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“The ability of a system and its component parts to anticipate, absorb, accommodate, or recover 

from the effects of a hazardous event in a timely and efficient manner, including through ensuring 

the preservation, restoration, or improvement of its essential basic structures and functions.” 

Intergovernmental Panel on Climate Change 

I. Introduction 

 
1. The Asia-Pacific Region is home to 60% of the world’s population living in informal 
settlements and many poor people residing in formal settlements. Urban poor often live where 
they can afford to. The urban poor are disproportionally negatively impacted.  
 
2. Informal settlements, in particular, have limited access to mainstream essential services 
and their precarious living conditions increase their susceptibility to climate-sensitive hazards 
including extreme heat, droughts, floods, cyclones, sea-level rise, and in some cases 
earthquakes.  
 

(i) The consequential impacts from these exposures include (i) health – largely the result 
of living in conditions conducive to diseases; and (ii) economic and social wellbeing 
caused by damage to housing and neighborhood infrastructure, and the erosion of 
their economic livelihoods. 
 

3. Building resilience of the urban poor is a multifaceted process, operating at a range of scales 
and involving a range of policy and physical interventions. A collective vision of resilience 
incorporates resilient households, health and well-being for all, resilient and adaptive 
infrastructure, dignified and resilient livelihoods, and vibrant and diverse cities.  

 
4. The multidimensional nature of urban poverty points to the need for providing access to 
basic services, community infrastructure, financial institutions, housing, livelihood, finance, 
training and capacity building, and other opportunities that urban poor communities critically need 
to uplift their plight and reduce their vulnerability to the adverse impacts of climate change. 
 
5. As National governments, cities, and civil society organizations ramp up their efforts to 
reduce the vulnerabilities of the urban poor, it is critical that they factor climate change and 
disaster risk considerations in their design and implementation of policies, plans and investments 
across a wide range of interventions, including urban planning, infrastructure and basic services, 
livelihoods, social protection, health, and housing.  
 

(i) Such interventions need to complement actions at different levels – urban poor 
household, community, and city government, and be implemented in close 
partnership with local governments and grassroots organizations. 

(ii) Strengthening resilience of the urban poor requires a combination of interventions that 
collectively promote coping, incremental, and transformational strategies. 

Pro-poor programs directed at strengthening resilience will require a combination of social-
technical interventions that collectively promote coping, incremental, and transformational 
strategies, i.e. (i) the development of policy interventions needs to be supported by an effective 
enabling environment covering three key areas of governance, data and finance; and (ii) 
infrastructure need to be designed for a level of robustness and adaptability for future social-
demographic and climate scenarios. 
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II. Climate and Disaster Risk 
 
6. Analysis that allows an understanding of the present and future distribution of vulnerability, 
hazards, and exposure, across a range of scales is required in resilience programs. For the urban 
poor, the three elements of risk—vulnerability, exposure, and hazard—interact in unique particular 
ways that reflects the convergence of their social economic plight and exacerbated exposure to 
climate-change related hazards, i.e.  
 

(i) The vulnerability of the urban poor is largely shaped by the multiple deprivations of 
poverty, including not only limited financial resources to protect against shocks and 
stresses, but also the absence of access to safe housing and the inadequate provision 
of basic services (including risk-reducing infrastructure), as well as governance and 
accountability failures that result in exclusion and increased vulnerability 

(ii) Urban poor’s exposure to a range of threats is high, largely as a result of the 
unaffordability or inaccessibility of safe land for housing, and a consequent need to 
inhabit marginal areas of towns and cities 

(iii) The hazards that the urban poor encounter are shaped by their locational issues. 
They include coastal and riverine flooding, the effects of storms and typhoons, 
droughts, and heat waves – many of which are expected to worsen as a result of 
climate change 

 

7. Climate-change and disaster risk assessment must consider the dynamics of each of the 
three risk components and how they change over extended periods due to socio-economic factors 
and climatic drivers, as well as policy and individual decisions. There are significant future 
uncertainties in each of these factors and they need to be considered and integrated in planning 
and investment decisions. 
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A. Community Infrastructure 

 
8. Community infrastructure, as described in a report by the Global Facility for Disaster 
Reduction and Recovery (GFDRR)1, primarily refers to small scale basic structures, technical 
facilities and systems built at the community level that are critical for sustenance of lives and 
livelihoods of the population living in a community. These are low-cost small-scale infrastructures 
built over time through community-led initiatives according to the needs and aspirations of the 
community population.  
 
9. The GFDRR categorizes the types of community infrastructure into the following six 
categories a generic classification (typology) of community infrastructure that are intimately linked 
with community livelihood options1: 
 

(i) Connective infrastructure – mainly related to community access and internal 
circulation including internal roads, walkways, footpaths within the community 
providing access to the national arterial or local road system. 

(ii) Protective Infrastructures – small-scale and low-cost protecting structures built for 
various community purposes. They include drainage structures, pipe culverts, box 
culverts, footbridges, retaining walls, protection of slopes, jetties, small embankments 
or protection walls, and small earthen dams. 

(iii) Socio Economic Structures – small-scale structures, developed through local 
initiatives for a community’s socio-cultural and economic prosperity. They include 
small marketplaces and infrastructure within market grounds, including pathways, 
sheds, drains, community shops, community resource centers, religious centers, 
graveyards, playgrounds and so on. 

(iv) Water and Sanitation Lifelines – minor structures built in the communities in response 
to their needs for a water supply and sanitation. They may include water reservoirs 
and water sources, supply pipes, ponds, the community water supply system, pump 
houses and deep tube wells, drainage lines, waste disposal and composting plants, 
etc. 

(v) Energy Lifelines – decentralized household or community-based energy sources and 
renewable energy plants that cater to the energy needs of remote and isolated off-
grid communities. They include biogas plants, bio-gasifiers, solar home systems for 
electrification, and similar community-driven low-cost technical plants. 

(vi) Communication Lifelines – small ICT-based installations at the community, catering 
to their needs of information, communication and early warning messages. They may 
include community telephone centers, community-based early warning systems and 
communication devices, community-run radio and communication systems. 
 

10. Project delivery approaches involving a high degree of community co-design and decision 
making can provide immediate and transformative solutions to reduce vulnerability of the urban 
poor. For example, adopting a Community-Driven Development (CDD)2 modality to community 
infrastructure investment has been shown to be effective as a means of better aligning 
development interventions with community needs and preferences by harnessing social capital. 

 
1 Global Facility for Disaster Reduction and Recovery (GFDRR), Post Disaster Needs Assessment Guidelines 

Volume B: Community Infrastructure  https://www.gfdrr.org/sites/default/files/publication/pdna-guidelines-vol-b-
community-infrastructure.pdf  

2 CDD as a mechanism for poverty reduction and local development has emerged and grown rapidly since the mid-
1990s with the support of funding agencies, particularly the World Bank. 
https://www.worldbank.org/en/topic/communitydrivendevelopment#1  

https://www.gfdrr.org/sites/default/files/publication/pdna-guidelines-vol-b-community-infrastructure.pdf
https://www.gfdrr.org/sites/default/files/publication/pdna-guidelines-vol-b-community-infrastructure.pdf
https://www.worldbank.org/en/topic/communitydrivendevelopment#1
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The approach gives community groups control over planning decisions and investment resources 
for local development.  
 
11. Connective and protective community infrastructure for alleviating urban poor climate and 
disaster risks often adopt different design standards compared with conventional public city-wide 
infrastructure owing to their low-cost, small-scale community-led initiatives (see paragraph 9). 
They are specifically directed at alleviating chronic stressors impacting on their health, safety and 
wellbeing, including their exposure to climate and disaster-related hazards, i.e., flooding, access 
to reliable and clean water supply, safe sanitation etc.  
 

This discussion paper is specifically focused on the planning and design of connective and 
protective community infrastructure and the use of climate change and disaster risk information 
on climate-sensitive hazards in ensuring their resilience. These infrastructure may form part of 
the delivery of a larger social-economic community infrastructure project such as a school or a 
health center. 
 
Climate change is expected to have a more profound impact on the urban poor. It has a 
disproportionately higher impact on the frequency and magnitude of the chronic stressors 
impacting them. Therefore, it is essential that the design pro-poor investments in community 
infrastructure using climate and disaster risk information. 

 

B. Climate and disaster risk information considerations  

 
12. The GFDRR report1 presents a comprehensive list of the types of community infrastructure 
and the disaster impact on them associated with floods, cyclone, tsunami, earthquake, volcano, 
landslide and fire. These climate-sensitive hazards regularly affect many localities with frequent, 
yet low-level, losses. The vast contextual differences of localities will have to be considered.  
 
13. Key climate-sensitive hazards3 (see Box 1) that may impact on the service resilience of 
community infrastructure include: Heat wave, Floods, Cyclones causing damaging winds and 
storm surges, droughts, and wildfires. Projection of climate risk associated with these hazards are 
available from the World Bank Group Climate Change Knowledge Portal.4 
  

 
3 IPCC, 2012: Managing the Risks of Extreme Events and Disasters to Advance Climate Change Adaptation. A 

Special Report of Working Groups I and II of the Intergovernmental Panel on Climate Change [Field, C.B., V. 
Barros, T.F. Stocker, D. Qin, D.J. Dokken, K.L. Ebi, M.D. Mastrandrea, K.J. Mach, G.-K. Plattner, S.K. Allen, M. 
Tignor, and P.M. Midgley (eds.)]. Cambridge University Press, Cambridge, UK, and New York, NY, USA, 582 pp, 
https://www.ipcc.ch/report/managing-the-risks-of-extreme-events-and-disasters-to-advance-climate-change-
adaptation/  

4 World Bank Group Climate Change Knowledge Portal https://climateknowledgeportal.worldbank.org/  

https://www.ipcc.ch/report/managing-the-risks-of-extreme-events-and-disasters-to-advance-climate-change-adaptation/
https://www.ipcc.ch/report/managing-the-risks-of-extreme-events-and-disasters-to-advance-climate-change-adaptation/
https://climateknowledgeportal.worldbank.org/
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Box 1. Climate influence on the natural physical environment and consequential disaster impact 
 
Climate change has varying degrees of influence on the severity of such disasters as floods, fire and 
cyclone. The location of the infrastructure is a key determinant of its exposure profile. 
 
Key climate change drivers associated with sea-level rises, changing rainfall patterns and magnitudes, 
rising temperature, and changing global meteorological patterns affecting wind and storm surges will 
expose community infrastructure to greater operational vulnerability.   

 
Implementing resilient community infrastructure requires moving away from “business as usual” planning 
and implementation to include measures such as: (i) adopting climate-resilient water management 
approaches such as rainwater harvesting and biofiltration of water, and watershed-level planning at 
interregional scale; (ii) integrating climate risk considerations in design and implementation of community-
based water supply and sanitation programs to encourage behavior change within communities which 
promotes sustainable and climate risk-informed practices on water management, sanitation, and hygiene; 
and (iii) promoting green infrastructure as part of programs supporting community basic services.
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14. Heat waves are expected to increase in frequency and severity attributed to climate change 
and as shown in Figure 1, the range of projected increase in heat wave conditions predicted by 
different IPCC climate models vary significantly.  
 

Figure 1.  IPCC Fifth Assessment projections of heat wave conditions  
in Indonesia5 and the Philippines6 

 
 
 

Simple techniques can be used to localize these projections by simply deriving relationships 
(based on historical data) between temperature, frequency and duration of heat wave conditions 
at the national level (i.e., diagrams above) by correlating local ambient historical temperature 
conditions.  
 
15. Sea levels influence flooding conditions in coastal communities. Climate change resulting 
in the melting of sea ice and warming of sea surface are expected to exacerbate flooding in these 
communities and also to the contamination, through saltwater intrusion, of their groundwater 
resources. Projection of climate-change induced sea level rise in the south-east Asia region is 
shown in Figure 2 below (extracted from the World Bank Group Climate Change Knowledge 
Portal for Indonesia and the Philippines). As is the case with heat waves, it is sufficient to simply 
deriving relationships (based on historical data) between local level sea-level against national 
averages for localized resilience design and assessment of community infrastructure. 
 

 
5 World Bank Group and Asian Development Bank (2021), Climate Risk County Profile: Indonesia, 

https://climateknowledgeportal.worldbank.org/sites/default/files/2021-05/15504-Indonesia%20Country%20Profile-
WEB_0.pdf  

6 World Bank Group and Asian Development Bank (2021), Climate Risk County Profile: Philippines, 
https://climateknowledgeportal.worldbank.org/sites/default/files/2021-08/15852-
WB_Philippines%20Country%20Profile-WEB.pdf  

 

https://climateknowledgeportal.worldbank.org/sites/default/files/2021-05/15504-Indonesia%20Country%20Profile-WEB_0.pdf
https://climateknowledgeportal.worldbank.org/sites/default/files/2021-05/15504-Indonesia%20Country%20Profile-WEB_0.pdf
https://climateknowledgeportal.worldbank.org/sites/default/files/2021-08/15852-WB_Philippines%20Country%20Profile-WEB.pdf
https://climateknowledgeportal.worldbank.org/sites/default/files/2021-08/15852-WB_Philippines%20Country%20Profile-WEB.pdf
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Figure 2. IPCC Fifth Assessment Projections of Sea Level Rise  
in Indonesia and the Philippines5 

16. Floods can be highly localized and if often caused by inadequate drainage infrastructure 
and other flood defenses. From the IPCC’s Fifth Assessment, median annual precipitation is 
projected to increase by up to 7% under RCP6.0 pathway and 11% under RCP8.5 pathway. The 
intensity of sub-daily extreme rainfall events however can be expected to increase more 
significantly.  There are generally three types of flood behaviors and all of them are exacerbated 
by climate change, i.e. 
 

(i) Coastal floods caused by a combination of (a) Sea level rise7,8,9; and (b) storm 
surges10 caused by high windshear; 
 

(ii) Fluvial floods resulting from floodwater breaking the banks of rivers and creeks 
caused by a combination of high rainfall conditions and sea level rise or storm 
surges; and 
 

(iii)  Pluvial floods caused by high intensity local rainfall causing overland flow conditions 
in urban areas as catchment runoff exceeds the capacity of the drainage system.  

 
17. The determination of flood impacts requires the adoption of technical methods to translating 
rainfall patterns and intensities into flood probabilities and flood impacts to inform infrastructure 
investment. This is illustrated in Figure 3 and discussed in Box 2, i.e. 
 

(i) The approach adopted to convert of rainfall to catchment discharge or runoff may 
adopt simple techniques ranging from the simple Rational Method to complex 
catchment rainfall -runoff models. 

 
7https://coastal.climatecentral.org/map/14/120.9904/14.51/?theme=sea_level_rise&map_type=year&basemap=roadm

ap&contiguous=false&elevation_model=best_available&forecast_year=2050&pathway=rcp45&percentile=p50&refr
esh=true&return_level=return_level_10&rl_model=gtsr&slr_model=kopp_2014  

8 http://globalfloodmap.org/  
9 NOAA holds a lot of publicly available climate change and sea level data.  
  https://www.climate.gov/news-features/understanding-climate/climate-change-global-sea-level  
  https://www.star.nesdis.noaa.gov/socd/lsa/SeaLevelRise/LSA_SLR_timeseries.php  
10 future storm surge. figure 7. https://www.frontiersin.org/articles/10.3389/fmars.2020.00263/full  

 

https://coastal.climatecentral.org/map/14/120.9904/14.51/?theme=sea_level_rise&map_type=year&basemap=roadmap&contiguous=false&elevation_model=best_available&forecast_year=2050&pathway=rcp45&percentile=p50&refresh=true&return_level=return_level_10&rl_model=gtsr&slr_model=kopp_2014
https://coastal.climatecentral.org/map/14/120.9904/14.51/?theme=sea_level_rise&map_type=year&basemap=roadmap&contiguous=false&elevation_model=best_available&forecast_year=2050&pathway=rcp45&percentile=p50&refresh=true&return_level=return_level_10&rl_model=gtsr&slr_model=kopp_2014
https://coastal.climatecentral.org/map/14/120.9904/14.51/?theme=sea_level_rise&map_type=year&basemap=roadmap&contiguous=false&elevation_model=best_available&forecast_year=2050&pathway=rcp45&percentile=p50&refresh=true&return_level=return_level_10&rl_model=gtsr&slr_model=kopp_2014
http://globalfloodmap.org/
https://www.climate.gov/news-features/understanding-climate/climate-change-global-sea-level
https://www.star.nesdis.noaa.gov/socd/lsa/SeaLevelRise/LSA_SLR_timeseries.php
https://www.frontiersin.org/articles/10.3389/fmars.2020.00263/full
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(ii) Conversion of estimate catchment runoff or discharges into flood levels and flood 
extents may adopt hydraulic calculations techniques ranging from the simple 
Manning’s Equation to complex two-dimensional hydraulic models that simulates the 
movement of floodwater across a two-dimensional representation of the topography 
of the area of interest. 
 

(iii) Local knowledge of past flood conditions (flood levels, video recording of floods, 
dominant flood flow paths etc.) are invaluable and help inform the calibration or 
validation of the approach adopted. 

 
Figure 3.  Conversion of historical rainfall information into probability distributions  

and then to flood depth and flood extent. 

18. Damaging wind and storm surges are caused by formation of regional low-pressure 
systems, in some cases causing cyclone conditions. Climate change projections conducted 
across the globe point to a general trend of reduced cyclone frequency, but increased intensity 
and frequency of the most extreme events. 
 
19. Drought conditions are linked to rainfall and evaporation. Drought conditions are 
represented differently depending on its impact and assessment of their impact on the natural 
physical environment has varying degree of complexity.  
 

(i) Meteorological droughts are directly linked to rainfall patterns and global temperature 
and climate change will increase the severity of drought conditions. There are global 
models11,12 available to forecast global drought conditions as shown in Figure 4.  

 
11 There is a Global Drought Analysis Tool that gives you some short-term forecast for drought.  
    http://iridl.ldeo.columbia.edu/maproom/Global/Drought/Global/CPC_GOB/Analysis.html  

https://iridl.ldeo.columbia.edu/maproom/Global/World_Bank/Drought_Monitor/index3.html?gmap=%5B10%2C5%2
C2%5D  

12 For the long-term drought predictions, it will be necessary to undertake some interpretation based on temperature, 
precipitation and evaporation predictions from IPCC. 
https://www.ipcc.ch/site/assets/uploads/2018/02/WG1AR5_Chapter12_FINAL.pdf  

 

http://iridl.ldeo.columbia.edu/maproom/Global/Drought/Global/CPC_GOB/Analysis.html
https://iridl.ldeo.columbia.edu/maproom/Global/World_Bank/Drought_Monitor/index3.html?gmap=%5B10%2C5%2C2%5D
https://iridl.ldeo.columbia.edu/maproom/Global/World_Bank/Drought_Monitor/index3.html?gmap=%5B10%2C5%2C2%5D
https://www.ipcc.ch/site/assets/uploads/2018/02/WG1AR5_Chapter12_FINAL.pdf
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(ii) Hydrological droughts are caused by drying meteorological pattern coupled with 
inadequacies of the water supply infrastructure) and determination of their onset 
require further system modelling to ascertain the impact of changing rainfall and 
evaporation conditions (see Box 3); and  
 

(iii) Agricultural droughts are associated with crop failure attributed to severe loss of soil 
moisture and will require more sophisticated analyses in translating changes in 
hydrological drought impacts on agricultural drought.   

 
Figure 4. Readily available information on drought forecasting13 

 
Hydrological drought tends to lag meteorological drought, when low water supply becomes 
evident in the water system owing to reduce catchment runoff caused by a combination of low 
rainfall and high evapotranspiration conditions. 
  
19. Indirect influences such as wildfires and landslides are third-order effects of climate, with 
the combination of heat wave and prolong drought creating favorable antecedent conditions for 
wildfires. High intensity and prolong rainfall conditions can increase incidences of landslides. 

 
13 Footnote 11 
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Box 2. Technical methods to translating rainfall information to flood impacts 

Efforts to maintaining community infrastructure level of service under future flood conditions is defined by 
consideration of the duration and severability of disruption during floods (i.e., the level of service of these 
infrastructure). Determining infrastructure serviceability during flood conditions involves estimation of water 
inundation depths and frequency.  
 
Flood depths are affected by a number of a variety of flood types, influenced by any combination of sea-
level conditions, rainfall depths and durations, and on-site drainage capacity. Flooding conditions vary from 
site to site. Analytical approaches in simulating flood behavior range from simplified hydrological and 
hydraulic calculations to detailed site hydrodynamic simulations with sophisticated hydrological, network 
hydraulic computation of existing drainage systems and site terrain models. All of these approaches require 
practitioners to have access to estimation of extreme rainfall conditions, with which catchment discharge 
rates and volumes are estimated, and corresponding site inundation depths determined. Generalized data 
and estimation of probabilistic rainfall data are often available to undertake the most basic of flood 
computations.  
 
Storm surges are sea levels rises above ambient sea levels caused by meteorological low pressure system 
including tropical cyclones. Storm surges, if occurring during high tide conditions, have the effect of 
increasing the severity of coastal and fluvial flooding. The magnitude of storm surges is correlated with the 
strength of the wind created by the low-pressure meteorological conditions. 
 
Local knowledge of past flood conditions (flood levels, video recording of floods, dominant flood flow paths 
etc.) are invaluable and help inform the calibration or validation of the approach adopted.  
 
Below is an illustration of a simplified approach adopted in assessing the flood vulnerability of an informal 
settlement in Makassar, Indonesia. Daily rainfall data recorded for the city was analyzed and probabilistic 
rainfall intensities derived (i.e., estimation of rainfall intensities and durations for a range of probabilities of 
exceedance). The application of a simple rainfall-runoff formula is adopted, and estimations of flood flows 
computed. Downstream conditions are determined by getting information on receiving water conditions, 
i.e., downstream structures, sea level and storm surge conditions. A simplified terrain hydrodynamic model, 
established from ground survey, is used to simulate the passage of the estimated flood through the site. 
The model incorporates the influence of downstream conditions in determining flood vulnerability and the 
subsequent development of community flood management infrastructure.  
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Box 3. The influence of climate and sea level on community-based water supply systems 

Community infrastructure for water supply for the urban poor includes the provision of surface and tube 
wells, rainwater tanks and communal water supply facilities. The quality of supply water, and supply 
reliability, are affected in different ways by meteorological and sea-level conditions. For examples, surface 
wells may be affected by groundwater depletion, and its quality affected by saltwater intrusion associated 
with rising sea-level14 or floodwater contamination15; the efficacy of rainwater tanks are highly dependent 
on rainfall seasonal patterns16. Communal water supply may be subject to contamination by surrounding 
environmental water if supply is intermittent. Upgrading or design of these infrastructure for greater 
resilience to disaster and climate change risk involves analyses of projected local rainfall conditions and 
sea-level conditions, as well as factors influencing the hydrologic drought resilience of the reticulated water 
supply network, where applicable. 
 
Simple groundwater analysis using data of sea-levels and groundwater aquifer characteristics (pump test 
at tube-well) will provide important insights on the influence of sea level rise and groundwater abstraction 
rates on saltwater intrusion. For surface wells, correlating observations of well water salinity and sea-levels 
will provide comparable insights. Similarly, flood analyses described in Box 1 could be used to assess the 
vulnerability of surface well contamination by flood water. Daily or monthly rainfall patterns are used to 
assess the rainwater harvesting efficacy of different tank sizes. 
 

 

 

 

 
14 Ferguson, G., Gleeson, T. Vulnerability of coastal aquifers to groundwater use and climate change. Nature Climate 

Change 2, 342–345 (2012). https://doi.org/10.1038/nclimate1413  
15 L. Andrade, J. O'Dwyer, E. O'Neill, P. Hynds, Surface water flooding, groundwater contamination, and enteric 

disease in developed countries: A scoping review of connections and consequences, Environmental Pollution, 
Volume 236, 2018, Pages 540-549, ISSN 0269-7491, https://doi.org/10.1016/j.envpol.2018.01.104 . 

16 Amirhossein Shadmehri Toosi, Shahnaz Danesh, Erfan Ghasemi Tousi, Shahab Doulabian, Annual and seasonal 
reliability of urban rainwater harvesting system under climate change, Sustainable Cities and Society, Volume 63, 
2020, 102427, ISSN 2210-6707, https://doi.org/10.1016/j.scs.2020.102427  

https://doi.org/10.1038/nclimate1413
https://doi.org/10.1016/j.envpol.2018.01.104
https://doi.org/10.1016/j.scs.2020.102427
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III. Designing community infrastructure for mitigating key climate-sensitive hazards  

in Bangladesh, Indonesia, and the Philippines  
 

20. Water security is identified as a critical climate risk for Indonesia, the Philippines and 
Bangladesh – (i) safety from floods (pluvial, fluvial, coastal and cyclones); (ii) access to secured 
water supply (overcoming drought conditions); and (iii) protection of water quality of water 
environment, i.e. 

 
(i) Many amongst the urban poor in these countries are exposed to significant flood 

hazards causing loss of properties and endangering lives. Even under lower 
emissions, almost all Asian countries face an increase in the frequency of extreme 
river flows (fluvial flooding) – what was historically a 1 in 100-year flow, could become 
a 1 in 50-year or 1 in 25-year event in most of South, Southeast, and East Asia.17 

(ii) Without the availability of citywide networks for water and sanitation, the urban poor 
lack of appropriate quality and quantity of water to meet their daily needs, often 
exacerbated by contamination of water sources in and around their homes due to poor 
sanitation and drainage.  

(iii) These water stressors have a disproportional corresponding health and safety 
impacts amongst urban poor. 
 

(a) Fecal-oral contamination, owing to the prevalence of fecal contamination of 
soil and water, within the living environment of urban poor communities. 

(b) Floods bring with it a significant hazard to community safety but also 
significant contamination that can prevail over extended period following the 
subsidence of floodwater. 

(c) Poor drainage infrastructure in many urban poor communities extend the 
duration of inundation following a flood event and also create conducive 
habitats conditions for disease vectors. A range of vector-borne illnesses has 
been linked to climate, including malaria, dengue, Hantavirus, Bluetongue, 
Ross River Virus, and cholera.18 

 
21. Connective and protective community infrastructure for flood protection include: 

 
(i) flood-safe accessway – footpath and roads, and related structures (coastal, fluvial and 

pluvial flood management); 
(ii) flood walls and levees (coastal flooding defenses, fluvial flood management, polder 

management etc.); 
(iii) designated floodways and flood detention structures (pluvial flood management); and 
(iv) drainage infrastructure – pipes and drains, culverts, flood pumps (pluvial flood 

management, polder management) 
  

 
17 Paltan, H., Allen, M., Haustein, K., Fuldauer, L., & Dadson, S. (2018). Global implications of 1.5°C and 2°C warmer 

worlds on extreme river flows Global implications of 1.5°C and 2°C warmer worlds on extreme river flows. 
Environmental Research Letters, 13. URL: https://iopscience.iop.org/article/10.1088/1748-9326/aad985/meta  

18 Patz, J.A., D. Campbell-Lendrum, T. Holloway, and J.A. Foley, 2005: Impact of regional climate change on human 
health. Nature, 438, 310-317. 

https://iopscience.iop.org/article/10.1088/1748-9326/aad985/meta
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22. Drought resilience are related to securing reliable and safe water supply. Social-economic 
community infrastructure such as community schools and health center not connected to 
conventional water supply system will often be provided with infrastructure to support a diversity 
of water supply sources for fit-for-purpose utilization through rainwater harvesting, construction of 
local water reservoirs for local runoff harvesting, groundwater abstractions and water recycling 
for non-potable use. 
 
23. In supporting poor communities without access to a safe and reliable water supply, 
additional community infrastructure to those listed above may include providing treatment 
technology that allows all water sources to be used widely (including disinfection technology to 
meet potable demand) and communal potable water supply facilities linked to the city water supply 
infrastructure. 
 
24. Access to safe sanitation services is a fundamental community health imperative as 
evidence of the prevalent of poor community health related to fecal-oral contamination, the main 
cause of community gastrointestinal infections with associated diarrhea, intestinal inflammation, 
stunted growth and poor cognition in children19. Key community infrastructure includes communal 
toilets and non-networked sewerage system, including the use of nature-based solutions. 
 
25. Planning for community infrastructure should consider conditions in adjacent areas since 
climate impacts go beyond geographic/administrative boundaries. Community infrastructure 
should be planned in a way that it is designed and linked to trunk infrastructure within a city and 
linked to a wider local development plan. 
 
26. Community infrastructure for the urban poor is primarily to reduce their climate and disaster 
risk. Social-economic infrastructure such as health care, education and supporting micro-
enterprises are directed at reducing vulnerability while other physical infrastructure such as 
access roads, water and sanitation etc. are directed at reducing exposure, or reducing the 
severity, of climate-sensitive hazards. The ability of these infrastructure to alleviate the 
vulnerability, exposure or hazards are referred to as the serviceability of the infrastructure. When 
the design standards of these infrastructure are exceeded, their serviceability would be 
consequently disrupted, often temporarily. Climate change can increase the frequency of these 
disruptions. Table 1 below summarizes the range of climate-sensitive hazards that may affect the 
serviceability of some selected community infrastructure.  
  

 
19  CRC for Water Sensitive Cities 2018, Strengthening the delivery of WASH in urban informal settlements: 

addressing multiple exposure pathways in urban environments. Melbourne, Australia: Cooperative Research 
Centre for Water Sensitive Cities. https://watersensitivecities.org.au/content/strengthening-the-delivery-of-wash-
in-urban-informal-settlements-addressing-multiple-exposure-pathways-in-urban-environments/  

https://watersensitivecities.org.au/content/strengthening-the-delivery-of-wash-in-urban-informal-settlements-addressing-multiple-exposure-pathways-in-urban-environments/
https://watersensitivecities.org.au/content/strengthening-the-delivery-of-wash-in-urban-informal-settlements-addressing-multiple-exposure-pathways-in-urban-environments/
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Table 1.  Influence of climate-sensitive hazards on the serviceability  
of some selected community infrastructure 

 

Typical Community 
Infrastructure 

Climate-sensitive hazards 

Sea level 
rise 

Storm 
Surges 

Floods Droughts 
Heat 

waves 
Damaging 

Wind 
Wildfires 

Community access road ✔ ✔ ✔     

Flood walls and levees ✔ ✔ ✔     

Marketplace1   ✔ ✔ ✔ ✔ ✔ 

Community school1   ✔ ✔ ✔ ✔ ✔ 
Dwelling cyclone 
proofing2 

     ✔ ✔ 

Community telephone1    ✔   ✔ ✔ 
Groundwater 
abstraction 

✔ ✔ ✔ ✔    

Community-based 
sewerage system  

✔ ✔ ✔ ✔    

Non-conventional 
energy production1 

  ✔   ✔ ✔ 

1 Energy production facilities and communal social infrastructure such as marketplace, schools and health centers or 
similar should ideally be located away from impact of sea-level rises and storm surges as much as possible in 
reducing “exposure” or have hazard mitigating community infrastructure mitigating its vulnerability to hazards.  

2 While this relates to community housing; community infrastructure has a significant influence on the flood proofing of 
this structure 
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IV. Using climate and disaster risk information in planning and assessing hazard 
resilience of community infrastructure 

 

27. The extent of influence of the climate-sensitive hazards on the operation and resilience of 
community infrastructure is related to the design serviceability standards of these infrastructure. 
Current best practice is the adoption of an adaptive planning and design approach based on 
testing the serviceability of planned infrastructure against a number of plausible local climate 
scenarios.  
 

A simplified approach, based around the concept of scenario planning and, in quantifying the 
uncertainties and impact of climate change on future hazard magnitude has been developed to 
facilitate the use of climate change and disaster risk information in strengthening the climate 
resilience of community infrastructure. 

 
28. Options for increasing the operational resilience of community infrastructure could be 
assessed using the same risk framework of reducing vulnerability and exposure to the hazards 
and mitigating the impacts of the hazards.   

 
(i) The vulnerability of community infrastructure to climate-sensitive hazards relates to 

the quality of construction and structural integrity.  
(ii) The exposure of community infrastructure to climate-sensitive hazards relates to the 

location and the design standards and serviceability requirements of the 
infrastructure. Ensuring appropriate location of socio-economic infrastructure (e.g., 
community schools and health centers) would reduce their hazard exposure. 
Protective community infrastructure is often used to reduce exposure and mitigate the 
impact of the hazard. 

(iii) The hazards that community infrastructure is designed to mitigate are shaped by the 
locational characteristics of the communities.  
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29. A simplified scenario planning decision tree that could be used to harness the available 
climate change and disaster risk information is shown in Figure 5. The approach adopts an 
iterative model of assessment and stakeholder consultation, where the implication on the level of 
service can be assessed, tipping points identified and investment strategies for the forward years 
can be developed. 
 
 

Figure 5. Framework for scenario-based resilience planning and assessment 
of community infrastructure 

30. The methodology involves the following steps. For a given community infrastructure: 
 

(i) Step 1: Key climate-change driving forces (see Box 1) affecting the operation of the 
community infrastructure are identified and their critical uncertainties are taking into 
consideration and integrated in developing a range of plausible scenarios. 

(ii) Step 2: Plausible future scenarios of the operating environment of the infrastructure 
are developed that specify, through a combined quantitatively and qualitative 
narratives, the future changed operating environment associated with the impact of 
climate change on the natural physical environment and social-technical 
developments associated with the service provided by the infrastructure 

(iii) Step 3: Undertake analyses of the implications and impacts of the given scenario on 
the community infrastructure through combining knowledge and insight from 
stakeholders and experts. Key tasks include selection of an appropriate level of 
service (Box 4) and making use of simulation modelling (e.g., see Box 2 and Box 3) 
in assessing the implications and impact of the future operating environment. 
 

31. Two worked examples in the use of the framework in assessing the resilience of community 
infrastructure are contained in Appendix A. 
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Box 4. Determining appropriate community infrastructure serviceability 

 

Community infrastructure are generally low-cost small-scale  

infrastructures built often within the context of urban poor  

communities having no or limited access to mainstream infrastructure  

for essential services. Key serviceability criteria may include  

(i) the criticality of service disruption; and  

(ii) the time to restoring full or partial serviceability.  

The “level of service” for many of the connective and protective  

community infrastructure is often set at a lower level compared to  

more mainstream city infrastructure in order to facilitate cost-effective  

delivery of critical essential services for water security as a minimum  

service criterion. Cost-effective provision of infrastructure to alleviate  

daily water-related stressors (i.e., water supply, sewerage services and  

environmental pollution) may only require them to operate effectively  

for the majority of time (e.g., 90% or 95% of the time) and have the  

robustness for the service may be disrupted during climate-related  

phenomena (e.g., floods) but returned to operation soon after a  

particular event. For example: 

 

● flood-safe accessway & roads in urban poor communities affected by pluvial flood scenarios (floods 

generated within the local catchment) may be designed for a 1 in 3-month exceedance flood 

standard (i.e., a high likelihood for flood inundation of at least four times a year) and with 

serviceability (access by pedestrian and vehicle) maintained for flood events up to the 1 in 1 year 

exceedance event by limiting inundation to less than 200mm and water velocity less than 1 m/s;  

 

● the duration of disruption will ultimately determine the performance of the infrastructure and provision 

of good drainage may ensure that flood inundations recede rapidly as the floods recede. Given this 

scenario, the serviceability of the accessway is expected to be maintained for ~99% of the time (or 

less than 4 days a year on average); and climate change will alter the operating environment of the 

accessway, increasing the number of days of disruption and the good design practice may be related 

to ensuring a high level of adaptability (upgrade) of the infrastructure when a “tipping point” is 

reached. 
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V. Conclusions 
 
32. Pro-poor programs directed at strengthening resilience will require a combination of social-
technical interventions that collectively promote coping, incremental, and transformational 
strategies. The development of policy interventions needs to be supported by an effective 
enabling environment covering the areas of governance, data and finance; and infrastructure 
need to be designed for a level of robustness and adaptability to future scenarios.  
 
33. For the urban poor, the three elements of risk—vulnerability, exposure, and hazard—
interact in particular ways in determining the risk profiles of these communities. 
 

(i) The vulnerability of the urban poor is largely shaped by the multiple deprivations of 
poverty, including not only limited financial resources to protect against shocks and 
stresses, but also the absence of access to safe housing and the inadequate 
provision of basic services (including risk-reducing infrastructure), as well as 
governance and accountability failures that result in exclusion and increased 
vulnerability. 

(ii) Urban poor’s exposure to a range of threats is high, largely as a result of the 
unaffordability or inaccessibility of safe land for housing, and a consequent need to 
inhabit marginal areas of towns and cities. 

(iii) The hazards that the urban poor encounter are shaped by their locational issues. 
They include coastal and riverine flooding, the effects of storms and typhoons, 
droughts, and heat waves – many of which are expected to worsen as a result of 
climate change. 
 

34. Community infrastructure are generally low-cost small-scale infrastructures built often within 
the context of urban poor communities having no or limited access to mainstream infrastructure 
for essential services. Project delivery approaches involving a high degree of community co-
design and decision making can provide immediate and transformative solutions to reduce 
vulnerability of the urban poor. 
 
35. Options for increasing the resilience of community infrastructure could be assessed using 
the same risk framework of reducing vulnerability and exposure to the hazards and mitigating the 
impacts of the hazards.   
 

(i) The vulnerability of community infrastructure to climate-sensitive hazards relates to 
the quality of construction and structural integrity.  

(ii) The exposure of community infrastructure to climate-sensitive hazards relates to the 
location and the design standards and serviceability requirements of the 
infrastructure. Ensuring appropriate location of socio-economic infrastructure (e.g., 
community schools and health centers) would reduce their hazard exposure. 
Protective community infrastructure is often used to reduce exposure and mitigate the 
impact of the hazard. 

(iii) The hazards that community infrastructure is designed to mitigate are shaped by the 
locational characteristics of the communities.  

 
36. The extent of influence of the climate-sensitive hazards on the operational resilience of 
community infrastructure is related to their design serviceability standards Key serviceability 
criteria may include (i) the criticality of service disruption; and (ii) the time to restoring full or partial 
serviceability. 
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37. Current best practice is the adoption of an adaptive planning and design approach based 
on testing the serviceability of planned infrastructure against a number of plausible local climate 
change related scenarios. A simplified approach, based around the concept of scenario planning 
and, in quantifying the uncertainties and impact of climate change on future hazard magnitude 
has been developed to facilitate the use of climate change and disaster risk information in 
strengthening the climate resilience of community infrastructure.
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Appendix A:  Worked Examples 

 

Worked Examples on using climate and disaster risk information in planning and 

assessing hazard resilience of community infrastructure 

 

Worked Example A – community accessway and nature-based wastewater treatment 

infrastructure 

Worked Example B – community school 
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A. Community Accessway and Safe 
Sanitation Services 

Introduction 

1. The informal settlement at Batua, City of 
Makassar in South Sulawesi, Indonesia is 
frequently subjected to flooding, see Figure 
(b), causing extreme difficulties in inhabitants 
accessing their respective dwellings. As part 
of a revitalization program to provide essential 
safe sanitation services to the community, a 
composite flood-safe accessway and 
constructed septic tank and wetland for 
sewage treatment was constructed.  
 

Plausible Future Scenarios of Climate-
sensitive Hazards 

2. Key consideration in the range of climate-
sensitive hazards to be incorporated into 
building a suite of plausible future scenarios 
include sea-level rises, floods and cyclones – 
Figure (c). 
 

Understanding Flooding Behavior 

3. By adopting simple statistical methods in 
analyzing and translating 30 years of rainfall 
record to derived rainfall probability 
characteristics, which was modelled to derive 
a simplified flood depth exceedance 
probability relationship that is unique to the 
site shown in Figure (d). 
 

4. Cost-effective provision of infrastructure to 
alleviate frequent water-related stressors 
such as floods, poor sanitation leading to 
environmental pollution and public health 
hazards may only require them to:  
● operate effectively for the majority of time 

(e.g., 90% or 95% of the time); and  
● have the robustness for the service may be 

disrupted during climate-related 
phenomena (e.g., floods) but returned to 
operation soon after a particular event. 
  

5. The analysis showed in Figure (d) indicates 
that pre-intervention condition subject 
inhabitants to flood inundation disrupting 

(a) 

(b) 

(c) 

(d) 
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access to their dwellings on average 21 
days/yr. 
 

6. In reducing the exposure of community to the 
hazards of flooding, a design standard of 
inundation-free accessway of 12.6 m was 
selected.  Furthermore, trafficable access is 
safe for inundation depth of up to 0.2m above 
this level owing to relative low flood flow 
velocities.   
 

7. Therefore, in selecting a design level of 
12.6m, the accessway is flood free for 361 
days/year (98.9%) and serviceable for 363 
days/year (99.5%) and the resulting 
community infrastructure is shown in Figure 
(e). 
 

Assessing impact of future climate-sensitive 
hazards scenarios on infrastructure 
serviceability 

8. The impact of future increased sub-daily 
rainfall intensities using the simplified flood 
depth and probability relationship is 
undertaken by shifting the relationship to the 
right as shown in the Figure (f). With climate 
change increasing the volume and intensity of 
rainfall, the number of days of service 
disruption increased from 2 days to 7 days.  
 

9. The adequacy of the serviceability is 
assessed and according to the framework, 
and if found to be adequate, a new climate-
sensitive scenario (see Figure (a)). If the 
reduction in serviceability is unacceptable, 
consideration needs to be given to whether 
there are options to upgrade the 
infrastructure. 
 

10. Other climate scenarios related to sea level 
rise and in combination with pluvial flood 
events, i.e. 
● Figure (g) – with sea level rise of 1.0m, the 

number of days of service disruption 
increased from 2 days to 15 days  

● Figure (h) – with combined increase in 
rainfall and sea level rise, the number of 
days of service disruption increased from 2 
days to 19 days 
 

 

(h) 

(e) 

(f) 

(g) 
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11. Projections of future cyclone events suggest the reduction in the frequency of cyclone 
events but an increase in intensities when they do occur. The infrastructure in question 
would be significantly inundated during cyclone events and it is anticipated that the 
frequency of this level of would not change substantially (if at all). However, in anticipation 
of greater cyclone intensities, the focus in strengthening the resilience of this infrastructure 
to the impact of cyclones is to ensure that the vulnerability of infrastructure is not 
compromised by maintaining structural integrity during cyclone events. 

 
12. The summary of key considerations in this worked example is shown in Figure (i). 

  

(i) 
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B. Community school 
 

Introduction 

1. A community school is proposed for children 
in a cluster of informal settlements in the 
outskirt of a developing city based on a 
comprehensive needs and risk analysis 
undertaken, including assessment of the 
myriad of particular factors affecting the 
vulnerability of the community and their 
exposure to disadvantaged circumstances as 
shown in Figure (a). 

 
Plausible Future Scenarios of Climate-sensitive Hazards 

2. In determining the design and serviceability standards for the school in relation to increasing 
its resilience to climate-sensitive hazards including floods, droughts, heat waves, damaging 
winds and wildfires, Figure (b). 

 

 

Strategies for strengthening infrastructure 
resilience 

3. The following resilience strengthening 
strategies, Figure (c), are considered: 

 
a. Reduce infrastructure vulnerability:  

i. Locate the site of the school to 
minimize its vulnerability and 
exposure to the range of hazards 
anticipated, particularly in relation to 
floods and landslides. Flood 
inundation analysis (Box 2) will be 
required to inform appropriate 
location of the community school. As 
shown in Figure (d), the school 
infrastructure should ideally be 

(a) 

(b) 

(c) 

(c) 
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located at the least flood vulnerable 
terrain within the project area. 

ii. Specify structural design standards20 
to withstand strong wind and 
floods, see for example the design 
standards of the Fiji Government in 
Figure (e). Historical wind 
observation for the local area can be 
used to determined estimation of 
wind speed and prevailing wind 
direction(s). 
 

b. Reduce exposure of facility, and of 
people within, to climate-sensitive 
hazards: 
i. Provision of a range of alternative 

water supply options including 
connections to the city reticulated 
water supply network to mitigate 
drought impacts. The utilization of 
rain tanks, Figure (f)21, or buffer 
storage tanks to ensure that 
adequate buffer capacity is available 
in the event of water supply 
disruption. Analyses of historical 
rainfall (see Box 3) and temperature 
information can guide the estimation 
of increased water usage during heat 
wave conditions. 

ii. Ensure design of building has 
appropriate ventilation, Figure (g)22, 
aligned with prevailing winds and 
insulation to mitigate the effects of 
heat waves. The surrounding 
compound shall have adequate 
shade and tree canopy cover. 

iii. Ensure the provision of toilets and 
safe sanitation  

 
20 https://mitt.gov.fj/wp-content/uploads/2019/12/MITT-Guideline-single-store-houses-schools-11-12-2019.pdf  
21 https://blogs.worldbank.org/water/roofs-rain-and-life-rainwater-harvesting-safe-water-supply-and-sustainable-co-

benefits  
22 https://www.designingbuildings.co.uk/wiki/Natural_ventilation_of_buildings   

(d) 

 

(e) 

(g) 

(f) 

 

https://mitt.gov.fj/wp-content/uploads/2019/12/MITT-Guideline-single-store-houses-schools-11-12-2019.pdf
https://blogs.worldbank.org/water/roofs-rain-and-life-rainwater-harvesting-safe-water-supply-and-sustainable-co-benefits
https://blogs.worldbank.org/water/roofs-rain-and-life-rainwater-harvesting-safe-water-supply-and-sustainable-co-benefits
https://www.designingbuildings.co.uk/wiki/Natural_ventilation_of_buildings
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c. Mitigating hazards through construction 

of protective community infrastructure. 
For example, 
i. safe accessway and evacuation 

route from such hazards as wildfires 
and floods; and 

ii. designated floodways and flood 
walls, Figure (h), and drainage 
infrastructure for safe passage of 
storm runoff and floods. 

 
 

Assessing impact of future climate-sensitive 
hazards scenarios on infrastructure 
serviceability 
 
4. The approach adopted in assessing the 

impact of climate-sensitive hazards on 
infrastructure serviceability follows that 
described in Figure (i) – (see paragraph 29). 

 
5. The selection of level of service relates to the 

acceptable frequency and duration of school 
closure due to climate hazard events. This is 
frequency can be evaluated against hazard 
scenarios in terms of the expected capacity 
for the infrastructure to withstand the 
occurrence of hazardous events and the 
expected recovery time to full operation, i.e., 
 

a. Flood conditions are simulated from 
rainfall data and using techniques 
described in Box 2 and also in Worked 
Example #1.  

b. Paragraph 19 outlines the available tool 
to predict drought vulnerability. 

c. Box 3 outlines consideration of flood 
conditions and sea level rise on the 
security of groundwater resources. 

d. Paragraph 14 discusses available 
information on heat wave conditions 
that can be used to assess the 
adequacy of heat mitigation strategies 
to reduce the level of school disruptions 
attributed to heat wave conditions, 
Figure (j).5,6 

 

(h) 

 

(i) 

 

(j) 
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APPENDIX B:  Summary of Country Futures Climate Change Impacts 

 
Projected Climate Impacts Implications for the Urban Poor 

Higher maximum temperatures, 
more hot days and heat waves1 

● Density of low-income and informal settlements contributes to 
higher indoor temperatures 

● Outdoor workers face health risks from higher temperatures 
● Some groups particularly vulnerable: very young; older 

persons; those with pre-existing conditions 

More intense precipitation events 
(including from irregular high-
intensity rainfall) and riverine 
floods2 

● Many urban poor neighborhoods on sites at risk from flooding 
● Lack of infrastructure compounds risk  
● Poor-quality housing less able to withstand flooding 
● Homes and assets not covered by insurance 
● Waterborne diseases, leptospirosis, dengue, influenza 

Windstorms with higher wind 
speeds 

● Low-income neighborhoods often in highly exposed coastal 
locations 

● Non-engineered housing more susceptible to damage despite 
many effective local practices 

Reduced water availability and 
quality, including as a result of 
irregular rainfall and droughts  

● Increased costs for drinking water, particularly for low-income 
households relying on private water vendors 

● Contamination of water supplies, including from inadequately 
treated wastewater 

Sea level rise and storm surges ● Low-income neighborhoods often in highly exposed coastal 
locations 

Expanded range for vector-borne 
diseases3 

● Particularly challenging for low-income urban residents living 
in crowded conditions and with limited access to healthcare.  

1 Higher level of heat-related mortality and morbidity across urban areas is anticipated. It will also have an impact on 

non-communicable diseases including cardiovascular and respiratory diseases 
2 The intensity of sub-daily extreme rainfall events appears to be increasing with temperature 23 
3 Changes in temperature and rainfall patterns combined with poor sanitation, drainage and waste management in 

urban areas will influence the spread of water and vector borne diseases. The increased frequency of cyclones and 

floods, coupled with flash flooding, overcrowding, and poor sanitation may potentially result in an upsurge of 

leptospirosis outbreaks 

 

A. Philippines 
  

1. The Philippines is already exposed to a wide range of natural hazards that have significant 
impacts on the urban poor. There is a strong likelihood of higher temperatures, rising sea levels, 
and more intense extreme weather events—all of which are likely to have particularly serious 
consequences on low-income residents in the country’s towns and cities. These impacts will affect 
the health, housing, communities, and livelihoods of the poor. Most low-income and informal 
settlements concentrate high levels of risk from infectious and parasitic diseases, accidental fires, 
extreme weather, and pollution 
 
2. The Philippines faces some of the highest disaster risk levels in the world. The country is 
especially exposed to tropical cyclones. Flooding is also a considerable risk and exposure to 
earthquake is a major contributor to the Philippines’ position on the INFORM 2019 Index for Risk 
Management. Tightly linked to these risks is the threat of landslides, which is significant, 
particularly in the country’s northern regions. 

 
23 Westra, S., Fowler, H. J., Evans, J. P., Alexander, L. V., Berg, P., Johnson, F., Kendon, E. J., Lenderink, G., 

Roberts, N. (2014). Future changes to the intensity and frequency of short-duration extreme rainfall. Reviews of 
Geophysics, 52, 522–555. URL: https://agupubs.onlinelibrary.wiley.com/doi/epdf/10.1002/2014RG000464  

https://agupubs.onlinelibrary.wiley.com/doi/epdf/10.1002/2014RG000464
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3. Projected future climate change scenarios for the Philippines24 include the following: 
 

(i) Climate observations show that temperatures across the Philippines have been rising 
in recent decades. Under the RCP8.5 emissions pathway, average temperatures are 
projected to increase by 3.1°C by the 2090s, nearly 0.5°C less than the global 
average, and 0.8°C by the 2090s under the RCP2.6 emissions pathway, 0.2°C less 
than the global average. Under all emissions scenarios, projected maximum and 
minimum temperature increases are greater than increases in the average 
temperature.  

(ii) Projections for rainfall are much more varied, while high year-to-year variations in the 
frequency of occurrence and intensity of tropical cyclones are expected. 

  
(a) Modelling of climate change impacts on cyclone intensity and frequency 

conducted across the globe points to a general trend of reduced cyclone 
frequency but increased intensity and frequency of the most extreme events. 
The projected increase in the intensity of tropical cyclones is also expected to 
be accompanied by larger storm surges and larger wind-driven waves.  

(b) A small increase in precipitation is consistently predicted by the various climate 
models using by the IPCC. 

(c) The intensity of sub-daily extreme rainfall events appears to be increasing with 
temperature, a finding supported by evidence from different regions of Asia 

 
(iii) Under all emissions pathway projections, the probability of experiencing a heat wave 

increases dramatically by 2080–2099, up to 52% under the RCP6.0 pathway and 76% 
under the RCP8.5 pathway. 

(iv) At present the Philippines faces an annual median probability of severe 
meteorological drought of around 3%, as defined by a standardized precipitation 
evaporation index (SPEI) of less than −2. Projections under all emissions pathways 
show minimal change in the probability of experiencing a year with a severe drought 
by the 2090s. 

(v) Global mean sea-level rise was estimated in the range of 0.44–0.74m by the end of 
the 21st century by the IPCC’s Fifth Assessment Report25 but some studies published 
more recently have highlighted the potential for more significant rises. 

 
(a) Sea level has risen by nearly double the global average rate for some parts of 

the country in recent years, and these trends are projected to continue. A 
recent global study indicates that coastal elevations derived previously from 
the improved global elevation model are significantly lower than previous 
global digital elevation model. Consequently, translating projected sea level 
change into potential flood extents and estimating the possible land area and 
population impacted may result in much larger estimates than previous 
estimates.  

 
24 World Bank Group and Asian Development Bank (2021), Climate Risk County Profile: Philippines, 

https://climateknowledgeportal.worldbank.org/sites/default/files/2021-08/15852-
WB_Philippines%20Country%20Profile-WEB.pdf  

25 Church, J. a., Clark, P. U., Cazenave, A., Gregory, J. M., Jevrejeva, S., Levermann, A., . . . Unnikrishnan, A. S. 
(2013). Sea level change. In Climate Change 2013: The Physical Science Basis. Contribution of Working Group I to 
the Fifth Assessment Report of the Intergovernmental Panel on Climate Change (pp. 1137–1216). Cambridge, 
United Kingdom and New York, NY, USA: Cambridge University Press. URL: 
https://www.ipcc.ch/site/assets/uploads/2018/02/WG1AR5_Chapter13_FINAL.pdf  

https://climateknowledgeportal.worldbank.org/sites/default/files/2021-08/15852-WB_Philippines%20Country%20Profile-WEB.pdf
https://climateknowledgeportal.worldbank.org/sites/default/files/2021-08/15852-WB_Philippines%20Country%20Profile-WEB.pdf
https://www.ipcc.ch/site/assets/uploads/2018/02/WG1AR5_Chapter13_FINAL.pdf
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(b) A more recent mapping of the spatial extent of the impact of storm surges on 
the Manila coastline shows potential flooding inundation to elevations of 4–6 
meters over very large areas and subsequent probabilities of damage to 
buildings and infrastructure. 

 
B. Bangladesh  

 
4. Bangladesh is among the world's most disaster-prone countries and is highly susceptible to 
the impacts of both slow- and rapid-onset effects of climate change. With a climate system 
influenced by its location and geography, the country faces a range of natural hazards and climate 
change-related stresses, including increased temperatures (heat waves), more frequent 
droughts, more frequent and more intense inter monsoon storms and longer periods of monsoon 
activity resulting in increased flooding, increased cyclone frequency and intensity, and rising sea-
level. 

(i) Urban areas including Rajshahi, Naogaon, and Bogura fall within areas identified as 
severely drought prone; Bhola and Barguna are on the edge of areas exposed to 
storm surges, while Dhaka, Madaripur, Sirajganj and Gopalganj are exposed to 
flooding.  

(ii) Bangladesh is highly vulnerable to flooding, with 80% of its surface forming a giant 
floodplain.  

(iii) The country is low-lying with an extensive coastline: most of the country is less than 
10 meters above sea level, and 10% is less than one meter above sea level – 
locations which are exposed both to sea level rise and frequent tropical cyclones that 
are often accompanied by storm surges. It has a dense network of rivers, mainly the 
tributaries of the Ganges, Brahmaputra and Meghna Rivers. 

(iv) Coastal erosion, cyclones and storm surges severely affect coastal infrastructure, 
including housing, industrial facilities, energy and sanitation systems, transportation 
and communication networks 

(v) High population growth in urban areas increases the exposure to natural hazards. 
 
5. Projected future climate change scenarios for Bangladesh26 include the following: 
 

(i) Mean temperatures across Bangladesh are projected to increase between 1.4°C and 
2.4°C by 2050 and 2100, respectively. This warming is expected to be more 
pronounced in the winter months (December-February). 

 
(a) The largest increase is projected for the dry winter season, where a 

temperature increase of 4.1°C may occur by the 2070s. 
(b) Southern regions are likely to have a somewhat smaller increase than 

northern regions: the latter may, in the most extreme scenarios, experience 
an increase of 5.3°C by the 2090s, relative to the 1970-2000 mean climate.  

(c) All projections indicate substantial increases in the frequency of days and 
nights that are considered ‘hot’ in the current climate. Annually, projections 
indicate that ‘hot’ days will occur on 17-39% of days by the 2060s. 

(d) Increases in temperature are projected to lead to heat related mortality and 
morbidity across urban areas of Bangladesh 

 

 
26 Global Facilities for Disaster Reduction and Recovery (2011), Climate Risk and Adaptation Country Profile: 

Bangladesh, April 2011.  https://climateknowledgeportal.worldbank.org/sites/default/files/2018-
10/wb_gfdrr_climate_change_country_profile_for_BGD.pdf  

https://climateknowledgeportal.worldbank.org/sites/default/files/2018-10/wb_gfdrr_climate_change_country_profile_for_BGD.pdf
https://climateknowledgeportal.worldbank.org/sites/default/files/2018-10/wb_gfdrr_climate_change_country_profile_for_BGD.pdf
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(ii) The frequency of tropical cyclones in the Bay of Bengal may increase and, according 
to the Intergovernmental Panel on Climate Change’s Third Assessment Report, there 
is “evidence that the peak intensity may increase by 5% to 10% and precipitation rates 
may increase by 20% to 30%” (IPCC 2001). 
 

(iii) Cyclone-induced storm surges are likely to be exacerbated by a potential rise in sea 
level of over 27cm by 2050. 

(iv) Sea level rise is projected for Bangladesh, although there is disagreement on what 
the degree of sea level will be─ one study suggests an increase of 30-100 cm by 
2100, while the IPCC Third Assessment gives a global average range with slightly 
lower values of 9 to 88 cm. 

(v) Most climate models project an increase in rainfall for Bangladesh, with mean annual 
rainfall expected to increase by 5% by the 2050s and 7% by the 2090s compared to 
the 1970-2000 mean climate. 
 

(a) The highest increases will take place in the monsoon season (on average 
14% by the 2090s) and the post-monsoon season (September-November; 
17% by the 2070s). 

(b) Runoff (precipitation minus evapotranspiration), a measure of water 
availability, is projected to increase. 

(c) The time between rainy days is expected to increase. 
(d) Peak 5-day rainfall intensity (a surrogate for an extreme storm event) is 

projected to increase, especially during the wet season, and an increasing 
portion of total rainfall will fall during ‘heavy rainfall events’ indicating a rainfall 
pattern with more extremes. 

 
(vi) Changes in rainfall patterns combined with poor sanitation, drainage and waste 

management in urban areas are expected to influence the spread of water and vector 
borne diseases 

(vii) The incidence of extreme events has changed, with a significant increase in cyclone 
frequency during the ‘cyclone seasons’ in November and May.  

(viii) Relative sea-level rise in the Ganges delta is occurring at around 7-18mm/year, more 
than double the rate of rise attributable to climate change alone. Vulnerability to this 
is highest in areas outside the extensive network of polders that exist, which are often 
farmed by the poorest groups in society.  
 

(a) The Intergovernmental Panel on Climate Change (IPCC) projects a global 
increase of 14cm by 2030, 32cm by 2050 and 88cm by 2100 (compared to 
2000).  

(b) However, relative sea-level rise is greater in Bangladesh than in many other 
countries due to the simultaneous subsidence of low coastal areas. This is 
expected to affect large areas of land: a 1 m sea-level rise would affect 18% 
of the country.   

(c) A sea-level rise of 45cm may dislocate about 35 million people from 19 
coastal districts by 2050 – with major implications for rural-urban migration 
by low-income people.  

(d) With sea-level rise of 1 m, 17,000km2 of land would be submerged, affecting 
15 million people; with sea-level rise of 1.5 m, these figures would increase 
to 22,000km2 and 18 million people. 
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6. Floods originate from precipitation in the whole of the Ganges-Brahmaputra-Meghna Basin, 
not just the 7% that lies within Bangladesh, and can therefore be of great magnitude. The 
changing rainfall patterns, combined with an increase in glacial melt, will increase risks of flooding. 
 

(i) Glacial melt already contributes up to half of the current river flow in Bangladesh, 
especially during early spring when irrigation water demand is still low.  

(ii) These floods are likely to cause harvest failures, destruction of infrastructure, 
sedimentation of riverbeds leading to drainage congestion and waterlogging, and river 
and soil erosion.  

 
7. Floods will not only be more frequent and cover a larger area of land, but inundation depth 
will also increase significantly in most of the districts. 
 
8. Bangladesh is located in a seismically active and high-risk region. Between 1869 and 1950, 
seven earthquakes ranging from 7.0 to 8.7 on the Richter scale have been recorded in the 
Bangladesh region.21 The northern and eastern regions of the country are particularly susceptible 
to earthquakes. 
 
9. Associated with sea-level rise, salinity intrusion (along with arsenic-contaminated 
groundwater and recurring drought) is already leading to a drinking water crisis in the south-west 
of Bangladesh. 

 
(i) About 6 million people are already affected by high salinity, but this is expected to rise 

to 13.6 million by 2050 as a result of climate change.   
(ii) Increased soil salinity is expected to affect many areas of Barishal, Chittagong and 

Khulna; when combined with droughts this is likely to reduce crop/livestock 
productivity and increase irrigation demand with implications for the food security of 
the urban poor. 

 
10. The effects of climate change are likely to differ by regions.  
 

(i) The north-west will suffer most from temperature increase and drought.  
(ii) The center and north-east of the country will suffer from increased frequency and 

intensity of floods.  
(iii) The coastal area and islands will experience effects of sea level rise and salinity 

intrusion, as well as increased cyclone frequency and intensity, while urban coastal 
areas will suffer from drainage congestion. 

 
C. Indonesia 

 
11. Indonesia is ranked in the top-third of countries in terms of climate risk, with high exposure 
to all types of flooding, and extreme heat. The intensity of these hazards is expected to grow as 
the climate changes. Without effective adaptation, population exposure will also rise.  
 
12. Projected future climate change scenarios for Indonesia27 include the following: 
 

 
27 World Bank Group and Asian Development Bank (2021), Climate Risk County Profile: Indonesia, 

https://climateknowledgeportal.worldbank.org/sites/default/files/2021-05/15504-Indonesia%20Country%20Profile-
WEB_0.pdf  

https://climateknowledgeportal.worldbank.org/sites/default/files/2021-05/15504-Indonesia%20Country%20Profile-WEB_0.pdf
https://climateknowledgeportal.worldbank.org/sites/default/files/2021-05/15504-Indonesia%20Country%20Profile-WEB_0.pdf
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(i) Average temperature rise for Indonesia is projected to be 3.4°C and warming 
projections suggest a rise of ambient temperatures from approximately 26.5°C 
towards 29°C–30°C, significantly increasing the frequency of days with temperatures 
>30°C. 

 
(a) The KNMI Climate Explorer, which can interpolate to finer spatial scales, 

suggests that significantly higher rates of warming may be experienced in 
Indonesia’s inland regions28.  

(b) For example, warming by the end of the century under RCP8.5 approaches 
4°C over central regions of Kalimantan and Sumatra. 

 
(ii) Median annual precipitation is projected to increase by 7% under RCP6.0 pathway 

and 11% under RCP8.5 pathway, from the historical baseline median of 2,884 mm. 
 

(a) The intensity of sub-daily extreme rainfall events appears to be increasing with 
temperature 

 
(iii) The likelihood of experiencing heat wave conditions increases dramatically by the 

2080s through the end of the century: approximately 71% under the RCP6.0 pathway 
and 96% under the RCP8.5 pathway 
 

(a) A Heat Index of 35°C is often highlighted as a threshold beyond which 
conditions become extremely dangerous for human health and projections of 
the number of days with Heat Index >35°C suggests that under RCP8.5, 
Indonesia experiences extremely dangerous conditions almost every day of 
the year. 

(b) The effects of temperature rise and heat stress in urban areas are increasingly 
compounded by the phenomenon of the Urban Heat Island (UHI) effect. 

 
(iv) Climate modelling points to increased water scarcity in Indonesia over the next 

decades. Changes in the annual probability of experiencing a year with a severe 
drought by the 2090s roughly doubles from 4% to 9% under RCP2.6 and RCP8.5 
emissions pathways, respectively. 
 

(v) Climate change could amplify coastal flood risk by 19–37% by 2030. 
 

(vi) Sea Level rise threatens significant physical changes to coastal zones around the 
world. Global mean sea-level rise was estimated in the range of 0.44–0.74 meters (m) 
by the end of the 21st century by the IPCC’s Fifth Assessment Report but some 
studies published more recently have highlighted the potential for more significant 
rises. If inclusive of high-end Antarctic ice-sheet loss, sea level increase may be as 
high as 1.84m 

 
13. Modelling of climate change impacts on cyclone intensity and frequency conducted across 
the globe point to a general trend of reduced cyclone frequency, but increased intensity and 
frequency of the most extreme events. 

 
28 KNMI (2019). Climate Explorer: CMIP5 projections. URL: https://climexp.knmi.nl/start.cgi  

https://climexp.knmi.nl/start.cgi

