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I. INTRODUCTION 

 
A. Background  

 
1. Given its diverse geography, coupled with its regional circulation patterns, India is 
considered to be the one of the country’s most vulnerable to the impacts of climate change. 
Surface temperatures have increased about 0.4 degrees Celsius over the past century; 
precipitation has been varied–increase in rainfall in the west coast and north-west Region (+10 % 
to 12%), while north-east, Gujarat and Kerala have observed a decline in rainfall (-6% to 8%) over 
the past century; sea levels have been on a steady rise of between 1.06 to 1.75 mm / year over 
the past 40 years.  
 
2. As with other sectors, energy generation and distribution infrastructure are susceptible to 
the impacts of climate change. For example, temperature increases can reduce efficiency and 
electricity output of solar PV arrays, while storm surges can cause damage to wind farm towers, 
resulting in capital asset and performance-related losses. In order to minimize these climate-
related risks, projects undergo a climate risk and vulnerability assessment (CRVA) to design 
appropriate adaptation measures to enhance climate resilience of project outputs.  
 

B. Brief Project Description  
 
3. The Project is aimed at rehabilitating the electricity distribution network in rural area in 
Uttar Pradesh, the most populous state in India. The objectives of the project are to reduce the 
technical and commercial losses in electricity distribution, prevent electricity theft and pilferage, 
increase the duration and quality of power supply to residential consumers and curtail the 
excessive use of water and energy in agriculture sector. In order to achieve these objectives, the 
project is financing the conversion of low voltage network to covered aerial bundle conductors 
(ABC) and separation of 11 kV feeders supplying residential and agricultural consumers. In 
addition, the project has an institutional capacity building component to enhance social and 
gender inclusivity in electricity sector and improve the financial management capacity of project 
executing and implementing agencies.  
 
4. The MFF Sector Project is aligned with the following impact: improved socio-economic 
development in rural areas in Uttar Pradesh through 24X7 Power Supply. The MFF Sector Project 
will have the following outcome: improved electricity supply to rural areas in Uttar Pradesh in a 
financially sustainable manner.   
 

C. Concept of Climate Risk and Vulnerability  
 
5. Climate-based risk and vulnerability of infrastructure is dependent on: (i) the likelihood of 
an adverse climate event; and (ii) the effect/result of that event. In turn the effect/result depends 
on, among other factors, the sensitivity of the infrastructure, and its location and thereby its level 
of exposure to a given adverse climate hazard.  

 
6. This CRVA identifies and assesses climate-based risks of power distribution networks in 
the Indian state of Uttar Pradesh. Once climate-related risks are identified and assessed using 
climate projections, adaptation measures are proposed to enhance the climate resilience of the 
power distribution network’s infrastructure. Cost estimates reflecting the incremental cost of the 
proposed ‘climate-proofing’ measures are also presented.  
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D. Critical Climate Parameters of the Sector 
 
7. Transmission and distribution (T&D) networks typically have a useful life of 30–50 years 
and are considered to be the lifeline of the energy sector. If a single power installation fails, others 
can bridge the gap and compensate; however, alternate T&D networks are seldom available. As 
such, safeguarding transmission, and distribution networks from adverse climate impacts, by 
enhancing their climate resilience, is a pre-requisite for sustainable energy infrastructure 
development.  
 
8. For distribution networks, including distribution substations, the critical climate parameters 
include temperature, storm surges and winds, precipitation, drought and dust storms and geologic 
factors such as soil strengths. Increases in ambient temperatures results in a reduction of 
conductivity–a rise in 1 ºC may increase resistance by approximately 0.4%.1 Furthermore, rising 
temperatures can also increase the heat generated in the conductor, which in turn increases its 
sag between two points of suspension. Excessive temperatures can reduce system performance 
and efficiency, while also posing safety concerns caused by high temperatures and in the event 
of strong winds.  

 
9. Temperature is also a key factor in distribution transformer performance and durability. 
The longevity of a transformer is proportional to its operating temperature and internal insulation, 
which in turn is defined by three primary factors (i) temperature, (ii) moisture content, and (iii) 
oxygen content.2  
 
10. Storm surges and associated wind speeds are also of importance in energy distribution 
network design. Winds over 100km/hour can short circuit live electric wires and components of 
distribution systems, especially if they come in contact with good conductors of electricity.  

 
11.  Levels of precipitation and associated flooding is another critical climate parameter for 
distribution network performance and durability. As water is a conductor of electricity, contact with 
ground-level distribution system components can deviate the energy path, and can lead to short 
circuits, fires, and burned/punctured cables, resulting in increased system down-time.  

 
12. At the other extreme of the climate spectrum are droughts. The overall impacts of 
droughts, particularly coinciding with hot summer months, can be a reduction of electricity supply 
as well as cause increased demands, thus worsening the supply demand balance. Increased 
ambient temperatures reduce the current carrying capacity of electric power lines;3 similarly, 
electric peak load increases due to higher irrigation requirements during prolonged dry spells and 
increased domestic demand for cooling applications (fans, water coolers etc.) due to increased 
temperatures. Furthermore, droughts generate dust particles (exacerbated by dust storms) which 
reduce the efficiency and durability of distribution transformers.  
 
13. Energy transmission and distribution infrastructure can be highly vulnerable to the impacts 

of climate change. These impacts will have consequences on the availability of supply and 
efficiency and effectiveness of energy delivery which will have serious socio-economic 
repercussions. Therefore design, construction, location, and operations of power infrastructure 
need to be carried out with specific attention to these impacts  Inadequate attention to these 

 
1 ADB.2012. Publication: Climate Risk and Adaptation in the Energy Power Sector. Manila. 
2 Temperature and Wind Impacts on Sag and Tension on AAAC Overhead Lines 
3 https://iopscience.iop.org/article/10.1088/1748-9326/11/11/114008/pdf. 
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impacts can result in increased the  life cycle costs of energy sector investments and reduced 
likelihood that these investments deliver intended benefits in the long run. 
 

E. Institutional and Policy Framework Related to Climate Change in Uttar Pradesh 
 

14. Uttar Pradesh is the first State in India to establish a Climate Change Authority to 
implement climate adaptation and mitigation actions outlined in the Uttar Pradesh-State Action 
Plan on Climate (SAPC). The seven focus areas under the SAPC include i) sustainable agriculture 
mission, ii) solar mission, iii) energy efficiency mission, iv) green Uttar Pradesh forestry mission, 
v) Jal mission, vi) sustainable knowledge mission and the vii) sustainable habitat mission.  
 

F. Data Sources  
 
15. This CRVA uses a combination of primary and secondary sources for gathering 
information on baseline parameters. Primary sources included field consultations with 
representatives from State distribution companies (DISCOMs) and other stakeholders, including 
households. Data for climate change projections were primarily from secondary sources such as 
Government data sets, reports, studies, and scientific journals.  
 
16. Once the baseline data for the most critical climate parameters affecting the Project’s 
distribution networks was collected, their projections were assessed. Moreover, in cases where 
historic climate data was not available, frequency analyses were conducted to arrive at 
probabilities of occurrences. The main goal was to determine how the changes would impact the 
distribution infrastructure. Subsequently, adaptation measures, including design changes to the 
specifications were proposed, where deemed necessary.  

 
17. Adaptation measures were calculated using data provided by DISCOMs and contractors. 
Calculation estimations were subsequently verified by using contractors and Utility field engineers 
during as ground validation measures.  
 

G. Structure of the Climate Risk and Vulnerability Assessment  
 
18. Section 2 of this CRVA provides a brief description of the IND: Uttar Pradesh Power 
Distribution Network Rehabilitation Project, including the methodology and scope of the Study, 
along with any limitations faced with regards to data collection. Section 3 presents the results of 
a baseline assessment of the climate parameters (rainfall, temperature, naturally occurring 
events) of the project study area, which, as this is a State-wide project, is the considered to be 
Uttar Pradesh in its entirety. Section 3 further analyzes the predicted changes in climate 
parameters. Once the anticipated changes in climate parameters are identified, the possible risks 
and vulnerability to climate changes which might be faced by the Project are presented in Section 
4. Section 5 proposes actions on managing the identified climate-related risks, along with 
economically viable and socially acceptable adaptation measures. The proposed measures are 
further validated through stakeholder consultations, which included contractors, DISCOM field 
staff, members from the DISCOMs’ senior engineer team, as well as rural farmers and rural 
household members. The outcomes and results of said field validation are summarized in Section 
6.  
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II. PROJECT DESCRIPTION 
 

A. Project Profile  
 
19. The Government of Uttar Pradesh is committed to provide 24 hours of reliable power 
supply to all households in the State through efficient use of resources of DISCOMs, and achieve 
customer satisfaction, financial sustainability, and promote economic development. Working 
towards that goal, the Government of India, Government of Uttar Pradesh and State DISCOMs 
have clear targets of reducing ATC losses to 14.86% by end of fiscal year 20 (currently between 30 
to 40%) and eliminate the average cost of supply (ACS) and average billed revenue (ABR) gap by 
FY20 (currently at Yy%). 

 
20. Currently, the DISCOMs’ rural distribution networks face several challenges resulting in 
inefficient power distribution and poor service delivery. The underlying reasons are: (i) over-use 
of subsidized electricity for agricultural water pumping causing financial losses; (ii) unauthorized 
connections for agricultural pumps and households/commercial activities causing financial losses; 
and (iii) ageing and poorly maintained distribution lines and transformers, which are frequently 
operated above rated capacity, causing excessive technical losses to the DISCOMs and poor 
public service delivery to customers. 

 
21. At present, rural/agricultural areas are served through feeders by the DISCOMs at 11 kV. 
In rural areas, two distinct types of end-consumers must be served: irrigation water pumps in 
agricultural lands and other households/commercial requirements of adjoining village(s). In 
certain cases, the same transformer would provide the PV supply to households as well as to 
agricultural water pumps. Electricity supply to agriculture is based on a fixed charge. There are 
two problems associated with this practice. (i) farmers tend to use excessive electricity from the 
connection provided at a fixed monthly cost and (ii) there are unauthorised connections to both 
households and agricultural water pumps, depriving the DISCOMs of the revenue. 

 
22. To address the problems, a clear separation of power distribution to agriculture and other 
customers would be required. Feeder separation can be done through provision of separate 
distribution lines for agricultural customers and other general customers. There will be one feeder 
for agricultural customers, which will be directly switched on and off at the primary substation, 
depending on the agricultural requirements for water pumping and its seasonal variations. The 
feeder for other customers, the village feeder, will be directly served from the primary substation, 
and will remain switched-on all the time. 
 
23. The MFF Sector Project will have following outputs and outputs 1 & 2 are exposed to 

climate related risks: 
 

i. Output 1: Electricity distribution network in rural habitations improved. This will 
consist of replacement of existing bare conductors with aerial bundle conductors 
(ABC) in rural low voltage distribution network in approximately 46,000 rural 
habitations having a population of more than 1,000 in Uttar Pradesh. The MFF Sector 
Project impact areas will have a population of approximately 70 million. It is expected 
approximately 65,000 kilometers (km) of distribution lines will be converted to ABC. 
This will improve the reliability and safety of electricity distribution and cost recovery 
by discouraging the illegal connections.  
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ii. Output 2: Systems for separating electricity distribution for agriculture 

consumers from residential consumers established. Approximately 1,100 11 kV 

feeders having a length of 17,000 km and supplying 273,000 PTWs and 2.42 million 
households will be separated. A parallel network of 11 kV feeders of approximately 
17,000 km will be constructed under this component to connect the existing distribution 
transformers supplying residential consumers while retaining the existing 11 kV 
feeders for supplying the PTW consumers. This will enable the UPPCL to increase the 
duration of power supply to rural households from 18 hours at present to 22–24 hours 
and control the supply duration to PTWs to match the seasonal requirement of water 
for agriculture. This is expected to reduce the wastage of electricity and water in 
agriculture and reduce the financial and fiscal burden of supplying electricity to 
unmetered PTWs. 

 
iii. Output 3: Systems for bill collection in rural areas, financial management and 

creating gender sensitive workplace improved. This will be delivered through the 
attached TA. This TA will finance (i) developing and pilot testing innovative bill 
collection strategies involving active participation of rural women as collection agents; 
(ii) strengthening the financial management capacity of UPPCL and 4 DISCOMs, such 
as, reconciliations of receivable balances, ageing analysis and development of 
provisioning policy of account receivables; (iii) facilitating introduction of gender 
sensitive workplace practices improved working conditions for contractual workers 
with focus on female contractual workers; and (iv) supporting the implementation of 

Financial Management Action  Plan4  to improve the corporate governance of UPPCL. 
 

24. Together, these components will ensure (i) energy efficiency improvement, (ii) quality of 
supply improvement, (iii) customer satisfaction, (iv) technical and commercial loss reduction and 
(v) revenue increase for the associated DISCOMs. 
 

B. Purpose of the CRVA 

 
25. As noted in Section 1, the purpose of the CRVA is to identify and assess climate-related 
risks of the project’s investment outputs. Once the risks and vulnerabilities are identified, the 
CRVA proposes project-specific climate adaptation actions, as well as inputs, modifications to, 
and recommendations for the detailed engineering and design phase downstream. 
 
26. It is important to note that this assessment identifies vulnerabilities of subprojects under 
the standard climate change scenario, IPCC SRES A1B, as is used by Government of India. 
Furthermore, the analysis does not consider vulnerability on a ‘with’ or ‘without’ project basis. As 
this Project is a power distribution network rehabilitation project at its core, the upgraded power 
network after project completion will, in and of itself, be more climate resilient.  
 

C. Methodology and Scope of Study 
 
27. The CRVA steps follow guidelines outlined by ADB for ‘climate proofing’ of investments in 
the energy sector.5 Broadly, the steps followed were:  
 

 
4 Available in Facility Administration Manual (accessible from the list of linked documents in Appendix 2). 
5 ADB. 2012. Publication: Guidelines for Climate Proofing Investments in the Energy Sector. Manila.  
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i. conducting a literature review of the vulnerability of critical project components to 
specific climate parameters. In any public service delivery infrastructure, such as 
power distribution networks, performance (minimize aggregate technical losses) and 
durability are critical. As such, we examined which climate parameters influence the 
networks’ performance and durability the most.  

 
ii. using present and future weather projections generated by the Indian Institute of 

Tropical Meteorology (IITM) and various other secondary sources, we assessed how 
the power distribution-related critical climate parameters are expected to vary in the 
future during the start to mid-century (202-2050), relative to historic levels (1960-
1990). The data generated by IITM is from a regional climate model (RCM-Indian 
Regional Climate Model PRECIS), at daily intervals with a resolution of approximately 
50 Km. 

 
iii. early in the planning stage, critical climate parameters to which the project’s 

components are susceptible were identified. These parameters may include 
temperature changes, precipitation changes etc. Moreover, during this scoping phase, 
climate parameters which did not apply to the subprojects were ‘scoped out’. This 
enabled the project team to focus on collecting data on the climate parameters which 
pose the greatest risk and vulnerability to the project’s infrastructure assets. For 
example, as Uttar Pradesh is located inland and is a landlocked State, any threat of 
sea level rises to the distribution network were ‘scoped out’ in the early stages of the 
CRVA.  

 
iv. once critical climate parameters posing a threat to the infrastructure output were 

identified, their future changes were predicted, as much as practically possible under 
expected climate change scenarios. Climate change predictions were a challenge for 
this CRVA due to the lack of reliable, incomplete, and fragmented data. In such cases 
consultants used the frequency analysis approach to calculate the probabilities of 
naturally occurring events, using historic data from Utilities and line Ministries. To 
model the probabilities of occurrences and non-occurrences, consultants used the 
binomial probability distribution (Annex A) and undertook analyses of various 
scenarios to arrive at probabilities of each, for critical climate factors affecting the 
distribution network.  

 
v. the probabilities of occurrence of specific weather events, under various scenarios, 

were used, in part, to inform adaptation measures for each project subcomponent. 
Ultimately, the adoption of climate-resilience measures in project design will be a 
judgement call by team leaders, where probability of occurrence of specific weather 
events and the incremental cost of adaptation enhancements will guide the decision-
making process.  

 
28. The principal limitation faced by the project team was access to reliable primary data. 
While Uttar Pradesh is the first State to establish a Climate Change Authority, whose mandate is 
to implement the missions outlined in the State Action Plan on Climate, where primary data was 
not readily available. As such, the project team relied mainly on climate projections generated by 
the Indian Institute of Tropical Meteorology (IITM), and published, secondary data.  

 
29. While progress in climate change modeling has been made, there is still a high degree of 
uncertainty in predicting climate hazard events.  
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III. CLIMATE CHANGE TRENDS AND IMPACTS TO THE PROJECT 

 
A. The Project Study Area 
 

30. With a total area of 243,290 square kilometers, Uttar Pradesh is India’s fourth largest state 
and is approximately the size of the United Kingdom. It is situated in the central north of India and 
shares an international boundary with Nepal. The Himalayas border the state in the north, while 
the majority of the state is covered by plains. The plains can be further divided into the (i) large 
Gangetic Plain region in the north; (ii) the Ghaghra Plains, (iii) the Ganges Plains including the 
Terai, and (iv) the southern Vindhya plateau region.  
 
31. As Uttar Pradesh is a large State, the climates may vary within the boundaries of the State. 
Moreover, since the Uttar Pradesh Power Distribution Network Rehabilitation Project is a State-
wide Project, we decided to carry out our analysis by dividing the study area (i.e. the State of Uttar 
Pradesh) into four distinct quadrants and determining what are the most relevant climate 
sensitivities affecting the quadrants. This would enable the project team to provide targeted and 
adaptation measures to be incorporated in project design.  

 
32. The project area is served by Uttar Pradesh’s four DISCOMs, which will serve as the 
implementing agencies: (i) Northern Uttar Pradesh (Lucknow-zone), (ii) Western Uttar Pradesh 
(Meerut-zone), (iii) Southern Uttar Pradesh (Agra-zone) and (iv) Eastern Uttar Pradesh 
(Varanasi–zone). The zones are represented by the map below of individual DISCOMs’ four 
zones.  
 

Figure 1 – Distribution Areas of each DISCOM in Uttar Pradesh 

 
 

B.  Temperature  
 

1. Temperature–Historical Trends 
 
33. The Indian Meteorological Department (IMD) observed temperature trends for 35 years, 
over the period between 1971-2005. The key observations Spatial variation in annual mean 
maximum temperature:  annual maximum temperature has marginally decreased in northeast 
Uttar Pradesh, while the minimum temperature is increasing in the northeast and central Uttar 
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Pradesh regions. Seasonal extreme hot days are highest during the pre-monsoon season 
(months of March, April, and May) with a large year-to-year variation in the southwestern and 
northern parts of the State. 
 
34. Table 1 below shows the seasonal temperature trend in Uttar Pradesh.  
 
 

Table 1: Seasonal Temperature Trend (1971–2005) in Uttar Pradesh 

Seasons Statistics 
Temperature (0C) 

Maximum Minimum 

Annual Average 
Range 
Trend 

31.4 
26.7 – 32.6 

-0.11 

18.4 
14.9 – 19.0 

0.57 

Winter (JF) Average 
Range 
Trend 

23.5 
23.9 – 29.5 

-0.91 

8.9 
6.3 – 9.9 

0.98 

Pre 
monsoon 

(MAM) 

Average 
Range 
Trend 

36.1 
30 – 38.1 

0.00 

20.2 
15.8 – 21.2 

0.56 

Monsoon 
(JJAS) 

Average 
Range 
Trend 

34.2 
30.2 – 35.8 

0.31 

25.2 
21.4 – 26.0 

0.23 

Post 
monsoon 

(OND) 

Average 
Range 
Trend 

28.3 
18.7 – 25.9 

-0.23 

13.7 
10.9 – 15.1 

0.77 

          Source: Indian Meteorological Department  

 
Figure 2: Spatial and Temporal Temperature Trend in Uttar Pradesh 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

Source: The Indian Regional Climate Model (PRECIS). 
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2. Temperature–Projections  
 
35. The projected climate change in 2030 (average of 2021-2050) and in 2080 (average of 

2071  ̶ 2098) over Uttar Pradesh were obtained using the IPCC Special Report on Emission 
Scenarios’ (SRES) A1B scenario.6 Simulated climate outputs from the regional climate model 
were run with baseline for the period 1961-1990, near term projections from 2021  ̶2050, and long 
term projections from 2071 to 2098. Simulated climate projections were conducted by the IITM, 
under the IPCC SRES A1B Scenario, using Indian Regional Climate Model PRECIS. The A1 
scenario is defined by a rapidly growing economy, population peaking by mid-century, and an 
increasing use of clean and efficient energy sources.7 The A1 scenario can be further broken 
down into (i) fossil intensive growth (A1FI); (ii) non-fossil intensive growth (A1T); and (iii) a balance 
of all sources (A1B; which is the most aligned with India’s energy-use trajectory.  

 
36. The increase in annual mean temperature is 20C for the period 2030s (2021 to 2050) and 
40C towards 2080s (2071 to 2098). An increase of 1.80C to 2.10C during those time periods for 
average maximum temperature is expected. Changes in seasonal maximum temperatures are 
projected to increase during pre-monsoon (2.10C) and monsoon (1.80C) seasons towards 2030s. 
Towards 2080s increase in maximum temperature is projected to increase during post monsoon 
(5.30C) and winter (4.50C) seasons. Inter-annual variability in maximum temperature is projected 
to increase towards 2050s and the variability is higher during the winter season. The 2080s shows 
comparatively less inter-annual variability, which is predicted to be similar to that of the baseline. 

 
37. Positive changes in the average seasonal maximum temperature are indicated for both 
2030s and 2080s time periods. Projections for the pre-monsoon and monsoon seasons are 2.10C 
and 1.80C towards 2050s; while post monsoon and winter seasons are 5.30C and 4.50C towards 
2080s. Inter-annual variation is higher for the first half of the century and gradually decreasing 
towards the 2080s, as compared with the baseline (1961 to 1990) period. 
 

3. Temperature-Principal Vulnerability Posed to Project Infrastructure 
 
38. The critical vulnerability of the distribution network would be line sag, which results in 
greater line losses. However, this has been considered into the design of specification of the 
infrastructure components of AB cables and feeder separation.  As such, there are no additional 
adaptation requirements.  

 
C. Floods/Precipitation  

 
1. Floods/Precipitation -– Historical Trends 

 
39. The Uttar Pradesh-State Agriculture Department collected 20 years’ (1992-2011) of 
regional rainfall data where rainfall variability, characteristics and the length of the monsoon 
season were measured and recorded. Over this period, Southern Uttar Pradesh received the least 
amount of rainfall (663mm), followed by Western Uttar Pradesh (750.9 mm) and Central Uttar 
Pradesh (790.2mm); Eastern Uttar Pradesh received the highest amount of rainfall during this 
period (902.3mm) (Table 2). 

 
6 The Indian Regional Climate Model (PRECIS) has been configured for a domain extending from about 1.5°N to 38°N 

and 56°E to 103°E. For the analysis, the weather conditions of the present and future have been provided by the 
IITM Pune as the output of a regional climate model (RCM-PRECIS) at daily interval with resolution of about 50 km. 

7 https://archive.ipcc.ch/pdf/special-reports/spm/sres-en.pdf. 
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Table 2: Regional Average Annual Rainfall in Uttar Pradesh (1992-2011) 

Region Average Annual Rainfall (mm) 

Eastern  902.3 

Central  790.2 

Western  750.9 

Southern  663.0 

Source: 
 

40. However, as Figure 3 shows, annual rainfall in all regions has decreased. As is evident, 
the rate of decrease in Western Uttar Pradesh was the highest (slope of -13.80); and Southern 
Uttar Pradesh was the lowest (slope of -12.50). Figure 3 demonstrates a definitive trend in 
decreasing rainfall in the State of Uttar Pradesh as a whole.  
 

Figure 3: Seasonal Rainfall Trend (1992-2011) in Four Regions of Uttar Pradesh 
 
 
 
 
 
 
 
 
 
 
 

             
 

 
 
 
 
               

 
 
 
 
 
 
 
 
Source: 

 
41. While the overall rainfall trend is that of a steady decrease, it has not been uniform across 
seasons. During the south-west monsoon months Eastern Uttar Pradesh received the most 
rainfall of 29%, followed by a quarter of the total in Central Uttar Pradesh; Western Uttar Pradesh 
received 24% and Southern Uttar Pradesh received the lowest proportion of rainfall at 22% 
(Figure 4).  
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Figure 4: Seasonal Rainfall by Region in Uttar Pradesh 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

     
 

 

Source: 

 

42. While the general overall trend is that of a decrease in rainfall patterns in Uttar Pradesh, 
rainfall occurrence is distributed geographically across the State and occurs sporadically over a 
few months. This high intensity and in a short duration results in flooding. The flood map below 
(Figure 5) indicates the partially and severely flood prone areas in blue and red, respectively. 

 
Figure 5: Map of Flood-Prone areas in Uttar Pradesh 

 
Source: https://reliefweb.int/report/india/indiauttar-pradesh-flood-situation-report-15-08-2017. 

https://reliefweb.int/report/india/indiauttar-pradesh-flood-situation-report-15-08-2017
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2. Floods/Precipitation – Projections  
 
43. The projected climate change in 2030 (average of 2021  ̶2050) and in 2080 (average of 
2071  ̶ 2098) over Uttar Pradesh were obtained using IPCC SRES A1B scenario.8 Simulated 
climate outputs from the regional climate model were run with baseline for the period 1961-1990, 
near term projections from 2021  ̶2050, and long term projections from 2071 to 2098. Simulated 
climate projections were conducted by the IITM, under the IPCC SRES A1B Scenario, using 
Indian Regional Climate Model PRECIS. The A1 scenario is defined by a rapidly growing 

economy, population peaking by mid-century, and an increasing use of clean and efficient 
energy sources.9 The A1 scenario can be further broken down into (i) fossil intensive growth 
(A1FI); (ii) non-fossil intensive growth (A1T); and (iii) a balance of all sources (A1B; which is the 
most aligned with India’s energy-use trajectory.  
 
44. Figure 6 indicates that the annual rainfall is projected to modestly increase between 15% 
to 20% by mid-century, relative to the baseline. However, the Model predicts a slightly higher 
increase of between 25% to 35% towards the end of the century.  
 

Figure 6: Change in Mean Annual Rainfall Over Uttar Pradesh 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Source: 

 
45. Temporal seasonal rainfall changes were also predicted by the Model. Mid-century 
predictions indicate that in the winter (January–February) and pre-monsoon (March–May) 
seasons, rainfall will decrease by up 35% in the majority of the State. In the Monsoon months, 
rainfall would increase slightly compared to the baseline, or in some cases, show no change. 
However, rainfall would increase for the State as a whole in the post monsoon season. Western 

 
8 The Indian Regional Climate Model (PRECIS) has been configured for a domain extending from about 1.5°N to 

38°N and 56°E to 103°E. For the analysis, the weather conditions of the present and future have been provided by 
the IITM Pune as the output of a regional climate model (RCM-PRECIS) at daily interval with resolution of about 50 
km. 

9 https://archive.ipcc.ch/pdf/special-reports/spm/sres-en.pdf. 
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Uttar Pradesh would experience the largest increase of between 35–45% in the post monsoon 
season. This means that monsoons would arrive later in the year by mid-century.  

 
Figure 7: Change in Mean seasonal Rainfall Over Uttar Pradesh 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Source: The Indian Regional Climate Model (PRECIS).  

 
46. By the end of the century however, the pre-monsoon months would experience the 
greatest increase in rainfall relative to the baseline. Eastern Uttar Pradesh could experience up 
to 35% to 45% of increase in rainfall, relative to the baseline.  
 
47. To summarize, the average annual rainfall is not expected to change in the mid-century 
timeframe. Since the ‘useful’ life of the infrastructure distribution network is about 30 years, this 
timeframe is adequately relevant for analysis.  
 
48. Furthermore, these projections are further validated by the “Climate Change Projections 
Over India by Downscaling PRECIS “ in the Korean Meteorology Journal which suggests that 
annual rainfall in Uttar Pradesh will increase by 1.4% in the 2020s, and by about 9% in the 
2050s.10 

 
3. Precipitation/flooding-Principal Vulnerability Posed to Project 

Infrastructure 
 

49. In a power distribution network system, the substations are most susceptible to flooding, 
as they are ground-level. Distribution feeder-lines and transformer substations are elevated at a 
height of 2.5m above the ground and therefore are not exposed to flood risks. 

 
10 Climate Change Projections Over India by Downscaling PRECIS. 
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50. Site visits of ongoing feeder separation and AB Cabling works revealed that transformer 
substations were elevated at 2.5m above the ground. At this height, they are not susceptible to 
flooding.  
 

D. Cyclones 
 

1. Cyclones–Historical Trends 
 
51. High winds generate pressure against a structure; the intensity of this pressure is known 
as wind load. Wind loads acting upon a power distribution network’s poles can be destructive and 
may pose a threat to the safety of surrounding dwellers. As such, calculations of wind load on 
poles were carried out as per utility practice and data provided by the DISCOMs, to test the 
transversal and longitudinal stability of the power distribution poles.  
 
52. Monthly or annual cylcone wind data was not available for analysis. However, 
conversations from contractors and field staff indicated a maximum cyclonic wind speeds between 
44 - 47m/s in Uttar Pradesh. Moreover, this was confirmed by the 50-year Uttar Pradesh Wind 
and Cyclone Hazard Map (Figure 8), published by the Building Material & Technology Promotion 
Council (BMTPC), embedded in the Ministry of Housing & Urban Affairs.   

 
53. Based on the Uttar Pradesh Cyclone 50-year hazard map published by the BMTPC, the 
State of Uttar Pradesh is considered a ‘high-damage’ zone, where the maximum wind speed is 
indeed 47 m/s (Figure 8 below).   
 
54. Calculations were carried out to test the strength and vulnerability of the poles using this 
maximum wind speed ( Section 4). From site visits, consultations with DISCOM field staff, and 
data from contractors, wind load calculations were carried out to determine the transverse and 
longitudinal stability of the power distribution poles (Section 4).  Moreover, In section 3.4.2, a 
freqency analysis was undertaken to test the probability of occurences, and non-occurrences, of 
windspeed equaling or exceeding 47 m/s. 
 

Figure 8: Wind and Cyclone Hazard Map of India 

 
 
 
 
 
 
 
 
 
 
 
 
 

Source: Building Material & 
Technology Promotion Council 
(BMTPC) 
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Figure 9: Wind and Cyclone Hazard Map of the State of Uttar Pradesh 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

Source: Building Material & Technology Promotion Council (BMTPC) 
 

2. Cyclones–Projections/Predicted Frequency  
 
55. As earlier noted, enhancing infrastructure’s performance, in terms of service delivery, and 
its longevity/duration is at the principal objective of CRVAs. Frequency of extreme weather events 
have started to threaten infrastructure assets, leading to costly downstream repairs to climate-
related asset damage. Therefore, it is more prudent, and cost effective, to factor in climate change 
adaptation measures in a project’s design. However, these measures bear an incremental 
‘adaptation’ cost, depending on how much climate-proofing is required, which in turn depends on 
the infrastructure’s expected exposure to climate-related hazards.  
 
56. On the basis of an Uttar Pradesh Cyclone 50-year hazard map, published by the Building 
Material & Technology Promotion Council (BMTPC), the maximum wind speed is 47 m/s. As 
discrete annual data was not available, the consultants carried out a sensitivity analysis using 
frequency analysis to calculate the probability of occurrence of Uttar Pradesh wind speed equaling 
or exceeded 47m/s.  
 
57. Given that the distribution network’s structural design life is 30 years, scenarios were 
tested within this time span. Using the binomial distribution, the probability that the wind speed 
would equal or exceed 47m/s once in 30 successive years is just over 33%. However, when 
calculating the probability of occurrence of wind speeds equaling or exceeding 47m/s twice in 30 
successive years, the probability decreased to just under 10%, as expected.  

 
58. Another critical parameter in climate-resilient infrastructure development, is the concept 
of ‘risk’ of exposure to an event of a specified magnitude. Risk is the probability of a certain event 
occurring at least once in n years. In this project’s case, it would reflect the risk of the distribution 
network being exposed to high-winds and gusts at least once within its design life of 30 years. 
Consultant’s and DISCOM’s calculations yielded a 45.5% probability that wind speed may equal 
or exceed 47m/s at least once within the 30-year period of the project. Equally important for the 
project’s adaptation planning however, is the concept of ‘reliability’, which is the probability of an 
event not occurring in n years, i.e. 1- risk. In this case, the probability of wind speeds never 
exceeding 47m/s within 30 years, is 54.5%.  
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3. Cyclones-Principal Vulnerability Posed to Project Infrastructure     
 

59. The principal concern with cyclones, in the context of power distribution infrastructure, is 
the longitudinal and transverse stability of the line and poles, as well as the durability of the PCC 
utility poles. The poles are 8.5m in length, and their foundation is 1.5m deep. During site visits to 
ongoing feeder separation and AB cabling work (under the DDUGJY Scheme), consultants 
noticed that the quality of construction of the PCC poles were subpar. In Section 4.2 below 
consultants carried out transversal stability of the poles. In addition, consultants determined the 
required longitudinal working load capacity of the pole in order to withstand maximum windspeeds 
of 47 m/s, in the event of conductor breakage. 
 

E. Dust Storms  
 

1. Dust Storms–Historical Trends 
 
60. With temperatures rising, and rainfall decreasing, dust storms are becoming more frequent 
and more intense in Uttar Pradesh. Towards the end of April and early May 2018, Northern India 
experienced three major dust storms causing significant damage to property and even resulted in 
the loss of human life.11 Imagery of the three dust storms were we captured by the Terra sensor 
onboard the NASA Earth Observing System MODIS platform (Figure 10).  
 

Figure 10: Space Imagery of Three Consecutive Dust Storms Over Northern India 

 
Source:  https://worldview.earthdata.nasa.gov. 

(a) Dust storm imagery on 28 April; (b) Dust storm imagery on 3 May; (c) Dust storm imagery on 
7 May.  

 
11 https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2018GH000170. 

https://worldview.earthdata.nasa.gov/
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2018GH000170
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61. Two of the dust storms claimed the lives of more than 125 people in Uttar Pradesh, while 
injuring many more.12 The strong winds damaged homes, uprooted trees, and electric poles, 
which resulted in a fire in one of the villages. The dust storm on 7 May, resulted in killing 30 people 
in the Bareilly District of Uttar Pradesh and about 10,000 power distribution poles were uprooted 
or damaged. According to the Indian Meteorological Department, winds during these dust storms 
reached between 100 to 126 km/hour.  
 

2. Dust Storms – Projections  

 
62. In spite of dust storms becoming more common and intense every year, they have not 
been recorded and trends have not been analyzed formally, as they are for cyclones, for instance. 
At present, there are no official record-keeping processes for dust storms and therefore an 
analysis of their probability of occurrence cannot be made. 
  
63. Informal discussions with rural residents and the Utility’s field staff revealed that the 
frequency and intensity of the dust storms have in fact increased steadily. However, the dust 
storms were officially only taken notice of after the hazardous events of May 2018. While CRVA 
consultants were unable to make any formal projections or determine any probabilities, what is 
evident from field discussions is that the magnitude (wind speeds) and frequency of dust storms 
has increased in Uttar Pradesh.  
 

3. Dust Storms – Principal Vulnerability Posed to Project Infrastructure     
 
64. As with cyclones, the primary concern with dust storms, is the longitudinal and transverse 
stability of the PCC utility poles. This is calculated in Section 4.2 below and applies to wind loads 
from cyclones and dust storms.  

 
F. Summary of Baseline and Projections of Climate Parameters in Project Study 

Area 
 
65. The current State-wide climate includes:  

• Annual average temperature range of 18.4 to 31.4 0C 

• Maximum temperature of 30 to 38 0C 

• Minimum temperature of 7 to 10 0C 

• Annual Average rainfall: 990mm    

• Monsoon season: June to September 

• Maximum wind speed: 47m/s  

 
66. Some of the key climate projections include: 

• Minimum temperature will increase modestly by 1 0 C in the 2020s; increase by 2.5 0 

C in the 2050s; and is expected to further increase by 3.90 C in the 2080s. However, 
that is beyond the timeframe of the project and its infrastructure’s design life of 25 to 
30 years.  
 

• Maximum temperature will increase modestly by 10 C in the 2020s; increase by 2.5 0 

C in the 2050s; and is expected to further increase by 3.90 C in the 2080s. However, 

 
12 https://news.mongabay.com/2018/05/climate-change-could-be-intensifying-dust-storms-in-india-experts-say/. 

https://news.mongabay.com/2018/05/climate-change-could-be-intensifying-dust-storms-in-india-experts-say/
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that is beyond the timeframe of the project and its infrastructure’s design life of 25 to 
30 years.   
 

• Average annual rainfall is projected to increase by 1.4% in the 2020-2030s; by 8.2% 
in the 2050s and by 10.9% during the 2080s. However, 2050 and beyond is not 
timeframe of the project and its infrastructure. Moreover, since the project is a 
distribution network project, most of the feeders and transformers are elevated, 
reducing the exposure to flood risks.  
 

• Wind pressure acting on the distribution poles from cyclones pose a significant threat 
in the future. However, the probability that the wind speed would equal or exceed 
Uttar Pradesh State’s maximum wind speed of 47m/s in 30 successive years is 
just over 33%. The probability of occurrence of wind speeds equaling or exceeding 
47m/s twice in 30 successive years, is just under 10%.  
 

• Wind pressure acting on the distribution poles from dust storms pose a significant 
threat in the future. However, formal, and focused data collection has not been carried 
out, making intensities and frequencies of dust storms difficult to predict.  

IV. VULNERABILITY ASSESSMENT OF PROJECT SUB-COMPONENTS 
 

67. As earlier noted, enhancing infrastructure’s performance, in terms of service delivery, and 
its longevity/duration is at the principal objective of CRVAs. Frequency of extreme weather events 
have started to threaten infrastructure assets, leading to costly downstream repairs to climate-
related asset damage. Therefore, it is more prudent, and cost effective, to factor in climate change 
adaptation measures in a project’s design. However, these measures bear an incremental 
‘adaptation’ cost, depending on how much climate-proofing is required; which in turn depends on 
the infrastructure’s expected exposure to climate-related hazards.  
 
68. The climate scoping and screening exercise undertaken by the CRVA consultants, 
identified wind load generated during cyclones and from increasing occurrences of dust storms, 
as the principal threat to the Project’s infrastructure output. The infrastructure output, however, is 
not vulnerable to temperature changes and precipitation/flooding changes.   
 

A. Project Infrastructure’s Vulnerability to Changes in Temperature and 
Precipitation /Flooding 

 
69. UPPCL’s design specifications for feeder separation and AB cabling have embedded 
adaptation controls for temperature and precipitation change.  Table 3 below shows that the 
anticipated temperature and precipitation changes in the future fall within the design limits of the 
infrastructure.   
 

Table 3: Design Specifications for Agricultural Feeders and AB Cables 

Parameter Value 

Maximum altitude above sea level 1000m 

Maximum ambient air temperature 50 

Maximum daily average ambient temperature 40 

Minimum daily average ambient temperature -5 

Maximum yearly weighted average ambient temperature 32 

Maximum relative humidity 100% 
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Source: Central Electrification Authority: General technical requirements Vol. 11 Part 1. 

 
70. As noted in sections of temperature (Section 3.2) and precipitation (Section 3.3), the 
projected changes over the course of the design life of the Project (30 years) will remain within 
the operating design limits of the feeder separation and AB cabling infrastructure.  As such, no 
additional adaptation measures would be required to enhance the subprojects’ climate-resilience 
vis a vis temperature and precipitation/flood changes.  

 
1. Project Infrastructure’s Vulnerability to Wind Force from Cyclones and 

Dust Storm 
 
71. In the background of the recent events in Oddissa where large scale damage /  distruction 
occued to power distribution lines due to recent cylones, the stability of proposed power lines 
against high wind forces likenly to occur during cyclone situations has been investigared.  
 
72. Based on the Uttar Pradesh Cyclone 50-year hazard map, published by the Building 
Material & Technology Promotion Council (BMTPC), the maximum wind speed likely to occur in 
the Uttar Pradesh State is 47 m/s.  

 
73. As per technical specifications both HT and LT power distribution lines under the Project 
are to be constructed using pre-stressed concrete poles (PCC poles) of 185 kgf working load. A 
safety factor of 2.5 is applied for pole design which is applicable for emergency situations such 
as cyclones. 
 
74. The HT lines will be constructed using Rabbit conductor (ACSR  6/3.35 mm  Al/1x3.35 
mm Steel) and LT lines will be construed using Ariel Bunched Cables ( ABC 3X50 mm2 (ph)+1x35 
mm2+1x16 mm2 or higher size). As per line design, average span (average distance between 
two poles) of HT lines is 50 m and for LT lines 30 m. 

 
75. The stability of HT and LT lines at cyclone wind speeds have been verified in respect of 
the following: 

(a) Transverse Stability 
(b) Longitudinal Stability  

 
76. Transverse stability refers to stability of the line when wind direction is in the horizontal 
direction and perpendicular to the direction of line. This is the worst-case scenario where force 
applied on the pole is sum of wind force on the pole + wind force on the conductors. 
 
77. The longitudinal stability refers to stability of the line when wind direction is horizontal and 
in the same direction of the direction of line.   
 
78. The resulting moments acting on the pole from the ground/foundation point (axis of 
rotation) have been calculated and verified against the designed movement capacity (strength) of 
the pole to check the stability in above directions. (Note: The moment is equal to the magnitude 
of the force multiplied by the perpendicular distance between its line of action and the axis of 
rotation.) 
Transverse Stability  

Average number of thunderstorms/years  70 

Average number of rainy days/years 120 

Average annual rainfall 2000mm 
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79. Moments of force acting on the poles were calculated to determine transverse pole 
stability. Calculations revealed that the ultimate moment capacity of poles is 27,359 Nm (Newton 
meters), using data and testing practices provided by the DISCOMs and contractors.  
 
80. From Figure 11 below:  
 

• M1 (T) = the resultant moment of force due to wind force acting on transverse face (T) 
of the pole. Resultant wind force is assumed to be acting at the middle of the pole due 
to near symmentrycity of the transverse face. When installed, the pole stands 7.0m 
tall. Therefore, M1 (T)  is the moment due to resultant wind force in transverse direction  
at 3.5m, from ground level.   
 

• M2 (T) and M3 (T)  are the resulting moments due to wind force acting on the conductors 
at different heights. Conductors at M2 (T) is at about 0.50m from the top of the pole (or 
6.5m from the ground); while conductors at M3(T) is on top of the pole at distace of 7m 
from the ground. The poles have a total design length of 8.5m, while 1.5 meters is 
below the ground level when installed.   
 

• M4 (T) is the moment due to design load on the transverse side of the pole. In other 
words it is the maximum moment that can be applied to the pole with out distruction. , 
As per DISCOM practice and specifications, the design load applied at 6.7m from 
ground level for testing of poles. It is imperative that the pole support its own weight 
as well as the external loads placed on it, ie conductors, wind load etc. Moment on the 
pole at M4T represents the ultimate moment capacity of the pole’s in  transverse 
directions. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 11: Transversal Moments Acting on a Distribution Pole and Conductors 
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* Height of Pole is above ground level is 7 meters           

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
81. Table 4 below demonstrates the transverse stability due to wind forces acting on the pole. 
 

Table 4: Transverse Stability Evaluation 

Moment ID Description 
Moment from 
ground level 

M1 (T) 
Moment due to wind force acting on pole (in transverse 
direction) 

4,777 Nm 

M2 (T) 
Moment on pole due to  wind force on conductors at 6.5 
m from the ground level (in transverse direction) 

9,506 Nm 

M3 (T) 
Moment on pole due to wind force on conductor at 7.0 m 
from the ground level (in transverse direction) 

5,119 Nm 

M1 + M2 + M3 (T) 
Total resultant moment acting on pole  (in transverse 
direction) 

19,402 nm 

M4 (T) 
 Ultimate Moment Capacity of the Pole (in transverse 
direction) 

27,359 Nm 
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82. Table 4 indicates that sum of the moments acting on the pole at specified wind speed is 
less than the Ultimate moment capacity of the pole. Hence transverse stability of the line is 
established at specified wind speeds.  
 
83. The calculations also indicate there is a  safety margin of about 29%  to accommodate 
other vulnurabilities such as manufacturing defects of the pole, longer spans, and wind gusts etc.  
 
Longitudinal Stability  
 
84. Transverse stability is the most critical factor in power distribution lines’ wind stability which 
is the worst-case scenario.  In the case of the longitudinal stability wind force is assumed to act 
horizontally in the same direction of line. In this case moment of pole due to wind force acting on 
the pole M1 (L) is 11,943 Nm. Wind force acting on the conductor is not applicable as wind 
direction in this case is along the line.  
 
85. The moment of force due to wind force acting on the pole in longitudinal direction is 
transferred to conductors which results in higher tension in conductors. This is transferred to 
terminal poles and section poles of the line (shackle points). It will also partially apply to angle 
poles as well. 
 
86. The longitudinal stability of the line is maintained as per following conditions. 
 

(a)  Conductors of the line (3 Nos) are able to withstand additional tension due to wind 
force acting on poles. 

(b) Terminal and section poles have adequate strength to absorb additional tensions 
in conductors. 

(c) Adequate number of section poles are introduced in the line design to absorb 
additional tensions due to longitudinal wind force acting on poles. 

 
87. The above have been verified against the line design for proposed lines and following 
points have been noted. 
 

(i) The ACSR Rabbit conductors can withstand tensions up to 18 kN (kilo Newton) 
without breaking. The additional tension due to longitudinal wind force on poles 
are distributed in the conductors which have adequate strength to withstand 
additional tensions including self-weight. 

(ii) Section or terminal poles are double pole structures with stays applied on both 
sides in longitudinal direction. These are introduced for every 300 m length of the 
line thus are capable of absorbing additional tensions on conductors. 

(iii) Angle poles with large angle of deviation are provided with stays.    

 
88. Based on the above it is concluded that proposed line design provides required 
longitudinal stability for the line for specified wind speeds.   
 

Transverse Wind Stability Requirement 

M4 (T) > M1 + M2 + M3 (T) Satisfied 
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B. Longitudinal Stability upon Conductor Breakage 
 
89. Although conductors are able to withstand additional tensions due to longitudinal wind 
forces, conductors can still break due to other events such as falling trees etc. As probability of 
such events is high during cyclone situations, the longitudinal stability of poles due to wind force 
under conductor breakage situations has been investigated.  
 
90. During field visits and in conversations with contractors, it was revealed that testing of 
longitudinal strength capacity of the poles was not common practice for the current feeder 
separation work under the DDUGJY Scheme. As a result, consultants were not able to determine 
the ultimate moment capacity of the pole in longitudinal direction. Therefore, it was decided to 
calculate the minimum longitudinal working load capacity, and the corresponding ultimate 
longitudinal moment capacity, for the pole to be stable on its own due to longitudinal wind 
forces   in the event of conductor’s break.   
 
91. Table 5 below shows iterations of various design load capacities, and their corresponding 
ultimate longitudinal moment capacity (M4 (L). Furthermore, M4 is compared with the resultant 
moment due to longitudinal wind pressure acting on the pole (M1 (L). As with the transverse 
stability calculations, M1 was calculated at Uttar Pradesh’s maximum speed of 47 m/s, with a 
safety factor of 2.5, and the resultant  moment acting on the center of pole at 3.5m above ground  

 
Table 5: Minimum Working Load Capacity Required for Longitudinal Wind Stability 

Requirement Upon Conductor Breakage 

Working 
Load 
Capacity 
(kgf) 

 Ultimate Longitudinal 
Moment Capacity of the 
Pole (Nm) (M4)  

Resultant Moment 
(Nm) due to Wind 
Pressure on Pole (M1) 

Longitudinal Wind Stability 
Requirement if Any 
Conductors Break  

(M4 > M1) 

70 10,352 11,943 Not Satisfied 

75 10,796 11,943 Not Satisfied 

80 11,831 11,943 Not Satisfied 

85 12,570 11,943 Satisfied 

90 13,3010 11,943 Satisfied 

 
92. As indicated in Table 5 above, a minimum of 85 kilogram-force (kgf) longitudinal working 
load capacity is recommended to achieve longitudinal wind stability requirement, in the event 
conductor’s breakage. At working load 85 kgf and above, the longitudinal moment capacity of the 
pole is greater than the resultant wind moment due to wind pressure generated at 47 m/s is (M4 (L) 

> M1 (L).  It is important to note that poles with a longitudinal working load capacity of 85 kgf and 
below, will not be able to withstand Uttar Pradesh’s maximum wind speed of 47 m/s, in the event 
conductors break; and this may pose a public safety hazard.  

 
93. During informal conversations with contractors, it was noticed that the longitudinal working 
load capacity for poles may be below recommended 90 kgf being used at present. From Table 5 
above, it is evident that this working load capacity would be insufficient for the poles to achieve 
longitudinal stability in the event conductors break. It is noted that testing of the longitudinal 
working load capacity of the poles are not a part of current standard pole testing procedure.  
 



24 

V. PROPOSED ADAPTATION AND MANAGEMENT MEASURES 
 
A. Enhancing Stability of new PCC Poles to be  used for Output 2 

 
94. Given that within a 30  ̶year time period (the design-life of the infrastructure), there is a 
45.5% chance that wind speeds will equal or exceed 47 m/s at least once, enhancing longitudinal 
stability of PCC poles is critical. Measures to enhance line and pole stability are outlined below.  
 
95. Based on the findings of above investigations (Section 4.2) with respect to transverse and 
longitudinal wind stability of line, it is recommended to implement the following CRV adaptation 
measures. All measures proposed below can be introduced during the project implementation 
stage. 

a) In order to ensure longitudinal stability under conductor breakage condition, 
longitudinal working load capacity of PCC poles shall be more than 90 kgf. When 
contractor submits drawings for proposed poles it is recommended obtain services of 
a qualified Civil Engineer (through Project Management Consultants (PMA) to verify 
the structural design to ensure it provides adequate longitudinal working load capacity 
(90 kgf) in addition to required transverse working load capacity (185 kgf). The civil 
engineer can propose additional reinforcements in the pole structural design as 
required to meet these capacity requirements. 

b) During testing of PCC poles, it should be tested for both transverse and longitudinal 
working load capacity requirements to ensure above requirements are met. 

c)  Stays are introduced in the line for terminal/section poles, angle points and T-off 
points etc., as per standard line design. However, stays are not applied for minor 
angles of deviations (below 10o). In order to ensure transverse and longitudinal stability 
requirements at cyclone wind speeds, it is recommended to add stays for minor angle 
points as well. This will increase the quantity of stays required but may be provided 
within variation provisions of the Contracts. 

d)  It is recommended to ensure close supervision during implementation of the contracts 
to ensure all requirements the line design is executed accordingly. This include close 
scrutiny during execution of works regarding maximum wind spans, installation of 
stays as required, pole foundations, locations of section/terminal poles and proper 
stringing of conductors at specified tensions/sags. This will not incur additional costs 
as Project Management Consultants are already engaged under the Project who 
should be made aware of these requirements.   

 
96. The additional costs would incur for implementation of measures (a) and (c) indicated 
above which include cost for any structural modification of the pole design and additional cost of 
stays. Estimated amount of additional costs due to CRV Adaptation Measures proposed above is 
$3.55 million. Annex C provides estimated for incremental adaptation costs. Final adaptation 
costs will be determined during detailed engineering and design works.  
 
97. Consultants conducted site visits to inspect completed and ongoing AB Cabling and feeder 
separation works in parts of Uttar Pradesh, under the National Saubhagya and DDUGJY 
Electrification Schemes. It was evident that poles did not include concrete foundations. i.e. poles 
were just erected in holes dug in the ground (refer to Annex B photographs from field visits). This 
leaves the poles susceptible to wind gusts. Therefore, as one of the suggested adaptation 
measures for wind-resilience, consultants recommend concrete foundations, or stone pads, with 
dimensions of 0.30m by 0.30m by 0.75m for each newly erected pole.  
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B. Management Measures  
 
98. During the site visits, of particular concern for the consultants was the quality control of 
the poles being erected under the SAUBHAGYA and DDUGJY Schemes. As mentioned in 
Section 4.2, through unofficial conversations with contractors it was revealed that longitudinal load 
testing was either not carried out or did not meet adequate standards and strength.  
 
99. The consultants recommend enhanced rigor in the pole’s quality control. As indicated 
through calculations in Section 4.2, the longitudinal stability of poles should be at least 90 kgf. 
This should be confirmed during drawing verification by contractors. The estimated cost of this 
design load capacity enhancement is roughly estimated to be 5% of the cost of the pole (Annex 
C for incrementation cost estimates). 
 
100. Consultants also witnessed slanted poles on several occasions as there were no stays 
installed in crucial junctions, such as intersections and crossings (T-points). Moreover, the line 
should be designed where every angle should have a stay, in order to prevent poles from slanting 
( Annex B–photograph [g]). 
 
101. PMA should management the quality control during implementation. It is recommended 
that the PMA make provisions for a Civil Engineer in the TORs, who will be responsible for 
verifying the structural design and specifications of the pole’s longitudinal strength, submitted by 
the contractor.  
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A. Summary of Climate Projections, Vulnerabilities and Adaptation Measures and Associated Costs 

 
Table 6: Summary of Climate-Related Vulnerabilities and Suggested Adaptation Measures and Associated Cost

Climate 
Parameter  Projections  Vulnerability of Infrastructure  Adaptation Measures  

Est. Incremental Cost of 
Adaptation  

Temperature 
Rise 

- The average temperature 
rise is projected to be 
about 1 degree C in the 
2020s  

- From the technical specifications 
provided by Utility for contractors, 
the systems' performance is within 
the temperature design limits  

As per the specifications of the 
Feeder Separation, the 
performance of the system will 
not be adversely affected by the 
temperature rise. The System is 
designed to withstand ambient 
temperature of 50 deg Celsius.  
 
- As a result, the projected rise in 
temperature over the duration of 
the project life will not adversely 
impact the performance of the 
distribution network and its 
infrastructure  

 - No action required to adapt 
infrastructure to rising 
temperature  

Precipitation  -Precipitation has shown a 
decreasing trend over the 
past 20 years  
-  Projections indicate 
rainfall will increase by 
about 1.4% in the 2020s 
and 2030s; about by 8.2% 
in 2050s, which would be 
beyond the temporal 
scope of the project 

-  The ADB loan does not cover 
subproject's infrastructure that is 
vulnerable to flooding.   
- New Transformers to be installed 
under the project are designed to 
be elevated at 2.5 meters, and 
therefore are not considered to be 
at-risk to the distribution networks 
as a whole.  

- No adaptation requirements for 
distribution network  

 - No action required to adapt 
infrastructure to 
precipitation/floods 
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Climate 
Parameter  Predicted Frequency  Vulnerability of Infrastructure  Adaptation Measures  

Estimated Incremental Cost 
of Adaptation  

Cyclones 

 Monthly or annual 
cyclone wind data was 
not available for analysis. 
Frequency analysis used 
to calculate the 
probability of occurrence 
of Uttar Pradesh's 
maximum wind speed of 
47 m/s. 

 Probability that wind 
speed would equal or 
exceed 47m/s once in 
30 successive years: 
33.40%. 

 Probability of occurrence 
of wind speeds equaling 
or exceeding 47m/s 
twice in 30 successive 
years: 9.88% 
 

 Transverse design working load of 
PCC pole is adequate to withstand 
Uttar Pradesh's maximum wind 
speed. 

 Longitudinal design working load 
not determined and not included in 
design specifications by Utility. 
Using available data and common 
practice by Utility and contractors, 
the minimum longitudinal design 
working calculated to be 90 kgf, in 
the event conductors break. 
 
 

 Poles with longitudinal design 
working load below 85 kgf will not 
withstand maximum wind speeds 
of 47 m/s, in the event of 
conductor breakage. 

(1) Strengthen the longitudinal 
load capacity of the new PCC 
poles for Output 2 through 
increased number of re-
enforcement bars in the poles.  
 
 
 
 
 
(2) In order to ensure transverse 
and longitudinal stability 
requirements at cyclone wind 
speeds, it is recommended to 
add stays for minor angle points 
as well. This will increase the 
quantity of stays; additional 5 
stays/km of line laid.  

(1) Pole Strengthening: 5% of 
pole cost for ensuring 
longitudinal working load 
capacity of 90 kgf. Incremental 
cost of adaptation:  
Approximately $0.90m 
 
 
 
 
 
(2) Increasing number of Stays: 
Additional 5 stays/km of line.  
Incremental cost of adaptation:  
Approximately $3.55m 
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Climate 
Parameter  Predicted Frequency  Vulnerability of Infrastructure  Adaptation Measures  

Estimated Incremental Cost 
of Adaptation  

Dust 
Storms  

 Dust storms have not 
been monitored/studied 
in the past by the State 
or the scientific 
community in India. As 
such, it is not possible to 
make any reliable 
predictions on their 
frequency. 

 In the last dust storm in 
May 2018, had maximum 
wind speeds of 35 m/s ; 
more than 10,000 utility 
poles were uprooted, 
disrupting power supply.  

 These vulnerabilities are common 
with wind force generated from 
dust storms 

 
102. The major climate-related vulnerabilities of the project components were also ranked. Table 7 below ranks these vulnerabilities 
of the proposed AB Cabling and  feeder separation packages in the sub-project areas across the State of Uttar Pradesh.  
 
103. Scoring at Sub-Project level for the identified hazard and pertinent exposure level/ risk is assigned based on scale listed below: 

• Low   : 1; 

• Low to Medium : 1.5; 

• Medium  : 2; 

• Medium – High : 2.5; and 

• High   : 3 
 
104. As noted previously in Section, obtaining granular, site-specific climate data was a not possible. As such, this Assessment was 
carried out using Uttar Pradesh State-wide climate data where possible.  
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Table 7: Sub-project Overall Vulnerability Ranking 

Climate Risk 

Vulnerability Ranking for AB Cabling Components Vulnerability Ranking for Feeder Separation Components 

Relocation/realignment 
of existing Pre-stressed 
concrete and cement 
(PCC) Poles 

Overhead AB Cables 
(3/2 phase bare 
conductor line 
replacement ) 

Pre-stressed 
concrete and 
cement (PCC 
Poles) 

New 11 kV 
lines/New LT 
distribution 
lines 

11/0433 KV Distribution 
Transformer 
substations 

 
PuVVNL & MVVNL 

 
PVVNL & DVVNL 

Drought-
Change in 
Temperature 
(Increase) 

Low (1)  Low to Medium (1.5) Low (1) Low to Medium 
(1.5) 

Low to Medium (1.5) 

Extreme 
rainfall events 
(flooding)-
Change in 
Precipitation 
(increase) 

Low (1) Low (1) Low (1) Low  (1) Low (1) 

Cyclone & 
Storm Surge 

Medium to High (2.5) Low to Medium (1.5) 
Medium to High( 
2.5) 

Low to Medium 
(1.5) 

Low to Medium (1.5) 

Dust Storms Medium to High (2.5) Low to Medium (1.5) 
Medium to High 
(2.5) 

Low to Medium 
(1.5) 

Low to Medium (1.5) 

Sea level rise N/A – land locked State N/A – land locked State 
N/A – land locked 
State 

N/A – land locked 
State 

N/A – land locked State 

Overall Score 
(Average) 

1.75 1.35 1.75 1.35 1.38 

Overall 
Categorization 

Medium  Low to Medium Medium Low to Medium Low to Medium 
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VI. STAKE HOLDER CONSULTATION AND GROUND VALIDATION 

 
105. The project team conducted several field visits to various parts of the State to arrive 
at the most appropriate climate adaptation measures for each of the State DISCOMs. The 
project team consulted i) contractors of existing feeder separation projects–which were 
being funded by the Government of Uttar Pradesh; ii) consulted engineers with the State 
DISCOMs; and iii) engaged with the ultimate beneficiaries of the project, local residents 
and farmers.  
 
106. The common thread among the various stakeholders is the need for longevity of 
the distribution network, while not sacrificing service delivery. This is aligned with the 
central theme and focus of the CRVA–to enhance performance and duration of the 
infrastructure output of the project, by increasing its climate resilience and reducing its 
vulnerability to extreme weather events.  

 
107. CRVA consultants found an overwhelming support from field engineers, once 
proposed adaptation measures were informally discussed. Effects of Orissa’s Cyclone 
Fani was felt as far as Uttar Pradesh, as 8 lives were claimed in the State. In this regard, 
field engineers from DISCOMs as well as contractors, were determined to ensure that the 
distribution lines are designed to withstand violent cyclones.  
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ANNEX A FREQUENCY ANALYSIS  
 

1. In order to Discuss the concepts of frequency analysis of weather events, it is important 
to define essential terms.  
 
 

a) Return period, (T): the average time (in years) for an event of a given magnitude 
(e.g. wind speed or river levels) to be equaled or exceeded. 

b) Probability of occurrence, of a specific event with a specific magnitude (pn): 
Probability of an event to be equaled or exceeded in n years. 

c) Probability of non-occurrence, of a specific event with a specific magnitude (qn): 
Probability of an event will not be equaled or exceeded in n years.  

 

2. The probability of occurrence of weather events of a specified magnitude is treated as 
independent events, with replacement i.e. an event in a particular given year has no bearing 
with an event in the next year or the preceding year. This can be best modelled with the binomial 
distribution since a weather event of a specific magnitude can either occur, or not occur.  
 
This can be expressed with the following:  
 
Pn1r = nCr * pr * q(n-r)  

 

Where:  
 
nCr = n!/(n-r)!*r! 
 
p = probability of occurrence = 1/return period = 1/T 
 
q = probability of non-occurrence = (1-p)  
 
n = successive years  
 
r = number of times an event occurs  
 

3. An essential concept in climate-resilient infrastructure development is the concept of 
‘risk’. Risk is the probability of occurrence of an event at least once in n years. This can be 
expressed with:  
 
Risk = 1-q
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ANNEX B PHOTOS FROM SITE VISITS  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   (a)PCC Pole 

 
 
 

 
 
 
   
 
 

Transverse Direction of 
Pole 

Longitudinal Direction of Pole 
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(b) longitudinal width       (c)transverse width  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(d) interior quality of PCC pole  
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(f1) On-going DDUGJY Project. Without concrete 
foundation: view of distribution pole’s 
longitudinal direction 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(f2) On-going DDUGJY Project. Without concrete 
foundation: view of distribution pole’s 
longitudinal direction 

 

 



36 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
(g) Foreground: transversal direction of pole 
Background: double poled, section pole, without 
stays; causing pole bending 
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Annex C Estimated Cost of Recommended Adaptation Measures 
 

4. Under the present design specifications of the project, ten stays are included for every 
kilometer of line to be erected under the feeder separation and AB cabling components.  However, 
Utility field staff believe a greater safety margin should be kept, in light of the recent cyclone 
events in Orissa in May 2019. Wind speeds during Cyclone Fani exceeded 51.5 m/s,13 causing 
about 156,000 electric poles to be uprooted,14 leaving hundreds of thousands if consumers 
without electricity.  
 

5. Utility engineers recommended that the number of stays be increased to 15, for every km 
of line to be erected or laid. This would mean 5 incremental stays per km of line. Table 6 below 
provides an estimate of the incremental cost associated with this adaptation action in the Project 
areas with AB Cable replacement. Costs estimates were provided by the Utility.  
 

Table 8: Incremental Number of Stays and Associated Cost–AB Cable Replacement  

 
6. The incremental cost of enhancing the line with 5 stays per km is just above ₹79 million, 
equivalent to about $1.05 million (@ ₹75=$1).  
 

7.  Table 7 below examines the incremental cost associated with increasing the number of 
stays in the feeder separation subproject component.  

 
13 https://www.vox.com/energy-and-environment/2019/5/3/18528079/cyclone-fani-what-we-know-category-4 
14 https://www.outlookindia.com/website/story/india-news-five-days-after-cyclone-fani-hit-odisha-lakhs-still-without-

electricity-towns-plunged-into-darkness/330010. 

 

  

Number of 
Poles (New + 
Replacement 
of Un-usable 

Poles)  

Number of 
Kms. 
(17 

poles/Km) 

No. of Stays 
W/o 

Adaptation  
(10 Stays / 

Km) 

Cost of 
Stays w/o 

Adaptation  
(₹2000/Stay) 

Incremental 
Number of 

Stays  
With 

Adaptation  
(5 stays/km)  

Incremental 
Cost of Stays 

with 
Adaptation  

(₹2000/Stay) 

PuVVNL-AB 
Cable 
Replacement 50,740 2,985 29,847 59,694,118 14,924 29,847,059 

MVVNL-AB 
Cable 
Replacement  84,224 4,954 49,544 99,087,059 24,772 49,543,529 

Total  134,964 7,939 79,391 158,781,176 39,695 79,390,588 

https://www.vox.com/energy-and-environment/2019/5/3/18528079/cyclone-fani-what-we-know-category-4
https://www.outlookindia.com/website/story/india-news-five-days-after-cyclone-fani-hit-odisha-lakhs-still-without-electricity-towns-plunged-into-darkness/330010
https://www.outlookindia.com/website/story/india-news-five-days-after-cyclone-fani-hit-odisha-lakhs-still-without-electricity-towns-plunged-into-darkness/330010
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Table 9: Incremental Number of Stays and Associated Cost – Feeder Separation 

  Total Kms 

No. of Stays 
W/o 

Adaptation  
(10 Stays / 

Km) 

Cost of Stays 
W/o Adaptation  

(₹2000/Stay) 

Incremental 
Number of Stays  
With Adaptation  

(5 stays/km)  

Incremental Cost 
of Stays with 
Adaptation  

(₹2000/Stay) 

DVVNL-Feeder 
Separation  10,860 108,600 217,200,000 54,300 108,600,000 

PVVNL-Feeder 
Separation  6,066 60,660 121,320,000 30,330 60,660,000 

Total 16,926 169,260 338,520,000 84,630 169,260,000 

 
8. The incremental cost of enhancing the line with 5 stays per km is just over ₹169 million, 
equivalent to just above $2.25 million (@ ₹70=$1). The total estimated incremental cost of 
additional stays is $3.3 million.  
 

9. As noted in Section 5, in order to ensure longitudinal stability under conductor breakage 
condition, longitudinal working load capacity of PCC poles shall be more than 90 kgf. When 
contractor submits drawings for proposed poles it is recommended obtain services of a qualified 
Civil Engineer (through PMA to verify the structural design to ensure it provides adequate 
longitudinal working load capacity (90 kgf) in addition to required transverse working load capacity 
(185 kgf). The Civil Engineer can propose additional reinforcements in the pole structural design as 
required to meet these capacity requirements.  

 

10. The estimated incremental cost for pole strengthening is 5% of pole’s cost. Table 8 below 
shows a breakdown of the incremental cost for PCC pole strengthening.  

 
Table 10: Incremental Cost to Strengthen PCC Pole 

No. of Poles-AB Cable Replacement 134,964 

No. of Poles-Feeder Separation 287,742 

Total Number New Poles 422,706 

Cost of Each pole-without enhancement (₹) 3,000 

Total Cost of Poles -without enhancement (₹) 1,268,118,000 

Cost of Each pole-with enhancement (₹) (5% of original) 3,150 

Total Cost of Poles-with enhancement (₹) 1,331,523,900 

Incremental Cost of Adaptation Enhancement (₹) 63,405,900 

Incremental Cost of Adaptation Enhancement ($) 850,000 

 
11. In order to  enhance the ability of the poles withstand the cyclones and foundations, it is 
recommended to strengthen the pole foundation with additional concreting. It estimated that there 
will be 422,7906 new poles to be erected under the project.  The additional concreting cost of 
pole foundation is estimated to be ₹325 per pole and the total cost of concreting pole foundations 
would be ₹137 million ( $1.85 million). 
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Table 11: Overall Adaptation Cost for the Project 

Adaptation Measure  Estimated Cost ($million)  

Pole Strengthening: 5% of pole cost for ensuring longitudinal 
working load capacity of 85 kgf incremental cost of adaptation:  0.85 

Increasing Line Stability through Stays/Struts  3.3 

Cost of concreting pole foundations 1.85 

Total Cost  6.00 

 


