78.16°E, 283m asl  

 

Namakkal: 11.22°N 78.17°E, 223m asl 

 
Thanjavur: 10.79°N 79.14°E, 57m asl 

 

Virudunagar: 9.59°N 77.96°E, 105m asl 

 
asl = above sea level, C = celsius, E = east, m = , mm = millimeter, N = north. 
Source: Meteoblue. 

 
B. Observed Climate Trends 
 
35. The Indian Meteorological Department (IMD) maintains a nationwide network of 
meteorological stations and provides climatic observations and products to national as well as 
international agencies such as the United Nations Framework Convention on Climate Change  
and Intergovernmental Panel on Climate Change. The information in paras. 35 to 38 on observed 
climate trends for the state is sourced from an IMD publication “Climate Profile of India”, derived 
from longterm, reliable datasets (1951–2010) from 282 stations for temperature and 1,451 
stations for rainfall series across the nation.7 The publication is meant to provide insight into 
climate change occurring over smaller regions and to assist the states in formulating their 
adaptation and mitigation strategies in light of rapidly changing climate trends. 
 

1. Temperature Trends  
 
36. State level annual and seasonal mean maximum temperature and mean minimum 
temperature trends based upon 22 surface meteorological stations in Tamil Nadu for the observed 
period 1951–2010 are reproduced in Table 4.  
 
 
 
 

 
7 State Level Climate Change Trends in India, 2013; IMD Monogram No: ESSO/IMD/EMRC/02/2013. Government of 

India. http://www.imd.gov.in/section/climate/StateLevelClimateChangeMonoFinal.pdf. 

 

http://www.imd.gov.in/section/climate/StateLevelClimateChangeMonoFinal.pdf


5 

 
 

Table 4: Temperature Trends in oC per year 
Mean Maximum  Mean Minimum  

State Tamil Nadu  Tamil Nadu  
Annual +0.03* +0.02* 
Winter +0.04* +0.02* 
Summer +0.03* +0.02* 
Monsoon +0.03* +0.02* 
Post-Monsoon +0.02* +0.02* 

C = celsius. 
Note: Increasing trend is indicated by a (+) and decreasing trend by a (-) sign. The asterisk (*) indicates significant 
trend at 95% confidence level. 
Source: India Metrological Department. 

 
2. Rainfall Trends  

 
37. State level annual and seasonal rainfall trends based upon 207 rainfall stations in Tamil 
Nadu for the observed period 1951–2010 are reproduced below in Table 5. 

 
Table 5: Rainfall Trends in mm per year 

State Annual Winter Summer Monsoon Post-Monsoon 
Tamil Nadu +0.80 -0.16 -0.47 -1.35* +1.49 

mm = millimetter. 
Note: Increasing trend is indicated by a (+) and decreasing trend by a (-) sign. The asterisk (*) indicates significant 
trend at 95% confidence level. 
Source: India Metrological Department. 

 
3. Temperature and Precipitation Extremes Recorded in Tamil Nadu 

 
38. From a historical perspective, the ever-recorded maximum temperature, minimum 
temperature and 24-hour heaviest rainfall up to year 2010 for met stations of interest in Tamil 
Nadu and where data is available is as given Table 6 below.8 Dates of occurrence of extremes 
are also shown. 
 

Table 6: Some Historical Highligts of Extremes Ever Recorded up to 2010 

Station Names 

Highest Max 
Temperature, 0C 

(dd/mm/yy) 

Lowest Min 
Temperature, 0C 

(dd/mm/yy) 

24-hour Heaviest 
Rainfall, mm 
(dd/mm/yy) 

Chennai [Madras] 
(Nungambakkam) 

45.0  
(31 May, 2003) 

13.9 
(11 Dec, 1895) 

452.4  
(25 Nov 1976) 

Cuddalore 
43.3  

(13 May, 1953) 
11.1  

(16 Dec, 1933) 
572.0  

(18 May, 1943) 

Salem 
42.8  

(29 Apr, 1908) 
11.1  

(01 Fe, 1907) 
250.2  

(8 Sep, 1885) 

Thanjavur 
43.0  

(9 Jun, 1986) 
16.6  

(6 Feb, 1989) 
220.0  

(28 Sep, 1987) 

Source: India Meteorological Department. 

 
C. Future Climate Projections  
 
39. Projections of future climate change and related impacts are sourced through a suite of 
global climate models and the most widely used are the Coupled Model Intercomparison Project, 
Phase 5 (CMIP5) models included in the IPCC’s Fifth Assessment Report (AR5).  
 

 
8 India Metrological Department. Ever Recorded Extremes up to 2010. Pune. 

http://www.imdpune.gov.in/Links/temp_rf_extreme.html. 

http://www.imdpune.gov.in/Links/temp_rf_extreme.html
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40. The IPCC AR5 introduced climate change projections for a range of representative 
concentration pathways (RCPs) based on different greenhouse gas (GHG) emissions scenarios 
developed to capture uncertainty of the scale of future economic activity and the global response 
to reducing emissions. The four scenarios are: 
 

• RCP2.6 – Major GHG mitigation scenario (421 ppm CO2 by 2100); 

• RCP4.5 – Some GHG mitigation, stabilisation scenario (538 ppm CO2 by 2100); 

• RCP6.0 – Some GHG mitigation, stabilisation scenario (670 ppm CO2 by 2100); 
and 

• RCP8.5 – Very high GHG emissions scenario, little effort to reduce emissions (936 
ppm CO2 by 2100). 

 
Note: RCP8.5 is otherwise referred to as the “business as usual” scenario, whereas both the 
RCP4.5 and RCP6.0 scenarios both assume some reductions in GHG emissions. RCP2.6 is quite 
an ambitious scenario, and while it is considered “plausible”, it is not considered realistic for 
strategic planning purposes. 
 
41. The future projections for Tamil Nadu outlined here are those obtained from Climate 
Change Knowledge Portal (CCKP) developed by the World Bank.9 The CCKP supports the 
analysis of climate impacts using multimodel ensembles that represent the range and distribution 
of the most plausible projected outcomes when representing expected changes. Future climate 
data is derived from 35 available global circulation models (GCMs) with data presented at a 1°x1° 
global grid spacing.  
 
42. For the whole of India, the following projections are summarized by the CCKP as follows: 

 
Temperature 

• Temperatures in India are projected to increase by approximately 4°C by 2080–
2099 under the RCP8.5 emissions pathway, and around 1.1°C under the RCP2.6 
emissions pathway. 

• Warming is stronger in annual minimum and maximum temperatures than in the 
average. 

• Under all emissions pathways, the rise in annual minimum temperatures is around 
18-21% higher than the rise in average temperatures. 

• Warming on higher emissions pathways is strongly biased towards the winter and 
pre-monsoon months. 

 
Precipitation 

• Considerable uncertainty characterizes projections of local long-term future 
precipitation trends in India. This uncertainty is compounded by a poor 
understanding of the relationship between El Niño Southern Oscillation and the 
monsoon, and the impact climate change may have on this relationship. 

• Future changes in the seasonality of monthly precipitation at the national level are 
also highly uncertain under all emissions scenarios. 

• There is greatest agreement on increases in the intensity of extreme precipitation 
events in south India and in the vicinity of the Himalayas in the north. 

 

 
9 The World Bank Climate Change Knowledge Portal. 

https://climateknowledgeportal.worldbank.org/country/india/climate-data-projections. 

https://climateknowledgeportal.worldbank.org/country/india/climate-data-projections
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43. For road investment projects, the climate variables of interest for the civil works design 
team are projected future outlooks on (i) projected change (anomaly) in daily maximum 
temperature (Tmax), and (ii) projected change in daily maximum precipitation, i.e., largest single 
day precipitation per month or year relative to a reference period. The results derived by CCKP 
for various future time slices represent two future scenarios: RCP4.5 representative of a medium-
low emissions, and RCP8.5 representative of a high emissions scenario. The projections in terms 
of median and the tails taken as the 10th and 90th percentiles representative for Chennai located 
at 80.28°E 13.09°N are presented in the following Figures 3 and 4. 
 
 

Figure 3: Projected Change in Daily Maximum Temperature - Chennai 
Scenario Projected Change in Maximum of Daily Tmax Change (Anomaly) Compared to 1986-

2005 
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Median (10th -  90th Percentile) 
 
2020-2039: +0.460C (-2.020C - +3.120C) 
2040-2059: +0.810C (-1.330C - +3.680C) 
2060-2079: +1.220C (-0.850C - +4.230C) 
2080-2099: +1.530C (-0.550C - +4.420C) 
 

➢ Increasing trend 
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Median (10th -  90th Percentile) 
 
2020-2039: +0.680C (-1.570C - +3.330C) 
2040-2059: +1.480C (-1.020C - +4.230C) 
2060-2079: +2.380C (+0.030C - +5.340C) 
2080-2099: +3.170C (+1.020C - +6.550C) 
 

➢ Increasing trend 

C = celsius, RCP = Representative Concentration Pathway, T = temperature.  
Source: The World Bank Climate Change Knowledge Portal. 
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Figure 4: Projected Change in Maximum Daily Precipitation - Chennai 13.09°N 80.28°E 
Scenario Projected Change in Maximum Daily Rainfall (mm) Change (Anomaly) Compared to 1986-2005 
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Median (10th -  90th Percentile) 
 
2020-2039: +2.11mm (-21.46mm - 
+47.13mm) 
2040-2059: +3.70mm (-19.43mm - + 
44.34mm) 
2060-2079: +6.11mm (-17.03mm - 
+37.01mm) 
2080-2099: +8.89mm (-13.66mm - 
+53.11mm) 
 

➢ Increasing trend 
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Median (10th -  90th Percentile): 
 
2020-2039: +5.23mm (-18.79mm - 
+42.98mm) 
2040-2059: +4.55mm (-18.97mm - + 
35.41mm) 
2060-2079:+10.90mm (-14.04mm - + 
52.45mm) 
2080-2099: +18.09mm (-15.52mm - 
+62.48mm) 
 

➢ Increasing trend 

E = east, mm = millimeter, N = north, RCP = Representative Concentration Pathway. 
 Source: The World Bank Climate Change Knowledge Portal. 
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V. CLIMATE RISK AND VULNERABILITY ASSESSMENT – TNICP PROJECT ROADS  

A. Hazards and Likelihood Assessment 
 
44. As described in Sec III-B, the 16 TNICP project roads are widely scattered in various 
districts of Tamil Nadu characterized by various physiographic and climatic variations. A general 
perspective of natural hazards and risks in some of the districts where the project roads are 
located is presented in Table 7.  
 
45. The risk levels shown in Table 7 are taken from a web-based tool, ThinkHazard, which 
enables nonspecialists to consider the impacts of disasters on development projects as the tool 
quickly provides a general assessment of the hazards for a given location.10 It must be noted that 
the hazard levels indicated in Table 7 do not replace the need for detailed natural hazard risk 
analysis and/or expert views and advice that could be considered in project design and 
implementation to promote disaster and climate resilience. 
 
46. The likelihood of different natural hazards such as river flood, urban flood, water scarcity 
(drought), extreme heat, wild fire, earthquake, cyclone, coastal floods, etc., are identified for a 
given location with risk levels categorized as very low, low, medium and high. The hazard levels 
provided in this tool are based on published hazard data, provided by a range of private, academic 
and public organizations that defines the levels of risks in probabilistic terms as follows: High: 
there is a highly likely, or >90% chance of a potentially damaging and life-threatening hazard 
event occuring at least once in next 10-years; Medium: there is a likely, or >66% chance of 
potentially damaging hazard event occuring in the next 10 years; Low: that there is a <33% 
chance of a potentially damaging hazard event occurring in the next 10 years, and Very Low: 
almost non-existent and, even if it does, is associated with very low probability, or <10% of 
occurence.  
 

Table 7: Likelihood of Natural Hazards in Tamil Nadu Industrial Connectivity Project 
Districts 

 
Source: ThinkHazard!. 

 
10 ThinkHazard!: Developed for informational purposes by the Global Facility for Disaster Reduction and Recovery 

(GFDRR). https://thinkhazard.org/en/report/1508-india-tamil-nadu. 

https://thinkhazard.org/en/report/1508-india-tamil-nadu
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B. Exposure and Sensitivity 
 
47. It is apparent from Table 5 that impacts of cyclones, water scarcity, extreme heat, river 
floods and coastal floods afflict Tamil Nadu with a high level of risk owing primarily due to the 
state’s location within the tropical belt. Other hazards such as earthquake, tsunami, urban floods 
and landslides are categorized as medium threats. From the point of view of road infrastructure 
located in various districts, the following hazards with medium and high risk categories are 
discussed: 
 

1. Exposure to Cyclonic Hazards 
 

48. According to Table 7,  there is a highly likely, or >90% chance of potentially damaging and 
life-threatening cyclonic events occuring at least once in next ten years. The cyclone hazard map 
reproduced in Figure 5 below indicates vulnerable areas of Tamil Nadu impacted by cyclonic 
events.11 
 

Figure 5: Cyclone Hazard Zones of Tamil Nadu 

 
CS = cyclonic storm, m = meter, PMWS = Probable Maximum Winds Storm, SCS = severe 
cyclonic storm, Vb = Basic Wind Speed.  
Source: Tamil Nadu State Disaster Management Authority. 

 
11 Government of Tamil Nadu. State Disaster Management Perspective Plan 2018-2030. 

https://tnsdma.tn.gov.in/app/webroot/img/document/SDMP-29-08.pdf 

https://tnsdma.tn.gov.in/app/webroot/img/document/SDMP-29-08.pdf
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49. The coastal districts of Tamil Nadu within 100 km of the coast line that are prone to cyclone 
hazards are: Ariyalur, Chennai, Cuddalore, Kanchipuram, Kanyakumari, Nagapattinam, 
Pudukkottai, Ramanathapuram, Sivaganga, Thanjavur, Tirunelveli, Tiruvallur, Tiruvannmalai, 
Tiruvarur, Toothukodi, and Villupuram.12 These districts are highly prone to very highly prone 
based on frequency of total cyclones with maximum wind strengths ranging from 88 km/hr to 220 
km/hr. Between 1891 and 2002, the number of severe cylones that made landfall in the coastal 
districts of Tamil Nadu are: Chennai (18), Cuddalore (7), Kanyakumari (2), Pudukottal (5), 
Thanjavur (12), Tirunelveli (2), Ramanthapuram (3), and Villupuram (5). 
 
50. There are three elements associated with cyclones which cause destruction along its flow 
path. 
 

a. Strong winds: Cyclones are known to cause severe damage to infrastructure through 
high speed winds. Very strong winds which accompany a cyclonic storm damages 
installations, dwellings, communications systems, trees etc., resulting in loss of life 
and property. Gusts are short but rapid bursts in wind speed are the main cause for 
damage. 

 
b. Storm surge: A Storm surge or the above normal rise of sea level near the coast 

caused by a severe tropical cyclone; as a result of which sea water inundates low lying 
areas of coastal regions, causes erosion of beaches and embankments, destroys 
vegetation and leads to reduction of soil fertility. 

 
c. Torrential rains and inland flooding: Torrential rainfall (more than 300 mm/hour) 

associated with cyclones is also a major cause of damages. Unabated rain gives rise 
to unprecedented floods. Rain water on top of the storm surge may add to the fury of 
the storm. Heavy rainfall from a cyclone is usually spread over wide area and cause 
large scale soil erosion and weakening of embankments. 

 
 2. Exposure to Extreme Heat 
 
51. The risk by extreme heat is indicated as high for all districts of Tamil Nadu. High 
temperatures and heat waves are a cause of concern impacting road pavement integrity causing 
road surface failures by softening, and traffic-related rutting and cracking. It is also recognized 
that oxidation and the action of ultraviolet radiation cause excessive hardening of the asphalt 
close to the pavement surface and the material to become brittle over time. Hotter weather will 
speed up oxidation process and make the material more vulnerable to cracking and cooler diurnal 
temperatures will generate thermal tensile stresses that cause crack initiation and propagation. 
 
 3. Exposure to Fluvial and Pluvial Flooding 
 
52. Extreme rainfall in a short duration and or continuous heavy rains over consecutive 
number of days lead to flooding conditions causing major damages to infrastructure, including 
roadways. In 2015, the metropolitan city of Chennai, the adjoining district of Kanchipuram, and 
other districts such as Cuddalore, Nagapattinam, Thiruvallur, and Villupuram were badly affected 
by rainfalls that were unprecedented (Figure 6).13 

 
12 Cyclones and their Impacts in India, National Cyclone Risk Mitigation Project. https://ncrmp.gov.in/cyclones-their-

impact-in-india/. 
13 A Study Report by National Disaster Management Authority of India. https://ndma.gov.in/images/guidelines/TAMIL-

NADU-FLOODS-english.pdf. 

https://ncrmp.gov.in/cyclones-their-impact-in-india/
https://ncrmp.gov.in/cyclones-their-impact-in-india/
https://ndma.gov.in/images/guidelines/TAMIL-NADU-FLOODS-english.pdf
https://ndma.gov.in/images/guidelines/TAMIL-NADU-FLOODS-english.pdf
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Figure 6: Affected Districts of Tamil Nadu by 2015 Floods 

 
Source: Sphere India 2016.14 

 
 
53. The outcome of the unprecedented rainfall was immediate and disastrous with major water 
bodies getting filled and overtopping of major rivers, Adyar, Cooum and Kosathalai, which 
overflowed into densely populated areas transforming them into islands of houses in a vast 
expanse of water several feet high. This flood put a large number of urban populace of these 
areas in great difficulty and caused severe damages to public and private property.  

 
54. The accumulated 5-day rainfall that occurred from 1–5 December 2015, as compared to 
normal rainfalls during the same period show very high incidence of rains, as depicted in Table 8. 
 

Table 8: 5-day Rainfalls of the Most Affected Districts of Tamil Nadu during North East 
Monsoons of 2015 

SI No. District 
Actual Rainfall for 5 

days (mm) 
Normal Rainfall for 5 

days (mm) Excess % 

1 Chennai 399.0 40.6 +883% 

2 Kancheepuram 467.2 34.5 +1254% 

3 Tiruvallur 335.2 34.8 +863% 

4 Cuddalore 274.8 49.9 +451% 

5 Nagapattinam 263.1 73.9 +256% 

6 Viluppuram 240.0 27.8 +764% 
mm = millimeter. 
Source: National Disaster Management Authority of India.  

 

 
14 Sphere India Tamil Nadu Floods: Joint Detailed Need Assessment Report – District Level 2015-2016. 

https://sphereindiablog.files.wordpress.com/2016/02/jdna-report-district-level-tn-floods-2015.pdf 

https://sphereindiablog.files.wordpress.com/2016/02/jdna-report-district-level-tn-floods-2015.pdf
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 D. Exposure to Earthquakes 
 
55. Tamil Nadu is regarded as one of the 13 identified seismo-tectonic zones of peninsular 
India. The Bureau of Indian Standard (2001) has categorized Tamil Nadu under Seismic Zones II 
(73% of the area) and III (27%) (Figure 7). From a visual perspective, the TNICP project roads 
seem to lie in Zone II or low risk zone. The geology, various lihtology of the coasts and tectonic 
and geomorphic features, have direct bearing with tsunami vulnerability. However, none of the 
project roads are aligned along coastal boundary susceptible to direct impacts from tsunami 
events.  
 

Figure 7: Seismic Risk Zones of Tamil Nadu 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Tamil Nadu State Disaster Management Authority.  



14 

VI. PROPOSED ADAPTATION ACTIONS AND COSTS 

A. Synopsis 
 
56. A significant part of climate proofing takes place at the project level to ensure that a 
project’s design is appropriate for changing climate conditions. According to ADB guidelines, the 
development of the adaptation strategy itself is best integrated into the activities of the project 
preparation technical assistance team, after potential risks to the project due to climate change 
are identified during the concept stage. 
 
57. Given the many uncertainties and costs involved, it is not easy to make decisions nor is it 
possible or necessary to do every visualized adaptation measures at once. There is no permanent 
“fix” to climate change vulnerabilities. Adaptation responses, if necessary, can also be achieved 
iteratively in later development cycles based on experience and emerging new information. 
 
58. The detailed designs for the upgrade of TNICP project roads are already prepared and 
more or less finalized. This CRVA pertains to looking at aspects of engineering adaptation 
measures against climate change risks as incorporated in the detailed designs of the project 
roads. Among the many volumes of design documents pertaining to each TNICP project road, 
one volume is dedicated to climate change adaptation measures. This volume has been 
developed on the basis of engineering surveys and investigations of the current road that discover 
current structural as well as hydrological deficiencies, observed impacts by flooding incidences, 
and general improvements in protective structures.   
 
B. Climate Change Adaptation Measures Adopted in TNICP Roads   
 
59. The objective of climate change adaptation measures is to achieve long-term serviceability 
and economic benefits from improved road designs. Road infrastructure face two main climate 
related risks as consequences of long term changes in the climate—temperature and 
precipitation. For relatively short cycle assets such as road pavements and minor drains, long-
term climate changes may be viewed as less challenging since the life cycle is shorter than the 
time it takes for significant changes in temperature or precipitation to occur. The exceptions to 
this are bridges and major drainage assets, which have long service lives. For these an early-on 
adaptation consideration is a rational course of action.  
 
60. The adaptation measures that have been incorporated in the detailed designs of the 
project roads are broadly divided into categories such as drainage, alignment and protection 
works. Kindly note that the quantities and dimensions of each adaptation measure in each of the 
16 project roads are not provided here. For details please refer to the DPRs. 
 
61. Drainages  
 

i. The TNICP design incorporates improvement of drainages sized accordingly to 
cope with higher flooding frequency and magnitude based on updated hydrological 
assessments. This improves the hydraulic capabilities of drainage structures such 
as longitudinal drains and transverse drains that include culverts and small bridges 
along the project roads. Depending on the degree of slope along the drain, the 
longitudinal cross-sections are lined with concrete to minimize damages by 
scouring and other impacts particularly on drains along urban settlements. Unlined 
longitudinal drains have been incorporated where there were none earlier, mainly 
in rural road sections. 
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ii. For culverts, the dimensions have also been improved and sized accordingly to 
cope with higher flooding frequency and magnitude based on updated hydrological 
assessments. Besides improving the dimensions, the number of culverts per unit 
length of road has been increased from the existing condition particularly for road 
stretches falling in flood prone areas. The same is applied for small bridges. 
  

62. Alignment  
 

iii. The road widening and improvement works will raise the vertical alignment of the 
total stretch by around 0.2 m to 0.3 m as a result of upgrades in subgrade, subbase 
and pavement thicknesses. However, to account for low road heights in critical 
sections that are prone to water stagnation, inundation, and washouts during 
flooding events, the vertical alignments have been raised in order of 1 to 3 m. 

 
63. Embankment and slope protection:  

 
iv. These include protective structures such as retaining structures for embankments 

protection and against damages by slope failures. Environment methods of 
embankment and slope stabilization such as turfing has also been taken into 
consideration in the design of the project roads.  

 
C. Costs of Climate Change Adaptation Measures 
 
64. An overall summary of the break-up of climate change adaptation costs for the 16 TNICP 
project roads is shown in Table 9. The total civil works cost estimated to be around ₹33,636 million 
exludes the goods and service tax and the sixth year maintenance outlay. The adaptation 
measures incorporated for various road assets are categorized broadly as follows: 
 
 Adaptation 1: Provision and/or Improvement of Lined Drains in Urban Stretches 
 Adaptation 2: Provision and/or Improvement of Unlined Drains in Rural Stretches 
 Adaptation 3: Improvement of Embankment Height and/or Improvement in Alignment  
 Adaptation 4: Embankment Protection and/or Slope Protection and/or Turfing  
 Adaptation 5: Provision and/or Improvement of Cross Drainage Structures (Culverts, 

Minor Bridges) 
 
65. The business-as-usual (BAU) cost as indicated in the table refers to cost of civil works on 
the basis of normal execution following current standards and guidelines while the incremental 
costs are the additional expenses incurred with respect to BAU that accounts for additional 
adaptation structural measures undertaken in the light of climate change. 
 
66. Figure 8(A) indicates the cost of total civil works broken down showing two groups of civil 
works, one without climate adaptation and the other where climate change adaptation measures 
have been given due considerations in the design of the 16 TNICP project roads. The group 
containing climate change adapted categories described above expends about 31.8% of the total 
civil works cost. This group is further segregated showing BAU cost which stands at 18.87% and 
the incremental costs of adaptation which stands at 12.97% of total civil works cost. 
 
67. Figure 8(B) indicates the breakdown of the total climate change adaptation cost estimated 
to ₹4,364.3 million into five categories described in para. 62. It can be noticed that adaptation 
measures are mainly geared to impacts of extreme rainfall and consequent flooding in the project 
locations.  
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Figure 8: Distribution of Total Civil Works Cost and Climate Change Adapted Cost of 
Tamil Nadu Industrial Connectivity Project Roads 

(A) (B) 

BAU =  business as usual; CC= climate change; TNCIP= Tamil Nadu Industrial Connectivity Project. 
Source: DPRs of Chennai–Kanyakumari Industrial Corridor Project. 

.
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Table 9: Overview of Break-up of Climate Change (CC) Adaptation Costs for Chennai–Kanyakumari Industrial 
Corridor Project Roads 

  

Source: DPRs of Chennai–Kanyakumari Industrial Corridor Project.  
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APPENDIX 1:  Glossary of Terms and Terminologies 
 

Terminologies Used in Climate Changea 

Adaptation Adjustment in natural or human systems to a new or changing 
environment is known as adaptation. Adaptation is a process by which 
individuals, communities and countries seek to cope with the 
consequences of climate change. 

Adaptability The ability of a system to adjust to climate change (including climate 
variability and extremes) to moderate potential damages, to take 
advantage of opportunities or to cope with the consequences is known 
as adaptability. 

Adaptation Assessment The practice of identifying options to adapt to climate change effects 
and evaluating them in terms of criteria such as availability, benefits, 
costs, effectiveness, efficiency and feasibility is known as adaptation 
assessment. 

Adaptation Deficits Failure to adapt adequately to existing climate risks largely accounts 
for the adaptation deficit. As climate change accelerates, the 
adaptation deficit has the potential to rise much higher unless a serious 
adaptation program is implemented. 

Adaptation to Climate Change An initiatives and measures to reduce the vulnerability of natural and 
human systems against actual or expected climate change effects is 
known as adaptation to climate change. 

Climate Change It refers to a statistically significant variation in either the mean state of 
the climate or in its variability, persisting for an extended period 
(typically decades or longer). Climate Change may be due to natural 
processes or external forcing or to persistent anthropogenic changes 
in the composition of the atmosphere or in land-use. 

Climate Change Mitigation Strategies and policies that reduce the concentration of greenhouse 
gases in the atmosphere either by reducing their emissions or by 
increasing their capture is known as Climate Change Mitigation. 

Climate Change Scenario A coherent and internally-consistent description of the change in 
climate by a certain time in the future using a specific modeling 
technique and under specific assumptions about the growth of 
greenhouse gas and other emissions and about other factors that may 
influence climate in the future is known as Climate Change Scenario. 
A “Climate Change Scenario” is the difference between a climate 
scenario and the current climate. 

Climate Change Vulnerability 
Assessment 

A range of tools that exist to help communities understand the hazards 
that affect them and take appropriate measures to minimize their 
potential impact is known as climate change vulnerability assessment. 

Climate Risk The likelihood that the harmful effects will happen is known as climate 
risk or it is a measure of the probability of harm to life, property and the 
environment that would occur if a hazard took place. Risk can also be 
considered as the combination of an event, its likelihood and its 
consequences, i.e. risk equals the probability of climate hazard 
multiplied by a given system’s vulnerability. 

Climate Trend The general direction in which climate factors such as average annual 
temperature or rainfall tend to move over time is known as climate 
trend. 

Climate Variability Variations in the mean state and other statistics (such as standard 
deviations, the occurrence of extremes, etc.) of the climate on all 
spatial and temporal scales beyond that of individual weather events is 
known as climate variability. 
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Concept of Riskb : In the context of natural hazards, "risk" not only 
represents the possibility that a hazard event could occur, but also its 
likelihood and consequences. There are many ways it can impact a 
community, from the destruction of property and infrastructure, through 
to injuries and casualties, to influencing economic activity. As can be 
visualized by Figure on the left, the intersection of hazard, exposure 
and vulnerability yields the risk (Reese and Schmidt, 2008) 

a. International Union for Conservation of Nature. 2011. Terminologies Used in Climate Change. Katmandu. 
https://portals.iucn.org/library/sites/library/files/documents/2011-118.pdf. 

b. National Institute of Water and Atmospheric. https://www.niwa.co.nz/natural-hazards/hazards/risk-and-vulnerability. 
Source: International Union for Conservation of Nature. 

https://portals.iucn.org/library/sites/library/files/documents/2011-118.pdf
https://www.niwa.co.nz/natural-hazards/hazards/risk-and-vulnerability
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