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I. INTRODUCTION 
 
A.  General Background  
 
1. The Madhya Pradesh Public Works Department (MPPWD) maintains a road network of 
about 63,637 kilometers (km), of which about 7,806 km are national highways; 11,060 km, state 
highways; 22,412 km, major district roads (MDR); and the remaining are other district roads and 
village roads. The number of registered vehicles in the state has increased at an average annual 
rate of 10.3% since 2006 and reached 11.14 million vehicles in 2016. In response to increased 
daily vehicular traffic and the consequent stresses on the road network, the Government of 
Madhya Pradesh recently upgraded 3,774 km of MDRs, other district roads, and village roads to 
state highways, and 4,211 km of other district roads and village roads to MDRs. This has helped 
improve the efficiency of road networks with better linkage of the national and state highway 
network to towns and rural areas. 
 
2. The proposed Public–Private Partnership in Madhya Pradesh Road Sector Project intends 
to further improve transport connectivity in the state by rehabilitating and upgrading about 1,600 
km of state highways and MDRs. The project particularly involves upgrading newly declared state 
highways to two-lane width and single-lane MDRs to two-lane width. The project is to be 
implemented under the hybrid–annuity model, a form of public–private partnership.  To this effect, 
the Madhya Pradesh Road Development Corporation (MPRDC) has been set up pursuant to a 
loan and technical assistance from the Asian Development Bank (ADB). The MPRDC is the 
responsible implementing agency under the MPPWD, and is empowered to manage state 
highway and MDR improvement projects in Madhya Pradesh. 
 
B.  Climate Risk and Vulnerability Assessment 
 
3. Projected changes in the global climate are widely recognized to have almost certain 
significant impacts on the appraisal, planning, design, construction, operation, and maintenance 
of road infrastructure. The impacts of climate change on various developments and sectors of the 
state are expressed in the Madhya Pradesh State Action Plan on Climate Change (MPSAPCC),1 

which broadly outlines strategies and recommendations to develop a climate resilient state.  
 
4. Over the course of recent years, a climate risk management approach has been adopted 
by ADB in a significant number of investment projects. ADB recognizes that development is about 
lasting benefits and hence, a climate risk and vulnerability assessment (CRVA) is to be 
undertaken during the project preparation phase to examine climate change events and risks, 
and where appropriate, the technical and economic feasibility of adaptation measures. Based on 
the level of climate change risks for the project and the adaptation measures incorporated in the 
project design, the associated costs are determined. In essence, the CRVA is a collaborative 
process aimed at informing project teams and governments about future climate risks that can 
affect the performance of an investment project.  
 
 
 

 
1   Environmental Planning and Coordination Organization (EPCO), Housing and Environment Department, 

Government of Madhya Pradesh (GOMP). 2012. Madhya Pradesh State Action Plan on Climate Change. The action 
plan is a collaborative effort between the GOMP and the United Nations Development Programme. www.epco.in. 

http://www.epco.in/
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II. REVIEW OF CLIMATE AND CLIMATE CHANGE LITERATURE SPECIFIC TO 
MADHYA PRADESH 

 
5. According to the MPSAPCC draft report on observed climate trends and projected climate 
change, Madhya Pradesh has a subtropical climate with three distinct seasons―winter from 
December to February, followed by summer from March to May, and the rainy season from June 
to October. During winter, the mean temperature hovers around 10oC with a mean maximum 
temperature of around 25oC, and the minimum temperature goes down to as low as 1oC in some 
regions. During summer, the mean minimum temperature is 22oC and the mean maximum 
temperature is 38oC. The maximum temperature during summer can go up to 48oC, especially in 
May and June which are the hottest months. 
 
6. The average annual rainfall for the state is 1,160 millimeter (mm). Rainfall is heaviest in 
the southeastern part of the state and decreases in the northwest. Balaghat in the south receives 
the maximum rain, where average rainfall is above 1,600 mm. The other southern districts of 
Anuppur, Dindori, and Mandla receive between 1,200–1,400 mm of rain. Rainfall drops to 1,000–
1,200 mm in the northern and western areas. Western districts, including most of those in the 
Malwa plateau and Sheopur and Shivpuri in the north, receive 800–1,000 mm of rain. Average 
annual rainfall is stated to be below 800 mm in the southwestern tip of the state, including in the 
southern half of Jhabua, the western half of Barwani districts, and the northernmost districts of 
Bhind, Datia, Gwalior, and Morena. Most of the rainfall in the state is the result of the southwest 
monsoon during June to September. 
 
A. Trends in Observed Climate 
 

1. Precipitation  
 
7. A working paper on climate change in Madhya Pradesh, which contains the analyses of 
precipitation data for the period of 1951–2013, observed a long-term mean annual precipitation 
of around 1,043 mm, of which about 90% of the total annual rainfall occurred during the monsoon 
season(June to September).2 Because of its vast geographical area (308,252 square kilometers), 
Madhya Pradesh exhibits a large spatial variability in monsoon season precipitation, with the 
mean level varying between 700 and 1,300 mm, and with higher precipitation in the southern 
regions and lower precipitation in the northern regions of the state.  
 
8. Results of trend analysis indicated that the monsoon season precipitation had declined 
slightly (up to 200 mm) during 1951–2013 in the northern and central regions while a slight 
increase was noticed in the western part of the state. The variation of monsoon precipitation 
across various districts of Madhya Pradesh can be visualized in Figure 1. Despite localized 
changes in monsoon precipitation trends in various regions of the state, the overall annual 
average total monsoon precipitation was observed to be more or less stable during the period of 
1951–2013.  
 
9. In terms of frequency of extreme precipitation events (number of events above the 95th 
percentile), Figure 1(c) indicates that the central and southeastern regions experienced on 
average 3–5 events each year. For changes in the frequency of extreme precipitation events, 
Figure 1(d) shows increases and declines observed in various regions of the state. Thus, due to 

 
2  Vimal Mishra, Reepal Shah, Amit Garg. 2016. Climate Change in Madhya Pradesh: Indicators, Impacts and 

Adaptation. Working Paper No. 2016-05-05. Indian Institute of Management, Ahmedabad. 
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the mixed nature of trends spread across different regions of Madhya Pradesh, no significant 
overall trend in extreme precipitation across the state was observed, according to the working 
paper by Mishra et al. (footnote 2). 
 

Figure 1: Results of Trend Analysis of Annual Precipitation in Madhya Pradesh,  
1951–2013  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Source: Vimal Mishra, Reepal Shah, Amit Garg. 2016. Climate Change in Madhya Pradesh: Indicators, Impacts and 
Adaptation. Working Paper No. 2016-05-05. Indian Institute of Management, Ahmedabad. 

 
10. On the other hand, the MPSAPCC (footnote 1), in its report on trends of average annual 
monsoon precipitation analyzed for the period 1961–2002, showed an inter-annual variability of 
average monsoon rainfall during the 41-year period, with the rainfall trend observed to be 
decreasing.  
 
11. The discrepancy of the trends of mean annual monsoon as reported by the two reports—
no trend versus decreasing trend—could probably rest in the different long-term data series, with 
the first report analyzing 62 years of data compared to 41 years in the second report. The 
difference could also have arisen due to the varying analysis approach of trend analysis: a 
parametric method such as “regression on time” was used by the MPSAPCC report in determining 
the main tendency of the time series, while a non-parametric Mann–Kendall trend analysis was 
used by the second reference. For mainstream opinion in climatology, the Mann–Kendall trend 
test is widespread in climatological and hydrological analysis of time series but the parametric 
approach cannot be disregarded. 
 
12. Furthermore, a study carried out by Goswami et al. (2006) with observations spanning 50 
years in the Central Indian region, including Madhya Pradesh, indicates that extreme precipitation 
events that are above 100 mm are increasing in terms of their intensity and frequency, with low 
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and moderate events becoming more and more infrequent.3 
 

2. Temperature  
 
13. From the working paper by Mishra et al. (footnote 2) cited earlier, the average mean air 
temperature of Madhya Pradesh reflected a moderate warming of 0.03oC in the monsoon season 
during the period of 1951–2013. The post-monsoon season reflected a significant increase in 
mean temperature by 0.8oC and a warming of 0.4oC in the pre-monsoon season during 1951-
2013. Results indicated no significant increase in mean air temperature during the winter season 
in Madhya Pradesh.  
 

3. Heat Waves  
 
14. In terms of temperature extremes, Mishra et al. (footnote 2) observed a significant 
increase in the number of hot days in Madhya Pradesh during the period of 1951-2013, and 
increased frequency of heat waves since 1980. The National Disaster Management Authority of 
India describes a heat wave as a period of abnormally high temperatures, more than the normal 
maximum temperature (>40oC), that occurs during the summer season in many parts of India. 
Heat waves typically occur between March and June, and in some rare cases even extend until 
July. In the Indian context, the extreme temperatures and resultant atmospheric conditions 
adversely affect people living in the northern states, including Madhya Pradesh. As recent as 
June 2018, heat wave conditions prevailed over many parts of Madhya Pradesh and in many 
isolated pockets of other northern states of India. Temperatures across these regions soared well 
above 45oC, and a few regions even surpassed the 47oC mark. 
 
15. The National Disaster Management Authority states that with rising high daily peak 
temperatures lasting longer, more intense heat waves are becomingly increasingly frequent 
globally due to climate change. India, too, is feeling the impact of climate change in terms of 
increased instances of heat waves that are more intense in nature with each passing year. These 
have a devastating impact on human health, increasing the number of heat wave casualties.  
 

4. Flooding  
 
16. According to the MPSDMA, among all natural hazards affecting Madhya Pradesh, floods 
are the most frequent and devastating.4 In other words, the state is highly prone to flood hazard. 
The state was affected by severe floods in 1982, 1983, 1984, 1986, 1992, 1994, 1996, 1997, 
2003, 2005, 2006, and 2012. It was also observed that more than 80% of the annual rainfall is 
concentrated over a short monsoon period of 3 months, leading to heavy siltation, flash floods 
and poor discharge of flood waters, and breaching of river embankments.  
 
17. Through an analysis of the past 30 years of flood data in Madhya Pradesh, the state’s total 
50 districts have now been categorized into three levels of flood hazard: low, medium and high. 
Figure 2 illustrates the levels with regard to vulnerabilities to flooding: (i) high flood hazard districts 
are those in which floods occurred 9 to 12 times or more in the last 30 years, (ii) medium level are 
those in which floods occurred 6 to 8 times in the last 30 years, and (iii) low level are those in 
which floods occurred less than 6 times in the last 30 years.  

 
3  B. N. Goswami, V. Venugopal, D. Sengupta, M. S. Madhusoodanan, P. K. Xavier. 2006. Increasing Trend of Extreme 

Rain Events Over India in a Warming Environment. Science. Vol. 314. no. 5804. pp. 1442–1445. 
4  Madhya Pradesh State Disaster Management Authority (MPSDMA). http://www.mpsdma.mp.gov.in/get-

ready/hazard-profile-of-mp/floods/. 
 

http://www.mpsdma.mp.gov.in/get-ready/hazard-profile-of-mp/floods/
http://www.mpsdma.mp.gov.in/get-ready/hazard-profile-of-mp/floods/
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1.  
Figure 2: Madhya Pradesh Flood Hazard Levels by Districts 

 
       Source: Madhya Pradesh State Disaster Management Authority (MPSDMA). 

 
B. Climate Projections for Madhya Pradesh 
 

1. PRECIS–A1B 
 
18. The MPSAPCC provides climate projections for the 2030s (2021–2050) and 2080s (2071–
2098) that have been derived from the climate modelling system of PRECIS (Providing Regional 
Climate for Impact Studies), a version of the HadRM3 model with a grid resolution of 0.44° x 0.44°. 
The PRECIS simulation dataset was provided by the Indian Institute of Tropical Meteorology in 
Pune, India. The climate change scenarios were driven by the greenhouse gas (GHG) emission 
scenario A1B, which assumes a future world of very rapid economic growth, a global population 
that peaks in mid-century and declines thereafter, and assumes rapid introduction of new and 
more efficient technologies. Changes in precipitation and temperature in the 2030s and the end 
of the century toward the 2080s have been derived with respect to the 1970s (1961–1990) and 
are presented in Table 1. 
 

2. CMIP5 models for the period of 2016-2045 (Near) and 2046-2075 (Mid) for the 
Representative Concentration Pathways (RCPs) 2.6, 4.5, 6.0, and 8.5 

 
19. Mishra et al. (footnote 2) provide climate change projections for the daily precipitation and 
air temperature of Madhya Pradesh based on simulation outputs of the Coupled Model 
Intercomparison Project Phase 5 (CMIP5),5 a set of coordinated climate model experiments run 
under time-dependent scenarios of atmospheric GHG concentration termed as Representative 
Concentration Pathways (RCP).6 CMIP5 is the most current standard framework for studying the 
output of coupled atmosphere–ocean general circulation models and represents the collaborative 
effort involving 20 climate modeling groups from around the world. The RCPs are a new set of 
scenarios that replace the Special Report on Emissions Scenarios (SRES) standards employed 

 
5  CMIP5: Coupled Model Inter-comparison Project Phase 5. https://cmip.llnl.gov/cmip5/. 
6  RCP: Representative Concentration Pathways. http://sedac.ipcc-data.org/ddc/ar5_scenario_process/RCPs.html. 

 

https://cmip.llnl.gov/cmip5/
http://sedac.ipcc-data.org/ddc/ar5_scenario_process/RCPs.html
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in earlier climate change models. There are four RCPs―RCP2.6, RCP4.5, RCP6.0, and 
RCP8.5―that are in use and as defined by their total radiative forcing (cumulative measure of 
human emissions of GHGs from all sources expressed in Watts per square meter) pathway and 
level by 2100.   
 

Table 1: Extreme Precipitation Events Projected in Madhya Pradesh 

 
RCP = Representative Concentration Pathways. 
Notes: District level multimodel ensemble mean projected changes (millimeter) in the monsoon season precipitation 
under the RCP 2.6, 4.5, 6.0, and 8.5 for the near-term (2016–2045) and midterm (2046–2075) climate. 
Source: Vimal Mishra, Reepal Shah, Amit Garg. 2016. Climate Change in Madhya Pradesh: Indicators, Impacts and 
Adaptation. Working Paper No. 2016-05-05. Indian Institute of Management, Ahmedabad. 
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20. In the case of the larger Madhya Pradesh, Mishra et al. (footnote 2) has engaged RCP4.5 
in its climate change model due to the close agreement between observed changes in mean air 
temperature during the period of 2006–2013 and the RCP4.5 simulated temperature for the same 
period. RCP8.5, deemed a pessimistic scenario, has been set to be representative for the north–
central regions of Madhya Pradesh for reasons not clearly explained.  
 
21. In the RCP4.5 scenario, about 10% of the state is projected to witness more than 2oC 
warming by 2035, and in RCP8.5, about 30% of the state is projected to experience more than 
2oC increase by 2050. The cited literature cautions that more than 2oC increase in air temperature 
will have profound implications on agriculture, water resources, and many other sectors. 

 
22. Majority of the selected RCPs showed that the monsoon season precipitation is projected 
to increase in Madhya Pradesh under climate change. Projected changes in monsoon season 
precipitation under the four RCP scenarios for the near term (2016–2045) and midterm (2046–
2075) climate in each district of Madhya Pradesh are reproduced in Table 1. 
 
23. Projected increases in the monsoon season precipitation are found to be in the range of 
5%–15% under different RCPs. The central and southern regions of the state are likely to 
experience increased precipitation while the eastern region may face a decline in the near-term 
climate under RCP 4.5. The number of extreme precipitation events are also projected to increase 
under most of the RCPs in Madhya Pradesh.  

 
III. PROJECT STATUS 

 
24. The MPRDC is the responsible implementing agency under the MPPWD, empowered to 
manage state highways and MDR improvement projects in the state of Madhya Pradesh. Key 
climatic variables of concern impacting the road infrastructure include extreme precipitation and 
consequent flooding, extreme high temperature and the impacts on road pavement integrity, and 
the impacts by other climatic variables including tropical cyclonic winds. 
 
25. The project is envisaged to be undertaken under a public–private partnership contractual 
arrangement, where the concessionaire will be responsible for the preparation of detailed design 
reports for all the project roads. Aside from many general guidelines and prerequisites to be set 
by the MPRDC, the concessionaire will be obligated to follow the (i) manual IRC-SP-73 (2015), 
which contains specifications and standards for two-laning of highways, and (ii) manual 
IRC:SP:87:-2014, which contains the specifications and standards for four-laning of highways as 
published by the Indian Roads Congress (IRC). The MPRDC maintains the sole right to approve 
the detailed design reports subject to the fulfillment of minimum standards of the IRC and other 
incremental design features as necessitated by climate change risks.  
 
26. As a preliminary procedure prior to the selection of the concessionaire for the preparation 
of the detailed design, the MPRDC has prepared General Arrangement Drawings (GAD) for 
structures and the Alignment Design (Plan and Profile) for the project roads. This is in accordance 
with the guidelines and specifications given in IRC-SP-73 (2015) and IRC:SP:87 (2014), and other 
design modifications based on the MPRDC’s past experience, and perceived risks and 
vulnerabilities.  
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IV. ADAPTATION CONSIDERATIONS IN THE DESIGN OF PROJECT ROADS  
 
27. Madhya Pradesh for the most part occupies the central peninsular plateau of India and, in 
terms of area, is the second largest state covering some 308,245 square kilometers. As such, 
one can expect high spatial variability in terms of climatic regimes, including rainfall and 
temperature. Based on the MPPWD’s years of experience in the design, construction, and 
maintenance (both routine and restorative) of road networks in the state, the climate change risk 
level and, particularly, the impacts on road infrastructure of the state, can be likely categorized as 
low to medium depending on the region through which the road networks run.  
 
A. General Considerations Suggested 
 
28. New road infrastructure is typically designed on the basis of historical information on 
weather and climate extremes. Often, the maximum value of a particular variable in the historical 
record is considered to be the normative value for design and, in improved cases, extreme value 
theory is applied to the historical observations of extremes to estimate the normative value. This 
common practice for design criteria disregards climate change as it assumes that the variations 
of climatic variables occur around an unchanging mean state. However, the notion that climate 
change may alter the mean, variability, and extremes of relevant weather variables is now widely 
accepted and needs to be accounted for in the design of new infrastructure. 
 
29. However, there are many uncertainties about climate change due to lack of appropriate 
information and high-resolution climate projections at the project level. Given that uncertainty, the 
alternative is to look at plausible climate change risks based on recent relevant climate change 
publications that provide some bounds on how potential changes in risks could translate into 
economic damages. Also, there is a dearth of published scientific guidelines on the incorporation 
of climate change effects in the engineering design process itself. Despite these shortcomings, 
the following sections of this report discuss some general climate change adaptation 
considerations in the engineering design of the project roads. 
 
30. Design return period. The officials were made aware that systems designed on the basis 
of typical average return periods cannot be nearly as reliable as one might anticipate over a typical 
project life under a changed future climate. In recent decades, return periods are observed to 
have shortened such that a 100-year event then is now, say, a 20-year event or so. The Indian 
standard for roads and bridges (IRC:5-2015) prescribes a 100-year design life for major road 
bridges. Even so, the IRC guideline also explicitly provides that a higher design life may also be 
prescribed based on importance and criticality. The MPRDC may consider the option of a higher 
design life in selected critical cases based on their experience even though higher design life 
unavoidably translates to higher costs. 
 
31. Design rainfall. In drainage design, the need for precipitation data is inevitable. Because 
the project roads are spread over a vast geography, a regional frequency approach in extreme 
rainfall analysis is recommended rather than piecemeal estimates at every location. The gathering 
of reliable data with data lengths not less than 30 years from all representative stations spread 
over a vast geographical area may be difficult. In aid to that, the Probable Maximum Precipitation 
(PMP) Atlas produced by the Central Water Commission (CWC) of India in 2015 provides 
reasonable maximization of event precipitations expected in a given geographical location in India 
for different return periods. Reference is made to the CWC website for PMP data:  
http://itestweb.in/cwc/pmp-atlases. 
 
 

http://itestweb.in/cwc/pmp-atlases
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32. Design flood. On the basis of PMP estimates, probable maximum flood (PMF) can be 
derived for ungauged catchments. According to the CWC and the India Meteorological 
Department (IMD), the PMP estimates can be used as design inputs in the estimation of design 
floods for hydraulic structures. The PMF is a deterministic upper limit flood that is commonly 
utilized as a design criterion by several organizations in many countries. The PMF is a flood that 
can be expected from the most severe combination of critical meteorological and hydrologic 
conditions that are reasonably possible in a region. Reference is made to CWC and IMD manuals 
that have documented the procedures for determining the PMF from the PMP. 
33. Design temperature. In the case of Madhya Pradesh, extreme high temperatures and 
heat waves are a cause of concern impacting road pavement integrity, causing road surface 
failures by softening, and traffic-related rutting and cracking. The quality or grade of road surface 
binding material (bitumen) plays a crucial role and, hence, it is recommended to upgrade to a 
higher temperature-resistant grade rather than settling for a low-cost grade. Extreme temperature 
affects design of bridges where expansion and contraction under temperature changes need due 
consideration. An extreme value frequency analysis of maximum and minimum temperature data 
is recommended. 
 
34. Climate change adjustment factors. Because of uncertainties in dealing with future 
climate, some countries in Western Europe have adopted policy design guidelines on climate 
change adjustment factors to be applied to current design estimates depending on the design 
return period and projection horizon. An example reproduced in Table 2 is taken from a review of 
applied methods as described by the United Kingdom’s Center for Ecology and Hydrology and is 
presented here for review.7 It is very likely that many other countries are following suit or taking 
serious consideration of such policy interventions for their infrastructure developments. The 
example table provided below covers projected rainfall and flood frequency. 
 

Table 2: Examples of Climate Change Adjustment Projections in Some Western 
European Countries 

Country Region Variable Guidelines Reference 
Belgium Flanders Design floods 30% increase Boukris and 

Willems (2008) 
Belgium National Design rainfall 30% increase Willems (2011) 
Denmark National Design 

rainfall 
20%, 30%, and 40% increase for 
return periods 2, 10, and 100 
years 

Arnbjerg-Nielson 
(2008) 

Germany Bavaria Design flood 
with 100-year 
return period 

15% increase Hennegriff et al.  
(2006) 

Germany Baden– 
Wurrtemberg 

Design floods Increase between 0% and 75% 
depending on location and return 
period 

Hennegriff et al.  
(2006) 

Norway National Design floods 0%, 20%, and 40% increase 
based on region, prevailing flood 
season, and catchment size 

Lawrence and 
Hisdal (2011) 

Sweden National Design 
rainfall 

Increase between 5% and 30% 
depending on location  

SWWA (2011) 

United Kingdom National Design floods 20% increase for 2085 Defra (2006) 
United Kingdom National Design 

rainfall 
10%, 20%, and 30% increase for 
2055, 2085, and 2115 

Defra (2006) 

Source: United Kingdom’s Center for Ecology and Hydrology. 

 
7  European Cooperation in Science and Technology, Center for Ecology and Hydrology. 2013. FLOODFREQ Cost 

Action ESO901. http://www.cost-floodfreq.eu/. 

http://www.cost-floodfreq.eu/
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35. Business as usual. For any climate proofing investments, there are problems generally 
related to capital investment where structural adaptation options may be so large as to outweigh 
any possible benefits associated with the climate proofing. The business-as-usual (BAU) option 
that involves not investing in adaptation in the context of a particular project may also be a good 
course of action from both a technical and economic assessment. A costly adaptation measure 
undertaken at the start to deal with a long-term measure that is uncertain is most likely not 
sensible. Such a standpoint has been voiced in an ADB guideline where in the light of climate 
change uncertainties, a “do nothing” response to climate change may be a preferred course of 
action.8 
 
36. However, to complement the BAU, an adjustment option would lie in adaptive 
maintenance management that recommends incremental adaptation to be decided and 
implemented over successive short timescales. Such a soft adaptation measure could be viewed 
to provide advantage to manage climate change uncertainty iteratively, based on gradual, 
increasingly reliable climate change data. This can be considered while reducing the risk to 
commit to highly expensive investment, which could perhaps turn out to be insufficient.  
 
B. MPRDC Initiative 
 
37. According to officials and engineers of the MPRDC, their guiding principle in the 
preparation of general alignment drawings and alignment design of project roads rested in the 
understanding that the road infrastructure assets should remain cosseted from long-term and 
acute effects of extreme weather events. Based on the MPRDC’s road asset survey and 
accumulated past experience, every deliberation has been made to increase resilience by way of 
engineering provisions and necessary upgrades to new systems suited for a changing future 
climate. Those adaptive measures to counter possible risks and their likely effects on the project 
road infrastructure are summarized in Table 3. It must be noted that all these events, either 
simultaneously or in isolation, have the potential to generate severe disastrous impacts on road 
infrastructure.  
 

Table 3: Climate Adaptation Measures for Road Infrastructure 

Climate Change 
Events 

Possible Risks to the 
Road Infrastructure Adaptation Measures 

(i) Extreme 
rainfall events 

(i) Overtopping and wash 
away 

(ii) Increase of seepage and 
infiltration pass 

(iii) Increase of hydrodynamic 
pressure of roads 

(iv) Decreased cohesion of 
soil compaction 

(v) Traffic hindrance and   
     safety 

(i) Vertical alignment of certain critical sections of 
project roads affected by overland flooding 
improved to tackle onslaught of flooding events 
under intense precipitation. Raised 
embankment heights in the range of 1.08 m to 
1.5 m included in alignment design 

(ii) Improvement of flood discharge capacities of 
cross-drains by replacement of previous 600–
900 mm diameter pipes by 1,200 mm diameter 
pipes  

(iii) In certain critical road sections, the subgrade 
strength and integrity were found to be 
compromised; improvement of subgrade 
integrity by new materials tested to CBR 7%–
8%, as opposed to CBR 5% earlier  

(iv) Design floods to be of 100-year return periods 

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

Infrastructure Projects. Manila.  
 

https://www.adb.org/sites/default/files/institutional-document/32772/files/guidelines-climate-proofing-roads.pdf
https://www.adb.org/sites/default/files/institutional-document/32772/files/guidelines-climate-proofing-roads.pdf
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Climate Change 
Events 

Possible Risks to the 
Road Infrastructure Adaptation Measures 

with safety margin percentage increase from 
10% to 30% depending on catchment size with 
the likelihood of increasing more than 30% in 
certain critical cases. Freeboard of bridges to be 
maintained at about 2 m from HFL to soffit level, 
from earlier 1 m 

(v) In terms of flood water conveyance to prevent 
stagnation, lateral drains are proposed along 
the entire length of the road; closed concrete 
drains in settlement pockets, and earthen drains 
in remaining parts of road 

(ii) Changes in 
seasonal and 
annual 
average 
rainfall 

(i) Impact on soil moisture 
levels, affecting the 
structural integrity of 
roads, culverts, bridges 

(ii) Adverse impact of 
standing water on the 
road base 

(iii) Risk of floods from runoff, 
landslides, slope failures, 
and damage to roads if 
changes occur in the 
precipitation pattern 

 

(iii) Increased 
maximum 
temperature 
and higher 
number of 
consecutive 
hot days (heat 
waves) 

(i) Concerns regarding 
pavement integrity, e.g., 
softening, traffic-related 
rutting, cracking, fracture, 
etc. 

(ii) Thermal expansion in 
bridge expansion joints 
and paved surfaces 

(i) Road pavement integrity improvement by 
upgrading of bitumen grade to VG40 to 
withstand temperature stresses above 45oC 
from earlier VG30 

(ii) Due considerations to be made in detailed 
project report by concessionaire in terms of 
temperature design for bridges 

CBR = California Bearing Ratio, HFL = highest flood level, m = meter, mm = millimeter, MPRDC = Madhya Pradesh 
Road Development Corporation, VG = viscosity grade. 
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V. TENTATIVE COSTS OF CLIMATE PROOFING 
 
38. Based on the MPRDC’s road inventory and recent observations and assessments of the 
physical condition of the project roads, Table 2 outlines the engineering measures or adaptations 
considered imperative to addressing resilience to changes caused by future climatic events. The 
general arrangement drawings and the alignment profile designs prepared by the MPRDC 
incorporate these measures and provide the basis for estimating the project budget. Figures 3 
and 4 show the breakdown of costs for Batch 1 and Batch 2 project roads. The notes below both 
figures indicate the incremental costs as a result of measures envisaged under climate change 
that are segregated into four components by the MPRDC. 
 

Figure 3: Cost Proportions for Batch 1 Roads 

 
 

Figure 4: Cost Proportions for Batch 2 Roads 

 
BAU = business as usual, INR = Indian rupee.  
Notes: 1. For simplicity, the BAU cost is taken as the difference between the Total Project Cost and the Total Climate 
Change Adaptation Cost 

2. Climate change adaptation costs are broken down as follows based on the climate change adaptation 
measures envisaged in the preliminary assessments of the Madhya Pradesh Road Development Corporation: 

Adapt#1: Increase in road embankment heights in critical sections of the project roads 
Adapt#2: Upgrade of bitumen grade to VG40 for road pavement 
Adapt#3: Improvement of flood discharge capacities by increasing sizes of pipe culverts 
Adapt#4: Freeboard of bridges (from HFL to soffit) to be raised to about 2 meters 

Source: Madhya Pradesh Road Development Corporation. 

 
39. For the two batches of Madhya Pradesh road packages, Tables 4 and 5 present the 
detailed road project costs showing the breakdown of incremental costs related to climate proofing 
for 21 road packages for Batch 1 and 25 road packages for Batch 2. 
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Table 4: Cost Overview Under Climate Change Considerations for Madhya Pradesh Batch 1 Roads 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
CC = climate change, HFL = highest flood level, INR = Indian rupee, km = kilometer, m = meter, SH = state highway. 
Source: Asian Development Bank.  
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Table 5: Cost Overview Under Climate Change Considerations for Madhya Pradesh Batch 2 Roads 

 
 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
CC = climate change, HFL = highest flood level, INR = Indian rupee, km = kilometer, m = meter, SH = state highway. 
Source: Asian Development Bank. 
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