
 Coastal Climate-Resilient Infrastructure Project (RRP BAN 45084) 

CLIMATE CHANGE ASSESSMENT AND ADAPTATION STRATEGY 

I. CLIMATE CHANGE  

A. Introduction 

1.  The project is included in the Government of Bangladesh’s Strategic Program for 
Climate Resilience (SPCR), prepared under the Pilot Program for Climate Resilience (PPCR). 
The PPCR is a program under the Strategic Climate Funds (SCF) within the Climate Investment 
Funds, to pilot and demonstrate ways to mainstream climate resilience in development planning 
and management. The climate change assessment has been conducted while doing the due 
diligence for the project for inclusion under SPCR. The project preparatory technical assistance 
(PPTA) validated the climate assessment and developed an adaptation strategy. There is a 
general agreement on the broad premise that climate change will occur, and that it will involve a 
rise in sea level, increased wet season rainfall; and increased temperature. However, given the 
variation in possible “green-house” gas emission scenarios, there is far less agreement on the 
actual figures associated with this change. PPTA team considered more recent interpretations, 
including basic IPCC 2007 data.1   

B. Definitions  

2. The following working definitions are used concerning climate change, and it impacts:  
 

(i) Climate Resilience: The capacity of a system, structure or entity potentially 
exposed to climate hazards to adapt, by resisting or changing in order to reach 
and maintain an acceptable level of functioning and structure. 

(ii) Climate Proofing: The process of identifying risks to a development project, or 
any other specified natural or human asset, as a consequence of climate 
variability and change, and ensuring that those risks are reduced to acceptable 
levels through long-lasting and environmentally sound, economically viable, and 
socially acceptable changes implemented at one or more of the following stages 
in the project cycle: planning, design, construction, operation, and 
decommissioning. 

(iii) Climate Vulnerability: Variations in climatic conditions (average, extreme events, 
etc.) on time and space scales beyond that of individual weather events, but not 
persisting for extended periods of, typically, decades or longer (i.e., shorter term). 
Variability may be due to natural internal processes within the climate system 
(internal variability), or to variations in natural or anthropogenic external forcing 
(external variability).  

(iv) Adaptation (to climate variability and change): Policies, actions, and other 
initiatives designed to limit the potential adverse impacts arising from climate 
variability and change (including extreme events), and exploit any positive 
consequences 

(v) Climatic Impact: The effects that climate change and/or climate variability may 
have on people, their livelihoods, physical structures and their environment. 

  

                                                
1
  IPCC-WG-I, 2007: Climate Change 2007, AR-4, Scientific Basis, Intergovernmental Panel on Climate Change, 

WMO, Geneva, Switzerland. 
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3. Bangladesh is situated in the heart of the South Asian monsoon region; with the Bay of 
Bengal and Indian Ocean to the south and the Himalayan and Arakan mountain ranges to the 
north and east respectively.  
 
4. The average monthly rainfall is shown in Figure-1. Statistically, the country as a whole 
annually receives an average of 2286 mm of rainfall with significant local variation. [Singhvi et 
al., 2010]. Most of the rainfall occurs is the monsoon season amounting to about 71% of the 
annual rainfall. The pre-monsoon season get about 19 % of the annual rainfall. The post-
monsoon season occupies 9% of the annual rainfall. The winter is relatively dry and receives 
about 1.5% of the annual rainfall. 

Figure 1: Annual Mean Rainfall: 1948-2004 

 

 

 

 

 

 

 

 

5. The geographical variation of annual rainfall is shown in Figure-2, which indicates that 
the highest amount of rainfall is obtained in the north-eastern and south-eastern part of 
Bangladesh amounting to around 2000-2800 in the monsoon season and 3000-4000 mm for the 
annual. Much lower rainfall is obtained in the central-western Bangladesh. The distribution 
pattern is more or less similar for both annual and monsoon rainfall. 
 

Figure 2: Distribution of Rainfall 
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D. Major Climatic Events 

6. The low-lying coastal zone of Bangladesh is highly vulnerable both to the normal tidally 
enhanced monsoon floods and to regular impact from to tropical cyclones2. A total 58 of tropical 
cyclones have impacted Bangladesh during the period (1960-2010), analysis based on Quadir 
and Iqbal (2008)3 show that out of which 16 (28%) hit the coast of Sundarban (Satkhira, Khulna 
and Bagerhat), 13 (22.%) west-central  coast (Borguna, Potuakhali, Barisal, Bhola and Meghna 
estuary), 15(26%) east central coast (Noakhali and Chittagong) and 14 (24%) south-eastern 
coast (Chittagong, Cox’s Bazaar and Teknaf). 
 

7. The extreme shallowness of the topography makes the western and central coasts 

highly vulnerable to storm surge inundations. Table-1 shows the distribution of storm surge 
heights as a function of wind speed along the Bangladesh coast. 

Table 1: Tropical Storm Surges and the Limit to  
Coastal Inundation4 (World Bank, 2011) 

Maximum Wind Speed 
(km/hour) 

Storm Surge 
Height (m) 

Limit to coastal 
Inundation (km) 

85  1.5  1.0 

115  2.5  1.0 

135  3.0  1.5 

165  3.5  2.0 

195  4.8  4.0 

235  6.5  5.0 

260  7.8  5.5  

 
E. Climate Trends  

8. The trend analysis of the country average minimum and maximum temperature and 
rainfall are shown in Table 2. The country average minimum and maximum temperature exhibits 
increasing trend at the rate of 0.09oC and 0.07oC per decade. The country average annual 
rainfall shows the increasing trend of 2.26 % per decade while the seasonal distribution 
indicates the increasing trends in all seasons with significant increase in the winter, pre-
monsoon and post-monsoon.   

Table 2: Trend of Minimum and Maximum Temperature and Rainfall 1961-20075 

Parameter Winter Pre-monsoon Monsoon Post-monsoon Annual 

Tmin  (
0
C/decade) 0.13 0.07 0.07 0.10 0.09 

Tmax (
0
C/decade -0.03 -0.10 0.18 0.23 0.07 

Rainfall (%) /decade 7.65 7.02 0.73 3.41 2.26 

                                                
2
  UNDP (United Nations Development Programme). 2004. A Global Report: Reducing Disaster Risk: A Challenge for 

Development. New York: UNDP Bureau for Crisis Prevention and Recovery 
3
  Quadir D. Aand Iqbal A, (2008) Investigation on the Variability of the Tropical Cyclones Impacting the Livelihood of 

the Coastal Inhabitants of Bangladesh. International Union for Conservation of Nature (IUCN) – Bangladesh, IUCN 
Contract No. IUCNB-Consult-069 & IUCNB-Consult-070 

4
  World Bank 2011 The Cost of Adapting to Extreme Weather Events in a Changing Climate BANGLADESH 

Development Series Paper No. 28 
5
  Singh V. et al 2010, Instrumental, terrestrial and marine records of South Asia during the Holocene. In: Global 

Environmental Changes in South Asia: A regional Perspective ( A. P. Mitra and C. Sharma ed.),54-124.  
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9. The results over the specific project area shows that the temperature exhibits a generally 
increasing trend, with variations from station to station and season to season (Table-3)  The 
table shows that the rising trends are dominant in Bhola, Khepupara, Potuakhali, Khulna and 
Satkhira.  

Table 3: Temperature Trends (oC/decade) for selected stations  
in the Coastal Bangladesh 

*Indicates the data from 1998-2011 

10. The distribution of trends of rainfall for selected stations of the central and western 
coastal zone covering the project area is shown in Table-4. The table indicates that the rainfall 
substantially increases in all the station for all the seasons except Bhola where the rainfall is 
found to decrease. In Barisal, the rainfall is found to decrease in the monsoon and post-
monsoon seasons, but strong increasing trends are exhibited in the winter and pre-monsoon 
seasons. The station Khulna exhibits strong increasing trends of rainfall in all the season.  

Table 4: Trends (mm/decade) of Seasonal Rainfall in the Coastal Zone (1951-2007) 

*Indicates the data from 1998-2011 

Stations 

 

Winter Pre-monsoon Monsoon Post-

monsoon 

Annual 

Tmin Tmax Tmin Tmax Tmin Tmax Tmin Tmax Tmin Tmax 

Barisal -0.26 0.03 -0.12 -0.07 -0.08 0.11 -0.09 0.26 -0.13 0.07 

Bhola 0.32 0.15 0.27 0.07 0.23 0.28 0.08 0.27 0.24 0.19 

Khepupara 0.22 0.15 0.20 -0.16 0.23 0.16 0.17 0.19 0.15 0.09 

Khulna -0.18 -0.17 -0.07 -0.08 -0.07 0.17 0.10 0.21 -0.03 0.03 

Mongla* -0.1 0.29 0.18 0.62 0.09 0.26 0.05 0.47 0.07 0.38 

Shatkhira  0.10 -0.03 0.04 -0.01 0.10 0.16 0.08 0.19 0.08 0.07 

Patuakhali 0.03 0.18 0.18 0.41 0.34 0.40 -0.15 0.14 0.11 0.30 

Station Winter Pre-monsoon Monsoon Post-monsoon Annual 

Bhola -4.1 -9.40 -52.20 -1.05 -66.00 

Barisal 4.35 20.30 -10.50 -5.05 8.70 

Potuakhali 3.6 16.0 112.4 21.6 142.4 

Khepupara 4.76 29.04 153.0 23.43 207.0 

Khulna 8.48 13.74 21.66 5.98 51.94 

Mongla* -25.06 -41.75 130.20 19.0 82.6 

Satkhira   8.18 16.17 37.93 4.57 65.54 



5 

 

5
 

F. Sea Level and Subsidence   

11. Tidal data from the Bangladesh coast of the 22 years from 1977 to 19986  show a rise of 
sea level at the rate of 4 mm in the western part of the coast at Hiron Point (21°48’ N, 89°28’E), 
6.00 mm in the Meghna estuary at Char Changa (22°08’N, 91°06’E) and 7.8 mm in the south 
eastern side at Cox’s Bazar (21°26’N, 91°59’E).  It can thus be seen from Figure 3 that the 
estimated sea level rise is not uniform along the coast, rather increases from west to east. This 
unequal distribution of sea level trends indicates the strong influence of local geological factors. 
 
12. IPCC (2007) has reported global mean sea level trends of 1.8 +/- 0.5 mm/yr.  Taking an 
upper end value of around 2 mm/year for this trend for the Bangladesh coast and subtracting 
this value from the observed relative sea level rise as obtained from tidal data, it could be 
surmised that the subsidence is about 2 mm/year in the western part of the coast and 4 
mm/year in the central part (Fig. 3), which matches well with the values considered by 
Goodbred and Kuehl (2000)7 . 

Figure 3: Observed Rate of Sea Level Rise (1977-1998) 

 

G. Future Climate Change 

13. A number analyses and prediction regarding climate change in the Bay of Bengal region, 

some of it contradictory. The following paragraphs are summary of the key papers and 
outcomes. 

14. A number of attempts were made to develop climate change scenarios for Bangladesh 

using the General Circulation Model (GCM) in the early 1990s which provided more or less 
similar results i.e., rise of temperature between 0.5-2.0 C rise and an increase rainfall by 10-
15% by 2030 (BUP-CEAR-CRU, 1994)8. Later, 3 GCMs were used which included the 
Canadian Climate Centre Model (CCCM), Geophysical Fluid Dynamics Laboratory equilibrium 
model (GFDL), and 1% transient model of GFDL (i.e., GF01) to develop climate change 

                                                
6
  Khan, T. M. A., Quadir, D. A., Akhter, M. And Alam, M., 1999, Sea-Level Changes and Coastal Erosion Problems 

along Bangladesh Coast.  Journal of Remote Sensing and Environment ISSN 1560-201X, vol.3, 87-103. 
7
  Goodbred, S L., and Kuehl S. 2000. “Enormous Ganges-Brahmaputra Sediment Discharge during Strengthened 

Early Holocene Monsoon.” Geology 28 (12)  
8
  BUP/CEARS/CRU, 1994. Bangladesh: Greenhouse Effect & Climate Change. Briefing Doc, No.1-7, Bangladesh 

Unnayan Parishad, Dhaka. 
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scenarios under the US Country Studies Program  (Ahmed et al., 19989; Asaduzzaman et al., 
199710 and Huq et al., 1999)11. For this study the outputs of the three GCMs for the 1990 base 
year were evaluated against long-term climate normal. The downscaling of climate scenarios for 
Bangladesh from GCM scale was done by comparing different GCM outputs. Ahmed and Alam 
(1998)12 reproduced the climate change scenarios, which were largely used for a number of 
subsequent national studies. 
  

15. A World Bank study in 200013  reported that the average increase in temperature would 

be 1.3oC and 2.6oC for the two projection years, 2030 and 2075, respectively. The projection 
showed that the winter rainfall would decrease at a negligible rate in 2030, while in 2075 there 
would not be any appreciable rainfall in winter. On the other hand, monsoon rainfall would 
increase at a rate of 12 per cent and 27 percent for the two projection years, respectively.  
 
16. Another scenario using an ensemble of GCMs was developed by Agrawala et al. 
(2003)14 which were driven by the MAGICC model and SCENGEN database of GCM models. 
The performance of 17 GCMs was validated against observation and the best performing 11 
models were chosen. It is important to note that the models have been run with the IPCC B2 
SRES scenario

 

(IPCC, 2001)15. B2 scenario assumes a world of moderate population growth 
and intermediate level of economic development and technological change. Down scaling of the 
global data down to Bangladesh country scale was possible due to the application of multiple 
GCMs. Table-2 presents the results of the evaluated model runs applicable for Bangladesh by 
Agrawala et al. 

Table 5: The scenarios of temperature and rainfall of Bangladesh  

developed by Agarwala et al. 

Year 

Temperature change (°C) mean (standard 
deviation) 

Rainfall change (%) of  mean (standard 
deviation) 

Annual DJF JJA Annual DJF JJA 

2030 1.0 (0.11) 1.1 (0.18) 0.8 (0.16) 3.8 (2.30) -1.2 (12.56) +4.7 (3.17) 

2050 1.4 (0.16) 1.6 (0.26) 1.1 (0.23) +5.6 (3.33) -1.7 (18.15) +6.8 (4.58) 

2100 2.4 (0.28) 2.7 (0.46) 1.9 (0.40) +9.7 (5.8) -3.0 (31.6) +11.8 (7.97) 

Note: The number within bracket uses is the standard deviation 

17. The scenarios of annual temperature show 1.0, 1.4 and 2.4 0C increase for the years 
2030, 2050 and 2100 respectively. The annual rainfall is expected to increase by 3.8, 5.6 and 
9.7%. There are seasonal variations in the temperature and precipitation.  At a later stage the 

                                                
9
  Ahmed, A.U., and M. Alam. 1998. “Development of Climate Change Scenarios with General Circulation Models.” In 

S. Huq, Z. Karim, M. Asaduzzaman, and F. Mahtab, eds. Vulnerability and Adaption to Climate Change for Bangladesh. 

Dordrecht: 
10

 Asaduzzaman, M., M. Reazuddin and A.U. Ahmed (Eds.), 1997. Global Climate Change: Bangladesh Episode. 
Department of Environment, Dhaka, Bangladesh. 

11
 Huq et. al., 1999. Vulnerability and Adaptation to Climate Change for Bangladesh. Kluwer Academic Publishers 

12
 Ahmed, A.U., and M. Alam. 1998. “Development of Climate Change Scenarios with General Circulation Models.” In 
S. Huq, Z. Karim, M. Asaduzzaman, and F. Mahtab, eds. Vulnerability and Adaption to Climate Change for 
Bangladesh. Dordrecht: Kluwer Academic Publishers. 

13
  World Bank, (2000), Bangladesh: Climate Change & Sustainable Development, South Asia Rural Development 
Team, World Bank Office, Dhaka, Report No. 21104 BD. 

14
 Agrawala, S., et al, (2003), Development and Climate Change in Bangladesh: Focus on Coastal Flooding and the 
Sundarbans. COM/ENV/EPOC/DCD/DAC (2003)3/Final, OECD, Paris 

15
 IPCC (Intergovernmental Panel on Climate Change). 2001. Regional Impacts of Climate Change. Third 
Intergovernmental Panel on Climate Change. Geneva: IPCC. 
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National Adaptation Programme for Action (NAPA) for Bangladesh adapted the climate change 
scenario for Bangladesh produced by Agarwala with some adjustment in the future changes of 
precipitation (Table-6). However, there was no explanation on how the adjustments were made. 
Also the standard deviation has not been presented there.  

Table 6: Climate Change Scenarios for temperature, rainfall  

and sea level rise (NAPA) 

Year  Temperature change (°C) mean  Rainfall change (%) mean  Sea Level Rise (cm) 

Annual  DJF  JJA  Annual  DJF  JJA  

2030  1.0  1.1  0.8  5  - 2  6  14  

2050  1.4  1.6  1.1  6  - 5  8  32  

2100  2.4  2.7  1.9  10  - 10  12  88  

 
18. The NAPA has also provided a sea level rise (SLR) scenario for Bangladesh, but no 
explanation has been provided in support of the data. Apparently, the upper values of the IPCC 
sea level rise scenario was adopted for 2050 and 2100, while an extrapolation was applied for 
deriving the 2030 SLR scenario. All these scenarios exhibit almost same level of warming. The 
rainfall is supposed to increase in the monsoon season but decrease in the winter. The future 
scenarios of winter rainfall do not match with the current trend of winter rainfall (Table-1).  
 
19. More recent climate change scenarios have been generated based on a subset of 
climate models made available through IPCC, 2007 that best simulated the average rainfall 
during the main monsoon rainy season in Bangladesh. Changes were analyzed based on two 
established scenarios of future greenhouse gas emissions, A2 (high emissions scenario) and 
B1 (low emissions scenario). Projections for Bangladesh and Ganges-Brahmaputra-Meghna 
(GMB) basins by 2050 include: 

 
(i) Warming of  annual temperature by 2.4°C (A2) and 1.9°C (B1)  
(ii) Drying winter with change of rainfall by -5% (A2) and -4% ( B1)  
(iii) Wetting summer +9% (A2) and +10% (B1).  
(iv) The sea level rise (SLR) of between 6.5cm and 44 cm  

 
20. As discussed previously, in addition to climate controlled SLR the Bangladesh coastal 
area is subject to geological subsidence, the rate of which increases from west to east. The 
subsidence in the central and western coast averages 3 mm/year and this subsidence factor 
needs to be into account when considering total effective SLR. Adding the subsidence to the 
NAPA scenario of sea level rise, it becomes 47 cm and 120 cm respective for 2050 and 2100.  
Adding the same with the scenario of Tanner et al. (2007)16 using IPCC models, the resultant 
sea level rise would be from 22cm to 69 cm for 2050.  
 
21. As regards the future scenario of the tropical cyclones, it is pertinent to consider the 
observational results that the frequency of cyclonic storms with speed between 62-87 km/hour 
forming over the Bay of Bengal are decreasing, while that of severe cyclonic storms with wind 

                                                
16

 Tanner TM, Hassan A, Islam KMN, Conway, D, Mechler R, Ahmed AU, and Alam, M (2007) ORCHID: Piloting 
Climate Risk Screening in DFID Bangladesh. Summary Research Report. Institute of Development Studies, 
University of Sussex, UK. 
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speed higher than 87 km/hr are increasing (Singh et al., 2010). The severe cyclonic storms with 
hurricane speed are also found to increase from one decade to another by 1-3 cyclones per 
decade.   
 
22. Further, it has been indicated that the return period of very severe cyclones with intensity 
of super cyclonic storms is shrinking. All the available evidence implies that the number as well 
as the intensity of tropical cyclones will increase in the future. Emanuel (2005)17 has suggested 
that 10 C rise of sea surface temperature (SST) will cause the increase of sea level wind speed 
of a cyclone by 4%, 20 C by 10% and 4 0C by 22%. The rising trend of SST of the Bay of Bengal 
thus depicts that in the future more number of tropical cyclones will attain higher wind speed 
causing the storm surge height to be higher. Considering 2 and 4 0C SST rise, Ali (2001)18 
developed scenarios of storm surge heights (with no sea level rise), and it was found that storm 
surges would increase by 21 and 49%.  
 
23. Available literature indicates a range of 1.5 to 9.0 m high storm surges during severe 
cyclones and heights in excess of 10 m appear to be not uncommon; although this is anecdotal 
evidence only. Surges can be even more devastating if the cyclone makes a landfall during high 
tide. In general, it has been observed that the frequency of a wave (surge plus tide) along 
Bangladesh coast with a height of about 10 m is approximately once in 20 years, and the 
frequency of a wave with a height of about 7 m is approximately once in 5 years (MCSP, 
1993)19. 
 
24. In addition to surges, high wind induced waves also occur; the size of which depend on 
wind speed and direction, water depth, and duration of wind blowing over the exposed water 
body. It has been observed that wind induced waves of up to 3.0 m height may occur under 
unfavourable conditions in the coastal regions. According to the IPCC (2007), storm surges and 
related floods are likely to become more severe with increases in intense tropical cyclones. 
Table 7 below summarizes the climate scenarios with level of uncertainties. 
 

Table 7: Summary of Future Climate Change in Bangladesh  
(modified from Tanner et al. 2007) 

                                                
17

 Emanuel, K. A., 2005. Increasing destructiveness of tropical cyclones over the past 30 years. Nature, 436, 686-
 688.  
18

 Ali, A., 2001, “Vulnerability of Bangladesh Coastal Region to Climate Change with Adaption options”, Paper 
presented at Survas/LOICZ Joint Conference on Coastal Impacts of Climate Change. 

19
 MCSP (Multi-purpose Cyclone Shelter Project). 1993. "Summary Report." Dhaka: Bangladesh University of 
Engineering and Technology and Bangladesh Institute of Development Studies 

Climate 
parameter 

Observed climate 
change 

Future climate scenarios Confidence in 
projection 

Increasing 
temperatures  

Observed 

Warmer in all seasons. 
Higher average temperatures 
and increase in extreme high 
temperatures.  

High confidence, 
good agreement 
between climate 
models.  

Changing 
intensities  of 
rainfall  

An increase of rainfall 
intensities. 

Most models indicate wetter 
monsoon conditions. Likely 
to be associated with higher 
rainfall intensities.  

Medium confidence.  
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25. The World Bank (Dasgupta et al., 2010)20 summarised the climate change vulnerability 
of coastal Bangladesh as follows: 
 

“The scientific evidence indicates that climate change will aggravate storm surge related 
inundation for two reasons. First, surges will be elevated by a rising sea level as thermal 
expansion and ice cap(s) continue to melt. Second, a warmer ocean is likely to intensify 
cyclone activity and thus heighten storm surges. The destructive impact of storm surges 
will generally be greater when the surges are accompanied by strong winds and large 
onshore waves. Larger storm surges threaten greater future destruction, because they 
will increase the depth of inundation and will move further inland threatening larger areas 
than in the past”  
 
”The vulnerability of Bangladesh may increase even more as current scientific evidence 
points towards a probable increase in the frequency of intense tropical cyclones in the 
Bay of Bengal”.  
 

26. Recent World Bank research analysed cyclone tracks of all major 19 historical cyclones 
making landfall in Bangladesh during 1960 and 2009 and the Bay of Bengal model was then 
applied to generate the extent and depth of inundation. Resulting area estimates indicate a 
potential 69% increase in the vulnerable zone with more than 3m inundation depth and 14% 
increase in the vulnerable zone with more than 1 m inundation depth with climate change, 
Figure 4. 

 

 

 

 

 

                                                
20

 Dasgupta et al (2010).  Vulnerability of Bangladesh to Cyclones in a Changing Climate Potential Damages and 
Adaptation Cost. World Bank The World Bank Development Research Group Environment and Energy Team, 
Paper 5280 

Droughts  Droughts are associated 
with low rainfall and high 
evaporation in some 
years. The El-Nino 
Southern Oscillation plays 
a role in drought events.  

Given reductions in mean dry 
season rainfall it is likely that 
dry spells may 
increase/lengthen with 
impacts for water availability.  

As for rainfall above. 
Medium confidence.  

Cyclone and 
storm surge  

Observation supports the 
increase of the frequency 
of severe cyclonic storms. 
Rising average cyclone 
wind speed.  

If the trend continues the 
frequency of severe cyclonic 
storms is expected to rise. 
Cyclones to have stronger 
wind speed and higher storm 
surges.  

Low confidence, 
evidence points 
towards some 
increase in 
frequency/intensity.  

Sea level rise (inc 
sedimentation and 
subsidence 
effects)  

The sea level rise (SLR) 
has been confirmed by 
observation. SLR a 
function rise due to global 
warming and geological 
subsidence.   

A great deal of conflicting 
evidence.  

High confidence, but 
wide range in 
detailed estimates 
depending on 
emission scenarios 
Regional/local 
situations also 
important.  
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Figure 4: Inundation Risk map 

 

 

 

 

 

 

 

 

 

II. INFRASTRUCTURE VULNERABILITY IN COASTAL BANGLADESH 

A. Climate Impacts 

27. Current and future climate will impact the infrastructure, environment, ecology, 
agriculture, water resources and livelihood of the people of coastal Bangladesh. The increase in 
temperature has the potential to cause material expansion resulting in damage concrete 
structures such as buildings, bridges, and culverts and bitumen seals to roads may be 
susceptible to softening unless higher temperature resistant bitumens are used. Floods resulting 
from increased rainfall, cyclones and storm surges have the potential to damage road 
embankments, markets and housing.  SLR will increase this potential risk.  
 
28. Increasingly severe storm events will also increase the potential flood related damage as 
well as causing additional erosion damage from the over-topping of road embankments. High 
winds associated with storm events have the potential to damage buildings, as well as cause 
secondary damage from trees and other debris. Wind driven wave action can have a significant 
erosive effect on exposed road embankments and bridge abutments.  
 
29. The severity of impacts will be a function not only of the scale of the climatic events but 
also the extent to which the resilience of individual infrastructure components has been 
compromised by poor construction and lack of effective maintenance and periodic rehabilitation. 
 
30. Table 8 presents a summary of the information gathered from the field and desk studies. 

Table-8: Climate Change Impacts on Coastal Zone Infrastructure 

Climate 
Change 

Impacts 
Field Observations and 

Survey Interview Outcomes 

Increase of 
temperature 

Higher rate of evaporation of water bodies 
containing sweet water, leading to increasing 
scarcity of potable drinking water. 

The material expansion will impact structures, 
such as buildings, roads, embankments, 
bridges, culverts, sluices, etc.  

Such impacts have already 
been evident particularly in the 
dry season over the coastal 
zone.  
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Increase of 
monsoon 
rainfall and 
intensity  

Monsoon rain causes floods, erosion of 
embankments and road infrastructure and 
damage to market and housing. 

The rainwater accumulating within the polders 
will cause water logging and inhibit normal land-
use practice and impact livelihoods.    

The local inhabitants have 
advised that such impacts are 
already evident. The drainage 
problem causing water-logging 
is a regular phenomenon and 
permanent in some areas. 

Sea level 
rise  

Increasing normal tide levels will flood more 
lands of the coastal zone in terms both of extent 
and inundation time. In some areas the extreme 
tide will overtop the polders. The road and 
infrastructures will be affected and increased 
consequent salinity will impact land-use and 
local eco-systems. Overall increased risk to life 
and livelihoods. 

The higher tidal levels due to 
sea level rise causes inundation 
of roads, houses, market 
places, shrimp farms and 
agricultural crops during 
extreme high astronomical tides, 
already noted  

High winds  

Potential damage to buildings, ghats, etc as well 

as secondary damage from trees and other 

debris. Impact by wind driven wave action on 

embankments, bridge abutments etc. 

These impacts are already 

observed   

Increase of 

the 

frequency of 

strong 

cyclones 

including  

storm 

surges 

Cause damages to, environment, infrastructure, 

resources, economy and livelihood. Increased 

risk to life. Water bodies are contaminated 

causing scarce of drinking water and impacting 

on health. 

Roads are partially damaged when surge height 

is less than 1m, and more fully damaged when 

the depth of inundation exceeds 1m  

Confirmatory evidence from 

assessment of recent cyclones 

Aila, and Sidr.  

 
31. The culmination of these impacts will be a rapidly increasing deterioration of the regional 
infrastructure, including a significant risk to road connectivity, particularly at times of when it may 
be most needed.  
 
32. The vulnerability of infrastructure to monsoon and cyclone damage in the project area is 
to a significant extent governed by protection offered by the polder system. In the 1960s, 139 
polders and supporting infrastructure were constructed primarily to protect low lying coastal 
areas against tidal flood and salinity intrusion. Limited protection only was afforded against 

major cyclone events. The Bangladesh Coastal Embankment Rehabilitation Project (CERP) 
was approved in 1995 with the objective of rehabilitating 21 key coastal polders, and closed in 
2003. The project only partially achieved its objectives and the outcome was rated as 
moderately satisfactory21.  Cyclone protection was provided - but not to the extent planned. Only 
14 of the 21 polders targeted for rehabilitation were protected completely by new or renovated 
embankments, leaving 7 polders at risk of rapid inundation.  Crucially the review report noted 
that a polder embankment is only as strong as its weakest link thus the “patch, mend, and 
upgrade” approach (while providing local protection) does not guarantee the integrity of the 
coastal polders and even at the time of the review report parts of the rehabilitated embankments 
were deteriorating.  

                                                
21

 World Bank (2005). Project Performance Assessment Report; Bangladesh Coastal Embankment Rehabilitation 
Project. Report Ref 31565. 
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33. The current Coastal Embankment Improvement Project (CEIP) is looking to upgrade 
only 17 polders and these will be designed to withstand a 1:25 year cyclone (both Sidr and Aila 
were larger events than this).  
 
34. The clear implication from the above is that there is limited and variable protection 
afforded to infrastructure within the polder system from the impacts of current and future 
monsoon and cyclone events and that the vulnerability of, for example, specific roads must be 
evaluated on a case by case basis.  
 
B. Climate Impact Assumptions 

35. The Coastal Embankment Improvement Project (CEIP) has adopted a figure of 500mm 
SLR by the year 2050 (a rate of around 10 mm/yr). Although no detailed commentary is 
available on the selection of this figure given in the CEIP22 report, it is our assumption that a 
high Factor of Safety (FoS) has been incorporated due the regional importance of the protection 
and disaster mitigation functions of polders.  This implied FoS is appropriate due to the regional 
importance of the proposed polder improvement works in this case.  It would be difficult to justify 
such a high FoS for within-polder Upazila, Union and village roads and, based on a review of 
the relevant literature, a general relative SLR of 7mm/yr has been taken for assessment of the 
subprojects for CCRIP. 
 
36. The “effective” SLR is actually a combination of relative SLR and land subsidence. This 
land subsidence has been estimated to be between 2 and 4 mm per year within the project 
region23. For CCRIP an on-going average land subsidence rate of 3mm/yr has been adopted.  
 
C. The Infrastructure Environment 
 
37. The in-service performance and hence the vulnerability of rural infrastructure and roads 
in particular to climatic impacts, may be considered to be a function of a series of impacting 
factors; collectively known as the Infrastructure Environment, Figure 5. 

 

 

 

 

 

 

 

 

 

                                                
22

 Consultancy Services for “Technical Feasibility Studies and Detailed Design for Coastal Embankment 
Improvement Project, Phase-I (CEIP-I)”Contract Package No. BWDB/D2.2/S-3 

23
 Khan, T. M. A., Quadir, D. A., Akhter, M. And Alam, M., 1999, Sea-Level Changes and Coastal Erosion Problems 
along Bangladesh Coast.  Journal of Remote Sensing and Environment ISSN 1560-201X, vol.3, 87-103. 
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Figure 5: The Infrastructure Environment 

INFRASTUCTURE ENVIRONMENT FACTORS
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38. Table 9 provides a generic summary of these factors as they apply to LGED roads within 
the Bangladesh coastal region. 

Table 9: Engineering Environmental Factors 

Impact Factor Description 

Construction Materials Very limited options with respect to locally available natural materials– 

deltaic fine sediments with some sand for embankment construction and 

locally produced engineering quality bricks. Stone aggregate has to be 

imported from outside the region.  

Climate/rainfall As discussed in the above sections – a monsoonal climate with regular 

extreme cyclone events dominates the environment.  

Surface and sub-surface 

hydrology 

The relative protection afforded by the polder system is a crucial issue 

in deciding on the climate adaption measure. Saline flooding and 

consequent lack of suitably salt-free water is a significant factor in the 

use of concrete in construction. 

Terrain The flat terrain reflects the geological and geomorphological history and 

together with the climatic factors contributes to the high static and 

erosive flood risk for the region.  

Sub-grade and foundation 

conditions 

The natural sub-grade and foundation materials are weak and 

compressible. CBRs likely to be 2-3%. 

Road Task (Traffic)  Limited traffic data indicates a preponderance of light vehicles but 

consideration still needs to be given to the possibility of at least some 

heavy vehicles and the risk axle overloading.  
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D. Roads 

39. Upazila and Union roads in the coastal region are surfaced either with Herring Bone 
Brick (HBB) or with bitumen sand sealed bituminous “carpet” over a stone aggregate base. 
Recently constructed or rehabilitated roads are predominantly bitumen sealed.  Village roads 
are HBB, Brick Soling or unsurfaced in nature. Apart from recent bitumen sealed roads the 
overall condition of the LGED managed roads may be considered as highly vulnerable to further 
climate impact even under existing climate conditions. Principal condition issues are: 

 
(i) Rutting and consequent break-up of the brick surface continuity and loss of 

crossfall shape  
(ii) Poor compaction of earthwork; (a major contributing factor to 1 above).  
(iii) Pavement edge failure   
(iv) Erosion of embankment faces  
(v) Insufficient cross drainage 

 
40. Limited observation of bitumen sealed roads during field missions indicates: 
 

(i) An ability of a bitumen sand-seal/carpet seal surface to resist static flood 
conditions, with possible loss of sand seal with moderate erosive flow. 

(ii) An inability of the bitumen sand-seal/carpet seal surface to resist direct impact 
from major erosive flood impact. 

 
41. Earthworks may be considered vulnerable at a number of different levels of climatic 
impact 
 

(i) Static or slowing moving inundation flood; direct rain impact 
(ii) Rapidly moving erosive flood or wave action (Figures 6 and 7) 
(iii) Overtopping (Figure 8) 

 
 
 
 
 

Construction Regime Evidence gained form site visits and in discussion with local engineers 

indicates a weak construction regime characterised by generally poor 

specification compliance, and in particular: 

Lack of adequate earthwork compaction 

Inadequate construction supervision 

Difficulties with appropriate plant availability 

Some modifications to specifications required 

Maintenance Regime  Although the Government of Bangladesh is officially committed to the 

principles of routine and periodic maintenance, which for the rural road 

network is primarily handled through LGED, there is still an evident 

shortfall in funding.   
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Figure 6: Schematic Representation of Wave Impact on Embankment Slope24 

 

 

 

 

 

 

Figure 7:  The Mechanism of Wave Damage25 

 

 

Figure 8:  Mechanisms of Embankment Destruction by Over-topping Flows26 

 

                                                
24

 Howell, J. 2008. Development of Local Resource Based Standards; Study of Road Embankment Erosion and 
Protection. DfID SEACAP report to Ministry of Rural Development, Royal Government of Cambodia. 

25
 Scott, Wilson, Kirkpatrick, 2002. Expert Report on Embankment Erosion. Ministry of Public Works and Transport. 
Royal Government of Cambodia. 

26
 Yit Buna,  2004.  Risk Management and Mitigation for Flood and Sediment Disaster. Cambodian Country Paper for 
International Conference, Ministry of Public Works and Transport, Phnom Penh. 
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E. Cyclone Shelters 

42. Cyclone shelters play a crucial role in protecting human lives in the coastal region of 
Bangladesh against the impacts of cyclones. During Cyclone Sidr, 15%of the affected 
population took refuge in shelters27. Despite the proposed rehabilitation of some of the polder 
embankments there is still an estimated requirement for around 5,700 additional shelters to 
provide adequate storm-surge and flood inundation protection for year 2050 climate predictions, 
particularly in those areas identified as having a risk of inundation greater than 3 m28.  
 
43. Cyclone shelters are required to be resilient to both high winds and high storm surges. In 
addition a number issues need to be addressed that are reported as being factors in local 
populations being reluctant to use them, namely: 

 
(i) Lack of adjacent shelter for livestock,  
(ii) Poor  access,  
(iii) Inadequate toilet facilities and  
(iv) Poor emergency water supply 
 

F. Markets and Growth Centres 
 
44. Market and growth centres and their access points (by road or ghat) are highly 
vulnerable to climatic impacts through high winds and flooding. The markets themselves are 
normally unpaved and generally have little no mitigation measures in place to protect them from 
climate impacts29. The consequent disruption and damage have serious consequential impacts 
on local economic livelihoods. 
 
G. Housing 
 
45. The World Bank in 201130 noted that the housing sector experienced very extensive 
damage and loss during the Sidr cyclone in 2007. Analysis of housing damage by type indicated 
while “pucca”  houses (brick and concrete) can withstand most of the wind damages from the average 

severe cyclone, they provide no remedy for inundation from storm surges; “semi‐ pucca” houses, 
“kacha”  (thatched) houses and “jhupris”(bamboo/thatch shack) categories suffered catastrophic 
damage.  
 

46. In total during the severe cyclone of 2007, Sidr, damage to the housing sector has been 
estimated to be $839 million accounting for 50% of the total damage to the economy.27 

                                                
27

 Government of the People’s Republic of Bangladesh. 2008. Cyclone Sidr in Bangladesh: Damage, Loss, and 
Needs Assessment for Disaster Recovery and Reconstruction. Dhaka, Bangladesh. Ministry of Environment and 
Forests Government of the People’s Republic of Bangladesh. 

28
 World Bank, 2011, The Cost of Adapting to Extreme Weather Events in a Changing Climate, Bangladesh 
Development Series Paper 28 

29
 LGED, 1995. Manual for Growth Centre Planning. Ministry of Local Government, GoB 

30
 World Bank, 2011. The Cost of Adapting to Extreme Weather Events in a Changing Climate. Bangladesh 
Development Series Paper 28. 
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III. ADAPTATION  

A. General Approach 

47. Adaptation options in the infrastructure sector may generally be grouped into 
engineering options and non-engineering options, as shown in Figure 931. 
 

Figure 9:  Adaptation Options in the Transport Sector 

 

 

 

 

 

 

 

 

 

48. The overall project aim is to provide climate resilience measures that deliver a degree of 
climate proofing commensurate with both the task that project components have to perform and 
the level of acceptable risk as well as being sensibly within available budgets. Each of the 
project components, roads; growth centres; cyclone shelters; and housing have their specific 
tasks and levels of acceptable risk to the impacts of SLR, high wind, increasing temperature and 
increasing likelihood of severe cyclone event. The general approach is to supply specification, 
design, construction and an asset management adaptation response that takes full account of 
the Infrastructure Environment, which in this case will be highly influenced by Climatic Issues 
(Table 10). 
 

Table 10: General Climate Proofing Options 

Climate Issues General Adaptation Options 

 

Sea level rise and storm 

surges 

 

 Increased Quality Control on construction 

 Using suitable materials  

 Raising the level of the road 

 Increased embankment protection 

 Minor road realignment 

 Increasing maintenance effectiveness 

 Including additional longitudinal and transverse drainage 
systems 

 Improved cross drainage 

 Raising and strengthening of key building foundations 

 Strengthening of buildings 

 Protection of water supply sources, well sites etc 

                                                
31

 ADB, 2011. Guidelines for Climate Proofing Investment in the Transport Sector Road Infrastructure Projects 
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Increase in precipitation 

 

 Additional drainage capacity 

 Protection of earthworks against direct rain impact 

 Increase  water capture and storage systems 

Increase in Wind strength 
 Appropriate low wind-risk vegetation on road verges 

 Modifying the design of supports and anchorages for buildings 

 
49. In addition to the specific measures for each component outlined below, the overarching 
and essential climate resilience measure is to ensure that all the structures are constructed 
within a strong framework of enforced appropriate specifications and an as-built quality audit. A 
failure to ensure a satisfactory level of design compliance will negate efforts to provide a 
satisfactory degree of climate proofing, no matter what resilience measure are proposed. 
  
B. General Infrastructure Climate Strengthening Options 

(i) Do Nothing: Given the vulnerable state of the infrastructure under current 
conditions, the “do nothing” model is not equivalent to “status quo” but will result 
in decreasing assets with increasingly difficult access to markets, and 
consequent severe impacts on the socio-economic condition of the most 
vulnerable groups. Impacts from significant climatic events will be increasingly 
severe as access conditions deteriorate. 

(ii) Rehabilitation of current designs: The rehabilitation through “repair-
maintenance” of current designs will reduce deterioration of the infrastructure but 
will not address key design and construction issues that are reducing the climate 
resilience and effectiveness of the current infrastructure. 

(iii) Polder-Protected or Partially Protected Climate Resilience: This model 
assumes that existing or rehabilitated polders will protect the infrastructure from 
storm surge overtopping. Other cyclone impacts from high winds and severe rain 
events, internal inundation and reduced drain-times out through the polders will 
need to be addressed. This model may be further subdivided depending on the 
climate scenarios.  Application of this model implies significant upgrading of 
current designs in terms of: 
 

 Embankment heights and widths (roads and building) 

 Pavement surfacing 

 Earthwork protection 

 Increased cross-drainage 

 Wind strengthened buildings 

 Resilient water supply systems 
 
There is a risk to be evaluated in applying this model that takes pragmatic 
account of the condition of relevant polders and their ability to protect associated 
infrastructure against future high return period climate events. 

 
(v) Non-Polder-Protected Resilience. In this model infrastructure will need to be 

resilient to storm surge effects in addition to effects noted in 3 above. Flood 
levels and erosion impacts will be a particular concern. The civil works required 
to ensure all infrastructure complies with this model would be extremely 
extensive. Therefore in practical terms they may be limited to key structures such 
as Cyclone Shelters (and associated Killas and water supplies) and identified 
spot strengthening of sections of key disaster relief access roads.  
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C. Project Component Resilience 

1. Roads 

50. The key issues are to ensure that the level of earthworks is adequate and that they are 
protected from flood and wave erosion and that appropriate pavements and cross drainage are 
constructed. An incremental three–stage rehabilitation approach has been adopted for costing 
purposes: 
 

(i) Rehabilitation up to current best practice standard and in line with the current 
LGED guidelines. This includes constructing the road crest level to 600mm 
above maximum normal flood level and embankment protection primarily by 
turfing with some additional measure adjacent to structures.  Some modification 
of the standard pavement designs is proposed in terms of allowing for a full width 
drainage layer below the road-base32. 

 
(ii) Rehabilitation to counter existing climatic impacts. This comprises additional 

embankment protection and cross drainage (approximately 2 cross drainage 
structures per kilometer linked to existing internal drainage canals).  

 
(iii) Rehabilitation to counter future climatic impacts within the 20-year design life of 

the road. This comprises heightening the road crest level by a general amount of 
200mm (to be finally confirmed on subproject by subproject basis). Additional 
embankment strengthening and flood resistant concrete pavement options 
included at key points, such as adjacent to structures.  

 
51. The incremental approach has been adopted purely for cost and planning purposes; it is 
envisaged that all roads will be rehabilitated to level 3. 
 

2. Cyclone shelters 

52. The principal proposed climate resilience measures associated with cyclone shelters 
are: 
 

(i) Ensuring a plinth level in excess of the year 2100 effective SLR level plus a 
freeboard of 500mm 

(ii) Strict compliance with relevant Bangladesh building codes with respect to wind 
loading and floor bearing capacities. 

(iii) Ensuring adequate water storage, sustainable power supply and appropriate 
toilet facilities 

(iv) Ensuring the associated access road/s is upgraded to the equivalent of village 
road climate resilience. 
 

53. Guidance on the design and construction of cyclone shelters is presented in “Guidelines 
for Design and Construction of Cyclone/Tsunami Shelters” (GoI –UNDP, 2006)33, and the World 
Bank funded guidelines for Indian Cyclone Shelters.34  

                                                
32

 TRL (1993) ORN 31 A Guide to the Structural Design of Bitumen Surfaced Roads in Tropical and Sub-Tropical 
Countries. 

33
 GoI-UNDP, 2006. Guidelines for Design and Construction of Cyclone/Tsunami Shelters. GoI-UNDP Disaster Risk 
Management Programme, Ministry of Home Affairs, Gov of India 



20 

3. Housing 

54. The principal proposed climate resilience measures associated with housing are: 

(i) The clustering of housing on raised plinths; these to be of compacted soil 
encased by a concrete perimeter wall. The level of these plinths to be to above 
existing maximum normal monsoon flood levels plus allowance for the effective 
year 2050 SLR. 

(ii) Houses to be adequately wind-resistant in design. 
 

4. Growth Centres and Markets 

55. It is proposed that only key elements within growth centres or markets will be made 
climate resilient. These are: 
 

(i) New market sheds; these will be raised on concrete base plinths to a level above 
the existing maximum normal monsoon high tide level plus effective maximum 
SLR for the year 2050, with an additional 250mm freeboard. 

(ii) The central market area to be paved (HBB or concrete) with finished surface 
level at maximum SLR for the year 2030, plus 100mm freeboard where 
practicable, and with adequate drainage capacity included in the designs. 

(iii) Access into the market to be HBB surfaced above normal flood level. 
(iv) Other areas within the market to be surfaced to above normal flood level where 

practicable, as allowed by the assigned budget 
 

IV. DETAIL OF RURAL ROAD ADAPTION OPTIONS 

A. General 

56. There is a greater emphasis in this section on the detail of climate resilience adaptation 
for roads and road related structures compared with other infrastructure components because of 
their high construction and ongoing maintenance costs; their extended linear nature and 
consequent vulnerability of climate impact; and their importance in socio-economic and 
development terms. Table 11 summarizes the key issues regarding increasing the climate 
resilience of rural roads in Coastal Bangladesh. 
 

Table 11: Key Climate Resilience Issues 

Key Issue 

Foundation conditions 
 
The stability of any type of infrastructure crucially depends on the materials on which it is built. In 
the case of transportation infrastructure, an important factor pertains to the degree of soil 
saturation and the expected behaviour of the soil under saturated conditions. The type, strength, 
and protection of subsurface conditions and materials may have to be increased to control and 
prevent soil saturation from damaging transport infrastructure 

                                                                                                                                                       
34

 World Bank-GoI, 2005. National Cyclone Risk Mitigation Programme -(NCRMP)-Guidelines for Preparing Cyclone 
Risk Mitigation investments 
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Earthworks 
 
Earthworks will have to be designed to be compatible with the available construction materials 
and the foundation conditions. Earthworks built onto existing embankments will need to be 
adequately keyed-in; as indicated on the LGED design manual. Earthworks heights (as 
discussed elsewhere) should be compatible with the climate model they are intended to resist. 

Pavement design 
 
Road pavements must be designed to meet a clearly defined task, or combination of tasks as 
well as being compatible with the governing Road Environment; including the impacts of current 
and future climate. They should also be designed to be compatible with local resources of 
materials, labour, and construction plant. 

Construction materials  
 
Materials may exhibit different behaviour under different environmental conditions. The strength 
and durability specifications of these materials should be reviewed in the light of climate impact. 

Standards, Codes and Specifications 
 
The design of each component of the transport infrastructure reflects standards adopted by the 
LGED and of necessity designed to suit general national conditions and may need adaptation for 
the particular needs of climate resilience on the Bangladesh coastal region. 

Drainage  
 
Water represents a key challenge for the climate resilient design of transport infrastructure. 
Particular attention must be paid to standard designs pertaining to drainage systems, open 
channels, pipes, and culverts to reflect changes in future expected runoff or water flow.  

Erosion Protection  
 
Protection options can be used to counter the erosive effects of monsoon floods and inundation 
levels and the direct impact of severe rainstorm events. Hard engineering measures may yield 
better results over the long term when combined with softer measures such as appropriate 
vegetation planting (bioengineering). 

 
57. Specific adaptation measures to increase climate resilience have been considered for 
the three principal components of roads: earthworks; pavement; and drainage. These measure 
are based on the specifications, designs and guidance contained in the existing LGED roads 
design manual (LGED, 2005); modified where considered necessary. 
 

Figure 9:  Key Elements of a Typical Road 
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B. Climate Change with the Road Design Life 

58. The primary adaptation option to combat future climate impact is to raise the level of the 
road surface above the anticipated normal monsoon flood level adjusted for SLR within 20 year 
road design life.  As discussed previously the adopted figures for a 20 year design life are 
140mm of relative SLR, plus 60mm of subsidence, giving a total effective SLR of 200mm. This 
200mm will, in association with the standard 600mm freeboard figure (minimum road pavement 
crest level above normal annual flood level), form the basis for the target levels for each road 
surface within the project.  
 
59. Although a 20 years design life has been adopted for the economic assessment of the 
CCRIP roads it should be appreciated that that the engineering design life of flexible sealed 
rural roads pavements is generally a maximum of 10-12 years, reflecting the normal limit to the 
working life of a bituminous surfacing. Rehabilitation overlaying of these roads will therefore be 
required within the 20 year period, which will additionally allow designers at that time to consider 
what has actually occurred with respect to SLR and provide for further raising of the road 
embankments if deemed necessary. 
 
60. Consolidation within the embankment should be taken care of by proper compaction 
procedures to achieve specified standards. The additional earthworks that may be required for 
variable foundation consolidation may be taken care of by a combination of staged construction 
and initial over-filling of embankments. 
 
C. Design Guidelines for Climate Resilience 

61. Specific adaptation measures to increase climate resilience have been considered for 
the three principal components: earthworks; pavement; and drainage. These measures are 
based on the specifications, designs and guidance contained in the existing LGED roads design 
manual (LGED, 2005); modified where thought necessary as summarised in Table 11 and the 
following notes. Figure 10 presents a typical Upazila road cross-section. 
 

Table 12: Adaptation from LGED Standards 

LGED Standards Adaptations and Comment 

Pavements  All pavement designs to have a full width drainage layer incorporated into the 
pavement at either improved subgrade or sub-base levels.  

 Sub-base widths to be at least 0.25m wider than overlying base.* 

 Upazila roads to have a narrow verge (0.9m) to reduce land-take. 

 Village roads to have sand –aggregate sub-base rather than a thickened sand 
cushion. 

 Concrete pavement roads to have sand-aggregate sub-base rather than a 
cement concrete base. Brick edging is not required if form-work is used. 

 Special flood roads to have either concrete or mortared brick verges. 

 Passing places to be adopted at appropriate intervals if traffic justifies their 
use. 

Earthworks  Minimum of 0.6m above local highest normal flood/tide level for all roads. 

 An additional height for effective Sea Level rise to be adopted based on local 
circumstance (0.2m used in PPTA subproject analysis). 

Drainage  Increase of cross drainage structures to an average of 2 per km and linked 
into rehabilitated internal polder system. 
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Compaction  Current levels of compaction of pavement layers in the LGED Standards are 
adequate but will require use of appropriate mechanical plant. 

 Compaction of embankment in thin layers is possible with closely monitored 
labor-based methods, although small compactors would be preferable. 

Quality Control  Existing training LGED manuals on construction procedures and quality 
control to be adopted and enforced. 

 Increased use of simple on-site testing and monitoring equipment. 

* See Figure 10 for typical Upazila road cross-section 
 

62. The following are some additional notes on the adoption or modification of the LGED 
standards which are intended to ensure more robust and climate resilient roads. 
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Figure 10: Typical Upazila Road Cross section with Narrow Verges 
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a. Pavement Design 

63. It is proposed that all pavements should be built-up on top of earthworks rather than 
“cut-in” as is the current practice, and that a full width drainage layer be incorporated at 
Improved Subgrade or Sub-base level. Drainage of water from the pavement is essential to 
achieve its structural design life and the current “cut-in” practice with no drainage layers cannot 
achieve this. Well compacted verges must be an essential feature of this construction.  
 
64. An additional 0.25m thickness of sub-base is included in these amended pavement 
designs to facilitate effective laying and compaction of the overlying base. 
 
65. For Upazila roads the option of narrow verges (shoulders) has been adopted to save on 
land take and disruption to adjacent structures. The carriageway width remains at the standard 
3.7m.  
 
66. Union roads should retain the 5.5m overall crest width with a 3.0m carriageway and 
1.25m wide verges. 
 
67. The standard Village road has been designed and costed as a 2.5m wide carriageway; 
0.75m verges and overall crest width of 4.0m. 
 
68. Although the standard LGED bituminous sand seal over a pre-mix “carpeting” layer has 
been adopted, consideration might be given for some roads to the adoption of a more robust 
single stone chip seal surfacing over the carpeting. Historically the use of a plant-based chip 
seal has not been successful in Bangladesh; however the use of a Labor Based approach has 
been successfully employed on rural roads in other developing countries following appropriate 
hands-on training. 
 
69. In response to forecast rises in temperature it is recommended that 60/70 penetration 
grade bitumen be used in sealed road options; this has a higher softening point than the 
normally used 80/100 pen grade bitumen. 
 
70. Special concrete surfaced roads are proposed for the Spot Improvement of key lengths 
of road, for example adjacent to bridges or large culverts, where over-topping erosion could 
result in costly damage and prolonged loss of access. 
 
71. For concrete roads a well constructed and even sub-base of sand aggregate is 
considered sufficient. There is no reason for brick edging in this option. 
 
72. It recommended that consideration be given to introducing passing places where the 
nature of the traffic justifies it, refer Figure 11. Local widening may also be required at some 
road junctions. Costs associated with passing place construction are included in Annex S.  

 

Figure 11: Typical Passing Place Configuration 
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b. Compaction 

73. Although the stated levels of compaction within the LGED Manual are adequate it is 
essential in the roll-out of the CCRIP road subprojects that greater emphasis must be placed on 
the means of achieving these compaction levels. In a review of the geotechnical properties of 
Bangladesh soils35 it was noted that previous assumptions regarding the effectiveness of 
“natural compaction” were seriously flawed. In situ densities measured in grained embankment 
earthworks in the Khulna and Barisal regions constructed with clays, silty clays and clayey 
sands  using “natural compaction” were only in the range 59-89% (average 78%) of standard 
MDD. In contrast the review reported that even using light one to two-man hand-tamping tools a 
90% MDD compaction could be achieved on 150mm lifts with 6-8 passes. Combined with 
observation of the mode of pavement deterioration in the coastal districts, this is clear evidence 
that poor compaction is likely to be a fundamental cause of poor embankment-road 
performance in the region. It is therefore essential that specifications and contract costs for 
subproject embankment and road pavement layers clearly reflect the need for adequate 
compaction, either by hand tamping or preferably by small mechanised compaction plant. 
 

c. Earthworks Protection 

74. There is a range of embankment protection options included within the current LGED 
design manual and these may be related to three levels of likely flood impacts as defined in 
Section 2.4 above; static or lightly erosive flood; erosive flood; and major overtopping erosion. 
Adaptation from the LGED design manual is summarised in Table 13. 
 

Table 13: Proposed Embankment Protection Measures 
 

Description Adaptation Comment Erosion 
Protection 

Grass turfing Use of appropriate grass plus shrubs and small trees is 
preferred.  

Level 1 

Concrete brick block layer 
and palisade 

Protection against erosive flood. Will reduce 
embankment footprint 

Level 2 

Concrete palisade Grass turfing and shrub on slope above palisading Level 2 

Concrete slab and 
palisade 

Either cast in situ 5m slabs using low slump concrete 
or,-cast on site 1m x 3m slabs Used with flood road 
design 

Level 3 

Gunny bag rip-rap over 
geotextile and sand 

Not recommended  Level 2 

Concrete blocks over 
geotextile and sand filling 

Commonly used protection measure on RHD 
embankments 

Level 2 

Brick blocks over 
geotextile and sand filling 

Concrete blocks preferable Level 2 

Brick bats mattressing 
over geotextile and sand 
filling 

An effective option that utilises local available materials 
and local labour 

Level 2 

 

                                                
35

  Serrajuddin m., 1998. Some Geotechnical Studies on Bangladesh Soils: A Summary of Papers Between 1957-
1996. Jnl of Civil Eng. Institute of Engineers, Vol. CE26 no. 2  



27 

 

2
7
 

V. USED FOR PPTA SUBPROJECT COSTING EXERCISE IMPLEMENTATION 

A. Appropriate Subproject Design 

75. It will be an essential prerequisite for the effective implementation of CCRIP subprojects 
that the local physical environment be evaluated prior to final design and that each subproject is 
specifically designed in accordance with the assessed impacts of that local environment. There 
will in effect have to be a mini-feasibility assessment undertaken to evaluate the key factors 
outlined, for example, in Table 9 above. 
 
76. It will particularly important to establish the local current and future flood levels and 
effectiveness of flood drainage. The key to establishing local climate risk levels will be an 
assessment of the extent of polder protection to each subproject. There are likely to be various 
levels of polder protection depending upon: 
 

(i) Whether or not the subprojects are inside a polder area 
(ii) The current embankment levels of the polders 
(iii) Whether or not the polders are breached 
(iv) Whether or not the polders are likely to upgraded under the CEIP program  

 
77. Even if the subprojects are polder protected it is important to note that: 
 

(i) The original (1960s) design was for monsoon flood protection only – they were 
not specifically design to withstand cyclone storm surge. 

(ii) The proposed CEIP upgrading will take into account only the 1:25 cyclone events 
and assume that other measure such as cyclone shelters will be required to 
mitigate the risk to life impacts of larger events (such Sidr and Aila). 
 

78. Embankment levels and the types and amounts of embankment protection for each 
subproject must be a function of the specific characteristic of subproject environment. As an 
example Table 13 outlines a general checklist of the key factors for each road subproject. 
 

Table 13: Road Subproject Checklist 

Issue Factors to check 

Construction Materials Nature of local embankment materials 
Availability of sand for ISG  
Availability of bricks 
Availability of suitable water for concrete 

Climate/rainfall. Local rainfall pattern  

Surface and sub-surface 
hydrology. 

Polder protection 
Internal drainage 
Condition of sluice gates/canals 
Level of normal spring high tide monsoon flood 
Local flood history. 

Polders Polder condition (ref BWB database) 
Assessment of protection offered 

Embankment Protection Embankment lengths exposed to potentially erosive 
flood 
Embankment lengths exposed to waves (assess fetch) 
Identify sections for over-topping protection 
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B. Construction Planning 

79. The following are some issue to consider with regard to construction planning:  
 

(i) Monsoon season. No major construction should be undertaken in the monsoon 
season 

(ii) Wet earthworks. Potential earthworks materials are likely to saturated and well 
above their optimum compaction moisture content. Stockpiling and drainage of 
materials within a staged construction program is possible solution. Use of soil 
modification with lime is another potential possibility – although this is a costly 
option and could only be considered as a limited operation. 

(iii) Sand Sources. Sources of sand having an appropriate grading for use as ISG or 
as a fine concrete aggregate may be difficult to locate. The use of sand dredged 
as part of the maintenance of river channels should be considered  

(iv) Staged Construction. The option exists for the staged construction of CCRIP 
roads. This could involve the initial construction of widened embankments with a 
temporary running surface in one construction period to be followed, after an 
interval of a year, by the final pavement layers. This would have the advantage of 
allowing foundation settlement and also allow earthworks to be constructed by 
local organizations or NGOs. The principal disadvantage is in the additional costs 
of rehabilitating the interim running surface as a final pavement layer. Costs are 
summarized in Annex S. 

(v) Soil modification. The addition of small percentages of slaked lime to wet plastic 
fine grain has known advantages in reducing moisture, plasticity and increasing 
strength36.   

(vi) Drainage canal excavations.  Material excavated as a consequence of 
rehabilitating internal polder drainage canals should be considered as potential 
embankment material- although the previous comments on the saturation of 
earthwork materials would be particularly applicable to these materials. 

(vii) Reusable materials. Most of the roads to be improved in the Project will have 
some areas of existing pavement which can be salvaged and re-used where 
appropriate in the new pavement if the salvaged materials meet specification 
requirements for the new pavement. It is normally assumed that the net cost of 

                                                
36

 Siddique A, 2005. An Analytical Study on Design and Analysis of Stabilised Rural Roads. Proceedings of the 
Eastern Asia Society for Transportation Studies, Vol. 5, pp. 813 - 828, 2005 

Sub-grade and foundation 
conditions 

Strength of existing embankment (DCP) 
Strength of foundation for embankment widening 
Existence of any organic/peat layers 

Road Task (Traffic)  Traffic count (hat and non-hat days) 
Risk of heavy vehicle use 
Local developments that may increase traffic 
Identification of any key roads in terms of emergency 
disaster relief 

Construction Regime Capacity of local contractors 
Capacity of local NGOs or local organisations for 
labour-based construction 
Previous construction history 

Maintenance Regime  Current regime 
Capacity  
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this salvaging/re-use operation is cost neutral. However, during detailed design 
and preparation of bidding documents for the finally selected subproject roads, it 
is expected that this aspect will be more specifically addressed. 
 

C. Specification Compliant Construction 

80. The whole-life sustainability and effectiveness of a subproject road is initially determined 
by the quality of construction, no matter how appropriately climate resilient it is designed. 
Quality control in construction, and particularly compaction, has a significant effect on the 
performance and life of any access route. A greater awareness of this fact is required to be 
imparted to political, administrative and engineering personnel through improved awareness 
creation, training and project management. This issue is of substantial importance for this 
project given that poorly constructed infrastructure will be significantly more vulnerable to 
climate impact than that constructed in accordance with appropriate specifications.  
 
81. Quality Control should not be an onerous administrative burden and the LGED training 
manual on quality control contains appropriate advice37 that should form part of the overall 
CCRIP quality plan.  
 
82. Local level quality control can be initiated based on training in a few simple 
straightforward procedures involving: 
 

(i) Visual comparison of proposed material sources with as-delivered materials 
(ii) Use of simple on-site observational and testing procedures to control 

construction quality. The combination of standard sheets, on-site measurements 
and simple tests such as DCP38 can give adequate quality control.  

(iii) Annotated and dated site photographs are also very useful tool 
(iv) Survey of final as-built quality; essential if  QA is to be seen to taken seriously as 

part of the contractual signing-off procedure 
 

83. The role of local groups and NGOs for contract supervision, in combination with 
oversight by traditional engineering –technician supervisors may be adopted in subprojects 
where remoteness and/or difficult access will put a strain on the effectiveness of a more 
traditional (and commonly ineffective) approach. 
 
84. Local and regional experience has highlighted a number of issues in regard to 
construction quality: 
 

(i) There is need to ensure that the contractors have read and understood the 
technical specifications. Small contractors in particular may not be used to 
following technical specifications closely, and may require a combination of easy-
to-follow guidelines and initial close supervision.  

(ii) There is likely to be a wide range of contractor quality, from very good to 
incompetent. This reinforces the need for an effective review of contractor 
capability before contracts are awarded.  

(iii) Small contractors generally have limited plant resources, particularly with respect 
to appropriate compaction plant. The use of appropriate mechanical plant is 

                                                
37

 LGED, 2009. Training Manual on Construction Planning, Supervision, Quality Control and Management 
38

 DCP: Dynamic Cone Penetrometer. Description, Manual and software may be downloaded from DfID funded 
website: www.transport-links.org/ukdcp 
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strongly recommended and the use of small vibrating rollers or tamping 
machines would be the best solution. The use of large rollers on narrow rural 
roads is not recommended, both from the point of view of forming road shape 
and the difficulties in mobilizing and maneuvering such plant.  

 
85. Appropriate materials selection is a very necessary issue regarding value-for-money in 
roads construction. There is an historical problem in ensuring contractors undertake the 
necessary selection of specified materials.  
 
D. Effective Asset Management 

86. Effective asset management is particularly vital for roads subprojects to achieve their 
intended 15-20 design life. In this context asset management may be considered a combination 
of condition monitoring; maintenance and ensuring that assumptions in regard to road use 
(traffic) are reasonably adhered to.  
 
87. Maintenance for rural roads in coastal Bangladesh is administered largely through LGED 
under the usual three categories; routine, periodic and disaster recovery (emergency)  
Routine Maintenance is further sub-divided into: Off Pavement; On Pavement; and Road 
Safety-Sign maintenance.  
 
88. Off-Pavement comprises: earthwork shoulders, earthwork slopes, roadside planting, and 
culvert cleaning, surface water drainage. This work mainly involves labour intensive activities 
and is commonly assigned to a Labour Contracting Society (LCS). 
 
89. On-Pavement maintenance requires more technical expertise than off-pavement, 
particularly for bitumen sealed roads. All surfaced Upazila and Union roads should be 
maintained by Mobile Maintenance Teams (MMTs). MMTs should repair small scale damage to 
surfacing, with emphasis on the use of bitumen emulsion or premix. 
 
90. Periodic Maintenance normally comprises activities such as: 
  

(i) Resealing: Normally 3-5 year periods with 7/12 mm seal coat; spot repair; SBST 
or DBST. 

(ii) Overlay: Normally 8-10 years – reduction of roughness; using bituminous 
carpeting or spot improvement with carpeting.   

(iii) Rehabilitation: Re-instatement of pavement to original condition or better, 
depending on traffic environment and can comprise layer thickening and/or 
pavement widening. 
 

91. Periodic maintenance requires a higher level of technical knowledge and skill than 
routine maintenance – with mechanical plant and detailed specifications and standards. It is 
more costly than routine operations and is normally carried out by local contractors on a 
tendering basis. Necessary repair works should be done before planned re-sealing. It is 
important that the off-pavement drainage is working properly and that design cross-falls are re-
instated. 
 
92. Emergency Maintenance may include annual flood-damage. Some sections of pavement 
or whole road may be washed away or large structures undermined. A 10% reserve of the 
maintenance fund should be kept for these works, which will be implemented by open-tendering 
procedures.  
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93. Condition monitoring:  an LGED survey of Upazila, Union and Village roads has been 
created and managed through a database programme – Road Structure Database Management 
System (RSDMS) Linked to the Upazila Road Map.  This database should be updated and 
maintained at District level based on reports received from Upazilas. Information will comprise: 
road condition survey; structures condition survey; roughness survey; deflection tests; DCP 
survey; traffic count; this leads to the District Annual Road Maintenance Program. 
 
94. Since 2006 LGED has been made responsible for the maintenance and management of 
all Upazila and Union roads. The GoB makes funds available from national revenue budget to 
maintain the above classes of road.  The concerned Local Government authorities (Union 
Parishads) have been made responsible for construction, maintenance and management of 
Village roads. 
 
95. Off-pavement routine maintenance is budgeted on the basis 7 working days per year 
and the schedules rate of Tk90 (approx 1 US$) per day per person per Km.  A Maintenance 
Supervisor looks after 15-20 labourers and has a rate of Tk 100 per day. Tools and equipment 
is at a maximum of 5% of total budget for year.   
On-pavement routine maintenance by MMTs – each team generally consists of 3-5 skilled and 
semi-skilled labourers headed by a foreman. Estimates for time and materials are done by using 
LGED standard specification and rate analysis.  
 
E. Capacity Building  

96. Training courses associated with the implementation of the main project need to be 
practical in nature and focused toward the “frontline” engineers etc. at Upazila level. The 
courses should be constructed with minimal formal lecturing but concentrate instead on 
demonstration and group problem solving. They should also include some form of final 
participant certification level based on participation, group problem solving and test. 

 

 




