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CHAPTER 4: CLIMATE CHANGE RISK AND 
VULNERABILITY ASSESSMENT 

4.1 VULNERABILITY  

Climate change vulnerability is defined as the propensity to be adversely affected by climate change 
(IPCC 2014). It encompasses a variety of concepts and elements including sensitivity or susceptibility 
to harm and lack of capacity to cope with and adapt to future changes (IPCC 2014)39. There are three 
key elements of vulnerability: (i) exposure (ii) sensitivity (iii) adaptive capacity.  

On the other hand, risk is defined as the potential for consequence where something of value is at 
stake and where the outcome is uncertain, recognizing the diversity of values. Risk is often 
represented as probability of occurrence of hazardous events (likelihood) multiplied by the impacts (or 
consequences) if these events occur. Risks result due to the interactions of vulnerability, exposure, 
and hazards (IPCC, 2014). 

It is widely accepted that climate change may exacerbate far reaching consequences on ecosystems 
and pose developmental challenges (Ramachandran et al, 2016)40. Therefore, it is very essential to 
have a detailed analysis of the likely impacts and vulnerability of climate change. This involves 
evaluation of hazards and vulnerability. Quantitative indexes are often used to express vulnerability 
(Roman et al., 2016)41. Vulnerability of an area is purely dependent on its natural settings, its climatic 
and the socio-economic conditions. It is very necessary to understand the interactions of climate 
change impacts on all the sectors with changes in exposure and vulnerability, as well as adaptation 
and mitigation actions affecting the same or a different sector, at regional or sub regional scales that 
vary across temporal and spatial scales (IPCC, 2014). 

Tamil Nadu is one of the extreme-events prone States in India that faces more extremities of cyclones 
and drought recurrently. In view of this, the following are the climate change vulnerability studies 
across various sectors in Tamil Nadu.  

 

  

                                                             
39IPCC (2014) ‘Summary for Policymakers’, in Edenhofer, O., Pichs-Madruga, R., Sokona, Y.,Farahani, E., 
Kadner, S., Seyboth, K., Adler, A., Baum, I., Brunner, S., Eickemeier, P., Kriemann, B., Savolainen, J., Schlömer, 
S., von Stechow, C., Zwickel, T. and Minx, J.C. (Eds.): Climate Change 2014: Mitigation of Climate Change. 
Contribution of Working Group III to the Fifth Assessment Report of the Intergovernmental Panel on Climate 
Change,Cambridge University Press, Cambridge, UK and New York, NY, USA 

40A. Ramachandran; Dhanya Praveen; P. Radhapriya; S.K. Divya; K. Remya; K. Palanivelu, (2016) Vulnerability 
and adaptation assessment a way forward for sustainable sectoral development in the purview of climate 
variability and change: insights from the coast of Tamil Nadu, India, International Journal of Global Warming 
10(1/2/3):307, DOI: 10.1504/IJGW.2016.077896 

41Roman, C.E., Lynch, A.H. and Dominey-Howes, D. (2010) ‘Uncovering the essence of the climate change 
adaptation problem – a case study of the tourism sector at Alpine Shire, Victoria, Australia’, Tourism Planning & 
Development, Vol. 7, No. 3, pp.237–252. 
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4.2 SECTORAL VULNERABILITY & IMPACTS 

In the following section vulnerability of each of the sectors is discussed i.e. Sustainable Agriculture, 
Water Resources, Forest & Biodiversity and Coastal Area Management. Vulnerability studies have not 
been conducted for the Energy and Sustainable Habitat sectors; hence only impacts are discussed for 
these sectors.  

4.2.1 Climate Change Impacts and Vulnerability on Sustainable Agriculture  

Climate change and agriculture are interrelated processes, both of which take place on a global scale. 
Climate change affects agriculture in a number of ways, including through changes in average 
temperatures, rainfall, and climate extremes (e.g., heat waves); changes in pests and diseases; 
changes in atmospheric carbon dioxide and ground-level ozone concentrations; changes in the 
nutritional quality of some foods, and changes in sea level.  

Climate change is already affecting agriculture, with effects unevenly distributed across the world.  In 
fact, studies on the Agricultural vulnerability of Tamil Nadu to Climate Change  have shown that all 
districts in an agro climatic zone does not fall under the same category of vulnerability which 
exemplifies the need for the State to prioritize research and development issues and effective 
decision making through “Location-Performance-Vulnerability” based adaptation strategies (Varadhan 
and Kumar 2015)42.  

The Current Agriculture Vulnerability for the Districts of Tamil Nadu has been assessed by GIZ and 
Integrated Natural Resource Management (INRM) and is shown in Figure 4.1. 

It is clearly explained that Chennai district has shown very high vulnerability (There is no agriculture 
activity) which is located in the North Eastern zone of Tamil Nadu. Further, Ramanathapuram, 
Thoothukkudi, Virudhunagar, Dindigul, The Nilgiris, Sivaganga and Kanyakumari districts fall under 
high vulnerability category. The major contributing factors include food grains yield, irrigated area, net 
sown area, fertilizer consumption, milk and egg production, low livestock and poultry population. 

4.2.1.1 Climate Change Impact on Crop Varieties in Tamil Nadu 

The recent study simulated the crop yield under a possible climate change scenarios for the 
coastal areas of South India through the end of this century. The crop simulation model, the 
Decision Support System for Agrotechnology Transfer (DSSAT) 4.5, was used to understand the 
plausible impacts on the major crop yields of rice, groundnuts, and sugarcane under the RCP4.5 
trajectory. The findings reveal that under the RCP 4.5 scenario there will be decreases in the 
major C3 and C4 crop yields in the study area as shown in Table 4.1. This would affect not only 
the local food security, but the livelihood security as well (Ramachandran et al 2017)43. 

                                                             
42Varadan, R.J.; Kumar, P. Mapping agricultural vulnerability of Tamil Nadu, India to climate change:A dynamic 
approach to take forward the vulnerability assessment methodology. Clim. Chang. 2015, 129, 159–181 

 

43 A. Ramachandran1 & A. Saleem Khan1 & K. Palanivelu1 & R. Prasannavenkatesh1N. Jayanthi1 (2017), 
Projection of climate change-induced sea-level rise  for the coasts of Tamil Nadu and Puducherry, India using 
SimCLIM: a first step towards planning adaptation policies, J Coast Conserv (2017) 21:731–742 DOI 
10.1007/s11852-017-0532-6 
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Figure 4.1 Agriculture Vulnerability map for districts of Tamil Nadu for current vulnerability 

(Source: www.climatevulnerability.in 2018) 
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Table 4.1 Mean projected crop yield changes under control and CO2 simulations 

 

Projected Yield Year Control CO2 (538 ppm)Rice 

Rice 2010-2040 -8.8 -6.4 

 2041-2070 -13.1 -4.7 

 2071-2098 -18.7 -4.4 

Groundnut 2010-2040 2.8 6.4 

 2041-2070 -5.1 4.2 

 2071-2098 -9.7 0.6 

Sugarcane 2010-2040 -1.8 

No Change  2041-2070 -2.6 

 2071-2098 -2.8 

(Source: Ramachandran et al 2017) 

Maize: The change in climate is expected to create both positive as well as negative impacts on 
maize cultivation. Impact of maize yield was studied for major maize growing districts of Tamil Nadu 
using INFOCROP model for climate change scenarios developed for 2020, 2050 and 2080 
(Geethalakshmi, 2009)44. Analysis projected a reduction in yield by 3.0, 9.3 and 18.3 percent by 2020, 
2050 and 2080 respectively from the current yield levels (Figure 4.2). 

 

Figure 4.2 Impacts of changing climate on Maize production in Tamil Nadu 

(Source: SonalliMcdermid et al 2016) 

                                                             
44V Geethalakshmi, T Ramesh, PalamuthirsolaiAzhagu, A Lakshmanan “Productivity and water usage of Rice as 

influenced by different cultivation of System, Madras Agricultural Journal, 96 (7-12), 349-352 

https://doi.org/10.1007/s00704-019-02901-0 
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Future climate projections were created employing 29 global climate models (GCMs) and selected a 
model for representing the climate of Tamil Nadu as per the Agricultural Model Inter comparison and 
Improvement project (AgMIP) protocol and used for impact studies (SonaliMcDermid et al., 2016)45.  
Under RCP 4.5 and RCP 8.5 scenarios, DSSAT predicted increase and decrease in maize yield with 
varying magnitude over Tamil Nadu. Overall, in most places of Tamil Nadu, negative impact of climate 
change on maize productivity during mid-century is expected. Forcing of CanESM2 (Hot/dry) for RCP 
4.5 scenario with Decision Support System for Agrotechnology Transfer (DSSAT) showed a deviation 
in Maize productivity from (-) 50 to (+) 55 per cent over Tamil Nadu. Though, there is also positive 
deviation for CanESM2 (Hot/Dry), in most of places of Tamil Nadu except a very few areas, maize 
productivity is expected to get affected negatively. The rate of decrease is expected to be higher in 
many places under RCP 8.5 for CanESM2 (Hot/dry) compared to RCP4.5 scenario. 

Sorghum: Similar study conducted for sorghum indicated declines in yields by 4.5, 11.2 and 18.7 
percent respectively by 2020, 2050 and 2080 from the current yield levels if no management 
intervention is made. The yield reduction could be mainly due to a quality increase in night-time 
temperature (minimum temperature) when compared to the magnitude of increase in maximum 
temperature and variation in the expected rainfall (Figure 4.3). 

 

Figure 4. 3 Impacts of changing climate on sorghum production in Tamil Nadu 

4.2.2 Climate Change Impact and Vulnerabiltiy to Water Resources 

Figure 4.4 clearly shows the current and projected water resource vulnerability of Tamil Nadu 
districts.  

                                                             
45SonaliMcDermid, R. Gowtham, K. Bhuvaneswari, GeethalakshmiVellingiri, and LakshmananArunachalam, The 
impacts of climate change on Tamil Nadu rainfed maize production: a multi-model approach to identify 
sensitivities and uncertainties CURRENT SCIENCE, VOL. 110, NO. 7, 10 APRIL 2016 
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Figure 4.4 Water Resources Vulnerability for Tamil Nadu districts under RCP4.5& RCP8.5 

(Source: www.climatevulnerability.in)  

Current Water Vulnerability for Tamil Nadu 

As per current water vulnerability, Erode, Krishnagiri, Namakkal, Thoothukkudi, Karur, Salem and 
Virudhunagar districts have shown very high vulnerability. The major contributing factors include 
higher drought frequency, lower surface water availability and high crop water stress. Further, 
Madurai, Kanniyakumari, Dharmapuri, Tirunelveli, Vellore, Tiruvannamalai and Ramanathapuram fall 
under high vulnerability category and nine districts namely, Tiruppur, Sivaganga, Viluppuram, 
Kancheepuram, Tiruchirappalli, Dindigul, Coimbatore, Pudukkottai and Thiruvallur fall under moderate 
vulnerability category.  

Projected Water Vulnerability for Tamil Nadu  

The overall water resources vulnerability of the districts is projected to decrease towards mid-and end 
century when compared to the current conditions for both emission scenarios. Districts vulnerability 
under RCP8.5 scenario is projected to be lower when compared to the RCP4.5 scenario.  

RCP4.5, Mid-century: Vulnerability of thirteen districts is projected to decline under RCP4.5 mid-
century scenario as compared to current vulnerability. District Karur is projected two folds decrease 
from current very high vulnerability to fall under moderate vulnerability category. 12 districts namely, 
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Dharmapuri, Dindigul, Erode, Kanniyakumari, Pudukkottai, Ramanathapuram, Salem, Theni, 
Tirunelveli, Tiruppur, Tiruvannamalai and Vellore are projected to fall under high, moderate, low and 
very low vulnerability from current vulnerabilityvery high, high, moderate and low vulnerability 
category. The remaining 19 districts are projected to remain in the same vulnerability category as 
current vulnerability. 

RCP4.5, End-century: Vulnerability of twenty-seven districts is projected to decline under RCP4.5 
end-century scenario as compared to current vulnerability. 15 districts namely, Dharmapuri, Dindigul, 
Erode, Kanyakumari, Krishnagiri, Madurai, Namakkal, Pudukkottai, Ramanathapuram, Sivaganga, 
Tiruchirappalli, Tirunelveli, Tiruppur, Tiruvannamalai and Vellore are projected two folds decrease in 
vulnerability. 4 districts namely, Karur, Salem, Thoothukkudi and Virudhunagar are projected three 
folds decrease from current very high vulnerability to fall under low vulnerability category. Ariyalur, 
Nagapattinam, Perambalur, The Nilgiris and Thiruvarur districts are projected to remain in the same 
vulnerability category as current (very high to low) (Figure 4.4). 

RCP8.5, Mid-century: Vulnerability of seventeen districts is projected to decline under RCP8.5 mid-
century scenario when compared to current vulnerability. Ten districts namely, Dharmapuri, Erode, 
Kanniyakumari, Karur, Krishnagiri, Namakkal, Salem, Thoothukkudi, Tirunelveli and Virudhunagar are 
projected to have a two folds decrease in the vulnerability category. District Kancheepuram being an 
exception is expected to increase its vulnerability as crop water stress and drought frequency in north 
east monsoon is expected to increase while surface water availability is expected to decrease 
(moderate to high).  

RCP8.5, End-century: Vulnerability of twenty-seven districts is projected to decline under RCP8.5 
scenario towards end-century as compared to current vulnerability. District namely, Virudhunagar is 
projected the maximum decline from current very high vulnerability to fall under very low vulnerability 
category. 12 districts are projected three folds decrease in vulnerability, Erode, Karur, Krishnagiri, 
Namakkal, Salem and Thoothukkudi (very high to low vulnerability) while Kanniyakumari, Madurai, 
Ramanathapuram, Tirunelveli, Tiruvannamalai and Vellore (high to very low vulnerability). 

4.2.3 Climate Change Impact and Vulnerability to Forest & Biodiversity 

A drastic climatic change has severe impacts on various ecosystems especially forest ecosystem and 
its biodiversity. IPCC AR5 concluded that forest ecosystems could be extremely impacted by future 
climate change. Even with a temperature increase of 1-2 °C most ecosystems and landscapes will be 
impacted through changes in species composition, productivity and biodiversity (Leemans&Eickhout 
2004).  

It is likely that changing temperature and precipitation pattern will produce a strong direct impact on 
tropical forests. In addition, for forestry, the climate change-induced modifications of frequency and 
intensity of forest fires, outbreaks of insects and pathogens, and extreme events such as high winds, 
topsoil erosion may be more important than the direct impact of higher temperatures and elevated 
CO2. 

India, a country with rich biodiversity, has different forest types in different climatic zones, each with a 
unique floristic composition. The forests are mainly distributed in the Himalayas, Western Ghats, 
Eastern Ghats, and Vindhya ranges.  

A study by Remya et al (2014) the Eastern Ghats receives both southwest and northeast monsoons. 
The mean annual precipitation is 800-960 mm and mean minimum and maximum temperatures are 
17 and 33o C respectively. Many models were employed to study the climate change and its future 
impacts up to the end of this century. The results indicated that the maximum temperature will rise to 
3.5 - 3.9o C more than that of present. Likewise, the annual rainfall projections have shown a 
decreased trend of -1 to -10 percent by the end of this century. They are also indications of increasing 
heavy rainfall events during northeast monsoon and slight decrease during southwest monsoon 
season. The vagaries in monsoon and the higher temperature have serious impacts on biodiversity 
conservation. Remarkablechanges have already been noticed in deciduous and thorn forest. 
Currently the evergreen forests are also under stress due to changing climate. Model results shows 
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that there will be a reduction in the habitat suitability of evergreen species by the end of this century 
(Ramachandran 2019)46.  

Eastern Ghats spans 3 main agro climatic zones in Tamil Nadu. Jawadi, Elagiri, and part of Kalrayan 
fall under the North Eastern Agro-climatic Zone. Chitery, Shevroy Western Kalrayan, BodaimalaiKolli, 
and Pachamalai fall under the North Western Agro climatic zone. Semmalai, Ayyalur, Karandamalai, 
and Alagar Hill fall under the Southern Agro climatic zone. High-resolution regional climate change 
projections for EG using PRECIS indicates an increase in maximum temperature of about 1.2–1.4, 
2.3–2.5, and 3.5–3.9 °C during the 2020s (2005–2035), 2050s (2035–2065), and 2080s (2065–2095), 
respectively, in relation to the baseline period (1970–2000). Minimum temperature was also projected 
to increase by 1.3–1.4, 2.3–2.7, and 3.3–3.5 °C respectively. Annual rainfall projections for the same 
periods indicate a general decrease of about 1–8, 1–10, and 1–10 percent, (Table 4.2; Figure 4.5) 
respectively (CCC&AR report 2013). 

Table 4.2 Future climate projections for Eastern Ghats, Tamil Nadu, India 

Climate Variability  
2020s 

 (2005–2035) 

2050s  

(2035–2065) 

2080s 

 (2065–2095) 

Maximum Temperature (°C) 1.2–1.4 2.3–2.5 3.5–3.9 

Minimum Temperature (°C) 1.3–1.4 2.3–2.7 3.3 –3.5 

Rainfall (%) -1– -8 -1– -10 -1– -10 

 

 

Figure 4.5 Temperature and rainfall projection by the end of the century at Eastern Ghats  

Remya et al 2015 have demonstrated the changing climate through recent vagaries in the 
temperature and rainfall, and their impending impact on tropical ecosystems47. Because of the long 
                                                             
46Ramachandran 2019 Critical Analysis Of Forest Degradation In South Eastern Ghats, India: Evolving Suitable 
Restoration And Conservation Strategies, DSc, Thesis, Bharathiyar University 

47Remya K, Ramachandran A, jayakumar S 2015, Predicting the current and future suitable habitat distribution of 
MyristicadactyloidesGaerin using MaxEnt model in the Eastern Ghats, India, Ecological Engineering 
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lifespan of trees in forest ecosystems, they cannot adapt easily to major changes to the climate. 
Modelling the habitat suitability Maximum Entropy (using MaxEnt) of Myristicadactyloides for current 
and future climate change scenarios demonstrated that the habitat suitability of M. dactyloides will 
decline under the moderate climate change scenario for the years 2050 and 2070.  

Similarly, modelling the habitat suitability distribution of semi-evergreen forest in the southern Eastern 
Ghats of India using the MaxEnt model based on moderate emission scenario, by Ramachandran, 
2019, demonstrated the intricate relationship between changes in temperature and rainfall and habitat 
suitability as shown in Figure 4.6. This suggests the possibility of a reduction in the suitable habitat of 
semi-evergreen forest in the future. Compared to the present extent of 50700 ha, about 1800 ha might 
be suitable in 2050s and only 800ha in 2070s. This study also suggests the urgent need to have 
suitable adaptation strategies for conserving these forests. 

 

Figure 4.6 Habitat suitability distribution of Semi evergreen forest type 

L: Low suitability; H: High Suitability (Source: Ramachandran 2019) 

4.2.4 Climate Change Impact on Vulnerability in Coastal Ecosystem 

Tamil Nadu has a 1076 km long coastline divided into 13 coastal districts (Thiruvallur, Chennai, 
Kancheepuram, Villupuram, Cuddalore, Nagapttinam, Thiruvarur, Thanjavur, Pudukottai, 
Ramanathapuram, Thoothukudi, Thirunelveli, Kanyakumari) is more prone to multi- hazards than 
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other States and is frequented by hazards of various nature and different intensities48.  It has three 
major ports, seven Government captive ports, 16 non-major ports, fishing harbors and a variety of 
coastal industries such as nuclear and thermal power plants, refineries and fertilizers. The coast is 
also endowed with varied coastal habitats such as mangroves, corals, seaweeds, sea grass beds, salt 
marshes, mudflats and sand dunes49. The coastal districts of Tamil Nadu are densely populated, that 
ranges from as low as 320 people per sq.km to more than 3000 people per sq.km  The low-lying East 
coast of India (comprising of Tamil Nadu and Puducherry) is more vulnerable than the West coast, is 
more prone to the occurrence of cyclones than the latter (Saxena et al. 2012). An added risk factor is 
that large parts of this coastal zone are low-lying with a gentle slope, resulting in wide inundation 
areas, thus increasing the vulnerability of the region (Ramachandran et al 2017)50.  

It is important to note that the historical record of cyclonic storms that crossed the coast of Tamil Nadu 
in the last three decades shows that an average of two cyclonic storms occurred in a decade. In 
November 2000, a severe cyclonic storm crossed the coast at Cuddalore at 110 kmph wind speed 
(IMD 2011; Khan 2013). Cyclone Nisha in 2008, cyclone Laila in 2010 and cyclone Thane in 2011 
were the worst hit cyclones of Tamil Nadu coast along with cyclone Jal in 2010, cyclone Nilam in 2012 
and cyclone Phailin in 2013, Flood at Chennai in 2015, Vardah cyclone in 2016, atheOckhi cyclone in 
2017 and Gaja Cyclone in 2018. 

In addition, Projection of climate change-induced sea-level rise for the coasts of Tamil Nadu 
accelerated rise in sea level due to changing climate poses a serious threat to coastal resources and 
coastal communities of Tamil Nadu. Seal level Rise (SLR) is one of the greatest climate change 
impacts faced by the low-lying coastal regions of the world including the coastal districts of Tamil 
Nadu (Ramachandran et al 2017), and therefore adaptation to the rising sea level is considered as the 
most appropriate response measure to face this global challenge. However, this requires a pragmatic 
approach that’s locally suitable. SimCLIM climate modeling software has been used to project SLR for 
the Tamil Nadu coast in India for four periods of time slice namely 2025, 2050, 2075 and 2100 for Two 
RCP scenarios viz., RCP 4.5 and RCP 8.5 of IPCC AR5. It has been estimated that the projected 
average medium range of SLR for the chosen study area may range from 7.39 cm to 50.01 cm for 
RCP 4.5; 7.40 cm to 78.15 cm for RCP 8.5 for the time slices from 2025 to 2100. Table 4.3 &Table 
4.4 show the Projections of Climate Change- induced SLR for the Coastal districts of Tamil Nadu 
based on IPCC AR5- RCP 4.5 and RCP8.5.  

Further, a study by Ramachandran et al 2016, assessed that the most vulnerable coastal districts of Tamil 
Nadu with respect to climate variability. An index-based vulnerability assessment was done in Coastal 
Districts of Tamil Nadu choosing groundwater, agriculture, and fisheries sectors. Individual sectors’ 
vulnerability levels vary widely across the districts due to the differences in its physical exposure, sensitivity 
and adaptive capacity. As shown in the Figure 4.7 Villupuram and Thanjavur districts exhibited very high 
vulnerability in the groundwater sector, while Ramanathapuram and Thoothukudi districts showed highest 
vulnerability in the agricultural sector, and Thoothukudi and Villupuram districts in the fisheries sector. 
From the overall composite vulnerability assessment, Thoothukudi and Villupuram districts required 
immediate attention as it falls under high to very high vulnerability category in all the three sectors among 
13 coastal districts (Figure 4.7). 

 

 

 

                                                             
48NIDM (2015) Tamil Nadu: National Disaster Risk Reduction Portal. National institute of disaster management, 
New Delhi, India. Available at http://nidm.gov.in/pdf/dp/TamilNadu.pdf DoE 2015 

49ENVIS (2014) Coastal districts profiles of Tamil Nadu. Environmental information system (ENVIS), Department 
of Environment.Government of Tamil Nadu and SuganthiDevadason Marine Research institute, Tuticorin, India, p 
151 

50A Ramachandran, AS Khan, K Palanivelu, R Prasannavenkatesh,2017 Projection of climate change induced 
sea level rise for coast of Tamil Nadu and PudhucherryusinSimclim 
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Table 4.3 Projection of climate change-induced SLR for the coasts of Tamil Nadu using 
SimCLIM based on IPCC AR5-RCP 4.5 

Year 2025    2050    2075    2100   

Range Low Med High  Low Med High  Low Med High  Low Med High 

Districts                

Thiruvallur 04.94 07.37 12.64  13.20 19.75 33.95  23.22 34.79 59.87  33.25 49.84 85.80 

Chennai 04.94 07.37 12.64  13.20 19.75 33.95  23.22 34.79 59.87  33.25 49.84 85.80 

Kancheepuram 04.77 07.51 11.47  12.74 20.11 30.80  22.42 35.44 54.31  32.10 50.76 77.81 

Villupuram 04.77 07.51 11.47  12.74 20.11 30.80  22.42 35.44 54.31  32.10 50.76 77.81 

Cuddalore 04.74 07.54 12.98  12.64 20.19 34.86  22.24 33.57 61.47  31.84 50.95 88.09 

Nagapattinam 04.74 07.40 12.25  12.64 19.82 32.90  22.24 34.92 58.02  31.84 50.02 83.14 

Thiruvarur 04.74 07.40 12.25  12.64 19.82 32.90  22.24 34.92 58.02  31.84 50.02 83.14 

Thanjavur 04.74 07.40 12.25  12.64 19.82 32.90  22.24 34.92 58.02  31.84 50.02 83.14 

Pudukkotai 04.81 07.40 12.32  12.85 19.82 33.09  22.60 34.92 58.35  32.36 50.02 83.62 

Ramanathapuram 04.51 07.27 11.55  12.03 19.46 31.00  21.16 34.28 54.67  30.29 49.10 78.33 

Tuticorin 04.55 07.10 11.57  12.13 19.02 31.05  21.34 33.51 54.74  30.55 47.99 78.44 

Thirunelveli 04.53 07.00 11.70  12.09 18.73 31.41  21.26 32.99 55.39  30.44 47.25 79.37 

Kanyakumari 04.94 07.67 10.89  13.18 20.55 29.24  23.20 36.21 51.55  33.21 51.87 73.86 

    Average 04.74 07.39 11.97  12.66 19.81 32.14  22.28 34.78 56.68  31.90 50.01 81.23 

(Source: Ramachandran et al 2017) 

Table 4.4Projection of climate change-induced SLR for the coasts of Tamil Nadu using 
SimCLIM based on IPCC AR5-RCP 8.5 

Year 2025 2050  2075  2100 

Range Low Med High  Low Med High  Low Med High  Low Med High 

Districts                

Thiruvallur 04.94 07.38 12.65  14.97 22.42 38.58  30.31 45.48 78.36  51.85 77.88 134.29 

Chennai 04.94 07.38 12.65  14.97 22.42 38.58  30.31 45.48 78.36  51.85 77.88 134.29 

Kancheepuram 04.77 07.51 11.48  14.45 22.84 34.99  29.26 46.32 71.06  50.05 79.33 121.77 

Villupuram 04.77 07.51 11.48  14.45 22.84 34.99  29.26 46.32 71.06  50.05 79.33 121.77 

Cuddalore 04.74 07.54 12.99  14.34 22.92 39.61  29.02 46.49 80.45  49.65 79.62 137.88 

Nagapattinam 04.74 07.40 12.26  14.34 22.51 37.38  29.02 45.65 75.92  49.65 78.17 130.11 

Thiruvarur 04.74 07.40 12.26  14.34 22.51 37.38  29.02 45.65 75.92  49.65 78.17 130.11 

Thanjavur 04.74 07.40 12.26  14.34 22.51 37.38  29.02 45.65 75.92  49.65 78.17 130.11 

Pudukkotai 04.81 07.40 12.33  14.57 22.51 37.60  29.50 45.65 76.36  50.46 78.17 130.87 

Ramanathapuram 04.51 07.27 11.56  13.64 22.09 35.22  27.60 44.80 71.53  47.21 76.72 122.58 

Tuticorin 04.55 07.10 11.57  13.75 21.59 35.27  27.84 43.79 71.63  47.62 74.98 122.75 

Thirunelveli 04.53 07.00 11.71  13.71 21.26 35.69  27.74 43.11 72.48  47.45 73.82 124.20 

Kanyakumari 04.94 07.67 10.90  14.95 23.34 33.22  30.27 47.34 67.44  51.79 81.07 115.56 

    Average 04.74 07.40 11.98  14.36 22.50 36.52  29.08 45.63 74.17  49.74 78.15 127.12 

(Source: Ramachandran et al 2017) 
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Figure 4.7 Vulnerability of Water, Agriculture, Fisheries and composite vulnerability index of climate variability in the coastal Districts of 
Tamil Nadu 

(Source Ramachandran et al 2016) 
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4.2.5 Impacts of Climate Change on Energy Sector 

Energy production and use accounts for substantial portions of the total GHG emissions and is 
regarded as the major driver behind the human induced climate change. The impact of climate 
change in undermining prosperity and hampering sectoral growth is known, but on the other 
hand the energy sector is equally impacted.Though the power sector is also closely associated 
with the causes for global warming, the phenomenon of Climate Change itself can impact 
the electric power sector in many ways. The impact of climate change on the sector and vice-
versais outlined in Table 4.5: 

Table 4.5 Impacts of climate change on Energy sector and vice-versa 

Impact of Energy Sector 
on Climate Change 

Impact of Climate Change on Energy sector 

Supply sector 

 Projected increase in temperature coupled with the likelihood of water 
scarcity might impact the power generation of the units and enhance 
the existing energy demand supply gap of the State and increase 
dependency on unscheduled power procurement leading to financial 
bleeding of Distribution Companies( DISCOM). It creates stress for 
the capacity of generation and grid networks. 

 Increase in water temperature are likely to reduce electricity 
generation efficiency, especially where water availability is also 
affected. Such a scenario has impact on thermal power generation. 

 Changes in precipitation patterns and surface water discharges, as 
well as an increasing frequency and/or intensity of droughts, may 
adversely impact hydropower generation and reduce water availability 
for cooling purposes to thermal and nuclear power plants. 

 Extreme weather events, such as stronger and/ or more frequent 
storms, can reduce the supply and potentially the quality of fuel (coal, 
oil, gas), reduce the input of energy (e.g., water, wind, sun, biomass), 
damage generation and grid infrastructure, reduce output, and affect 
security of supply. 

 Rapid changes in cloud cover or wind speed (which may occur even 
in the absence of climate change) can affect the stability of those 
grids with a sizeable input of renewable energy, and longer-term 
changes in these and precipitation patterns can affect the viability of a 
range of renewable energy systems. 

 Sea level rise can affect energy infrastructure in general and limit 
areas appropriate for the location of power plants and grids. This 
scenario may impact the power plants located or planned close to 
coastal areas in Tamil Nadu. 

Demand Sector 
Increase in temperature has a dichotomous relation with increase in 
energy demand to meet up the cooling load. 

 

4.2.6 Climate Change Impacts on Sustainable Habitat Sector 

Impacts under Sustainable Habitat have been categorized into Housing, Drinking Water, Urban 
Development, Health and Sanitation, Waste Management, Transport, Energy, Pollution and 
Greening of Urban Spaces. The impact of climate change on the sectors outlined in Table 4.6 
and 4.7. 
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Table 4.6 Impact of Climate Change on Sustainable Habitat sector 

Sector Impact 

Housing 

 Increased number of floods due to erratic rainfall pattern and extreme natural events like 
Tsunami (coastal regions) which has an adverse effect on the State’s urban 
infrastructures 

 As the State has become more urban, the need for housing has expanded rapidly but the 
housing market has not been able to keep up with this space, creating a stock demand-
supply mismatch 

 Thrust on infrastructural development with increase in population  
 With the increase in migration rate, growth of urban slums creates acute shortage of 

housing stock in urban regions, Rural-urban influx is one of the major impacts of the 
climate change in this sector 

 Increasing land and real estate prices have pushed people to occupy marginal lands in 
and around cities 

 In most cities, a significant share of the population lives in slums or in similar precarious 
settlements, which arecharacterized by substandard housing and inadequate access to 
clean water and sanitation. This exposes the public to health hazards and significant 
environmental threats 

 The construction of 13.91 lakh houses results in the increase in carbon footprints and 
creates a major impact on climate change 

Drinking Water 

 More and more extraction can lead to scarcity, rising population results in increase in 
demand of household water 

 Inequitable distribution of water  
 Full coverage remains a difficult to achieve factor with the increasing demand  
 Change in rainfall pattern is a threat to the sustainability of water use in the urban regions 

as it leads to reduction of water availability and quality from surface and groundwater 
sources  

Urban 
Development 

 Climate extreme events affects the development planning and delays the project 
implementation 

 Floods result in sinking of land due to water logging, making the land unsuitable for further 
development  

 Increase in storm events and high intensity flood also interrupts the transport and 
communication, energy and water supply system in urban areas due to breakdown of 
power transmission lines, water pipelines and road infrastructures  

 Unregulated developments gives rise to environmental degradation and congestion 

Health and 
Sanitation 

 Floods leading to contamination of water resources and supply system, resulting in 
increased occurrence of water borne diseases 

 Interference in public health services and infrastructure 
 Flooding affects the septic tank causing blockages or system damage 

Waste 
Management 

 Increase in urban population concentration results in generation of solid waste which 
affects the environment as well as the public health 

 Contamination of the groundwater sources  
 Uncontrolled emission of methane by decomposition of waste 
 Increased incidence of vector-borne diseases 

Transport 

 Increased intensity of flood and natural events like Tsunami affects road infrastructure that 
causes major disruption in transportation system. 

 Increase in vehicular population means increase in vehicular emission which adds to the 
pollution 

 Increasing population concentration and vehicular population results in traffic congestion 
of the State resulting in more emissions of Carbon monoxide (CO) and Hydrocarbons 
(HC) 

Energy  
 Increase in urban population and rise in temperature results in more demand for energy 

and its consumption leading to a, continuous stress on the energy supply system of the 
State, and also results in waste generation which implies increase in GHG emission 

Pollution 

 Unregulated constructions resulting in increase in suspended particulate matter in the air  
 Removal of green cover increases the local temperature 
 Urban sprawl leads to more and more emissions affecting the air quality 
 Increase in vehicular emission adds to air pollution 

Greening of 
urban spaces 

 Unplanned and unsustainable urbanisation causes mass removal of green cover which 
leads to increase in air temperatures, difference in temperature between urban and rural 
areas (heat island effect) 
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4.3 COMPOSITE VULNERABILITY INDEX 

The vulnerability analysis has been based on Composite Vulnerability Index (CVI) using 
multivariate analysis for current and projected climate (under RCP4.5 and RCP8.5 climate 
scenario towards mid-century and end-century). The IPCC working definition of vulnerability as a 
function of exposure, sensitivity, and adaptive capacity has been used and all 63 identified 
indicators have been categorised into adaptive capacity, sensitivity and exposure (Figure 4.8). 
Accordingly, five sectoral vulnerability indices for social, economic, climate, water resources and 
agriculture have also been generated. The indices would facilitate the identification of districts, 
which are vulnerable to climate change and need special attention towards adaptation.  

4.3.1 Current Composite Vulnerability Index   

With respect to the present climate, 5 districts, namely Ramanathapuram, Vellore, Viluppuram, 

Krishnagiri and Nagapattinam, fall under very high vulnerability category followed by the 6 

districts, Dharmapuri, Thoothukkudi, Ariyalur, Cuddalore, Virudhunagar and Sivaganga, under 

high vulnerability; 13 districts, namely Karur, Thanjavur, Pudukkottai, Salem, Tiruvannamalai, 

Dindigul, Tirunelveli, Perambalur, Thiruvarur, Kancheepuram, Thiruvallur, Tiruchirappalli and 

Madurai, under moderate vulnerability; 5 districts, Erode, Namakkal, The Nilgiris, Theni and 

Kanniyakumari, under low vulnerability and 3 districts, Coimbatore, Tiruppur and Chennai, under 

very low vulnerability category (Figure 4.9).  

 

Figure 4.8 Flowchart for Construction of Composite Vulnerability Index 

(Source: www.climatevulnerability.in) 

4.3.2 Projected Vulnerability Profile  

The overall Composite Vulnerability (CV) of the Tamil Nadu districts is projected to decrease 

towards the mid-century and end-century as compared to the baseline for both the IPCC AR5 

climate scenarios.District vulnerability is likely to decrease further under RCP4.5 scenario as 

compared to RCP8.5 scenario towards both mid and end-century. Districts towards mid-century 

are relatively more vulnerable than end-century for both the climate scenarios (Figure 4.9).  
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Figure 4.9 Composite Vulnerability Index   for Tamil Nadu Districts for Current, Mid and End 
Century 

(Source: www.climatevulnerability.in 2018)  
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 The overall climate extremes vulnerability of the districts is projected to increase towards 
mid-and end-century when compared to the current conditions for both the emission 
scenarios. Districts vulnerability under RCP8.5 scenario is projected to be higher as 
compared to RCP4.5 scenario towards both mid and end-century. The projected increase 
in vulnerability towards end-century is higher than that of mid-century for both the 
emission scenarios for the districts. 

 The overall water resources vulnerability of the districts is projected to decrease towards 
mid-and end-century as compared to the current conditions for both emission scenarios. 
Districts vulnerability under RCP8.5 scenario is projected to be lower when compared to 
RCP4.5 scenario. Districts towards mid-century are relatively more vulnerable than end-
century for both the climate scenarios. 

 Composite Vulnerability (CV) improves towards the mid-century and end-century when 
compared to the current conditions as exposure to drought weeks in south west and 
north east monsoon season, exposure to consecutive dry days and sensitivity to crop 
water stress in south west monsoon season is projected to decrease while adaptive 
capacity to seasonal surface water availability, ground water availability in south west 
monsoon season, rainfall and rainy days are projected to increase. 

RCP4.5, Mid-century: District Chennai’s vulnerability is projected to increase towards mid-
century. It moves to low vulnerability category from current very low vulnerability category. 
Vulnerability of two districts namely, Erode (low to very low category) and Krishnagiri (very high 
to high category) are projected to decline when compared to the current vulnerability as water 
resource vulnerability is projected to decline for these districts.  

Vulnerability category of rest of the 29 districts is projected to remain unchanged and is projected 
to have same current vulnerability category as baseline. 9 districts namely, Coimbatore, Madurai, 
Thiruvallur, Kancheepuram, Tirunelveli, Cuddalore, Virudhunagar, Thoothukkudi and 
Nagapattinam are projected to marginally increase their vulnerability as their index values are 
projected to increase implying increase in degree of vulnerability. 

RCP4.5, End-century: Vulnerability of ten districts is projected to decline under RCP4.5 
scenario towards end-century as compared to current vulnerability. These districts are Krishnagiri 
and Nagapattinam (very high to high), Ariyalur, Sivaganga, Thoothukkudi and Virudhunagar (high 
to moderate), Madurai and Tiruchirappalli (moderate to low) and Erode and Namakkal (low to 
very low vulnerability category). This is so because exposure to drought weeks in south west and 
north east monsoon season, exposure to consecutive dry days and sensitivity to seasonal crop 
water is projected to decrease while adaptive capacity to seasonal surface water availability, 
rainfall and rainy days are projected to increase. 

RCP8.5, Mid-century: Two districts are projected to move to higher vulnerability category from 
current lower vulnerability category towards mid-century. Chennai is projected to move to low 
from current very low vulnerability and district Vellore which has very high current vulnerability is 
projected to exacerbate further and fall under extremely high vulnerability category. This is 
mainly due to projected decrease in exposure to rainfall and rainydays and sensitivity to heat 
stress. 

RCP8.5, End-century: Vulnerability of ten districts is projected to decline under RCP8.5 
scenario towards end-century as compared to current vulnerability as water resource 
vulnerability is projected to decline for these districts. These districts are Ariyalur, Cuddalore, 
Erode, Madurai, Namakkal, Sivaganga, The Nilgiris, Thoothukkudi, Tiruchirappalli and 
Virudhunagar. 
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Table 4.7 Districts current and projected composite vulnerability along with disaggregated 
subcomponents for Tamil Nadu 

Composite Vulnerability Index (CVI) 

   RCP4.5 RCP8.5 

Districts BL Rank BL MC EC MC EC 

Coimbatore 1 VL VL VL VL VL 

Tiruppur 2 VL VL VL VL VL 

Chennai 3 VL L VL L VL 

Erode 4 L VL VL VL VL 

Namakkal 5 L L VL L VL 

The Nilgiris 6 L L L L VL 

Theni 7 L L L L L 

Kanniyakumari 8 L L L L L 

Madurai 9 M M L M L 

Tiruchirappalli 10 M M L M L 

Thiruvallur 11 M M M M M 

Kancheepuram 12 M M M M M 

Thiruvarur 13 M M M M M 

Perambalur 14 M M M M M 

Tirunelveli 15 M M M M M 

Dindigul 16 M M M M M 

Pudukkottai 17 M M M M M 

Salem 17 M M M M M 

Tiruvannamalai 17 M M M M M 

Thanjavur 20 M M M M M 

Karur 21 M M M M M 

Sivaganga 22 H H M M M 

Cuddalore 23 H H H H M 

Virudhunagar 23 H H M H M 

Ariyalur 25 H H M H M 

Thoothukkudi 26 H H M H M 

Dharmapuri 27 H H H H H 

Nagapattinam 28 VH VH H VH VH 

Krishnagiri 29 VH H H VH VH 

Viluppuram 30 VH VH VH VH VH 

Vellore 31 VH VH VH EH VH 

Ramanathapuram 32 VH VH VH VH VH 
SOURCE:WWW.CLIMATEVULNERABILITY.IN 
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4.4 STOCKTAKING ON VULNERABILITY REDUCTION SINCE 
EARLIER VERSION OF TNSAPCC 

State has been implementing various climate change interventions since the development of 
earlier version of TNSAPCC (2014), which has reduced the vulnerability of the State to an extent. 
Therefore, a comparative analysis has been done using Thirty-four indicators (list of indicators is 
in Annex 4.B) for which data was available at the district level were collected for computation of 
the index using Principal Component Analysis (PCA) method. It is a multivariate computer model 
that assigns weight based on the hidden pattern of data without bias. This includes following 
steps: 

• Identification of indicators (in this case indicators where sectoral investments made have 
been chosen for relevance, as well as climate linked hazards and exposures).  

• Normalization of indicators has been done. 

• In PCA method, Eigen values have been computed and vector multiplications have been 
done to determine the weights category wise. 

• As per AR5 Vulnerability is a function of sensitivity and adaptive capacity V = f 
(sensitivity, adaptive capacity) and risk is a function of hazard, exposure and vulnerability 
R (h, e, v). 

Concisely, the data shows the change in vulnerability as well as the change in risk over the last 
five years. The indicators have been enlisted in the Table 4.8, which are hazard/ exposure/ 
sensitivity/adaptive capacity linked in nature. 

Table 4.8 Indicators for the computation of the combined vulnerability index 

Indicators 
Interpretation with respect to risk and hazard due 
to their exposure, sensitivity and adaptive capacity 

Projected increase in temp in °C by 
2050 

higher temperature means higher risk of drought 
hazard, water scarcity and yield loss in the agriculture 
sector 

Projected increase in precipitation in 
% by 2050 

higher precipitation means higher risk of flood hazard 
yield loss due to submergence of the exposed 

Sex Ratio (2011) 
A better sex ratio ensures gender equity and division of 
work and greater ability to cope with risks 

Urban population growth decadal 

Higher exposed urban population affects the capacity 
of the exposed to cope withhazards and they will have 
less ability to cope with the risk due to resource 
congestion 

Decadal growth in population 
Higher the growth, higher the exposure and higher the 
vulnerability 

Gap in work participation rate (1991-
2001) and (2001-2011) 

Higher the gap, higher the risk 

Poverty (2014-15) 
While poverty is multi-dimensional, larger the exposure 
by the poor population have less ability to cope with 
risk 

Literacy rate (2011) 
Higher the literacy of the exposed population the better 
ability to cope with the risk due to climate change 

% of Forest area to Geographical area 
(2011) 

Positive change in forest area helps in carbon 
sequestration and reduction in local climate variability 
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Indicators 
Interpretation with respect to risk and hazard due 
to their exposure, sensitivity and adaptive capacity 

Share of agriculture workers (2011) 

Agricultural workers especially with monoculture of 

paddy, have the least diversification and having low 

value addition are sensitive to climate variability 

adversely 

Cropping Intensity (2011-12) 

Positive change in cropping intensity shows instances 

of diversification, availability of residual moisture, 

irrigation and lesser vulnerability 

Livestock Population (2012) 

The food habits of livestock population in  the region is 

likely to enhance methane emission due to enteric 

fermentation and has adverse relationship with climate 

sensitivity 

Electricity access% to total House 

Hold (2011) 

People having better access to electricity have better 

adaptive capacity 

Access to toilets (2011) 

Access to toilets will reduce open defecation, reduce 

water pollution, reduce disease burden and improve 

adaptive capacity 

Share of HH using firewood for 

cooking (2011) 

People using firewood for cooking would affect forest 

biomass, increase indoor air pollution, pulmonary 

diseases and affect adaptive capacity in the long run 

Share of HH using crop residue for 

cooking (2011) 
same as above 

Share of HH using electricity for 

cooking (2011) 

Usage of electricity for cooking will enhance adaptive 

capacity 

Access to Mobile Phone Only % 

(2011) 

Access to mobile phones will help in dissemination of 

information like early warning system, pest and 

disease, market information, etc. and would improve 

the adaptive capacity 

Households having access to banking 

services (2011) 

Households having access to banking will help in 

improving their livelihood and improved adaptive 

capacity 

Road density (2011) 
Better road density is linked to reduction in congestion, 

livelihood options and thus enhances adaptive capacity 
 

4.4.1 Climate Vulnerability of Tamil Nadu Base Line 2011 To 2017 

The Risk and Vulnerability Index for baseline 2011-12 and 2017 have been presented in Figure 
4.10, 4.11, 4.12 and 4.13. Table 4.9 and 4.10 show the changes in the risk and vulnerability 
spatially in last five-year period since the TNSAPCC was implemented. It shows that rapidly 
urbanized districts to have high risk and vulnerability. The high exposure both in terms of 
habitation and infrastructure puts these districts at higher risk. In the case of Chennai, the 
vulnerability has remained the same in last five years while the risk profile has increased.  In the 
case for Ariyalur, it is a bit anomalous. It has moved to the top in the list of vulnerable districts in 
2017, from a much better position in 2011.  This could be due to temperature increase of the 
area. Krishnagiri which tops the vulnerability has a relatively high risk profile. Viluppuram 
continues to be in high risk and vulnerability due to high urbanization and sensitivity. Likewise, 
coastal districts like Kanyakumari, the vulnerability has increased.  The green cover rich Nilgiris 
has been shown as moderately vulnerable. Vellore, Ramanathapuram continues to be in the high 
risk and vulnerable.   
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Figure 4.10 Baseline Vulnerability and Risk Index, 2011 

 

Figure 4.11 Vulnerability and Risk Index, 2017 
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Figure 4.12 Baseline Risk Index, 2011 

 

Figure 4.13 Risk Index, 2017 
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Table 4.9 Spatial spread of risk and vulnerability in Tamil Nadu, 2017 

Districts 
Hazard 
Index 

Exposure 
Index 

Composite 
Vulnerability 

Index 

Combined 
Risk Index 

Composite 
Vulnerability 
Rank (2017) 

Combined 
Risk Rank 

(2017) 

Ariyalur 0.627 0.470 0.423 0.506 31 8 

 Chennai 0.657 0.456 0.341 0.484 32 16 

 Coimbatore 0.336 0.465 0.461 0.421 28 30 

Cuddalore 0.600 0.376 0.567 0.515 6 4 

Dharmapuri 0.538 0.378 0.513 0.476 12 22 

Dindigul 0.434 0.472 0.524 0.477 9 21 

 Erode 0.450 0.488 0.472 0.470 23 24 

 Kancheepuram 0.640 0.276 0.497 0.471 17 23 

Kanyakumari 0.384 0.541 0.513 0.479 11 19 

Karur 0.560 0.413 0.490 0.488 19 14 

Krishnagiri 0.600 0.474 0.697 0.590 1 1 

 Madurai 0.529 0.401 0.463 0.464 27 26 

Nagapattinam 0.532 0.427 0.568 0.509 5 7 

Namakkal 0.573 0.470 0.468 0.504 24 10 

Perambalur 0.654 0.400 0.479 0.511 22 6 

Pudukkottai 0.567 0.474 0.503 0.514 15 5 

Ramanathapuram 0.498 0.413 0.527 0.479 8 18 

 Salem 0.549 0.395 0.505 0.483 14 17 

Sivaganga 0.482 0.423 0.481 0.462 20 27 

Thanjavur 0.510 0.443 0.521 0.491 10 13 

 The Nilgiris 0.142 0.444 0.449 0.345 30 32 

Theni 0.246 0.521 0.502 0.423 16 29 

Thiruvallur 0.715 0.281 0.464 0.487 25 15 

Thiruvarur 0.548 0.377 0.588 0.504 4 9 

Thoothukkudi 0.482 0.471 0.479 0.477 21 20 

Tiruchirappalli 0.600 0.436 0.451 0.496 29 11 

Tirunelveli 0.296 0.461 0.493 0.416 18 31 

Tiruppur 0.321 0.459 0.623 0.467 2 25 

Tiruvannamalai 0.638 0.369 0.560 0.523 7 3 

 Vellore 0.559 0.417 0.509 0.495 13 12 

Viluppuram 0.597 0.392 0.604 0.531 3 2 

Virudhunagar 0.533 0.382 0.464 0.460 26 28 
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Table 4.10 Spatial Change in Risk and Vulnerability in Tamil Nadu 

Districts 
Composite 

Vulnerability 
Rank (2011) 

Composite 
Vulnerability 
Rank (2017) 

Combined Risk 
Rank (2011) 

Combined Risk 
Rank (2017) 

Ariyalur 2 31 1 8 

 Chennai 32 32 26 16 

 Coimbatore 20 28 29 30 

Cuddalore 14 6 10 4 

Dharmapuri 4 12 15 22 

Dindigul 5 9 13 21 

 Erode 15 23 19 24 

 Kancheepuram 25 17 25 23 

Kanyakumari 24 11 24 19 

Karur 26 19 16 14 

Krishnagiri 17 1 14 1 

 Madurai 22 27 21 26 

Nagapattinam 8 5 6 7 

Namakkal 28 24 18 10 

Perambalur 13 22 3 6 

Pudukkottai 11 15 2 5 

Ramanathapuram 10 8 11 18 

 Salem 12 14 23 17 

Sivaganga 21 20 20 27 

Thanjavur 9 10 9 13 

 The Nilgiris 31 30 32 32 

Theni 6 16 27 29 

Thiruvallur 29 25 17 15 

Thiruvarur 3 4 8 9 

Thoothukkudi 30 21 28 20 

Tiruchirappalli 19 29 7 11 

Tirunelveli 18 18 30 31 

Tiruppur 27 2 31 25 

Tiruvannamalai 7 7 5 3 

 Vellore 16 13 12 12 

Viluppuram 1 3 4 2 

Virudhunagar 23 26 22 28 

 


