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EXECUTIVE SUMMARY 

A. Background 

This Climate and Disaster Risk Assessment (CDRA) was prepared as part of the Asian 
Development Bank (ADB) Transactional Technical Assistance (TRTA) 9413 to the Republic of 
the Union of Myanmar (Myanmar, hereinafter) for the design of the Resilient Community 
Development Project (RCDP) targeting several townships in the country, in five geographic 
clusters. The RCDP aims at improving the living standards and resilience of selected 
communities, by achieving three outputs: (1) climate and disaster resilient community 
infrastructure developed; (2) resilient livelihood activities for poor men and women in project areas 
developed; and (3) institutional and organizational capacity of communities and local 
governments strengthened. 
 
Myanmar is one of the most vulnerable countries in the world to the effects of adverse geo-climatic 
natural events. The country has scored consistently high to very high on credible global indices 
over the last decade and experienced very destructive disasters, such as Cyclone Nargis, which 
killed more than 138,000 people in 2008. The selection of intervention areas for the RCDP project 
was based on the analysis of multi-dimensional vulnerability, particularly to the risks of disasters 
and the effects of climate change. 
 
B. Key findings 

The CDRA was prepared through qualitative expert analysis of secondary-data and consultations, 
supported by a semi-quantitative analysis of present and projected risk and vulnerability levels to 
mid-century according to Representative Concentration Pathways (RCP) 8.5 and expert analysis 
of twenty-seven (27) key weighted indicators related to  infrastructure & service; socio-economic; 
and environmental factors. The assessment reveals: 
 
(i) Geo-climatic hazard levels from multiple sources are medium to high across all RCDP 

clusters. All RCDP clusters are exposed to potentially destructive natural multi geo-
climatic hazards i.e.: cyclones and strong-winds; storm-surges; tsunami; flood and 
inundations, including riverine and coastal flooding; as well as surface runoff water; 
droughts; landslides, erosion of banks and shores, induced mostly by torrential rains, 
change in the river hydrodynamics and possibly sea-level rise; earthquake; heat waves; 
and fire. 
 

(ii) Projected changes in climate are likely to both a) intensify this hazard profile in all RCDP 
clusters, by influencing frequency and intensity of extremes (shocks) and b) alter eco-
systemic processes resulting in stresses for RCDP clusters that may affect agriculture, 
water security, endanger food security, in addition to human health and livestock health. 
These include increased average and peak temperatures, affecting all RCDP clusters, 
with higher increase in-land and more hot days; variation of rainfall patterns, possibly with 
an intensification of intense rains in the wet season and longer dry-spells causing both 
risks of floods and droughts; sea-level rise. Effects of climate change on the hazard profile 
(shocks) will likely include more intense floods recurring in altered return periods, also 
triggering landslides; intense cyclonic events and strong-winds, with associated storm-
surges; agricultural and meteorological droughts; higher risks of wildfires. Effects of 
climate change linked to stresses may also include heat-stress on crop-varieties, livestock 
and appearance of pests and diseases; salinization of both water sources and agricultural 
land linked to sea-level rise and coastal erosion. 



 

(iii) Both shocks and stresses induced by climate change will be likely felt before 2040 in 
RCDP clusters, and some effects have been already observed. 

 
(iv) Vulnerability across all clusters is medium to very high, given the geo-climatic and 

topographic conditions of each clusters, the sensitivity of prevalent infrastructure, service, 
access conditions; socio-economic conditions and adaptive capacities; and current 
environmental trends. Gender disparity is noted in more than one cluster. 
 

(v) The intersection of the current hazard (2018) profile with the appraised vulnerabilities yield 
high risks levels in all clusters. Risks may be expected to greatly increase by 2040 and 
mid-century in all RCDP clusters. 
 

(vi) It is likely that within the duration of the project one or major severe geo-climatic events 
will occur, with potential to trigger major and minor disasters in one or more of the RCDP 
townships. Despite the uncertainty in climate change projections, it is possible that hazard 
levels will exceed known return period with events of considerable severity. 

 

C. Key recommendations and contribution of the RCDP to climate resilience 

The CDRA strongly recommends that all infrastructure-related interventions are planned, 
designed and implemented with the highest possible climate and disaster-resilience standards 
and that all livelihood activities are designed to diversify and protect sources of income, in 
consideration of the risks from multi geo-climatic hazards and the stresses induced by climate 
change. RCDP projects under Output 1 and 2 are diverse and therefore imply an array of 
sensitivities to adverse geo-climatic conditions. Changes in the hazard profile and prevalent 
climatic conditions of the RCDP clusters may overwhelm the planning capacities of institutions 
and village representation, addressed under Output 3.  
 
Local hazard assessments, and consequent adaptation of infrastructure planning and designs, 
are strongly recommended, given the diversity of hazards, village sensitivity and projects. 

 
All type of small infrastructure to be built under Output 1 will be potentially exposed to the risk of 
disasters triggered by multiple natural hazards, and heightened by climate change i.e. severe 
storms and cyclones; riverine, coastal floods and inundations, also compounded by the effects of 
sea-level rise; land-slides triggered by torrential rains and potentially earthquakes; storm-surges; 
tsunamis; earthquakes; and wildfire. Assets such as schools, small bridges, culverts, drainage, 
roads, water-tanks are potentially sensitive to destructive forces associated with natural hazards, 
resulting in both a) asset’ potential total or partial destruction with economic and potentially life-
threatening effects (e.g. schools may be partially or totally destroyed by strong-winds and 
cyclones triggered by torrential rains; small-bridges may be overwhelmed and destroyed by 
flooding rivers) and b) moderate to severe disruption of their operational capacity and 
performance (e.g. road access interrupted by landslides in mountain areas causing isolation; 
insufficient drainage causing water overflow and flooding). 

 
Livelihoods activities, in particular climate-sensitive activities such as rainfed agriculture, under 
Output 2. will be exposed to both a) natural hazards with potential temporary or long-term failure 
of livelihood sources promoted by the project (e.g. potential sudden destruction and loss of crops 
and livestock from torrential rains and flooding; potential crop-failure especially in rainfed 
agricultural areas from droughts and salt-infiltration from sea-level rise; potential isolation from 
market-places from landslides) or sub-optimal performance influenced by the projected increased 



 

 

 

mean temperatures and changes in rainfall patterns on agriculture and livestock livelihood 
sources (e.g. potential unproductive crops; pest and diseases affecting livestock and crops). 

 
Proposals for climate and disaster resilience strategies to be integrated in the project outputs are 
described in table below: 

 

Output 1: Climate and disaster resilient community infrastructure developed.  

Key climate and disaster resilient strategies for Output 1.  

A. Construct or extend existing community-level of infrastructure that protects people from the 
impact of natural hazards (e.g. cyclone and flood shelters; double-purpose school; drainage; 
embankments;) and reduces the impact of long-term stresses (e.g. water harvesting 
infrastructure). 

B. Integrate disaster-risk reduction measures through all stages of infrastructure construction 
including site location and planning; design and detailing; construction including supervision 
and quality-assurance; and operation and maintenance.  

C. Enhance access and connectivity to improve market opportunities and access to health, education 
and social services.  

Criteria proposed to assess relevance of climate and disaster resilience projects within RCDP 

• Activities that demonstrate integration of existing natural hazard risk information for project 
selection/design;  

• Community acceptance (although technical specialist expertise should promote acceptance of 
beneficial measures that communities may otherwise oversee and, vice-versa, discourage 
activities that have negative impact or generate maladaptation); 

• Feasibility within, time, technical and financial capabilities guaranteed by the RCDP project; 

• ‘No-regret’ interventions with both development and climate change adaptation co-benefits, 
without needing knowledge on future climate;  

• Interventions that actively reduce risks of disasters; and 

• Interventions that enhance capacity to cope with stressors provoked by climate change, such 
as health issues, water scarcity and access to market. 

Output 2: Resilient livelihood activities for women, youth and poor in project areas developed.  

Key climate and disaster resilient strategies for Output 2.  

A. Diversify income-generating activities to widen the coping range of villagers against the 
expected effects of climate change on current main sources of livelihood (i.e. climate-sensitive 
productive systems), especially for vulnerable groups, recognizing that expected compound 
effects of climate change will reduce significantly the viability of rainfed agriculture;  

B. Protect current sources of livelihood (and food-security) by promoting mitigation, adaptation 
and risk reduction through climate smart agriculture (e.g. adaptive crops); and  

C. Upskill vulnerable people to increase employability in the villages and in case of climate-driven 
migration, especially for vulnerable groups. 

 

Criteria proposed to assess relevance of climate and disaster resilience projects within RCDP 

• Activities that demonstrate integration of existing natural hazard risk information for project 
selection/design; 



 

• Community acceptance (although technical specialist expertise should promote acceptance of 
beneficial measures that communities may otherwise oversee and, vice-versa, discourage 
activities that have negative impact or generate maladaptation); 

• Feasibility within, time, technical and financial capabilities guaranteed by the RCDP project; 

• ‘No-regret’ interventions; 

• Interventions that actively reduce risks of disasters; and 

• Interventions that enhance capacity to cope with stressors provoked by climate change, such 
as new diseases, pests, water scarcity. 

Output 3: Institutional and organizational capacity of communities and local governments 
strengthened. 

Key climate and disaster resilient strategies for Output 3.  

A. Integrate climate and disaster resilience considerations into the Village Development Plan 
B. Reinforce Village-Tract level Development Planning with spatial components and climate and 

disaster resilience considerations  
C. Support DRD and Townships to develop and adopt a spatial approach to rural development 

that considers hazards and changes in climate  
 

Criteria proposed to justify inclusion of resilience considerations in VDP and VDTP 

• Reduce risks of future impact of disasters and mitigate the effects of climate change  

• Optimization of resources invested by RCDP and by the DRD 

• Enhanced abilities to plan for adaptation to climate change and promote resilient rural 
development  

 
Climate-relevant adaptation finance for RCDP is estimated to be $59.54 million. No activities seek 
to directly attain mitigation objectives under the RCDP project. Dual benefit (or co-benefit) 
activities can derive from adaptation measures, such as green infrastructure (e.g. mangrove 
replantation, reforestation) if prioritized by communities. Thus, no climate finance is accounted 
under mitigation.  



 

I. BACKGROUND 

A. Project key features 

 This report is prepared as part of the Asian Development Bank (ADB) Transactional 
Technical Assistance (TRTA) 9413 to the Republic of the Union of Myanmar (Myanmar, 
hereinafter) for the design of the Resilient Community Development Project (RCDP) targeting 
several townships in the country, in five geographic clusters. The RCDP aims at improving the 
living standards and resilience of selected communities, by achieving three outputs:  
 

(i) Output 1. Climate and disaster resilient community infrastructure developed;  
(ii) Output 2. Resilient livelihood activities for poor men and women in project areas 

developed;  
(iii) Output3. Institutional and organizational capacity of communities and local 

governments strengthened. 
 

 The RCDP will also incorporate disaster contingency features that would allow the 
potential use of the fund transfer mechanism built by the project through the Department of Rural 
Development (DRD) of the Ministry of Agriculture, Livestock and Irrigation (MOALI) to channel or 
frontload funds in the aftermath of a disaster for recovery and reconstruction. The DRD is the 
department deputed for rural development in the country, with responsibilities extending to farm 
roads, community infrastructure, livelihoods, rural electrification, rural water supply and village 
development and planning. The project will adopt a proven Community-based-Development 
(CBD) approach to deliver community infrastructure and livelihood subprojects to 17 poor, 
vulnerable townships (List in Table 1) covering 791 village tracts and 2,942 villages with a 
population of about 1.8 million people. 
 

 The aforementioned township selection was based on the existing and planned CBD 
investment map with clusters of townships identified that do not have significant existing or 
planned CBD projects. Townships in these clusters were tested for their perceived vulnerability 
using a methodology developed by the Myanmar Information Management Unit (MIMU). Criteria 
for ranking township vulnerability included: percentage urban population; literacy rate; percentage 
of community without education; percentage of community with middle school education; total 
dependency ration; quality of home roof and floor; access to electricity for lighting; access to 
safe sanitation; access to potable water; percentage of community holding an Identity Card; 
maternal mortality rate; infant mortality rate; and frequency of disasters. 

 

 All outputs of the project present both potential sensitivity to the negative effects of climate 
change and potential impact of geo-climatic natural hazards, as they concern the construction of 
community infrastructure, and the support of livelihood opportunities and the potential to 
contribute to increase the resilience of target villages to the same potential effects.   

 

B. Climate and disaster risk in the RCDP Project 

 The RCDP project concept note (October 2017), backed by the results of the AWARE 

Software, acknowledges that the country is prone to a range of natural hazards, depending on 
the location, topography, geology and climate and is at high risk of natural-hazard induced 
disasters. These are analyzed through secondary data in this assessment. Given the risk profile 
in the country the RCDP project recognizes that poverty reduction efforts require strengthening 
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disaster and climate resilience as a core strategy1; and that community infrastructure and 
livelihood investments in the target areas must be selected, designed and implemented 
considering present risks, and climate change impacts. Changes in climate have been already 
been observed to have negative effects on communities in Myanmar, and are expected to 
continue, according to the regional, national and local projections. 
 

 In ensuring that climate and disaster risks are assessed from the design stage, and that 
resilience is incorporated in the project design and implementation, the RCDP is aligned to key 
national strategies and plans, including the 2014 Rural Development Strategic Framework 

(RDSF) and the Myanmar National Framework for Community Disaster Resilience (MNDCDR), 
which concur on the need to strengthen climate and disaster resilience of communities through 
rural livelihoods and village infrastructure; as do the forthcoming Myanmar Climate Change 
Policy, Strategy and Action Plan 2017-2030 (for adoption with the President office at the time of 
writing); and the revised Myanmar Action Plan on Disaster Risk Reduction (MAPDRR) (2017). 

 
C. Scope and purpose of the assessment  

 All ADB financed projects are required to undertake a climate risk and vulnerability 

assessment to inform project preparation. The assessment looks at both long-term implication 
of change in climate variable, such as temperature and precipitation, and extreme weather events 
on the proposed project outputs. If the risks are found to be medium or high, the project is required 
to integrate climate change adaptation features. So too, all ADB projects that aims at accessing 
Disaster Risk Reduction Funding under Asian Development Fund 12 (ADF 12 DRR Funding), are 
required to undertake a disaster risk assessment to inform project preparation and ensure disaster 
risk reduction measures are integrated in the design of project outputs. The individual consultant 
(Climate Change Specialist) was contracted through the international firm Arup2 with the terms of 
reference to develop a climate risk and vulnerability assessment.3 However, at inception phase 
of the assignment he was requested to conduct a Climate and Disaster Risk Assessment,4 given 
both the high risks of disasters and the known and expected impact of climate change in 
Myanmar, confirmed by the Section 3 of the AWARE report.  

 
 The ADB (2017) guidance document provides general principles to develop DRA, and 

refer to the CRVA, but does not include a detailed outline. It highlights that a mixed qualitative 
and semi-quantitative approach to the assessment should be adopted, especially when in need 
to communicate across disciplines and engage with non-technical stakeholders; and in cases 
were multi-hazard exist in different geographic locations; and there is hard-data scarcity.  

 
 With the above as background, the present report provides the required analytical insight 

for the design of the RCDP project in the target areas agreed during the design phase to integrate 
climate and disaster resilience consideration in RCDP project design and implementation, with 
context-specific analysis for each cluster. Its scope is:  
                                                      
1   RCDP Concept note 
2   Arup is an independent firm of designers, engineers, architects, planners, consultants and technical specialists 

working across all aspects of the built environment; https://www.arup.com/  
3  Selection Number 142193; Project TA-9413 MYA: Resilient Community Development Project - Climate Change 

Specialist (51242-001), Expertise: Climate Change Specialist. 
4  ADB, Ibid: “If both climate change risk and disaster risks are medium or high, joint or separate CRVAs and DRAs 

may be required. Either way, the two teams should work together closely to take advantage of DRM expertise in 
reducing the impact of extreme weather events and to ensure the full incorporation of projected climate change 
conditions into the analysis of extreme weather hazards and the design of appropriate DRM measures” p.5 

https://www.arup.com/
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(i) Define the prevalent hazard profile in the RCDP cluster; 
(ii) Define observed changes in climate and climate change projections;  
(iii) Assess current risks and vulnerabilities, with focus on the sensitivity of RCDP 

cluster and core interventions; 
(iv) Appraise ‘future’ risks and vulnerabilities against the current and projected risks 

and trends; and 
(v) Propose resilient measures to be integrated in the RCDP project. 

 

 The overall purpose of this assignment is to inform the design of the RCDP through geo-
climatic disaster-risk information according to the current climatic conditions of Myanmar and the 
expected changes in climate, and to propose measures for resilient community-driven 
development interventions on small infrastructure; livelihoods; and development planning. 
 

II. CLIMATE CHANGE AND HAZARD PROFILE IN RCDP CLUSTERS 
 

A. Overview of climate and disaster risks in Myanmar 

 Myanmar is one of the most vulnerable countries in the world to the effects of adverse 
geo-climatic natural events (Ref. Kreft S., et al; GCRI, 2018; INFORM, 2018; RIMES, 2017; ADB, 
2014; ADPC et al., 2009): the country has scored consistently high to very high on credible global 
indices over the last decade, including the INFORM’s Global Risk Index5 and the Germanwatch’s 
Global Climate Risk Index6. It is estimated that between 1995–2016, Myanmar has been exposed 
to at least forty-three extreme weather events resulting in an annual average death toll of 7,097 
inhabitants and an annual average of about 0.7 per cent loss per unit in GDP7. Even though 
figures over this time-scale are biased by the casualty toll and economic impact of Cyclone Nargis 
of 2008, which killed more than 138,000 people8, loss and damage provoked by natural hazard-
triggered disasters are a likely occurrence in several regions of Myanmar, including the RCDP 
cluster.  
 

 In the four years from 2014 - the baseline year of the 2014 Myanmar Population and 
Housing Census (Census 2014) and cut-off year for some of the data used in this report such as 

the Emergency Events Database (EM-DAT) of the Centre for Research on the Epidemiology of 
Disasters (CRED) – a number of disastrous events induced by natural hazard affected Myanmar. 
Among them, Cyclone Komen (2015) triggered floods and landslides in Chin and Sagaing, and 
recurrent smaller ‘discreet’ events were experienced by communities in Myanmar, including in the 
RCDP clusters of Chin, Sagaing, Tanintharyi and Ayeyarwady. Though confined to specific 
geographical areas, and often underreported, these smaller events recur on a yearly basis, and 
are very detrimental for the poorer households and marginalized members of the community, 
particularly women owing to their unequal access to information and assets (ADB, 2017). It is 
essential that resilience is integrated in the design and construction of community infrastructure 
and the selection of livelihood options in consideration of both covariate and minor shocks.  
                                                      
5   INFORM measures the risk of humanitarian crises and disasters in 191 countries. Myanmar in 2018 ranked high to 

very high (on a 3 year trend) as concerns a) humanitarian crises and disasters, b) hazard and exposure dimensions; 
c) lack of coping capacities; d) vulnerability. 

6   Kreft S., Eckstein D., Melchior, I.(2016), Global Climate Risk Index 2018: Who Suffers Most From Extreme Weather 
Events? Weather-related Loss Events in 2016 and 1997 to 2016. 

7   Kreft et al. ibid. 
8   Myanmar Agriculture at a Glance 2008, Department of Agriculture Planning, Ministry of Agriculture and Irrigation, pg. 

14., cited in ADPC, 2015. 
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 The high risk of disasters in the country and vulnerability to the adverse consequences of 

climate change, is explained by the interaction of a high hazard profile further compounded by 
the observed and projected effects of climate change, with the exposure of populations and assets 
that are sensitive to sudden shocks and stressors and have a limited coping-range9 to deal with 
the their effects and the implications of climate change. Population density derived from the 
Census 2014 shows that Myanmar population is concentrated in areas prone to natural hazards, 
i.e. the coastal deltaic areas and the dry zone central area, which implies a high exposure of 
people and their assets to potential disasters triggered by natural hazards.  

 
B. Relevant geo-climatic information for the RCDP clusters 

 Myanmar, lying along 9° 55”, 28°15”N and 92° 10', 101° 10”E in Western Southeast Asia 
(Figure 1). The country is commonly divided in four (GoM, 2016) or three10 (GoM, 2012) agro-
ecological zones and eight physiographic regions (Figure 2). There are three parallel chains of 

forested mountain ranges that run north to south with inhabited highlands in the north, east and 
west; four major river systems, the Ayeyarwady, the Chindwin, the Sittaung which drain the central 
lowlands of the country and the Thanlwin to the southeast, and about sixty rivers (DMH and NMI, 
2017); and has 1470 km of coast along the continental shelf, which include the shallow bathymetry 
of the densely populated deltaic system of Ayeyarwady (Kriel et al. 2014; DMH and NMI, 2017). 

 
 The five RCDP clusters pertain to Myanmar’s four agro-ecological zones — Central Dry, 

Coastal, Deltaic and Mountainous – and cover four physiographic regions, including the highlands 
mountainous region of the Chin and Naga Self-Administered Zone (NSAZ) clusters; the lowland 
of the Chindwin River in the lower Sagaing cluster; the Deltaic coastal of the Ayeyarwady cluster 
and southern coastal area of the Tanintharyi cluster. For the purpose of this assessment the 
clusters are also referred to a) in-land plain low-land (lower Sagaing cluster) and in-land hilly 
(Cluster NSAZ and Cluster Chin); b) Coastal (Cluster Ayeyarwady; Cluster Tanintharyi) and 
deltaic coastal (Cluster Ayeyarwady and Tanintharyi cluster, which also includes the deltaic 
system of the Dawei river) as climate change projections show a difference in trends between 
inland and coastal locations. Because of their geographic and topographic features, all RCDP 
clusters are exposed to a range of natural geo-climatic hazards. The hazard profile of the RCDP 
clusters is established in this section of the assessment and summarized in Table 24. 

 

 

  

                                                      
9   The concept of coping range refers to the ‘latitude’ within which a community is able to withstand shocks and 

stressors, and continuing to perform to a certain standard: typically, developed countries have larger coping ranges; 
response relationships and thresholds are constructed independently of climate change scenarios, and this is done 
through the composite index constructed for this assessment comparing literature and considering the focus of the 
RCDP. This assessment underlines that “climate–society relationships, and by implication coping ranges, are 
dynamic” (UNFCCC, 2011). In particular, the coping range has two main dynamic influences that can affect the 
sensitivity of the system: a) Changes in climate drivers can change the frequency and magnitude of hazards; b) and 
changes in socio-economic drivers can alter the capacity of the system to cope with hazards. 

10  The Deltaic system of the Ayeyarwady is sometimes clustered under the coastal agro-ecological zone. 
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Figure 1: Geographic map of Myanmar, showing the main river systems and forest 
cover  
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Figure 2: Location of RCDP Clusters over topographic map of Myanmar. Source: Arup, 
2018 

 

Source: FAO, 2010. 
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Figure 3: Myanmar’s a) agro-ecological zones; b) physiographic regions. Source: GoM 
(2012c) 

 
 

 The country is positioned along the path of the Asian monsoon circulation. About 95% of 

its annual national average rainfall is received from the Southwest Monsoon, from May to 
October, with spatial and temporal variability (RIMES, 2016). It has a tropical to subtropical 
monsoon climate with three main seasons:  

(i) hot, dry inter-monsoonal (mid-February to mid-May);  
(ii) rainy southwest monsoon (mid-May to late October); and  
(iii) cool relatively dry northeast monsoon (late October to mid-February) 
 

 Its climate, however, is influenced by several factors dictated by geographical position and 

topography (RIMES, 2016; Khin Zaw et al. 2017). In particular, the Central Dry Zone (CDZ) has 
the least benefit from the Southwest Monsoon, due to high mountains surrounding the area, which 
create a ‘rain shadow effect’. During the winter the northern mountains are influenced by cold air 
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masses from Central Asia. Mountains to northwest prevent cold air from spreading further south, 
so that most of Myanmar lies under the influence of the NE and SW monsoons. However, the 
north–south alignment of mountain ranges and valleys results in a pattern of alternating zones of 
high and low precipitation during both the NE and SW monsoons (Khin Zaw et al. 2017) 
 

 Mean annual rainfall is at the lowest in the CDZ (500-1000 mm per year), increases in the 

Eastern and Northern Hilly regions, and is the highest in the Southern and Rakhine Coastal 
regions (2,500 – 5,500 mm). Mean temperature ranges from 32°C in the coastal and delta areas 
to 21°C in the northern lowlands. Seasonal temperatures generally vary greatly throughout most 
of Myanmar. In the CDZ temperatures range from a maximum of 40-43oC in the hot/dry season 
to10-15oC in the cool/relatively dry season and decrease to -1ºC or 0ºC at times in the highlands. 
Seasonal temperatures do not vary much in the southern parts of the country. Myanmar’s west 
coast is subject to frequent tropical storms and cyclones during October to December with a 
secondary peak in April to May (DMH and NMI, 2017). 
 

 More specifically, the hot 
and cool seasons bring little 

rainfall, with the cool season 
especially yielding very little rainfall 
for all regions. In the hot and cool 
seasons, the Southern Coastal 
Region (Tanintharyi cluster) 
receives the most rainfall, with the 
second-highest rainfall observed in 
the Northern Hilly Region (hot 
season, Chin, NSAZ and 
northernmost part of the lower 
Sagaing cluster) and Ayeyarwaddy 
Delta (cool season). The Northern 
Hilly Region receive the 
comparatively lowest wet-season 
precipitation currently; but can 
experience intense rainfall with 
consequent surface runoff water on 
steep-slopes, riverine floods in 
valleys, and possible landslides. 
The lower Sagaing cluster lies in 
the lowland region drained by the 
Chindwin river, and is prone to 
large riverine floods caused by 
intense rainfall. 

 The in-land NSAZ (Upper 
Sagaing) and Chin clusters are 
general cooler, with a dry winter. 
The higher elevation implies lower 
mean and maximum annual 
temperature, although heat-waves 
have been anecdotally reported in 
the area. The southernmost part of 
the lower Sagaing cluster, i.e. 

Figure 4: Koppen-Geiger Climate Zones of Myanmar 
(1986-2010). Source: MIMU, Jan. 2018 
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Mingin township, border the CDZ, which is a large inland swath of the country that is prone to 
extreme heat events and drought. Therefore, droughts may be experienced in this area. The 
Tanintharyi cluster is mainly rainy coastal, and is slightly cooler in annual average temperature, 
even though it lies in Am, tropical monsoon climatic areas. It can experience heat-waves among 
others.  
 

 Finally, it should be noted that Myanmar lies in “one of the two main earthquake belts of 
the world, known as the Alpide Belt that starts from the northern Mediterranean in the west, and 

then extends eastwards through Turkey, Iran, Afghanistan, the Himalayas, and Myanmar to 
finally reach Indonesia” (ADPC et al. 2009). According to Bertrand et al. 1998 and Curray, 2005, 
cited in ADPC (2009), earthquakes in Myanmar depend on two main sources namely: 
 

 The continued subduction (with collision only in the north) of the northward-
moving Indian Plate underneath the Burma Platelet (which is a part of the 
Eurasian Plate)  

 The northward movement of the Burma Platelet from a spreading centre in the 
Andaman Sea  
 

 Again, according to the ADPC report, the occurrence of intermediate-focus earthquakes 

(focal depth 70 – 300 km) along the Western Fold Belt is due to the subduction, and that of 
shallow-focus earthquakes (focal depth 0 – 70 km) along the Central Lowlands and Eastern 
Highlands is mainly due to shallow-depth strike-slip (e. g., Sagaing Fault) and other faulting.  The 
report notes that the shallow earthquakes tend to be more destructive than intermediate ones for 
the same magnitude and that the well-known and seismologically very active Sagaing Fault is the 
most prominent active fault in Myanmar, trending roughly north – south. It has been an originator 
of a large proportion of destructive earthquakes in Myanmar; of the five major source zones in 
Myanmar, three lie around this large dangerous fault (ADPC et al. 2009). 
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C. Table 1: Summary of geo-climatic context for the RCDP clusters 

Cluster 
RCDP 
Township 

# of 
Village 
tracts 

# of 
Villages 

Tot popul’t Macro-zonation, agro-ecological zones & distinctive environmental features 
Kopper-Geiger 
climatic 
classif’11 

Potential natural hazards 

CHIN 

Falam 86 179 40,082 

In-land 
(mainly hilly 
and 
mountainous) 

Northwest 
mountainous & 
hilly 

(southern Hindu 
Kush Hymalaya) 

Steep slopes; peaks; valleys; 
water courses; prone to 
landslides triggered by heavy 
rains; water availability: 
abundant, but reportedly 
diminishing; forest-cover: 
intact and degraded 
(depending the township) 

Main: Cwb 

Also: Cwa 

 

Claimed 
Bsk by 
some 
(local 

steppe 
climate) 

Riverine floods; flash-floods and 
surface runoff water ehnhanced 
by deforested barren land, poorly 
drained 

Landslides 

Earthquakes 

Wildfires 

Storms and strong-winds 
observed 

Hakha 30 69 25,106 

Tedim 55 130 81,572 

Thantlang 36 86 42,266 

NAGA-Self 
Administered 
Zone (Upper 
Sagaing) 

Lahe 36 101 47,235 
Steep slopes, peaks and 
valleys; water courses; water 
availability medium to low 
access; forest cover mostly 
intact 

Main: Cwb 

Also: Cwa 

Lay Shi 19 70 14,172 

Nanyun 57 99 55,902 

SAGAING (Lower 
Sagaing) 

Paungbyin 40 178 101,545 

In-land 
(Mainly flat 
lowland) 

 
Northern 
Mountainous &  
CDZ Area&* 
 
*refer to note to 
this table 

Chindwin River; forest cover: 
intact, degraded and changed 
for agriculture; flat low-land 
flood-prone areas; bordering 
central dry drought-prone 
steppe areas (Mingin); water 
availability medium 

Main: Aw 

Also: Cwa 

Riverine floods and inundations 

Earthquakes 

Droughts 

Mawlaik 28 77 44,546 

Kalewa 36 125 48,617 

                                                      
11  The Köppen-Geiger classification is a commonly used reference for climate classification systems. However, within these broad classifications, geographic and 

topographic specific conditions must be considered, as well as the observed and projected climate change. Table 2 explains the classification. 
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Mingin 61 189 104,004 

TANINTHARYI 

Launglon 41 110 138,839 

Coastal 
(including 
hills and 
minor deltaic 
systems) 

Southern 
Coastal 

Coastal with mangrove 
estates; hills sloping to 
coastal eco-system; deltaic 
system of the Dawei betwwen 
Launglong and Thayetchaung 
river; forest cover (intact, 
degraded, and changed to 
palm-oil and rubber 
plantations), prone to floods, 
strong-winds and associated 
storm-surges; water 
availability: abundant, but 
potentially overexploited 

Am 

Riverine floods and inundations; 
coastal inundations; run-off water 

Coastal and beach erosion 

Tsunamis and storm-surges 

Potential for landslides 

Strong-winds and cyclones 

Potential for earthquake exists 

Thayetchaung 39 98 114,891 

Yebyu 34 139 113,591 

AYEYARWADY 

Bogale 76 574 291,268 

Coastal 
deltaic, 
alluvial plain 

Ayeyarwady 
Delta 

Ayeyarwady River; delta 
system; alluvial and flood-
prone plain; forest cover: 
degraded mangrove estates; 
prone to floods, strong-winds 
and associated storm-surges; 
water availability: scarce 

Am 

Riverine floods and inundations; 
coastal inundations; surface 
water flooding; Riverbank 
erosion and landslides;  oastal 
and beach erosion; 

Strong-winds and cyclones;  

Tsunamis and storm-surges; 
Heat-waves reported 

Labutta 65 506 295,898 

Pyapon 52 212 250,299 

TOT 17 791 2,942 1,809,83312 

Sources: Census 2014; MIMU (2018); DMH (2012); CCSR (2017); ICIMOD (2018 f.) 

                                                      
12  The classification of Myanmar in agro-ecological zones is done inconsistently across official reports. This is particular significant for the lower Sagaing where 

townships in the flat low-land areas, bordering the CDZ area but are considered Hills and Mountainous Areas by some (cfr WB and MPF 2017, p. 13; Horton et 
al. 2017, p.3) or Central Plains (Dry Zone) by others (RRD, 2015) with insufficient regard for the sizable differences between townships of Upper and Lowe 
Sagaing. For this assessment, the sub-division cited by GoM 2012c illustrated in Figure 3 is used for reference.  
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Table 2: Köppen climate classification scheme symbols description table (from Peel, M. C.; 
Finlayson, B. L.; McMahon, T. A. (2007) 

1st 2nd 3rd 

A (Tropical) 

f (Rainforest)  

m (Monsoon)  

w (Savanna, Wet)  

s (Savanna, Dry)  

B (Arid) 

W (Desert)  

S (Steppe)  

 h (Hot) 

 k (Cold) 

 n (With frequent fog)  

C (Temperate) 

s (Dry summer)  

w (Dry winter)  

f (Without dry season)  

 a (Hot summer) 

 b (Warm summer) 

 c (Cold summer) 

D (Cold (continental)) 

s (Dry summer)  

w (Dry winter)  

f (Without dry season)  

 a (Hot summer) 

 b (Warm summer) 

 c (Cold summer) 

 d (Very cold winter) 

E (Polar) 
T (Tundra)  

F (Eternal winter (ice cap))  
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D. Observed climate 

 New normals for the 1981-2010 (Figure 6) period have been calculated in 2017 (DMH and 
NMI), in recognition that weather normal parameters based on the period 1961–199013 were 

regularly exceeded and extreme weather events had increased after the 1980s (DMH and NMI, 
2017; GoM 2012; GoM 2018 f.), in line with global and regional trends for Southeast Asia in 
climate change. These include: increased temperatures; variable precipitation; a rise in sea level; 
and increased frequency and magnitude of extreme weather events (Hijioka et al. 2014 in GoM, 
2018 f.)1.  
 

 The new normal values for maximum temperature, rainfall, and monsoon onset and 
withdrawal calculated for the period 1981–2010 yielded the following results (DMH and NMI, 
2017; Horton et al. 2017; GoM, 2016, GoM, 2018 f.). 
 

 Mean temperature has risen. The maximum temperature has increased for almost every 
station in the country. The normal maximum temperature for the whole country of Myanmar has 

increased from 1961-1990 to 1981-2010 for all months, except February and December (Figure 
7). The largest increase was found in June, July and August. For the whole year, the normal 
annual mean maximum temperature increased by 0.5 °C from 1961–1990 to 1981-2010. The 
increase in temperature on the period 1981–2010 has been higher in inland than in coastal 
regions. 
 

 The normal rainfall pattern has also shifted, but data is more ambiguous, because of 
natural variability. Overall, rainfall seems to have decreased in some areas and increased in 

others (DMI and NMI, 2017) and notably in the coastal areas where precipitation has been 
observed to increase more than in mountain areas (Horton et al., 2017). GoM (2012; 2016) and 
Horton et al 2017 do not agree on the increase or decrease trends of average precipitation from 
1961-1990 to 1981-2010. However, they agree on that episodes of torrential rain concentrated in 
shorter amount of time have increased in frequency, with destructive effects. 
 

 The late onset date of the monsoon and earlier the withdraw date means a shorter 
duration of the rainy season: the average annual duration was 144 days over the 30 years 
period of 1961-1990, which has decreased to an average annual duration of 121 days over the 
30-year period 1981-2010. 
 
 

 

 

 

 

 

 

                                                      
13  This reference period is commonly used in climate change projects according to the World Meteorological 

Organization (https://www.ncdc.noaa.gov/wdcmet/data-access-search-viewer-tools/global-climate-normals-1961-
1990). However, since the IPCC AR5 report (2014) the reference period of 1986–2005 is used. 

https://www.ncdc.noaa.gov/wdcmet/data-access-search-viewer-tools/global-climate-normals-1961-1990
https://www.ncdc.noaa.gov/wdcmet/data-access-search-viewer-tools/global-climate-normals-1961-1990
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Figure 5: Observed trends in decrease of number of days in the monsoon season, GoM 

(2012c) 

 

 In addition, sea levels have been reported by institutions to have risen already, 
although data is scarce. Consultations during the formulation of the Myanmar Climate Change 
Strategy (GoM, 2018 forthcoming) gave observational, if anecdotical, evidence reported by 
communities in Ayeyarwady (RCDP cluster) and Rakhine of rise in normal level of sea along the 

coast; and the effect on villages (more regularly inundated, with higher waves and water levels). 
Inundations in low-lying deltaic areas and coastal land erosion, with consequent displacement of 
people and issues with land availability, were reported anecdotally by villagers in Labutta 
(Ayeyarwady) by Fee et al. (2017) as well as an increase in salinization of water sources to 
higher latitudes than previously experienced in the Delta (Driel et al. 2014; Fee et al. 2017). 

 

 Observed effects of changes in climate (GoM 2012c; GoM, 2016; Fee et al. 2017, 
2017b f.; Horton et al, 2017) included an observed increase of extreme climatic processes, 
such as: 

 
 Cyclones have made landfall annually in average in the last years (GoM, 

2012c), compared to once every three years in the 20th century. From 1887 to 
2015, 1,304 tropical storms formed in the Bay of Bengal; 80 (6.7 per cent) reached 
Myanmar’s coastline (Study of Cyclonic Storms which crossed Myanmar Coasts 
1877 to 2015). Cyclones Mala (2006), Nargis (2008), Giri (2010) and Komen 
(2015) were the most severe and damaging cyclones Myanmar has experienced. 
The Ayeyarwady and Tanintharyi clusters suffered from the effects of heavy rains 
and strong winds; floods; storm-surges; while Chin and Sagaing suffered from 
rains associated with the cyclonic events, which in turn triggered large floods and 
landslides;  

 An increase in droughts: drought years with moderate intensity were frequent in 
the 1980s and the 1990s. Severe droughts increased in frequency from 1990 to 
2002. In 2010, severe drought diminished village water sources across the country 
and destroyed agricultural yields (GoM, 2012c); 
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 Increase in intensity of flooding and landslides triggered by torrential rains in 
several locations. From 1910 to 2000, there were 12 major floods in the country. 
Over the last fifteen years, floods triggered by intense rains affected RCDP clusters 
of Ayeyarwady in 2012; Chin and Sagaing in 2015; Tanintharyi in 2015, 2016 and 
2018. Heavier rains in shorter periods have been proved to damage crops, such 
as the 2015 rains in Sagaing RCDP cluster.  

 

 Also, the decreased duration of the monsoon and erratic rainfall patterns have also 
affected ecosystem services critical to livelihood in the RCDP clusters by: 
 

 Altering planting and harvesting seasons, which have produced in some area a 
reduction in productivity of agriculture, i.e. in the central dry zone area (Fee et al., 
2017b) and also in the Chin area (Chitale et al., 2018 forthcoming); this information 
is based on reports from communities, and should therefore be further validated. 

 Creating heat-stress for crops at different latitudes and increasing prevalence 
of new pests and animal diseases such as those experienced in NSAZ cluster in 
2017. However, attribution to changes in climate is still debated. 
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Figure 6: New normal rainfall, min and max temperatures (1981-2010) established by DMH and NMI (2017) 
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Figure 7: Historic trends in Tmax and Tmin for areas contiguous or within four of the five RCDP clusters. Trends for increased 
Tmax are clearly visible (DMH and NMI, 2017) 
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Figure 8: Records of late onset and early withdraw of the monsoon (DMH and NMI, 2017) 

Note: Top: monsoon onset changes: old and new normal dates; bottom: monsoon withdraw changes, old and new 
normal dates 

 
E. Review of natural hazards in the RCDP Clusters 

 The natural hazard profile of Myanmar is varied given the country’s geographic location, 
morphological and topographic characteristics, described in the previous sections. This section 
contains the review of natural hazards using existing secondary-data (ADPC 2009; Driel et al, 
2014; GoM, 2011, 2012a.b; 2013; 2017 EM-DAT; ThinkRisk!; and INFORM, 2018;), which have 
particular relevance for the RCDP clusters and project’ main outputs (Community infrastructure; 
livelihood; capacity-building and as support to village planning).  
 

 With the available data, the review was done of the known spatial and temporal distribution 
of hazards and their known intensity as reported in existing studies. This review showed that all 
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RCDP clusters are currently exposed to one or more of these natural hazards14. To back the 
qualitative analysis from the review of secondary-data, indicative values of the hazard profile for 
the RCDP clusters were assigned for reference and are summarized in Table 1.  
 

 Hazard scoring was done by qualitatively assigning values ranging from 1 (Very low) to 5 
(Very high). The value 0 indicates the hazard is not present in a location (e.g. storm surge for 
mountainous inland Townships). The value 1 to 5 reflects the potential for occurrence and 
reported intensity of the selected natural hazard based on the review of a large array of secondary 
data sources.  
 

 These include:15  

(i) Cyclones and strong-winds; 

(ii) Storm-surges; 

(iii) Tsunami; 

(iv) Flood and inundations, including riverine and coastal flooding; as well as surface 

water flooding; 

(v) Droughts (climatological, hydrological and agricultural droughts); 

(vi) Landslides, erosion of banks and shores, induced mostly by torrential rains, 

change in the river hydrodynamics and possibly sea-level rise; 

(vii) Earthquake; 

(viii) Heat waves; and  

(ix) Fire (wildfire and forest fire). 

 
 It is important to underline that, even though the greatest care was given to review existing 

information from secondary-data, this appraisal is not sufficient to establish a definitive detailed 
hazard profile of clusters, for three main reasons: a) this is high-level basis appraisal that used 
readily available references for information only at the time of writing, as explained in the 
methodology; b) the large scale of this assessment at township does not allow for more specific 
analysis of the interaction of geo-climatic conditions in particular locations. Not only differences 
exist between townships, but also significantly within townships themselves, village-tracts and 
villages: dedicated in-depth hazard analysis at the correct scale are required, which are not 
provided here; c) information and primary data available could not be verified other than by cross-
checking different sources for coherence and by adopting a conservative approach. For instance, 
Tanintharyi has been historically reported as earthquake-risk free. However, the latest available 
seismic hazard maps (UN-Habitat, 2016) indicated that risk exists in RCDP cluster in this region.  
With this as background, it is recommended that dedicated studies for each RCDP cluster, and if 
possible at township and village-tract levels, are undertaken to advance understanding of natural 
hazards during implementation. It is also useful to note that information on multi-hazards is 
inconsistent and unevenly studied and reported. Currently, ADB is conducting a climate and 
                                                      
14  In the review of secondary-data and information, sources were prioritized when sanctioned by national authorities, if 

possible at region or township level. When not available, or insufficient, global data from sources such as: 
http://preview.grid.unep.ch/ ;https://www.preventionweb.net/risk/datasets; https://www.emdat.be/;  
https://research.u.org/en/disaster/statistics; were used to validate the appraisal. It is useful to recall that the National 
Disaster Management Law of 2013 includes amongst the natural hazards the following: fire, landslide, storm, flood, 
drought, earthquake, tsunami, avalanche, heat or cold wave, volcanic eruption, erosion of banks and shores.  

15  Other natural hazards exist in Myanmar, which have a potentially high impact but very low frequency, such as 
Volcanos, to which 1.5 million people are potentially exposed in the country (ThinkHazard: 
http://thinkhazard.org/en/report/171-myanmar/VA). However, no township within the RCDP cluster is within 30km 
range of active volcanos, which implies no exposure of villagers under the RCDP, and therefore it has not been 
prioritised  

http://preview.grid.unep.ch/
https://www.preventionweb.net/risk/datasets
https://www.emdat.be/
https://research.u.org/en/disaster/statistics
http://thinkhazard.org/en/report/171-myanmar/VA
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disaster risk modeling study with support from technical agencies on floods and cyclones, but 
findings are not yet available as this report is prepared.  
 

 With the above as introduction, the findings are mostly aligned with the results of official 
reports, (ADPC 2009, 2015; Driel et al, 2014; GoM, 2011, 2012a.b; 2013; 2017;). In general, 
coastal regions are exposed to cyclones, storm surges and tsunamis while most of the country is 
at risk from earthquakes and fires. The rainfall-induced flooding is a recurring phenomenon 

across the country, while some parts of the country are exposed to landslide associated with 
torrential rains and drought risks.  

 

 This appraisal, though high-level and reviewing only secondary-data, is consistent with 
credible global and regional datasets, including EM-DAT. Table 3 illustrates the prevalence of 
floods, landslides, cyclones, storms with associated strong-winds and storm-surges as well as 

high potential for important seismic events in the RCDP cluster areas. Droughts, fires and 
tsunamis are also at considerable level in several clusters. It is useful to underline that, although 
some hazards induced by certain climatic processes such as cyclones may not be a primary 
concern in a region, their associated effects – such as intense rains and consequent floods and 
landslides – can extend to the region and trigger disasters. For instance, Cyclone Komen making 
landfall on the coastal area of Myanmar of Rakhine in 2015, induced heavy rains and consequent 
floods and landslides much further in-land, in this case lower Sagaing and Chin RCDP clusters. 
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Table 3: Hazard levels based on the review of secondary data for Myanmar, multiple 
sources (2018) 

TARGET AREAS PER ADMINISTRATIVE BOUNDARIES  
(GAD-MIMU-Census 2014) 

HAZARD LEVELS (2018)  
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Chin 

Nortwest hilly 
and 

mountainous 
area 

In-land, mainly 
hilly and 

mountainous 

Falam 3 4 2 4 5 0 0 2 3 

Hakha 3 4 2 5 5 0 0 2 3 

Thantlang 2 4 2 5 4 0 0 2 3 

Tedim 2 5 2 5 5 0 0 2 3 

Sagaing 

Lower 
Sagaing 

bordering on 
and CDZ area 

(Mingin) 

In-land 
Mainly flat 

lowland  

Mingin 2 4 4 5 3 0 0 4 3 

Mawlaik 2 5 3 5 3 0 0 3 2 

Paungbyin 2 5 3 5 3 0 0 3 2 

Kalewa 2 5 3 5 3 0 0 3 3 

Naga-SAZ 
(Upper 

Sagaing) 

 
North 

mountainous, 
hilly 

In-land, Mainly 
hilly and 

mountainous 

Lay Shi 2 5 3 3 3 0 0 2 3 

Lahe 2 4 3 3 3 0 0 2 3 

Nanyun 2 4 3 3 3 0 0 2 3 

Tanintharyi 
Southern 
Coastal 

Coastal, with 
deltaic system 
in Launglong & 
Thayetchaung 

Launglon 4 3 3 3 2 3 3 3 2 

Thayetchaung 4 3 3 3 3 3 3 3 2 

Yebyu 4 3 3 2 3 3 3 3 2 

Ayeyarwady 
Ayeyarwaddy 

Delta 
Deltaic system, 

coastal 

Labutta 5 2 3 4 1 5 3 3 1 

Pyapon 5 2 3 4 1 5 3 3 1 

Bogale 5 2 3 4 1 5 3 3 1 

Key: color/numeric values  

None Very low Low Medium High Very High 

0 1 2 3 4 5 

Source: Arup. Detail in appendix 2 

 

 The following is the review of the secondary-data information on hazards, with relevance 
for the RCDP clusters, which informed the hazard level summary Table 3, above. 
 

1. Cyclones, strong-winds and storms 

 Cyclones forming in the Bay of Bengal along the Myanmar coast and have an average 
duration of one week; they can make landfall in the country also at low latitude, depending on the 

re-curvature they assume once generated (ADCP, 2009). The frequency of cyclones making 
landfall on Myanmar has been observed to increase since the year 2000 (ADPC ET AL., 2009; 
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GoM 2012). It has also been observed that their tracks have changed, although attribution to 
climate change is still being discussed (Horton et al. 2017). 
 

 Cyclones are a primary hazard in the RCDP clusters of Ayeyarwady and Tanintharyi, 
whereas the destructive forces associated to cyclones also influence processes in Chin and 
Sagaing, as happened in 2015. Potentially destructive forces associated include a) very strong 
winds, b) heavy rains; c) and storm surges, which have been reported to be the main cause of 
damage during Cyclone Nargis (2008). Heavy rainfall caused by cyclones can also lead to the 
occurrence of landslides. Cyclone Nargis provoked the largest single disaster of Myanmar’s 
known history: more than 138,000 people missing or dead, 300,000 cattle killed, houses and over 
4000 schools in more than 6000 villages destroyed, damage cost 13 trillion kyat (DMH, 2009). 

 

 In addition, storms formed within the Bay of Bengal or in the Andaman Sea, though not 
classified as cyclones and therefore less reported, also cause recurrent damage which are 
detrimental to coastal areas and inland alike. As recently as June 2018, storm rains and strong-

winds in Tanintharyi were reported to cause significant disruption and destruction of small 
infrastructure.  

 

 NB: Given the high destructive potential of cyclones, storms and strong-winds; the RCDP 
project should particularly emphasize site-specific risk mitigation and resilient design in 
community infrastructure in Ayeyarwady and Tanintharyi; and consider effects in all clusters. In 
reducing risks of disasters related to this hazard, reducing sensitivity of villagers is essential: Early 
Warning Systems; village planning and DRM; awareness with Do’s and Don’ts related to Storm 
surge are critical. It is critical that all infrastructure is designed to withstand very strong-winds; and 
that flood-mitigation infrastructure is also considered; community life-line infrastructure, such as 
cyclone shelters, is also essential. Social protection schemes to help affected communities to 
bounce back are proven effective when this disaster strikes. 

 
Table 4: RCDP Cyclones, storms and strong-winds summary 

State/Region 
Name 

Township 
Name 

Cyclones/ 

Strong 
winds 

Justifications 

Chin Falam 3 These townships are located inland but are 
adjacent to a historic cyclone path (MIMU, 2018 
and Deltares, 2018). 

 

Even though cyclones are not likely (at present) to 
make direct landfall thus further in-land, strong-
winds and torrential rains associated with cyclonic 
events may still occur and have destructive 
potential, as proven by Cyclone Komen in 2015; 
with associated risks of riverine floods; flash-floods 
and surface runoff water on steep slopes; and 
landslides. In Chin strong-winds in provenance 
from the Rakhine area have been reported (Chitale 
2018 forthcoming). For this reason, the hazard has 
been scored medium for Chin. 

 

Ref. figures 9 to 12 

Hakha 3 

Thantlang 3 

Tedim 3 

Sagaing 
 

Mingin 2 

Mawlaik 2 

Paungbyin 2 

Kalewa 2 

Lay Shi 2 
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NSAZ (Upper 
Sagaing) 
 

Lahe 2 These townships are located further inland and are 
less likely to be directly affected by cyclone (MIMU, 
2018 and Deltares, 2018).  

 

However, torrential rains associated with cyclonic 
events may still occur here, and localized hazard 
assessments are required. 

 

Ref. figures 9 to 12 

Nanyun 2 

Tanintharyi Launglon 4 These townships have relatively low gust wind 
speeds (3 sec interval) at return periods 5, 10, 20, 
50, 100 years. (Deltares, 2018). 

Tanintharyi was not directly hit by a cyclone in the 
past 10 years (2008-2017) (MIMU, 2018) but could 
still be indirectly affected due to its coastal 
location. Given the location, and changes in 
climate already observed, assuming a high level of 
hazards is safer and it has therefore been scored 
as 4 here. 

 

Ref. figures 9 to 12 

Thayetchaung 4 

Yebyu 4 

Ayeyarwady Labutta 5 These townships have relatively the highest gust 
wind speeds (3 sec interval) at return periods 5, 
10, 20, 50, 100 years (Fig. 9 Deltares, 2018). 

Ayeyarwady was directly hit by very intense (Cat 5) 
cyclone in the past 10 years (2008-2017) (MIMU, 
2018), including Cyclone Nargis (2008), which had 
enormous impact on people and economy. 

 

Highest Wind Hazard Level recorded in 
Ayeyarwady (MIMU, 2015). 

 

Ref. figures 9 to 12 

Pyapon 5 

Bogale 5 

Source:  Myanmar Multi-Hazard Profile (MIMU, 2015); Cyclone wind hazard for return period 5, 10, 20, 50, 100 years 
(Deltares, 2018); Townships Affected by Floods and Cyclones over the Last 10 Years (2008-2017) (MIMU, 
2018); Areas Affected by Significant Flooding and Cyclones (2008-2015) (HARP-F and MIMU, 2018); 
Hazard Profile of Myanmar (ADPC ET AL., 2009) 
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Figure 9: Cyclone wind hazard maps for return period 5, 10, 20, 50, 100 years (Deltares, 

2018) 
  

Figure 10: Townships affected by floods 
and cyclones over the last 10 years (2008-

2017) 

Figure 11: Myanmar Multi-Hazard Profile 

  

Source: MIMU, 2018 Source: MIMU, 2015 
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Figure 12: Areas affected by significant flooding and cyclones (2008-2015)  

 

Source: HARP-F and MIMU, 2018 

 
2. Storm-surges 

 Storm-surges (i.e. waves generated by the strong wind in tropical storms and cyclones) 

may affect the Ayeyarwady and Tanintharyi RCDP cluster townships. Accounts from Cyclone 
Nargis (2008) show that storm-surges killed thousands; and destroyed entire villages, in proximity 
to the river outlet (Fee et al. 2017; Driel et al. 2014). 
 

 Different site-specific aspects influence the hazard level. According to ADPC (2009), these 

factors also include: 
 Altitude above mean sea level; 
 Distance from the sea; 
 Water volume of nearby source of surge; 
 Nature of the river mouth; and 
 Route of the storm and interaction with tributaries. 

 
 Considering these aspects, this hazard is particularly relevant for areas of the townships 

laying low on the coast and next to important water bodies, i.e. all three townships in Ayeyarwady, 
given the high-water volume and very low topography. Additionally, coastal villages by the delta 
of the Dawei river in Tanintharyi are exposed to storm-surge hazard.  
 

 NB: Given these factors, downscaled site-specific hazard assessments should be 
conducted at RCDP locations potentially exposed to storm-surges, led by disaster risk reduction 
experts. In reducing risks of disasters related to this hazard, reducing exposure is essential: land-

use planning and zoning (with no-construction zones) and site-selection for small infrastructure. 
Actions related to preparedness are critical, which require building awareness, disseminating Do’s 
and Don’ts; Identify escape routes including minimum time to reach safe areas from each location, 
considering the most vulnerable people (children, people with disabilities); establishing stone 
landmarks for the high risk and danger zones etc. Hard and green infrastructure, which can be 
built through community sub-projects in RCDP may also effectively mitigate the effects of storm-
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surges. Mangroves have proven critical in mitigating the impact of storm-surges, while 
deforestation conversely has proven to have a direct correlation with impact on lives and 
infrastructure. Coastal management integrated disaster risk reduction and management 
strategies are beyond the RCDP scope. However, the siting and design of small infrastructure; 
and the selection of livelihood activities that promote sustainable use of coastal resources that 
maintains the regulatory eco-systemic services of mangroves contribute to reducing risks. 
 

Table 5: RCDP storm-surge hazard summary 

State/Region 
Name 

Township Name 
Storm 
surge 

Justifications 

Chin 
 

Falam 0 These townships are located inland and are 
unlikely to be affected by storm surge. 

 

Ref. Figures  17 and 18 

Hakha 0 

Thantlang 0 

Tedim 0 

Sagaing 
 

Mingin 0 

Mawlaik 0 

Paungbyin 0 

Kalewa 0 

NSAZ (Upper 
Sagaing) 
 

Lay Shi 0 

Lahe 0 

Nanyun 0 

Tanintharyi 
 

Launglon 3 These townships are situated along the coast 
where storm surge cannot be discounted. 
Compared to the Bay of Bengal, the 
Andaman close to the coast has rather less 
possibility for cyclones or tropical storms.  
 
However, there is a moderate potential along 
Tanintharyi coast, which will be increased by 
the impact of climate change and should be 
therefore considered in village planning and 
community infrastructure siting and design. 
 

Ref. Figures 15, 17 and 18 

Thayetchaung 3 

Yebyu 3 

Ayeyarwady 
 

Labutta 5 Storm surges have historically been recorded 
in Ayeyarwady (1947-2008). Storm-surges 
were the most destructive force during the 
cyclone Nargis (Fee et al. 2017; ADPC 
2009). The maximum recorded sturm-surge 
wave height here is 7m, which is the highest 
in the country. 

 

Ref. Figures 13, 14, 15 and 16 

Pyapon 5 

Bogale 5 

Sources:  Hazard profile of Myanmar (Union of Myanmar, MES, MGS, MIMU and ADPC et al., 2009); Myanmar 
Natural Hazard Risk (OCHA, 2011); Myanmar’s National Adaptation Programme of Action (NAPA) to 
Climate Change (UNEP, 2012); ADPC et al., 2009 
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Figure 15: Region and depth contours in meters based on ETOPO516 (Hazard profile of 
Myanmar, 2009) with RCDP clusters overlaid 

 
 
  
                                                      
16  Data Announcement 88-MGG-02, Digital relief of the Surface of the Earth. NOAA, National Geophysical Data Center, 

Boulder, Colorado, 1988 https://www.ngdc.noaa.gov/mgg/global/etopo5.HTML 

Figure 14: Storm surge observed along 
Myanmar Coast (1947-2008) (Hazard profile 

of Myanmar, 2009) with RCDP clusters 
overlaid; 

 

Figure 13: Distribution of storm surge 
hazard potential (in percent) of townships in 
Ayeyarwady and Yangon Divisions (Hazard 

profile of Myanmar, 2009) 

 



28 

 
Figure 16: Storm surge hazard potential map by Myanmar Engineering Society (Map 

version 1.2; 2008). The zoning shows the potential low to high hazard 
zones in the RCDP cluster of Ayeyarwady 

 

 

Figure 17: (Left) Vulnerability of areas and regions/states to climate change-related increases 
in intensity and severity of extreme weather events; Figure 18. (Right) Myanmar Natural 

Hazard risk (OCHA, 2011) 
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3. Tsunami 

 Tsunami originating in the Bay of Bengal and Andaman Sea could affect Ayeyarwady and 

Tanintharyi clusters. 
  

 Data on Tsunami in Myanmar is scarce (at the time of preparing this assessment). 
However, there are studies supported by Japan; an assessment done by ADPC (2014) with 

INSPIRE for modeling and ESCAPE to model evacuation, for a pilot site in Ayeyarwady; and 
historic records of impact, i.e. during the large Tsunami of 2004 26 people were killed in 
Ayeyarwady and 8 people were killed in Tanintharyi (ADPC, 2009). 

 

 Tsunami are most commonly caused by seismic activities – typically displacement of the 
sea-floor along an active fault (although tsunami can also be caused by submarine landslides, 
which may or may not have been triggered by earthquake ground shaking). As data is evolving 

on seismic hazard in Myanmar (recent studies in 2016 by UN-Habitat changed the seismic hazard 
mapping of the country), it is difficult to establish whether tsunami hazard values assigned by the 
Hazard Profile of 2009 are representative. At the time of writing this assessment, new seismic 
hazard studies are being undertaken, and their findings should inform the RCDP project further. 
At this stage, based on the data existing and previous reports, the hazard level could be 
considerate moderate to high in the two coastal and deltaic clusters of the RCDP.  

 

 NB: Site-specific participatory mapping, supported by technical expertise, is key to identify 
hotspots in coastal areas to mitigate the potential effects of this hazard. As for storm-surges, in 
reducing risks of disasters related to this hazard, reducing exposure is important: land-use 
planning and zoning (with no-construction zones) and site-selection for small infrastructure. 
However, in contexts where land availability is an issue, realistically the key most important 
measure is to ensure communities are aware of the hazard and are prepared. To this end Early 
Warning Systems are critical, as it is disseminating Do’s and Don’ts materials; Identify escape 
routes including minimum time to reach safe elevate or shelter areas from each location, 
considering the most vulnerable people (children, people with disabilities); establishing stone 
landmarks for the high risk and danger zones etc. Coastal management integrated disaster risk 
reduction and management strategies are beyond the RCDP scope. However, the siting and 
design of small infrastructure; and the selection of livelihood activities that promote sustainable 
use of coastal resources that maintains the regulatory eco-systemic services of mangroves 
contribute to reducing risks (ADPC, 2009). 
 

Table 6: RCDP Tsunamis hazard summary 

State/Region 
Name 

Township Name Tsunamis Justifications 

Chin 
 

Falam 0 

These townships are located inland and are 
unlikely to be affected by tsunami. 

 

Figures 20 & 21 

Hakha 0 

Thantlang 0 

Tedim 0 

Sagaing Mingin 0 

Mawlaik 0 

Paungbyin 0 

Kalewa 0 
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NSAZ (Upper 
Sagaing) 
 

Lay Shi 0 

Lahe 0 

Nanyun 0 

Tanintharyi 
 

Launglon 3 These townships are situated in the 
northern part of the Tanintharyi coast, 
where there is a “moderate” tsunami hazard 
(Hazard Profile of Myanmar, 2009). 

 

There are historic records of Tsunami in the 
area, which killed 8 in 2005. Hazard level 
could be considered medium to high based 
on available information 

 

Figures 19 to 21 

Thayetchaung 3 

Yebyu 3 

Ayeyarwady 
 

Labutta 3 These townships are situated in the 
Ayeyarwady delta area, where there is a 
“moderate” tsunami hazard (Hazard Profile 
of Myanmar, 2009). There are historic 
records of Tsunami in the area, which killed 
26 in 2005 (Labutta and Bogale). Hazard 
level could be considered medium to high 
based on available information. 

 

Figures 19 to 22 

Pyapon 3 

Bogale 3 

Sources:  Hazard profile of Myanmar (ADPC et al., 2009); Tsunami hazard assessment method for Myanmar 
(ADPC, 2014) Myanmar Natural Hazard Risk (OCHA, 2011); Think Hazard 
(http://thinkhazard.org/en/report/171-myanmar/TS) 

 

Figure 19: Possibility of tsunami hazard of Ayeyarwady Delta and northern part of 
Tanintharyi from Hazard Profile of Myanmar, 2009 

 

http://thinkhazard.org/en/report/171-myanmar/TS
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Figure 22: Maximum tsunami inundation depth (m) for 2004 Indian Ocean tsunami according 
to ADPC, 2014 

 

Figure 20: (Left) Tsunami hazard 
in Myanmar (GFDRR, 2018) 

Figure 21: (Right) Myanmar 
Natural Hazard Risk (OCHA, 2011) 
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4. Floods and inundations 

 Globally, floods are the most frequently reported natural hazard, accounting for 54.8% of 
reported events and 94.2% of contribution to annual average loss (EM-DAT data 1990 – 2014). 
Floods could affect all clusters of the RCDP.  
 

 There is a sizable amount of information on this hazard, from several sources. However, 
detailed flood models are not available, at least in the public domain. Also, while generally 
referring to floods, it is useful to understand that there are different types of floods that affect 
differently the RCDP clusters, described as follows by Driel et al. 2014:  

 

(i) Riverine floods: These are the most common type of floods in Myanmar. They take 
place when the monsoon troughs or low-pressure waves superimpose on the 
general monsoon pattern resulting in intense rainfall over significant areas of the 
river catchments. In Ayeyarwady and Chindwin rivers, flooding commonly occurs 
when intense rain persists for approximately three days over the headwaters of the 
rivers in northern Myanmar. Most of the flooding in the lower Ayeyarwady and the 
delta is associated with the Chindwin River, when its flood coincides with upper 
Ayeyarwady floods. Cyclone systems occurring during the monsoon intensify 
flooding. 

(ii) Coastal floods: Tropical storms from the Bay of Bengal can trigger storm surges 
and cause floods along the Rakhine coastline during the pre- and post- monsoon 
period. 

(iii) Localized floods: This is due to a combination of intense rainfall, high groundwater 

levels and inadequate or poorly built infrastructure (such as blocked drains). 
In rural areas, breakage of water resistance structures, such as dams, 
dykes and levees can destroy valuable farm lands. 

(iv) Flash floods: Flash floods can be caused by heavy rainfall in the upper catchment. 
In the central and delta regions in the southern part of the country, river bank 
erosion and landslides associated with flash floods are common.  

(v) Surface flooding: Flooding can occur because of surface water runoff from either 
steep slopes or in urbanized areas where infiltration is low. Deforestation is a key 
factor in increasing surface runoff flooding hazard. 

 
 Floods are the most recurrent natural hazards in Myanmar, with the highest impact on 

annual average loss of the country (EM-DAT, 2014). It is imperative that RCDP village-level 

planning pays particular attention to flood risks. 
 

 NB: All RCDP clusters, and within clusters townships and villages, are exposed differently 
to flood hazards, which by their nature are a) specific to the source of flooding as listed above; b) 
specific to the hydro-morphological and topographic conditions of location and site; c) influenced 

by human-activity and its interaction with the bodies of water. Mitigation measures17 are therefore 
as varied as the context and environmental conditions. In general, a multi-level mitigation strategy 
includes prevention (through the correct management of resources and interactions with the 
environment); protection (through structural and non-structural interventions); preparedness (by 
mobilizing villages with DRR/M activities); emergency response (by responding with township and 
national capacities); recovery (by learning lessons, which is key to resilience) (Nquot, 2014). In 
the context of RCDP community-driven project there is opportunity to work on prevention, 
                                                      
17 ‘Mitigation measures’ are practicable steps that can be taken to mitigate adverse impact of natural hazards. 
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protection and preparedness surely – and possibly on the recovery if a large disaster affect the 
target areas of RCDP. While large engineering works may not be feasible, the focus will have to 
be on land-use management (i.e. flood-sensitive selection of sites); adaptive architecture (e.g. 
elevated structures for households; flood-shelters for communities at village or village-tract level 
in large flood-prone areas); land drainage and water catchment schemes at village and possibly 
village tract level. As such (and similar to other hazards) the first step should be the hotspot-
mapping identifying where historic records of inundations and floods have been observed. It is 
important elders in villages18 are involved. Risk-sensitive land-use (which discourage building in 
at-risk areas or requires adaptation) is critical for all coastal and riverine areas with risks of 
inundation, floods and coastal flood. In flood-prone areas at a large scale (i.e. in the deltas and 
lowland flood-plain river drain) it may be unrealistic to address flood risks by preventing 
settlement, as communities are settled in flood-plan areas for the fertility of the eco-system and 
cannot be expected to relocate too far from their source of livelihood. RCDP could study mitigation 
measures such as Flood-Shelters for the most vulnerable people (women, children, elders, people 
with disabilities) to use during the peaks of floods. MCCA has taken this approach in Pakokku 
township (Magway Region). It should also propose and promote adaptive architecture with 
elevated housing, elevated food storage and community centres in local materials where 
valuables and belongings can be stored at the height of the floods. In addition, embankment and 
drainage infrastructure that ease draining of land and prevent floods of villages should be 
promoted by RCDP. This can be both hard and green infrastructure and, in fact, the active 
promotion of eco-system based mitigation measures should be promoted by RCDP. Bangladesh 
is successfully investing in mangrove replantation for flood-control and regulation, and 
experiences exist in Labutta too. Flash-floods, seasonal floods and surface water runoff in steep 
slopes have very destructive potential and can both directly affect infrastructure (and economic 
assets) or trigger landslides, especially if there is an history of poor environmental management 
and deforestation. Any type of infrastructure built by RCDP in mountainous areas of Chin, NSAZ, 
or eastern Tanintharyi should take into account these risks in the site-selection, design of the 
buildings and small infrastructure, and support grants that promote soil stabilization, water 
catchment to promote irrigation. 
 

Table 7: Floods and inundations summary 

State/Region 
Name 

Township 
Name 

Floods and 
inundations 

Justifications 

Chin 
 

Falam 4 Flash-floods and runoff surface water observed (MIMU, 
2015). Figures 23-24 / 27-30 

Hakha 5 Flooding could be triggered by a cyclone (MIMU, 2018; 
HARP-F and MIMU, 2018). Many parts of the township 
were flooded, and an average of affected population is 
1,001-1,500 in each village (MIMU, 2015), especially in 
Hakha and Tedim which have a very high number of 
affected population in July-August 2015 (OCHA, 2015). 
This state has a medium risk for flooding (MIMU, 2015). 

Figures 23-24 / 27-30 

Thantlang 5 

Tedim 5 

Sagaing 
 

Mingin 4 Flooding could be triggered by cyclone (MIMU, 2018; 
HARP-F and MIMU, 2018). The area is mostly floodplain 

Mawlaik 4 

                                                      
18  It should be noted that in some areas, for instance in the Ayeyarwady region, the frequency of minor inundations is 

such that communities may underestimate the potential destructive risk of floods from longer return period, or induced 
by changes in climate. The facilitator should pay specific attention when implementing the project to this aspect. 
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Paungbyin 4 which normally floods along Chindwin river (MIMU, 2015). 
MIMU (2015) indicates a medium risk for flooding. 
However, given the current observed conditions and 
historic flooding, a higher scoring is appropriate here. 

Figures 23-30 

Kalewa 4 

NSAZ (Upper 
Sagaing) 
 

Lay Shi 3 The cluster has medium risk for flooding according to 
humanitarian sources (MIMU, 2015). Further data on 
floods in this area is to be collected, as this is scarce at 
present. Figures 23-24 / 27-30 

Lahe 3 

Nanyun 3 

Tanintharyi 
 

Launglon 3 According to hazard mapping by humanitarian agencies, 
this state has a low risk for flooding (MIMU, 2015, Flood in 
2012, OCHA, 2012). However, a closer look at historic 
records, and the reports from consultations indicate a 
higher potential, which is safer to score at least as 3 in 
most of the cluster. Figures 23-24 / 27-30 

Thayetchaung 3 

Yebyu 2 

Ayeyarwady 
 

Labutta 4 The cluster townships have recurrent states of inundation 
and flooding, although the perception of its extent is lower, 
as it is considered a normal stage. It is a conservative, yet 
safer approach to indicate a high risk for flooding for this 
cluster, entirely located within the delta system (Kriel et al. 
2014, MIMU, 2015, HARP-F and MIMU, 2018; Fee et al., 
2017). Figures 23 to 30 

Pyapon 4 

Bogale 4 

Sources:  Hazard profile of Myanmar (ADPC et al., 2009); Natural Disasters 2002-2012 (OCHA, 2012); Flood affected area 
(30 July-3 Aug 2015) (OCHA, 2015); Village Tract Population of Possible Flood-Affected Areas Chin State and 
Sagaing Region (MIMU, 2015); Myanmar Multi-Hazard Profile (MIMU, 2015); Climate Change Vulnerability 
Assessment of Labutta, Chin and Pakokku Townships, Myanmar, 2016-2050 (Fee et al., 2017); Townships 
Affected by Floods and Cyclones over the Last 10 Years (2008-2017) (MIMU, 2018); Areas Affected by Significant 
Flooding and Cyclones (2008-2015) (HARP-F and MIMU, 2018); Global Risk Data Platform: Flood hazard 25, 50, 
100, 200, 500, 1000 years (cm); Vulnerability Assessment of the Ayeyarwady Delta (Driel et al. 2014) 
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Figure 23: Flood prone areas in Myanmar 
(Hazard Profile of Myanmar, ADPC et al. 

2009) 

Figure 24: Townships affected by floods and 
cyclones over the last 10 years (2008-2017) 

(MIMU, 2018) 

Figure 25: Village tract population of possible 
flood affected areas (July-September 2015) 

Sagaing Region (Mingin, Mawlaik, 
Paungbyin, Kalewa, Lay Shi, Lahe and 

Nanyun) (MIMU, 2015) 

Figure 26: Village tract population of possible 
flood-affected areas (July-September 2015) 
Chin State (Falam, Hakha, Thantlang and 

Tedim) (MIMU, 2015) 
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Figure 27: Flood affected area, note Mingin 
township (30 July 2015) (OCHA, 2015) 

Figure 28: Flood affected area, note 
Tedim, Hakha, Mingin, Kalewa and 
Mawlaik townships (3 August 2015) 

(OCHA, 2015) 
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Figure 29: Areas affected by significant 
flooding and cyclones (2008-2015) (HARP-F 

and MIMU, 2018) 

Figure 30: Myanmar Multi-Hazard Profile 
with RCDP clusters overlaid (MIMU, 2015) 

 

5. Droughts 

 Droughts have become frequent in the last decades in Myanmar, both as direct effects of 

El Nino, and because of the effects of observed changes of climate on the duration of the 
monsoon and the mean temperatures. Droughts are normally associated with the CDZ area, 
which is located within the rain-shadow area of the country. Except for Mingin, in the southern 
part of the lower Sagaing cluster, no RCDP target area is located within this CDZ area.  
 

 The changes in climate observed in the country, and those projected for the future, call for 
caution in assessing the potential of this hazard, even in areas that are not historically exposed 

to droughts. A sizable portion of rural populations in RCDP clusters rely on rainfed agriculture. 
Villagers have reported in the last decade water scarcity for agriculture; as well as for drinking 
water.  

 

 There is only limited information available to support drought assessment for Myanmar 
beyond the CDZ area; and hazard levels should be revised once more information becomes 
available, in particular at the pre-launch phase of the RCDP in townships. Global data sources 
are also insufficiently detailed to properly assess this risk. The Global Forecast Drought Tools 
(accessed September 2018) for different time ranges shows high probability of droughts for areas 
of Myanmar where this hazard is not a priority, although severity is generally low in this period, 
with the notable exception of areas located in the RCDP cluster of NSAZ.  

 

 RCDP clusters are potentially exposed to different types of droughts: 
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(i) Climatological droughts: the absence of rain, over a shorter monsoon season 
and depending on macro climatic processes; 

(ii) Hydrological drought, as water sources are stressed as a result, for instance, of 
increased evapotranspiration; and 

(iii) Agricultural drought, which is influenced by erratic rainfall patterns (late onset 
and early withdraw observed in Myanmar) and variability in amount and duration 
of rains. 

 
 All these aspects are critical in rainfed agriculture and in areas with high dependence on 

unprotected surface water, such as the Ayeyarwady cluster area. Drought involves interactions 
between environmental and human variables including rainfall, temperature, land-use practices 
and land cover, among others. Droughts and floods in a given time and place may be influenced 
by rainfall in prior months and in other parts of the country, by human activity such as deforestation 
or water management practices, or a combination of such factors (Horton et al. 2017). For this 
reason, the approach of basing drought hazard level assessment mostly on rainfall patterns is not 

considered adequate. Therefore, given the uncertainty in projections and the lack of reliable 
available secondary-data and information concerning the RCDP clusters, a conservative 
approach is taken here, by assigning values higher than those reported by the published 
secondary-data (where available). 

 
 NB: Managing droughts implies a ‘no-regret’ approach to water-safety, which will 

contribute to village development in the RCDP target areas, while also building resilience given 
the possible increase in frequency and severity of droughts in these areas. Meteorological and 
hydrological drought-types events could occur in the RCDP clusters within the duration of the 
project. This may include supporting all type of activities that promote rainwater harvesting and 
small community-built dams, contingent to environmental safeguards principles. Community based 

drip-irrigation type of activities have proven effective in coping with this hazard, at least to a certain 
scale. Crops that are particularly drought-resistant, or shorter cycle crops have also been promoted 
by disaster-risk reduction projects successfully. 
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Table 8: Droughts hazard assessment 

State/Region 
Name 

Township Name Droughts Justifications 

Chin 
 

Falam 3 Values were tentatively assigned based on available 
information; and based on normal annual precipitation 

 

However, it is estimated that information is insufficient 
from secondary-data, and too general from global 
datasets, and requires further validation. 

 

Therefore, given the uncertainty in projections and the 
lack of reliable available secondary-data and 
information concerning the RCDP clusters a 
conservative approach is taken here, by assigning 
values higher than those reported by the published 
secondary-data (where available). 

 

It is likely that hazard levels for the coastal clusters 
should be reviewed to higher scoring when more 
information becomes available to medium.  

 

Figures 31 and 32 

 

 

 

Hakha 2 

Thantlang 2 

Tedim 3 

Sagaing 
 

Mingin 4 

Mawlaik 3 

Paungbyin 3 

Kalewa 3 

NSAZ 
 

Lay Shi 3 

Lahe 3 

Nanyun 3 

Tanintharyi 
 

Launglon 2 

Thayetchaung 2 

Yebyu 2 

Ayeyarwady 
 

Labutta 2 

Pyapon 2 

Bogale 2 

Sources:  Drought Conditions and Management in Myanmar; UNEP (2012); Myanmar Multi-Hazard Profile (2015) 
Global Risk Data Platform; DRM & Resilience Updates (March 2016); Climate change Knowledge Portal of 
the WB (2018); Drought Conditions and Management Strategies in Myanmar (Tin Yi et al, DMH, 2014) 
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Figure 31: Global Forecast Drought Tool used for the period 2016-2018, showing high 

probability of droughts in RCDP location areas  (WB, 2018) 

Figure 32: Elevation (left) and drought severity (right) for Ayeyarwady Basin (Mitigation 
Measures of Flood and Drought for Ayeyarwady Basin, DMH 2018) 

 
 



41 
 

 

 

6. Earthquakes 
 

 Generally, earthquake hazard in Myanmar is high. This affects all of the RCDP cluster 
townships, but particularly Chin, NSAZ (Upper Sagaing), and Sagaing (lower) where the hazard 

level ranges from medium to very high. Ayeyarwady and Tanintharyi clusters have a lower hazard 
level, according to the data reviewed, but the probability of potentially damaging seismic activity, 
given the vulnerability of villages in the areas, should not be discounted.  
 

 Myanmar is an earthquake-prone country due to its location on the Alpine-Himalayan-
Sumatran orogenic belt (ADPC et al., 2009). There are two main sources of seismic activity in 
Myanmar. These are the active Sagaing fault, trending north – south across the entire length of 

central Myanmar, and the second is the Sunda subduction megathrust zone, which runs off-shore 
southwest and west of the Myanmar coast and on-land to the west and northwest of Myanmar. 
The Sagaing Fault passes through the most populated areas of Myanmar. 
 

 Updates of the seismic hazard maps and studies on earthquake hazard have been 
produced in the last decade by several sources. In 2005 (Thein, M. and Lwin Swe T., 2006); 2009 
(ADPC et al. 2009); and 2016 (UN-Habitat et al.).  
 

 The most recent destructive earthquake to affect Myanmar occurred in January 2018. Part 
of the RCDP clusters in the north lie in the so-called ‘destructive zone’ (ADPC et al., 2009, p. 27). 
The hazard levels – and risk connected to seismic activities given the prevalence of non-
engineered housing and very low adoption of seismic measures in the construction of public 
infrastructure – require that the RCDP project considers seismic resilient measures in all of its 
sub-projects and imperatively when it comes to schools or other buildings that can serve the 
community. This applies to all RCDP clusters as the hazard levels alone are no indicator of risk: 
this is a function of exposure and vulnerability, in this case the quality of the infrastructure. 

 
Table 9: Earthquakes hazard summary 

State/Region 
Name 

Township 
Name 

Earthquakes Justifications 

Chin 
 

Falam 4 These townships are in seismic zone IV according to 
the Seismic Zone Map of Myanmar (2005). Chin has 
‘high’ earthquake hazard level based on multi-hazard 
profile. This is confirmed in the Hazard map of 2016 

Figures 33 to 41 and 42 to 46 

Hakha 4 

Thantlang 4 

Tedim 5 This township is in seismic zone V according to the 
Seismic Zone Map of Myanmar (2005). 

Chin has ‘high’ earthquake hazard level based on 
multi-hazard profile. 

Figures 33 to 41 and 42 to 46 

Sagaing 
 

Mingin 4 These townships are in seismic zone IV according to 
the Seismic Zone Map of Myanmar (2005). 

 

Sagaing has ‘high’ earthquake hazard level based on 
multi-hazard profile. 

 

Figures 33 to 41 and 42 to 46 

Mawlaik 5 

Paungbyin 5 

Kalewa 5 

NSAZ Lay Shi 5 

Lahe 4 
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Nanyun 4 

Tanintharyi 
 

Launglon 4 These townships are in seismic zone I according to the 
Seismic Zone Map of Myanmar (2005). The townships 
in the RCDP cluster have assigned a low to medium 
earthquake hazard level based on multi-hazard profile 
of ADPC et al (2009). Fig. 33 and 34 

 

However, the new seismic hazard study (2016) by UN-
Habitat shows a moderate 475 years return to 
moderate to heavy on 2475 years return in the RCDP 
cluster in terms of potential damage. Figures 35 to 41 

 

While information is inconsistent, from a risk 
perspective a conservative approach is preferred. The 
latest studies are followed (UN-Habitat 2016), in line 
with the conservative approach taken here  

Thayetchaung 3 

Yebyu 4 

Ayeyarwady 
 

Labutta 2 These townships are in seismic zone II according to 
the Seismic Zone Map of Myanmar (2005), mostly 
moderate with one ‘strong’ zone. Ayeyarwady has 
‘medium’ earthquake hazard level based on the multi-
hazard profile (ADPC et al. 2009). Updated hazard 
maps by UN-Habitat et al. (2016) also assigns very 
light to light on a 475 years return and light to 
moderate levels on 2475 years return in RCDP cluster. 

Figures 35 to 41 and 42 to 46 

A low level is assigned here. However, basic 
earthquake resistant measures should be considered 
also in this area, when it comes to critical and lifeline 
buildings, such as schools or shelters 

Pyapon 2 

Bogale 2 

Sources:      Hazard profile of Myanmar: Seismic Zone Map of Myanmar, 2005 in ADPC, et al. (2009) Myanmar Multi-Hazard 
Profile (MIMU, 2015); Seismic Hazard Profile of Myanmar UN-Habitat (2016); Epicentres of earthquakes in 
Myanmar 100 years (MIMU, 2010); Myanmar Natural Hazard Risk (OCHA, 2011); Natural Disasters 2002-2012 
(OCHA, 2012)
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Figure 33: The composition of seismic zone (in percent) of Myanmar’s states and divisions (Hazard 
Profile of Myanmar, 2009) 
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Figure 34: Seismic zone map of Myanmar, 2005 from the Hazard profile of Myanmar, ADPC et al. 2009 
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Figure 35: PGA and potential damage according to 
Seismic Hazard Profile Myanmar, UN-Habitat, (2016) 

Figure 36: classification following Seismic Hazard Profile of Myanmar, UN-
Habitat, (2016) 
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Figure 37: Myanmar IRMI 475 years return period, 10% probability of exceedance in 50 years, most common standard used for assessing seismic 

risk. Basis for most building codes for seismic design (UN-Habitat et al. 2016) 
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Figure 38: Seismic hazard profile of Chin state, 475 & 2475 

y. return 

Figure 39: Seismic hazard profile of Ayeyarwady with 475 & 2475 years 
return 
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Figure 40: Seismic hazard profile Sagaing (Upper, Lower) 475 & 

2475 ys return 

Figure 41: Seismic hazard profile of Tanintharyi with 475 & 2475 years return 

Source: Seismic Hazard Profile of Myanmar, UN-Habitat et al. (2016) 

 



49 
 

 
 

Figure 42: Earthquake focal depth contour of Myanmar for 
the period 1964-2004 

Figure 43: Seismotectonic map of Myanmar and surrounding 
regions 

 

(Maung Thein and Tint Lwin Swe, 2006, cited in Hazard Profile of 

Myanmar, ADPC et al. 2009); 

Reported in Hazard Profile of Myanmar, ADCP et al. 2009) 
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Figure 44: Earthquake occurrences in Myanmar*** 1964-2004 Figure 45: Epicentres of earthquakes of Myanmar last 100 

years (up to 2010) 

 

(Maung Thein and Tint Lwin Swe, 2006, cited in ADPC et al, 2009) MIMU (2010) 
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Figure 46: Myanmar Natural Hazard Risk (OCHA, 2011) 

7. Landslides 

 Cruden (1991) states that a landslide is ‘the movement of a mass of rock, earth or debris 

down a slope’, with the qualification that landslides are not confined to the ‘land’, nor to simple 
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‘sliding’ failure. Landslides can encompass falls, flows, topples and spreads in addition to slides 
(Varnes, 1978). They can occur at a variety of rates ranging from the near indiscernibly slow 
(mm’s/year) to the almost incomprehensibly rapid (10s – 100s km/hour), and at different scales 
ranging from small localized slumps (<1m3) to island-scale collapses (>100,000,000 m3) 
(Weidinger et al., 2014). Landslide susceptibility describes the inherent properties of a given 
terrain to hosting a landslide (e.g. slope angle, geology etc.), whilst landslide hazard describes 
both the magnitude and frequency of a potentially damaging landslide event. Landslides can be 
triggered by a range of factors, most commonly rainfall or ground shaking associated with an 
earthquake (Table 10). In the context of clmate change longer dry-spells and more intense wet-
seasons may increase the landslide hazards. During dry periods, the ground can form desiccation 
cracks and vegetation may flounder; then, when the rains fall, water can more easily penetrate 
the ground, increasing pore-pressures and increasing the potential for failures. 

 
 Myanmar’s broad range of terrains, from the high mountainous areas of the Western 

Ranges and Eastern Highland to the low relief deltaic floodplains of Ayeyarwady, make it 

susceptible to numerous landslide hazards. In Chin state in July 2015, rainfall thought to be 
equivalent to a 1 in 1,000-year event (Win Myint et al. 2015), triggered widespread landslides in 
areas already particularly susceptible to landslides due to the geological conditions and 
deforestation. The influence of deforestation on increasing landslide susceptibility is exemplified 
by the notable reduced occurrence of landslides in Thantlang, where deforestation rates are 
significantly lower than in neighboring townships. In 1999, numerous devastating landslides 
occurred along the western flank of the Kachin, Shan and Tanintharyi Ranges (ACPC et al., 2009). 

 

 In addition, the interplay of natural and man-made factors heighten this hazards. In 
particular, illegal and informal mining in Myanmar (and particularly Northern Myanmar) is a 
significant cause of landslide related fatalities. It has been estimated that at least 800 people have 

been killed in mining related landslides in Myanmar between 2014 and 2018 (Petley, 2018). 
Mines which are not properly designed or maintained are subject to the dangerous undermining 
of slopes, which can lead to rapid and devastating collapses. There have been numerous high-
profile incidences of this reported in the mainstream media in 2018. 

 

Table 10: Notable occurrences of landslides in Myanmar (ACPC et al., 2009) 

Year Location Trigger 

1912 North of Tagaung Earthquake 

1946 Tagaung Earthquake 

1991 Tagaung Earthquake 

1999 Western Tanintharyi Ranges Rainfall 

2001 Nansang Rainfall 

2003 Taungdwingyi Earthquake 

2004 Kale Myo Rainfall 

2008 Mogok Rainfall 
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Table 11: Summary landslides hazard review 

State/Region 
Name 

Township 
Name 

Land-
slides 

Justifications 

Chin 
 

Falam 5 The high mountainous terrain of Falam make it particularly 
susceptible to a range of landslide hazards, including debris 
flows, rockfalls, topples, slides etc. There are numerous 
examples of apparently recent landsliding evident on Google 
Earth (shown in Figure 48). In 2015, significant rainfall caused 
widespread landsliding in Chin. 

Hakha 5 The high mountainous terrain of Hakha make it particularly 
susceptible to a range of landslide hazards, including debris 
flows, rockfalls, topples, slides etc. There are numerous 
examples of apparently recent landslide evident on Google 
Earth (shown in Error! Reference source not found.). In 
2015, significant rainfall caused widespread landslides in Chin. 

Thantlang 4 The high mountainous terrain of Thantlang make it particularly 
susceptible to a range of landslide hazards, including debris 
flows, rockfalls, topples, slides etc, however in comparison to 
neighbouring Townships, deforestation is much less prevalent 
in Thantlang. It should however be noted that in 2015, 
significant rainfall caused widespread landslides in Chin. 

Tedim 5 The high mountainous terrain of Tedim make it particularly 
susceptible to a range of landslide hazards, including debris 
flows, rockfalls, topples, slides etc. There are numerous 
examples of apparently recent landslide evident on Google 
Earth. In 2015, significant rainfall caused widespread 
landslides in Chin. 

Sagaing 
 

Mingin 3 Mingin, in Southern Sagaing, hosts high relief topography to 
the west and the Chindwin River to the east. Landslide hazard 
will therefore be distinctly varied in Mingin, with debris flow-
type hazards likely in the west. This variation in terrain (and 
hence also landslide hazard) is also shown on the UN Global 
Risk Data Platform. It should be noted that parts of Mingin may 
have very high landslide hazard; conversely some parts will 
have very low landslide hazard. 

Mawlaik 3 Mawlaik, much like Mingin, Paungbyin and Kalewa, has 
varying levels of landslide hazard. High relief terrain to the 
west of the Chindwin River is separated from the east by a 
broad, low relief floodplain. Eastern Mawlaik is generally 
densely forested and only limited landslides can be readily 
identified using Google Earth imagery. As with Mingin, it 
should be noted that some parts of Mawlaik will have higher 
landslide hazard than others. 

Paungbyin 3 The Chindwin River runs through the west of Paungbyin and is 
joined by several tributaries from the east, each with their own 
broad floodplain. Only a limited number of landslides can be 
identified from Google Earth imagery. Landslide hazard will 
vary in Paungbyin, from potentially large debris flow-type 
events in the steeper mountainous catchments to the east 
through to semi-rotational riverbank type collapses associated 
with the Chindwin River and its tributaries. 
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State/Region 
Name 

Township 
Name 

Land-
slides 

Justifications 

Kalewa 3 Kalewa, like the other Townships in Sagaing, has varied 
topography, which means that some areas will have higher 
landslide hazard than others. Although Kalewa (nor any other 
Towship in Sagain) is not shown on the provisional landslide 
hazard areas map in the Myanmar Hazard Profile (ACPC et 
al., 2009), the geomorphology of the area indicates the 
potential for large landslides in some parts. This is evidenced 
by limited examples of landslides which can be identified in 
Google Earth in Kalewa (Figure 49). 

NSAZ Lay Shi 3 Lay Shi is identified by both the UN Global Risk Data Platform 
and the Myanmar Hazard Profile (ACPC et al., 2009) as an 
area of moderate to high landslide hazard. Numerous 
examples of landslides can be identified from Google Earth. 
These appear to typically be debris flow-type landslides which 
are characteristic for this mountainous terrain. 

Lahe 3 Lahe is identified by both the UN Global Risk Data Platform 
and the Myanmar Hazard Profile (ACPC et al., 2009) as an 
area of moderate to high landslide hazard. Only a limited 
number of examples of landslides can be identified from 
Google Earth, however the general terrain and relief of Lahe is 
comparable to Lay Shi and hence landslide hazard is reviewed 
to be comparable at this scale. 

Nanyun 3 Nanyun, to the north of Lahe, has broadly similar topographical 
relief and terrain. Limited landslides are evident in Google 
Earth imagery, however both the UN Global Risk Data 
Platform and the Myanmar Hazard profile (ADPC et al., 2009) 
identify this as an area of moderate to high landslide hazard. 

Tanintharyi 
 

Launglon 2 Launglon is located to the west of the Tanintharyi Ranges and 
hence has broadly lower relief topography than neighbouring 
Thayetchaung and Yebyu. Eastern Launglon is low-lying and 
deltaic, whereas western Launglon consists of slightly steeper 
terrain which will be more susceptible to landslides. The UN 
Global Risk Data Platform identifies this as an area of low to 
moderate landslide hazard. Figures 50-51 

Thayetchaung 3 Thayetchaung hosts a range of varying topography. Eastern 
Thayetchaung is characterised by lower relief topography 
along the coastline, however western Thayetchaung hosts the 
Tanintharyi Ranges – a range of high relief mountainous 
topography with high landslide hazard (UN Global Risk Data 
Platform and the Myanmar Hazard Profile – ADPC et al., 
2009). Numerous landslides were reported on the western 
slopes of the Tanintharyi Ranges in 1999. Figures 50-51 

Yebyu 3 Yebyu, similarly to Thayetchaung, has a range of different 
terrain which leads to a varied level of landslide hazard. 
Figures 50-51 

Ayeyarwady 
 

Labutta 1 Generally, the deltas and floodplains which characterise 
Ayeyarwady are of low landslide hazard. It should however be 
noted that landslides can occur on any inclined slope and that 
semi-rotational river bank-type failures are likely to occur as 

Pyapon 1 

Bogale 1 
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State/Region 
Name 

Township 
Name 

Land-
slides 

Justifications 

part of the geomorphological evolution of Ayeyarwady. Figures 
50-51 

Sources:  Hazard profile of Myanmar (Union of Myanmar, MES, MGS, MIMU and ADPC, (2009) Myanmar Multi-Hazard 
Profile (MIMU, 2015); Global Risk Data Platform: Landslide PR; Google Earth; CCERR (2016) 

 

Figure 47. Examples of widespread landslides in Hakha 

 

 
 

Figure 48. Examples of landslides in Falam 
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Figure 49: Examples of landslides in Kalewa, Sagaing  

  

Google Earth 
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Figure 50: Location of past landslides, 
Myanmar 

Figure 51: Landslide hazard map 
(Proposed) 

 

Source: ADPC et al., 2009 

 

8. Heatwave 

 Conservative values have been assigned in recognition of the prevalence of heatwaves 

recorded by GoM 2012c; and recognizing that The Natural Disaster Management Law of 
Myanmar (enacted on 31 July 2013) recognizes heat-wave as one of the key potential hazards. 
Also, the Global Climate Risk Index, includes heatwaves as one of the major potential hazard, 
which climate change may intensify.  
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 There is very limited readily available information available to support the appraisal of this 
hazard other than in the CDZ Area, where increased prevalence of the hot-days have been 
consistently recorded (Feet et al. 2017b) and therefore levels should be revised once more 

information becomes available. Observations and perceptional evidence by villagers in Chin and 
in Ayeyarwady have confirmed the increase of episodes of extreme heat, which has been 
detrimental for human health, and also for livestock. 
 

 Prevalence of this hazard should be discussed with communities of RCDP. Mitigation 
measures, for instance in the design of buildings with natural ventilation; enhancement of green 

infrastructure; shelters for livestock are all measures that have been tested in several projects, 
and could be replicated by the RCDP, should this be a priority for villagers. 
 

Table 12: Heatwave hazard assessment 

State/Region 
Name 

Township 
Name 

Heatwave Justifications 

Chin 
 

Falam 2 There is currently limited information on heat-wave 
hazards, other than in Central dry zone area. 

There is only limited information available to support 

heatwaves assessments for Myanmar currently, and 

hazard levels should be revised once more 

information becomes available. 

Conservative values have been assigned in 
recognition of the prevalence of waves of heat 
recorded by GoM 2012c; and recognizing that The 
Natural Disaster 
Management Law of Myanmar (enacted on 31 July 
2013) recognizes heat-wave as one of the key 
potential hazards. Also, the Global Climate Risk 
Index, includes heatwaves as one of the major 
potential hazard which climate change may intensify.  

 

According to DMH and NMI (2017) there has been an 
increase in annual temperatures, but a lower certainty 
on the number of hot days. Also, according to Horton 
et al. values for waves of extreme hot days will 
increase with changes in climate, as described in the 
sections on climate change in this document  

 

Hakha 2 

Thantlang 2 

Tedim 2 

Sagaing 
 

Mingin 4 

Mawlaik 3 

Paungbyin 3 

Kalewa 3 

NSAZ Lay Shi 2 

Lahe 2 

Nanyun 2 

Tanintharyi 
 

Launglon 3 

Thayetchaung 3 

Yebyu 3 

Ayeyarwady 
 

Labutta 3 

Pyapon 3 

Bogale 3 

9. Fire (wildfire and forest fire) 

 According to ADPC et al. (2009), fire is the most frequent disaster in Myanmar. Its reported 
frequency is high, because of the cooking, agricultural and infrastructural practices intersected 
with the long dry-spells dictated by the climate in the country. This also causes a sizable fraction 

of annual average loss in the country. This appraisal could be expanded to increase fire in 
villages generated through cooking practices and negligence. This may alter significantly the 
hazard profile for this hazard, in particular in Ayeyarwady, where historically this hazard has been 
high. 
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 Wildfire and forest fire are mostly provoked by shifting (slash and burn) cultivation; 
Deliberate burning of the forest for hunting purposes and other agricultural practices. These 
appeared to be prevalent in the Chin and upper Sagaing clusters of the RCDP. 
 

 However, though important, this hazard is understudied, or at least no readily available 
information could be found to expand the scope of this appraisal, and further validation of the 

importance of this hazard should be conducted when presenting the preliminary analysis to 
Townships and Villages at the beginning of the RCDP project. Also. Available mapping (Refer to 
figures in this section) seem inconsistent with the narrative information provided. 
 

Table 13 RCDP fire (wildfire and forest-fire) summary table. Sources: Hazard Profile of 
Myanmar (ADPC ET AL., 2009) 

State/Region 
Name 

Township 
Name 

Fire Justifications 

Chin 
 

Falam 3 There is only limited information available 
to support fire hazard assessments for 
Myanmar currently, and hazard levels 
should be revised once more information 
becomes available. 
 
In particular, the appraisal may be 
expanded to increase fire in villages 
generated through cooking practices and 
negligence. This may alter significantly the 
hazard profile for this hazard, in particular 
in Ayeyarwady, where historically this 
hazard has been high. However, given the 
scope of this assessment around climate 
change, issues related to wildfire and 
forest fire are of more relevance. 
 
Figures 52 and 53. 

Hakha 3 

Thantlang 3 

Tedim 3 

Sagaing 
 

Mingin 3 

Mawlaik 2 

Paungbyin 2 

Kalewa 3 

NSAZ Lay Shi 3 

Lahe 3 

Nanyun 3 

Tanintharyi 
 

Launglon 2 

Thayetchaung 2 

Yebyu 2 

Ayeyarwady 
 

Labutta 1 

Pyapon 1 

Bogale 1 
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Figure 52. Average annual fire cases. Figure 53 Forest fire atlas of Myanmar 

 
 

NB: domestic (Hazard Profile of Myanmar, (ADPC et al, 2009)                      ADPC et al, 2009 

 
F. Climate Change Projections for Myanmar and relevance for the RCDP clusters  

 Climate change projections for Myanmar were first published in 2012 (GoM, 2012c), 

updated in 2016 (DMH and RIMES, 2016) and contributions to the projections were done in 2017 
(Horton et al., 2017). The three main reports used different models covering all physiographic 
regions of Myanmar, as follows: 
 

 NAPA (GoM, 2012c) projected temperature and precipitation using the “model Providing 
Regional Climates for Impacts Studies (PRECIS) using 20 km x 20 km resolution and operated 

by the South East Asia System Analysis Research and Training Regional Centre (SEA START 
RC) using an A2 emissions scenario. Modelled data for the period 1971-2000 were used as the 
baseline information. Data recorded at seven stations were used”. Timescales used in the NAPA 
projections were 2020, 2050 and 2099.  
 

 DMH and RIMES (2016) updated climate change projections to describe how climate 
conditions will change by the 2030s (defined as the time period 2021-2040) and 2050s (defined 
as the time period from 2041-2060), 2070s (defined as the time period from 2061-2080) and 
2090s (defined as the time period from 2081-2100). They used datasets from Coordinated 
Regional Climate Downscaling Experiment (CORDEX) with four (4) models, NASA Earth 
Exchange (NEX-NASA) with four (4) models and Coupled Model Inter-comparison Project Phase 
5 (CMIP5) with five (5) models. Observation data during the period (1981-2005) and the data of 
CORDEX, NEX-NASA and CMIP5 for the historical period during (1981-2005) and projection 
(2021-2100) was used. The three datasets and relevant models used different resolutions down 
to 0.25 gridded resolution. The new ‘normals’ of 1981–2010 (Refer to Observed Climate section 
of this assessment) were used, and data from 35 Meteorological observation stations. They used 
the Representative Concentration Pathways (RCPs) 4.5 and 8.5.19 
                                                      
19  Representative Concentration Pathways (RCPs) are four greenhouse gas concentration trajectories adopted by the 

IPCC for its fifth Assessment Report (AR5) in 2014, superseding its Special Report on Emissions Scenarios 
projections published in 2000. The pathways are used to describe four possible climate futures and result from 
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 Horton et al. (2017) from the Columbia University Center for Climate Systems Research 
(CCSR) in cooperation with the World Wide Fund for nature (WWF), the Myanmar Climate 
Change Alliance (MCCA) and DMH published climate change projections including sea-level rise 
in 2017. Outputs from 21 climate models, downscaled to high spatial resolution using RCP 4.5 
and RCP 8.5 scenarios were used to project annual and seasonal temperature and precipitation 
projections for the early and mid-21st century. To project sea level rise, outputs from 24 climate 
models were integrated with other sources of information, including peer-reviewed literature. 
Temperature and precipitation projections were developed using the NASA Earth Exchange 
Global Daily Downscaled Projections (NEX-GDDP) dataset released in 2015 comprised of 

downscaled climate scenarios for the globe derived from the General Circulation Model (GCM) 
runs conducted under the Coupled Model Inter-comparison Project Phase 5 (CMIP5). The spatial 
resolution of the dataset is 0.25 degrees. At the request of MCCA, downscaled projections were 
produced for Labutta (within the Ayeyarwady RCDP cluster); as well as Dawei (close to RCDP 
cluster in Tanintharyi), which makes this study interesting for the design of the RCDP project. 
They developed two time slices to reflect 30-year averages, i.e. 2020s (2011-2040) and 2050s 
(2041-2070) both referring to the baseline of 1980 to 2005. Data from in-land and coastal weather 
stations were used. 
 

 Despite applying different models, and building on different datasets, the outcomes of 

these main studies mostly concur on the following 
 

(i) Temperatures: there is high confidence that temperatures will continue to 
increase (Refer to Observed Climate in this assessment) in both annual average 
and peak temperatures: 
(a) In every region in Myanmar, temperatures are expected to increase by the 

middle of the century, with a most evidence change by end of this century. 
Temperatures after then are projected to rise within a range of 1.3°C to 
2.7°C above historical levels with the highest estimates associated with 
large increases in global greenhouse gas emissions (RCP8.5). By 2040 
(the closer to the lifespan of the RCDP project) low estimates (RCP 4.5) 
project an increase of between +0.5 in coastal areas +0.7 in-land; while 
high estimates (RCP 8.5) will see an increase of +0.9 in coastal areas and 
+1.2 in-land (Horton et al. 2016) and even higher according to DMH and 
RIMES (2016), compared to the baseline of 1980 to 2005; 

(b) Warming will vary by both season and region. Cool (November-February) 
and hot (March-May) seasons are expected to warm most;  

(c) Regional differences in mean warming will manifest more clearly after 
2040, as inland areas are projected to warm more than coastal ones. The 
Eastern and Northern Hilly Regions (RCDP Upper Sagaing-Naga, Chin and 
part of Lowe Sagaing clusters) are likely to see the most dramatic warming 
among all regions of Myanmar, with hot season average temperatures 
rising by up to 3°C (Horton et al. 2016)  

                                                      
different combinations of economic, technological, demographic, policy, and institutional futures. RCP scenarios 
range from RCP2.6, RCP4.5, RCP6, and RCP8.5 hence RCP 4.5 is one of the medium-low scenario and RCP 8.5 
is the highest emission scenario. For the purpose of the RCDP analysis, the highest scenario (RCP 8.5) is used for 
two reasons: at present, this is the trajectory the work is most likely to be committed to; and it magnifies the potential 
effects, thus prompting adaptation in small infrastructure and livelihood.  
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(d) In addition to mean temperature increase, frequency of hot days (peak 
temperatures) in the future will also increase. This means that, if during the 
period 1981-2010 (Normal) in average one day of extreme heat per month 
during the hot season (e.g. April) was to be observed, by mid-21st century, 
four to 17 days of extreme heat each month could be experienced.  
 

(ii) Precipitation: there is less clarity, especially in the earlier time-slice of this 
century, on precipitations trends.20 However, i.e.: 
(a) All studies agree that changes in rainfall patterns will vary by region and 

season and that increase in precipitation will occur during the wet, 
monsoon season. However, there is no confidence and alignment across 
studies on whether precipitation will increase or decrease during the cool 
and hot seasons; more regional studies agree that the general direction of 
change in precipitation is towards a decrease in annual average; However, 
there is also a certain confidence, backed by observation, that changes in 
climate may continue to induce heavier rainfall over shorter amount of time, 
in line with South-East Asia projections on the increase of monsoon 
extremes. Increase in mean precipitation in monsoons and increase in 
heavy precipitation events is shown by most of models. 

(b) Related to the above, the projections include an increase in clear sky days 
exacerbating meteorological drought periods (Weakened monsoon) 

 
(iii) Sea-level rise: there a certain confidence on that sea-level will continue to rise, as 

follows: 
(a) Sea level rise projections for the Myanmar coastline range from 20 to 41 

centimeters by mid-century  
  

                                                      
20  The IPCC Fifth Assessment Report emphasizes the high uncertainty and spatial variation in projected precipitation 

shifts under climate change compared to temperature projections.  
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Table 14: Summary of climate change projections by 2040 specific to RCDP Clusters, 
compared to 1980-2005 average with RCP8.5 emission scenario (High estimate) 

Projections 

RCDP 
Clusters 

Macro-
regions 

Max mean 
temperature for 
high estimates 

Precipitation 
(Including monsoon 
precipitation) 

# days per 
month hotter 
than 
historical 
extreme heat 
days from 
1981-2010 

Sea-level 
rise 

Chin 
 
 

In-land / 
northern hilly 

+1.3 (DMH) or + 
0.9 (Horton et 
al.) 

Increased annual 
variability, with high 
confidence in a 
‘wetter’ wet season 
across clusters (e.g. 
range between 2 and 
12 % increase); and 
more clear sky-days 
especially in the 
northern regions. i.e. 
Chin, Naga and 
northern part of the 
Sagaing clusters; 
with a large range of 
uncertainty on 
precipitation 
percentile departure 
over annual 
averages up to 2040 
 
Increased in heavy 
rainfall events 
 

Up to 6 days > 
or = to the 
current 1 
normal 
maximum day 
in the month of 
April (Horton 
et al.) 

N/A 

NSAZ  +1.4 (DMH) or 
+1.2 (Horton et 
al.) 

Sagaing In-land / 
northern hilly / 
Central dry 
zone 
(northern) 

+1.4 (DMH) or 
+1.2 (Horton et 
al.) 

Tanintharyi 
 
 

Coastal 
(southern) 

+1.4 (DMH) or 
+1 (Horton et 
al.) 

~+41 cm with 
RCP 8.5 by 
mid-century 

Ayeyarwady Coastal (delta) +1.1 (DMH) or 
+0.9 (Horton et 
al.) 

Source: Author with data from GoM (2012c); DMH/RIMES (2016); Horton et al. (2017) 

 
 It is critical to note that all models – despite the level of confidence in the projections and 

consistent results across different studies – entail a level of uncertainty.  
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Table 15: Climate change projections for Myanmar, based on RCP4.5, compared to the period 1981–2005 

State/
Region 

Annual maximum temperature increase (˚C) Annual minimum temperature 
increase (˚C) 

Rainfall departure (%) 

2021–
2040  

2041-
2060 

2061–
2081  

2081
–
2100  

2
0
2
1
–
2
0
4
0  

2
0
4
1
–
2
0
6
0  

2
0
6
1
–
2
0
8
1  

2
0
8
1
–
2
1
0
0  

2021–2040  2
0
4
1
–
2
0
6
0  

2061
–
2081  

2081–2100  

Ayeyar
wady  

0.8–1.1 1.2–
1.8 

1.5–2.2 1.8–
2.5 

0
.
7
–
1
.
2 

1
.
3
–
1
.
8 

1
.
6
–
2
.
3 

1
.
9
–
2
.
4 

3–14 5
–
1
5 

12–
30 

25–40 

Bago 0.8–1.3 1.3–
2.0 

1.9–2.9 2.3–
3.8 

0
.
8
–
1
.
2 

1
.
4
–
1
.
9 

1
.
8
–
2
.
4 

2
.
1
–
2
.
6 

3–14 5
–
1
5 

12–
30 

25–40 

Chin 0.8–1.2 1.4–
2.1 

1.8–2.7  1.9–
2.8 

0
.
9
–
1
.
3 

1
.
5
–
2
.
1 

2
.
0
–
2
.
7 

2
.
3
–
3
.
0 

-2 to 10 5
–
1
5 

12–
30 

10–30 

Easter
n Shan 

0.8–1.3 1.4–
2.3 

1.8–3.1  2.1–
3.6 

0
.
9
–

1
.
5
–

1
.
9
–

2
.
8
–

-2 to 10 5
–
12–
30 

10–30 
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1
.
4 

2
.
2 

2
.
6 

4
.
5 

1
5 

Kachin 0.8–1.3 1.4–
2.1 

1.9–2.8  2.0–
3.1 

1
.
9
–
2
.
6 

1
.
2
–
1
.
7 

0
.
9
–
1
.
5 

1
.
9
–
2
.
8 

-2 to 10 5
–
1
5 

12–
30 

10–30 

Kayah 0.9–1.4 1.6–
2.4 

1.8–2.9  2.3–
3.9 

0
.
9
–
1
.
4 

1
.
6
–
2
.
3 

2
.
0
–
2
.
7 

2
.
3
–
2
.
8 

-4 to 6 -
7 
t
o 
5 

-5 to 
15 

10–30 

Kayin 0.7–1.2 1.2–
2.0 

1.8–2.9  2.2–
3.8 

0
.
8
–
1
.
2 

1
.
4
–
2
.
0 

1
.
8
–
2
.
5 

2
.
1
–
2
.
6 

-2 to 10 5
–
1
5 

12–
30 

25–40 

Lower 
Sagain
g 

0.8–1.3 1.4–
2.1 

1.7–2.7 2.0–
2.9 

0
.
9
–
1
.
3 

1
.
5
–
2
.
2 

1
.
9
–
2
.
6 

2
.
3
–
3
.
0 

-2 to 10 5
–
1
5 

12–
30 

25–40 

Magwa
y  

0.8–1.3 1.3–
2.2 

1.8–3.0  2.3–
4.1 

0
.
9
–
1
.
5 

1
.
7
–
2
.
3 

1
.
9
–
2
.
6 

2
.
2
–
2
.
8 

-2 to 10 5
–
1
5 

12–
30 

25–40 

Manda
lay 

0.8–1.3 1.3–
2.1 

1.7–2.6 2.0–
2.9 

0
.
1
.

2
.
2
.
-2 to 10 5

–
12–
30 

10–30 
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9
–
1
.
3 

5
–
2
.
2 

0
–
2
.
7 

3
–
3
.
0 

1
5 

Mon 0.7–1.1 1.2–
1.9 

1.5–2.2 1.7–
2.2 

0
.
7
–
1
.
1 

1
.
3
–
1
.
8 

1
.
8
–
2
.
3 

1
.
9
–
2
.
4 

-2 to 10 5
–
1
5 

12–
30 

25–40 

Northe
rn 
Shan 

0.9–1.5 1.4–
2.3 

1.9–3.2 2.3–
4.2 

0
.
9 
–
1
.
2 

1
.
6
–
2
.
1 

2
.
0
–
2
.
7 

2
.
3
–
3
.
0 

-4 to 6 7
–
1
7 

12–
30 

10–30 

Rakhin
e 

0.7–1.1 1.3–
2.1 

1.7–2.9  2.2–
3.8 

1
.
0
–
1
.
3 

1
.
2
–
1
.
8 

1
.
7
–
2
.
4 

1
.
9
–
2
.
5 

3–14 7
–
1
7 

12–
30 

25–40 

South
ern 
Shan 

0.9–1.4 1.3–
2.2 

1.8–3.0  2.4–
4.1 

0
.
8
–
1
.
3 

1
.
5
–
2
.
2 

2
.
0
–
2
.
7 

2
.
3
–
2
.
9 

-2 to 10 5
–
1
5 

12–
30 

10–30 

Tanint
hayi 

0.8–1.5 1.2–
1.9 

1.5–2.4 1.7–
2.4 

0
.
8
–
1

1
.
3
–
1

1
.
6
–
2

1
.
8
–
2

-9 to 1 -
7 
t
o 
5 

-5 to 
15 

10–30 
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.
3 
.
8 

.
1 
.
8 

Upper 
Sagai
ng 

0.8–1.4 1.2–
1.8 

1.8–2.7  1.8–
2.9 

1
.
0
–
1
.
3 

1
.
5
–
1
.
9 

1
.
9
–
2
.
6 

2
.
2
–
2
.
9 

-2 to 10 7
–
1
7 

12–
30 

25–40 

Yango
n 

0.8–1.2 1.3–
2.0 

1.8–2.9  2.3–
3.8 

0
.
8
–
1
.
2 

1
.
4
–
1
.
9 

1
.
8
–
2
.
3 

2
.
0
–
2
.
5 

3–14 5
–
1
5 

12–
30 

25–40 

Source: DMH and RIMES (2016), ‘Model Data Analysis and Climate Projections’ 

 

  



68 

 
Table 16. Climate change projections for Myanmar, based on RCP8.5, compared to the period 1981–2005 

State/regi
on 

Annual maximum 
temperature increases 
(˚C) 

Annual minimum temperature 
increases (˚C) 

Rainfall departure (%) 

2
0
2
1
–
2
0
4
0  

2
0
4
1
-
2
0
6
0 

2
0
6
1
–
2
0
8
1  

2081–2100  2021–
2040  

20
41
–
20
60  

2
0
6
1
–
2
0
8
1  

20
81
–
21
00  

2
0
2
1
–
2
0
4
0  

2
0
4
1
–
2
0
6
0  

20
61
–
20
81  

2081– 

2100  

Ayeyarwa
dy  

0
.
9
–
1
.
2 

1
.
6
–
2
.
1 

2
.
3
–
3
.
0 

3.2–4.0 0.8–
1.3 

1.7
–
2.3 

2
.
2
–
3
.
2 

3.1
–
4.1 

6
–
1
3 

1
4
–
2
5 

12
–
44 

10–31 

Bago 0
.
9
–
1
.
3 

1
.
6
–
2
.
1 

2
.
4
–
3
.
1 

3.3–4.1 0.9–
1.4 

1.8
–
2.4 

2
.
5
–
3
.
4 

3.4
–
4.4 

6
–
1
3 

1
4
–
2
5 

12
–
44 

10–31 

Chin 0
.
6
–
1
.
3 

1
.
5
– 
2
.
4 

2
.
0
–
3
.
3 

2.2–4.4 1.0–
1.4 

2.0
–
2.7 

2
.
6
–
3
.
7 

3.7
–
5.0 

6
–
1
3 

1
4
–
2
5 

12
–
44 

10–31 

Eastern 
Shan 

1
.
0
–
1

1
.
6
–
2

2
.
5
–
3

3.4–4.3 1.0–
1.6 

2.0
–
2.7 

2
.
7
–
3

3.7
–
4.8 

-
7   
t
o 
7 

7
–
1
5 

3–
25 

10–31 
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.
3 

.
3 

.
3 

.
6 

Kachin 0
.
9
–
1
.
5 

1
.
5
– 
2
.
4 

2
.
6
–
3
.
6 

3.5–5.0 0.9–
1.3 

1.9
–
2.6 

2
.
5
–
3
.
6 

3.6
–
4.9 

6
–
1
3 

1
4
–
2
5 

12
–
44 

10–31 

Kayah 0
.
9
–
1
.
4 

1
.
5
–
2
.
1 

2
.
5
–
3
.
2 

3.4–4.3 1.0–
1.5 

2.0
–
2.7 

2
.
6
–
3
.
6 

3.7
–
4.8 

-
7   
t
o 
7 

7
–
1
5 

12
–
44 

10–31 

Kayin 0
.
9
–
1
.
2 

1
.
5
–
2
.
1 

2
.
3
–
3
.
1 

3.3–4.2 0.9–
1.4 

1.8
–
2.4 

2
.
4
–
3
.
4 

3.4
–
4.5 

-
7   
t
o 
7 

1
4
–
2
5 

12
–
44 

10–31 

Lower 
Sagaing 

0
.
8
–
1
.
4 

1
.
5
–
2
.
4 

2
.
5
–
3
.
4 

3.5–4.8 1.0–
1.6 

2.0
–
2.8 

2
.
8
–
3
.
9 

3.8
–
5.2 

-
7   
t
o 
7 

7
–
1
5 

12
–
44 

16-54 

Magway  0
.
8
–
1
.
3 

1
.
5
–
2
.
2 

2
.
3
–
3
.
2 

3.4–4.5 0.9–
1.4 

1.9
–
2.6 

2
.
5
–
3
.
6 

3.5
–
4.8 

6
–
1
3 

1
4
–
2
5 

12
–
44 

10–31 

Mandalay 0
.
8

1
.
6

2
.
4

3.5–4.6 1.0–
1.6 

2.1
–
2.8 

2
.
7

3.8
–
5.1 

-
7   
t

7
–

3–
25 

10–31 
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–
1
.
4 

–
2
.
3 

–
3
.
3 

–
3
.
8 

o 
7 

1
5 

Mon 0
.
7
–
1
.
0 

1
.
2
–
1
.
9 

1
.
5
–
2
.
2 

1.7–2.2 0.8–
1.3 

1.7
–
2.3 

2
.
2
–
3
.
2 

3.1
–
4.2 

-
7   
t
o 
7 

7
–
1
5 

12
–
44 

10–31 

Northern 
Shan 

1
.
0
–
1
.
5 

1
.
6
–
2
.
4 

2
.
6
–
3
.
4 

3.4–4.5 1.0–
1.5 

2.1
–
2.8 

2
.
7
–
3
.
7 

3.8
–
5.0 

-
7   
t
o 
7 

1
4
–
2
5 

12
–
44 

10–31 

Rakhine 0
.
7
–
1
.
1 

1
.
5
–
2
.
2 

2
.
3
–
3
.
1 

3.1–4.1 0.8–
1.3 

1.6
–
2.3 

2
.
2
–
3
.
1 

3.1
–
4.2 

6
–
1
3 

1
4
–
2
5 

12
–
44 

10–31 

Southern 
Shan 

1
.
0
–
1
.
3 

1
.
6
–
2
.
3 

2
.
5
–
3
.
2 

3.4–4.4 1.0–
1.5 

2.0
–
2.7 

2
.
6
–
3
.
7 

3.7
–
4.8 

-
7   
t
o 
7 

7
–
1
5 

3–
25 

10–31 

Taninthayi 0
.
9
–
1
.
4 

1
.
6
–
2
.
5 

2
.
4
–
3
.
5 

3.4– 4.7 0.9–
1.4 

1.7
–
2.2 

2
.
2
–
3
.
2 

3.1
–
4.3 

-
7   
t
o 
7 

7
–
1
5 

3–
25 

10–31 
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Upper 
Sagaing 

0
.
7
–
1
.
4 

1
.
7
–
2
.
4 

2
.
4
–
3
.
5 

3.7–5.0 1.0–
1.6 

1.9
–
2.6 

2
.
5
–
3
.
6 

3.5
–
5.0 

6
–
1
3 

1
4
–
2
5 

12
–
44 

16–54 

Yangon 1
.
0
–
1
.
3 

1
.
6
–
2
.
1 

2
.
4
-
3
.
1 

3.3–4.1 0.9–
1.4 

1.8
–
2.4 

2
.
5
–
3
.
4 

3.4
–
4.3 

6
–
1
3 

1
4
–
2
5 

12
–
44 

10–31 

Source: DMH and RIMES (2016), ‘Model Data Analysis and Climate Projections’ 
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Table 17: Sea-level rise projections for Myanmar, Low: RCP4; High: RCP8.5, relative to the 
2000-2004 base period. Source: Horton et al. (2017) and MCCS (GoM, 2018, forthcoming) 

Timeline Middle range of projected sea level rise (cm) 

2020s 5–13 

2050s 20–41 

2080s 37–83 

 

Figure 54: Average annual temperature change in mid-century relative to the1980-2005 base 
period under low and high emissions 

 
Source: in Horton et al. 2017 
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G. Significance of climate change effects for RCDP clusters  

 Projected changes in climate will result in the intensification of trends already observed in 
Myanmar, with increased significance of other trends, such as salinization and coastal inundation. 

Even though temperature projections will become extreme, precipitation trends more clear and 
regional differences more evident by mid-century, therefore beyond the duration of the RCDP 
project, it is critical to understand that the effects of climate change that we are experiencing and 
that will be felt within this decade by communities in all RCDP clusters. Evidence has been 
reported (and described in previous sections) on the alteration of the hazard profile; as well as on 
agriculture, eco-system service quality and availability, human and animal health that are leading 
to displacement, loss of livelihood, and migration (GoM, 2012c; Driel et al. 2014; Fee et al. 2017, 
2017b; Chitale et al., 2018 forthcoming; GoM with LIFT, 2016; UNDP, 2016). 
 

 Changes in climate will have transformative effects and direct impact on all RCDP project 
aspects; and should be considered in the design and delivery of the Output 1., 2 and 3. Whether 
these changes will result in higher risks of disasters depends on the conditions of the villages in 
RCDP clusters, which is discussed in the next sections.  
 

 Projected changes will generate both and intensification of hazard levels  - potentially 
leading to disasters; as well as the appearance and intensification of stresses, which can further 
the vulnerability of communities.  
 

 Changes will produce an intensification of potentiality and intensity of extreme climatic 
processes or natural hazards already identified in this assessment. This will result in shocks for 
villagers in the RCDP clusters – affecting both infrastructure and sources of livelihood through 
potentially both covariate and discreet disasters, likely in exceedance of critical thresholds. 
  

 This will continue into the next decades, with the possible consequences and potential 
impacts summarized in the table hereunder (Table 18) 
 

Table 18: Effects of climate change on the hazard profile (shocks) and potential impact 
on RCDP clusters, and output-level design implications 

Effects of changes on hazard levels and 
significance for the RCDP clusters  

Potential primary and secondary impacts 
of increased hazard levels and implications 
for the RCDP project design 

1. Changes in cyclone severity and 
frequency remain uncertain. However, it is 
possible that observed trends will continue 
and cyclones or severe tropical storms will 
increase in intensity, directly affecting the 
Ayeyarwady and Tanintharyi clusters with 
heavy rains; strong winds; floods and storm-
surges; while Chin and Sagaing will be 
further exposed to heavy rains when 
monsoon rains will be combined with 
cyclonic events making landfall from the Bay 
of Bengal.  

Destructive forces (winds; heavy-rains and 
associated floods; storm-surges; waves) 
associated with cyclones, tropical storms or 
more intense storms will potentially: 

• Affect all infrastructure in villages in 
areas exposed to cyclonic winds and 
stronger tropical storm winds, 
causing damage and life-
threatening conditions, i.e. coastal 
clusters 

• Connectivity through waterways in 
the delta will be penalized because 
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Effects of changes on hazard levels and 
significance for the RCDP clusters  

Potential primary and secondary impacts 
of increased hazard levels and implications 
for the RCDP project design 

It is also expected that stronger winds will 
affect Chin state, from the Rakhine coast. 
Tropical storms, with destructive power yet 
not classified as cyclones may increase in 
intensity, and possibly frequency, affecting 
in particular the coastal clusters of 
Ayeyarwady and Tanintharyi.  

 

of the associated higher waves in 
the water-bodies, thereby reducing 
access to lifeline services; or 
market. Access through waterways 
may be reduced during storms of 
higher intensity. This will cause both 
life-threat (e.g. lack of access to 
health-posts or hospitals) and 
impact on income; i.e. coastal 
clusters; but also Sagaing drained 
by Chindwin river, which may flood 
and affect connectivity 

• Associated larger storm-surges in 
coastal areas will pose life-threat to 
people; and potential destruction of 
infrastructure and agricultural land, 
especially in connection with sea-
level rise 

• Increased floods; flash-floods; 
inundations induced by heavy-rains 
during storms will directly affect 
agriculture; infrastructure; human 
health 

• Heavier rains associated with 
storms destroy crops and cause 
harvest failure, with consequences 
for income and food security 

• Potential damage to coastal 
ecosystem and ecosystem services 

• Heightened risks to health and life 
for pregnant women, children, 
elderly and sick people, who have 
limited mobility 

2. Prevalence of climatological, 
hydrological and agricultural droughts 
will increase as a compound effect of the 
extended dry seasons with a shorter 
monsoon; and increased temperatures 
causing faster evaporation and 
evapotraspiration. In combination with El 
Niño Southern Oscillation years, this may 
lead to very severe water shortages 

The increase in prevalence of climatological, 
hydrological and agricultural droughts across 
the RCDP clusters may induce a direct and 
indirect impacts of potentially very high 
magnitude for people, especially those relying 
on rain-fed agriculture and on unprotected 
surface water sources for drinking and non-
drinking use, including increased poverty, 
morbidity and mortality; and eventually 
migration at different scales.  
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Effects of changes on hazard levels and 
significance for the RCDP clusters  

Potential primary and secondary impacts 
of increased hazard levels and implications 
for the RCDP project design 

All RCDP clusters may suffer to various 
degrees from the effects of different types of 
drought. Although hazard levels may be 
different, vulnerabilities may increase the 
impact and potential for hydrological 
droughts.  

For instance, despite the higher precipitation 
in coastal areas, the Ayeyarwady may be 
particularly at risk given the complete 
reliance of people on unprotected surface 
water. 

 

Impact of this increase natural hazard may 
lead to: 

• Decrease of agricultural yields and 
crop failure; with consequent loss of 
income and deterioration of food 
security potentially leading to 
malnutrition, which will further 
vulnerability of people relying on 
agriculture;  

• Health issues for people, potentially 
leading to widespread life-
threatening conditions; 

• Health issues for livestock, leading 
to loss of income; 

• Insect infestations, plant disease, 
and wind erosion; 

• Environmental consequences 
leading to an increase of other 
natural hazards, such as increased 
wildfires risks; and reduction in river 
flows. 

• In addition, human-induced 
deterioration of eco-system services 
(for instance overexploitation of 
water sources) will contribute to the 
effects of changes in climate to 
increase risks. 

3. Prevalence of different type of flooding 
and inundation events caused by more 
intense precipitation (or heavy rains) will very 
likely increase. Heavier rains and other 
factors will alter return periods of very intense 
floods with a likely exceedance of expected 
levels for riverine floods; deltaic inundations; 
as well as flash-floods; and surface runoff 
water. 

All RCDP clusters will be affected, in different 
ways, by an increase in intensity and 
frequency of flooding events. The extent and 
impact of flooding events are very much 
related to the local topography and 
conditions.  

Increased flood hazard levels will affect RCDP 
clusters in a number of ways: 

• Larger potential for infrastructure 
destruction in RCDP target-villages, 
during the project implementation  

• In the delta, during the lifespan of 
the project inundation level and 
extents may change for the 
combined effects of heavier rains 
and sea-level rise, affecting target-
villages. Similarly, coastal flooding 
from storm-surges in the delta and 
southern coastal clusters may affect 
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Effects of changes on hazard levels and 
significance for the RCDP clusters  

Potential primary and secondary impacts 
of increased hazard levels and implications 
for the RCDP project design 

 

However, in general, it may be expected that 
changes in climate will produce in the 
northern hilly clusters (Chin and Naga) 
localized flooding of rivers and possible 
increase in the velocity of surface runoff 
water on steep-hills (especially associated 
with deforestation); in the Sagaing cluster, 
the Chindwin river is already known to 
produce the largest floods in the country, 
affecting the central section of the 
Ayeyarwady river. Floods in this area may be 
expected to further affect townships. In the 
Ayeyarwady, the combination of sea-level 
rise, natural subsidence (Driel et al. 2014), 
heavier rains and upstream flooding events 
may result in an in increase in the extension 
of inundations in low-lying deltaic areas, 
carrying flooding further inland or leaving 
more areas constantly inundated (Fee et al. 
2017; Driel et al. 2014; GoM, 2012c). In 
Tanintharyi, coastal floods, riverine and 
deltaic floods may also increase. 

 

  

villages that are currently not 
considered exposed. 

• Increased flooding in key agricultural 
production areas of the five clusters 
may cause damage to crops and 
fencing and loss of livestock. Flow-
on effects of reduced agricultural 
production may also affect food 
security outside the production area 
as food prices increase due to 
shortages in supply, which is 
particularly important for land-less 
vulnerable people within the RCDP 
clusters. 

• Still water after flooding events 
conditions rise in vector-borne 
diseases such as malaria, filarial, 
dengue and other pathogens 

• Rise in water-borne diseases such 
as diarrhea, cholera and poisoning 
caused by biological and chemical 
contaminants in water 

• Decreased access to schools (e.g. 
blocked or destroyed roads) for 
longer periods of time with impact on 
socio-economic vulnerabilities 

4. Torrential rains, with a varied set of 
environmental, geological, agricultural 
consequences, and in particular landslides.  

The expected variation in the precipitation 
patterns will have direct effects on the 
intensification of natural hazards such as 
landslide and flooding events, and deplete 
soils by dispersing nutrients, which may 
affect agricultural productivity in RCDP 
clusters.  

All RCDP clusters will be affected, in different 
ways.  

Hazards triggered by torrential rains and eco-
systemic effects will impact RCDP clusters in 
a number of ways: 

• Potential destruction of 
infrastructure 

• Increased potential for landslides  

• Further seasonal isolation of villages 
being cut-off from main roads, e.g. in 
Chin and Naga, but also in the 
Ayeyarwady as waterways will 
become more difficult to use during 
rainy season. 

• This in turn may lead to further 
issues with access to markets and 
basic services, such as health and 
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Effects of changes on hazard levels and 
significance for the RCDP clusters  

Potential primary and secondary impacts 
of increased hazard levels and implications 
for the RCDP project design 

education, thus furthering 
vulnerabilities  

• Damage to crops due to severe 
inundation of land 

• Waterlogging and washing away of 
top soil and nutrients, resulting in 
decline of crop productivity 

• Direct loss of seeds and grain stocks 

• Decreased groundwater flow and 
recharge, as most flows run-off 
downstream rather than recharging 
local aquifers 

• Siltation and sedimentation of 
waterways and dams, due to large-
scale erosion processes 

5. Sea-level rise will produce a diversified 
set of consequences, of which some are 
easier to predict – such as inundation and 
salinization of agricultural land; while others, 
such as the impact on hydrodynamics, 
moisture and further climatic processes 
remain to be analysed. 

Sea-level rise will be critical in coastal RCDP 
clusters, but especially in the Ayeyarwady 
where the large deltaic system and low-lying 
areas may involve permanent inundation of 
large areas. 

 

Sea-level rise will have a double effect on 
both shocks and stresses. Although it is a 
progressive alteration, its impact on hazard 
level deserve to be described amongst 
shocks (in this table) and stresses (in Table 
19 below) 

 

Sea-level rise will induce: 

• Further risk of coastal land erosion, 
with consequent displacement of 
people and issues with land 
availability and potentially conflict 
over resources 

• Loss of infrastructure and coastal 
habitats 

• Decline in connectivity in coastal 
areas and the delta due to 
permanent coastal inundation and 
hence: reduced access of small 
producers to markets and 
consequent loss of income; reduced 
access to basic services such as 
hospitals, schools and shelters 

• Higher waves during storms in 
coastal areas, affecting access 
through waterways  

• Coastal inundation during and 
independent of cyclones (Driel et al. 
2014; Fee et al. 2017).  

6. More extreme high temperatures (hot-
days) causing heat-waves  

• Increase in extremely hot days is 
expected to impact human health; 
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Effects of changes on hazard levels and 
significance for the RCDP clusters  

Potential primary and secondary impacts 
of increased hazard levels and implications 
for the RCDP project design 

livestock; causing an increase in 
mortality and morbidity 

 

 The appearance or intensification of stresses induced by the alteration of regulatory, 
provisioning and supporting functions of the eco-system services for people and agriculture (GoM 
2012c; GoM, 2016; Fee et al. 2017, 2017b f.; Horton et al, 2017). Though less document and 
easy to describe than natural hazard that can lead to increased risks of disasters, climate-induced 
stresses interact with the socio-economic, infrastructure vulnerabilities of communities in a 
significant manner.  
 

 This will continue into the next decades, with the possible consequences and potential 

impacts summarized in the table hereunder (Table 19) 
 

Table 19: Climate change-induced stresses on RCDP clusters, and output-level design 
implications 

Climate-induced stresses and significance 
for the RCDP clusters  

Effects of stresses and relevance for the 
RCDP project design 

1. The average decreased duration of the 
monsoon and erratic rainfall patterns will 
imply further consequences on the spatial 
and seasonal distribution of rainfall, which is 
critical for villages in all RCDP clusters that 
rely mostly on climate-sensitive non-irrigated 
agriculture.  

 

• Further shifting of planting and 
harvesting seasons, with potential 
further effects on productivity of 
agriculture if not addressed 

• Shorter water-harvesting season, 
causing a stress of year-around 
water-security in areas depending on 
rain-harvesting unprotected surface 
water, such as in the RCDP 
Ayeyarwady cluster (Fee et al., 
2017a) 

• Heavier rains in shorter amount of 
periods have been proved to damage 
crops, such as the 2015 rains in 
Sagaing RCDP cluster.  

 

2. The increased average temperature has 
been observed to provoke direct impact 
socio-economic, infrastructural and 
environmental aspects that are critical to the 
wellbeing of people in rural villages of 
Myanmar 

 

All RCDP clusters will be affected. Those 
relying most on agriculture; and with water 

• Heat-stress for crops at different 
latitudes 

• Appearance of pests and animal 
diseases previously unknown, such 
as in NSAZ cluster in 2017 

• Health risks as result of heat stress 
and dehydration, especially to elderly 
and pregnant women   
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insecurity will suffer most from the stresses 
created from an average increase in annual 
temperatures 

 

• Increased aridity and soil moisture 
loss due to evaporation, resulting in 
reduced productivity and erosion 

• Increase in demand for irrigation 
(resulting in increasing pressure on 
water and land resources) 

• Reduced water for irrigation due to 
decrease in water flows and 
increased evaporation 

• Reduced ground- and surface water 
availability 

• Increased risk of forest fires 

• Increased concentration of dissolved 
salts in the water due to evaporation 

• Reduced nutrient and sediment 
deposition, which maintains healthy 
soils and provides nutrients to 
aquatic ecosystems and mangrove 
systems 

3. Sea-level rise will have consequences on 
eco-system services availability and quality, 
particularly on water sources and agricultural 
land. 

In the Ayeyarwady, particularly, 
contamination of agricultural land and water 
sources may undermine the viability of 
agriculture, and therefore livelihood, as well 
as water quality. This is also true for exposed 
areas in the Thanintaryi cluster 

 

Sea-level rise will induce: 

• Higher water table will result in the 
saltwater intrusion of the soil, with 
consequent impact on crops. The 
current line of salinization will likely 
move towards north, thus affecting a 
larger portion of Labutta, Pyapon and 
Bogale in the Ayeyarwady cluster. 
Similar consequences may be 
expected in the coastal portion of the 
Tanintharyi cluster, and particularly 
the low-land portions drained by the 
Dawei deltaic systems. 

• Salinization of water sources for 
drinking, livestock and irrigation. In 
the Ayeyarwady more than 90% of 
access to water is done through 
unprotected surface water (ponds; 
water harvesting systems). 
Salinization of these sources 
(coupled with higher evaporation and 
a shorter water-harvesting season) 
may result in serious water shortages 
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 Considering the above, while acknowledging the limitations in the high-level review of 
secondary data on hazards and the uncertainty inherent to climate change projections; it is safe 

to conclude that current and projected hazard levels in the RCDP clusters, as well as other 
expected effects of climate change are generally high across all RCDP clusters. 
 

 In the long-term, net of adaptive integrated strategies, the effects of climate change will 
create profound consequences for Myanmar, and in particular the most vulnerable people in rural 
isolated villages. This varied set of consequences is discussed in the risk and vulnerability section. 
 

 All clusters all exposed multi-hazards and geo-climatic conditions that justify the focus of 
RCDP in building resilience of communities, particularly in the context of climate change. The 
high risk posed by the projected changes in change identified by the AWARE software is fully 
confirmed by the present assessment (Refer to  

 Figure 54) 
 

 In addition, to support the qualitative review of climate change projections and potential 
effects with semi-quantitative information, this assessment has multiplied existing hazard values 
against coefficients assigned for each hazard according to Appendix 1-Table1. The climate 
variables used to assess the change from current to future climate are described in Table 3. This 
table includes a definition of the approach used, data considered and references. As a result, a 

future potential hazard profile induced by climate change is also presented, and risks and 
vulnerabilities reconsidered accordingly. The rationale and data ranges used are provided in 
Appendix 1-Table2. It should be noted that this table indicates a potential increase in levels of 
hazard consistent with the associated published literature and reports. However, it has not been 
peer-reviewed and should be only used for reference. 
 

 In the next section, an analysis of disaster risks and climate change vulnerability is 

provided, in detail for each RCDP cluster and finally potential measures to increase climate and 
disaster resilience for each RCDP Output are discussed. 
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Figure 55: AWARE Software (Section 3) rating for the RCDP project 
 

 

Source: ADB, 2018 
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Table 20: Scenarios for potential hazard levels by mid-century (2040) (RCP 8.5) based on reviewed secondary-data and specialist 
review 

TARGET AREAS PER ADMINISTRATIVE BOUNDARIES (GAD-MIMU-Census 2014) 
SCENARIOS FOR POTENTIAL HAZARD LEVELS BY 2040 to MID-CENTURY 

(Assuming a high emission scenario (RCP8.5)) 
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Chin 

Nortwest hilly 
and 

mountainous 
area 

In-land, mainly 
hilly and 

mountainous 

Falam 4 4 5 5 5 0 0 5 4 0 0 

Hakha 4 4 4 5 5 0 0 5 4 0 0 

Thantlang 3 4 4 5 5 0 0 5 4 0 0 

Tedim 3 5 5 5 5 0 0 5 4 0 0 

Sagaing 

Lower Sagaing 
included in 

both Northern 
Mountaineous 
and CDZ area 

(Mingin) 

In-land 
Mainly flat 
lowland  

Mingin 2 4 5 5 5 0 0 5 3 0 0 

Mawlaik 2 5 4 5 5 0 0 5 2 0 0 

Paungbyin 2 5 4 5 5 0 0 5 2 0 0 

Kalewa 2 5 4 5 5 0 0 5 3 0 0 

Naga-SAZ (Upper Sagaing) 

 
Upper 

Sagaing, North 
mountainous, 

hilly 

In-land, Mainly 
hilly and 

mountainous 

Lay Shi 2 5 5 5 5 0 0 5 4 0 0 

Lahe 2 4 5 5 5 0 0 5 4 0 0 

Nanyun 2 4 5 5 5 0 0 5 4 0 0 

Tanintharyi 
Southern 
Coastal 

Coastal, with 
deltaic system in 

Launglong & 
Thayetchaung 

Launglon 5 3 3 5 3 4 4 5 2 4 4 

Thayetchaung 5 3 3 5 4 4 4 5 2 4 4 

Yebyu 5 3 3 4 4 4 4 5 2 4 4 

Ayeyarwady 
Ayeyarwaddy 

Delta 
Deltaic system, 

coastal 

Labutta 5 2 3 5 3 5 4 5 1 5 5 

Pyapon 5 2 3 5 3 5 4 5 1 5 5 

Bogale 5 2 3 5 3 5 4 5 1 5 5 

Source: authors (2018). *Cyclone values may be higher considering the associated effects of cyclonic systems making landfall at lower latitudes reaching further in-land. **Values 
for fire in this cluster require further validation. NB: this is a scenario-based computation, based on specialist review. It does not represent a forecast of hazard levels 
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III. CLIMATE AND DISASTER RISK SCENARIOS FOR THE RCDP CLUSTERS 

A. Methods applied to determine exposure, sensitivity, adaptive capacities 

 The current hazard level, compounded by the projected effects of climate change, 
intersect with the exposure of people and their socio-economic and infrastructural 
conditions to give a certain level of risk of disasters induced by current occurrence of natural 
hazards and by the effects of climate change.  
 

 The analysis of exposure (Table 21) and vulnerability of at‐risk elements in relation to 

human, physical, social, economic and environmental dimensions (ADB, 2017) with emphasis 
on aspects of concern for the RCDP project is done by: 
 

 Using data on population living in each township, derived from data available from Census 
2014 as exposed21 people to the potential negative effects of natural hazards and the compound 
effects of climate change described in previous sections; and 
 

 Analyzing characteristics of the infrastructural, service, connectivity systems; socio-
economic systems, including proxies for disaster risk reduction and management; and eco-
systemic aspects that may influence the sensitivity to natural hazards.  
 

 These aspects are analyzed qualitatively for each cluster in the next sections, with a focus 
on the three main aspects that the project will promote, i.e. Output 1: Climate and disaster resilient 

community infrastructure developed; Output 2: Resilient livelihood activities for poor men and 
women in project areas developed; and Output 3: Institutional and organizational capacity of 
communities and local governments strengthened. As ADB (2017) points out “vulnerability is 
multifaceted and requires a multidisciplinary approach as actions in multiple sectors (agriculture, 
education, finance, water, etc.) influence levels of vulnerability”. This appraisal was mostly based 
on specialist knowledge of target areas; contrasted with existing available information and reports. 
 

 To support the qualitative analysis of these aspects with a semi-quantitative method, a 
composite index of twenty-seven (27) indicators was created to discuss the vulnerability of people 
across areas that are representative of sensitivity and adaptive capacities of the country. These 
indicators were selected to be as consistent as possible with those selected for the baseline 

studies of RCDP, that will be used to measure resilience, designed with the Monitoring & 
Evaluation team. The indicators are representative of key aspects that sustain life, social, 
economic interactions in villages of the RCDP cluster, but that also determine the sensitivity of 
villages in the townships to the present and future hazards. They were clustered under three 
macro-areas, as follows: 

 

(i) Infrastructure, connectivity and services;  
(ii) Socio-economic systems, including disaster management governance 
(iii) Environmental conditions  

 
                                                      
21  Disaster risk literature tends to include people and infrastructure within the exposure section. However, as this report 

draws from disaster risk and climate change assessment methods, it was decided to include assets and infrastructure 
as part of sensitivity, and infrastructure indicators were treated under sensitivity, explained in the next section. Also, 
disaster literature considers that low density (and therefore low exposure of people to the effects of a given hazards) 
infer a lower risk, as vulnerability is lower. This distinction is not done here. 
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 Indicators were compiled with quantitative data mostly from Census 2014 and other 
reliable sources. Out of these 27 indicators, eight (8) were weighted and used to calculate risk 
per hazard (as discussed in the next section). The selection of these 8 key indicators was based 
on a) specialist knowledge of the key drivers of vulnerability in Myanmar, consistent with published 
reports from multiple institutional and technical sources, listed in the references; b) the focus of 
RCDP on contributing to building resilience to improved community infrastructure and livelihood 
opportunities.22 The indicators were scored according criteria explained in Appendix 2, 
consistently with hazard valuation (Level 1 = very low sensitivity; Level 5 = Very high). They are 
summarized in table 22.  
 

 It should be noted that the analysis of socio-economic and infrastructural aspects, even if 
backed by semi-quantitative data from verifiable sources, still largely depends on a qualitative 

appraisal and has a certain degree of subjectivity. Also, while the sensitivity to the potential 
effects of natural hazards of exposed population can be appraised by a mix of qualitative and 
semi-quantitative methods the ability to adapt, key to determine resilience of villagers, is more 
difficult to appraise. Social capital, interactions, cultural behaviors, governance and other aspects 
are as important as objectively verifiable indicators, such as access to land, money, information, 
health care, mobility and education. The assessment acknowledges these limitations and must 
rely on limited consultations conducted in July 2018 in the Ayeyarwady; previous experience in 
the country; and the review of reports from NGOs, the UN and the GoM. 
 
  
                                                      
22  Other recent studies on vulnerability in the country have used average value for shocks and stressors; and sources 

of vulnerability that in effect have different frequency, potential impact and significance for communities.  
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Table 21: Exposure derived through Census 2014 data 

TARGET AREAS PER ADMINISTRATIVE BOUNDARIES (GAD-MIMU-Census 2014) EXPOSURE 
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Number 
of 

Village 
Tracts 

Number 
of 

Wards 

Total Pop 
Both sexes 

Population 
Density 

Chin 
Nortwest hilly and 
mountainous area 

In-land, 
mainly hilly 

and 
mountainous 

Falam MMR004001 Falam 86 6 48,077 
17.91 
  

Hakha 

MMR004002 Hakha 30 6 48,352 
11.22 
  

MMR004003 Thantlang 37 3 50,374 
14.48 
  

Falam MMR004004 Tedim 55 4 87,623 
36.13 
  

Sagaing 

Lower Sagaing included in 
both Northern 

Mountainous and CDZ 
Area (Mingin) 

In-land 
Mainly flat 
lowland  

Kale MMR005029 Mingin 61 3 104,363 
26.32 
  

Mawlaik 

MMR005031 Mawlaik 28 2 51,314 
14.54 
  

MMR005032 Paungbyin 40 2 112,694 
27.05 
  

Kale MMR005028 Kalewa 36 3 56,432 
23.86 
  

NSAZ 
(Upper 
Sagaing) 

 
Upper Sagaing, Northern 

Mountainous and Hilly 
area 

In-land, 
Mainly hilly 

and 
mountainous 

Hkamti 

MMR005035 Lay Shi 21 7 10,491 
3.76 
  

MMR005036 Lahe 36 5 54,357 
13.76 
  

MMR005037 Nanyun 59 9 51,980 
7.86 
  

Tanintharyi Southern Coastal 

Coastal, 
embedding 
deltaic river 

system 

betwwen 
Launglong 

and 
Thayetchaung 

Dawei 

MMR006002 Launglon 41 4 118,317 
145.14 
  

MMR006003 Thayetchaung 39 5 105,662 
50.51 
  

MMR006004 Yebyu 34 8 122,633 
30.27 
  

Ayeyarwady Ayeyarwaddy Delta 
Deltaic 
system, 
coastal 

Labutta MMR017016 Labutta 64 13 315,218 
125.97 
  

Pyapon 

MMR017023 Pyapon 52 23 314,122 
220.84 
  

MMR017024 Bogale 76 10 322,665 
159.01 
  

Source: author with Census 2014; GAD; MIMU data 
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Table 22: Summary of indicators analysed to assess vulnerability and to calculate risk 

Infrastructure, connectivity and services 

1. % of people 
with non-durable 

housing 

2. % of 
people with 
improved 
sanitation 

3. % of people 
with access to 

improved 
water source  
for drinking) 

4. % of people 
with access to 

improved 
water source 

for non-
Drinking 
Water: 

5. Road 
Access Index 

Scoring  

6. % of 
people with 
access to 

grid 
electricity for 

lighting 

7. % of total 
township 

population with 
access to Health 
Facilities (in rural 

areas) 

8. % of HH 
possessing 
high value 
transport 
assets 

9. AVG % of 
people with 

access to some 
mean of 

communication 

Socio-economic aspects, including education, gender disparity, labour and livelihood 

10. Overall 
literacy: % of 
literate people  

11. Gender 
disparity in 
literacy (-% 
of women 
literate) 

12. % of people 
with vocational 

training 

13. Highest 
Education: % 
of people with 

at least 
Primary 
school 

completed 

14. Highest 
Education: % of 

people with 
middle & High 

School 
completed 

15. AVG 
Child 

mortality 
(infant & <5) 

16. Proportion of 
Males and 

Females Living 
with Some Form 

of Disability: 
Disabilities: 

prevalence rate 
(%) 

17.Labour 
force 

participation 
rate % 

18.Labour force 
participation 

gender disparity (-
% of women 
participating ) 

Socio-economic aspects and disaster risk management governance  Environmental aspects 

19. Conventional 
HH: Female- 

headed households 
(%) 

20. GDP Per 
capita (in 
Million of 

Kyats) 

21. % of people 
employed in 
Agriculture, 
Fishery and 
Livestock 

22. # of DRR 
projects in the 
last 6 years 

23. DRM 
Committees   
(Values 
assigned 
qualitatively) 

24. DRM 
Plans 
(Values 
assigned 
qualitatively) 

25. Intact forest 
loss between 
2002 and 2014 
as a % of total 
forest cover 

26. % of 
people 
cooking with 
sustainable 
sources 

27. % of HH using 
sustainable 
source of energy 
for lighting as per 
Census definition 

NB: Indicators in bold were weighted to a 50% of overall scoring to estimate vulnerability and risks.  
Source: author 2018 
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B. Analysis of the RCDP cluster vulnerability to natural hazards and the effects of 
climate change 

 The interplay of the observed multi-hazard profile with the exposure of people in the RCDP 
clusters and the sensitivity of socio-economic and infrastructure conditions, the over-exploitation 
of eco-system services, and the largely insufficient adaptive capacities, result in a generalized 
high vulnerability of people in the target areas to natural hazard, and a medium to very 
high risk of disasters across all townships, saved regional differences.  
 

 A detailed analysis of the interaction of hazards, exposure, sensitivity and adaptive 
capacities are provided in the next section. In summary, the assessment finds that: 

 

 Sensitivity of infrastructure, connectivity and services is high across all clusters, with 
notable regional differences dictated by physical access and availability of critical services. In 
particular:  

 

(i) In all assessed RCDP clusters, there is a general prevalence of sub-standard 
infrastructure, and particularly non-durable housing. Even though the use of local 
materials is not per-se a direct indicator of fragility – as vernacular architecture is 
in fact developed adaptively to the environment –observations in several reports 
(Thematic Report on Census 2014; UN-Habitat, 2018, unpublished; Fee et al. 
2017; 2017b; Visvah et al. 2018) and the observed impact of disasters in the last 
decades have been severe on housing and community infrastructure, showing that 
conditions are largely inadequate; risk-sensitive land-use planning very limited, 
and resilient measures in design scarcely applied.  

(ii) Improved sanitation, which is an indicator of development as well as a condition 
for managing and mitigating morbidity and mortality in the aftermath of disasters 
(CARE, 2015). This remains a particular issue in Chin and Naga (WB and UNDP, 
2017). The significant low infrastructure access in some clusters, i.e. Chin and 
Naga, are also an important source of vulnerability for people in villages: 
remoteness and isolation directly limits socio-economic development opportunity, 
conditions that are enhanced by recurrent natural hazards; especially in the 
context of climate change. In Ayeyarwady, seasonally impassable waterways have 
similar effect in isolated villages, which can be cut for days from market and critical 
services. Recurrent landslide events in Chin represent a major obstacle in market 
outlets for products. A high prevalence of earth roads and intricated riverine 
systems, including in Sagaing, also limit access considerably. 

(iii) Particularly important in the context of climate change, is the very low access to 
improved and protected sources of water for most people in Ayeyarwady and, 
reportedly in NSAZ. As described in the previous sections, climate change will 
further stress water availability, triggering disasters with potentially very large 
impact. Given the prevalence in previous years of drought events, and the 
expected further impact of climate change, this should be considered as a major 
obstacle to household and village resilience. Comparatively higher access in other 
clusters, however, should not lead to a sense of security: erratic rainfall patterns; 
over-exploitation of resources; salinization of sources of water may result in higher 
risks of disasters also in the other clusters and particularly Chin, where anecdotical 
reduction spring-water yields has been reported. 

(iv) Access to basic and essential services, such as energy, health and education is 
also of concern in all clusters, and particularly in NSAZ, where low density and 
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isolation induce a very low ratio of people per services, in particular health. This 
results recurrently in outbreak of diseases and high mortality from shocks or 
stressors that can be otherwise mitigated. The Tanintharyi cluster is virtually off-
grid, while other clusters; and Ayeyarwady and Chin have also low reliance on 
electric grid. However, while in Chin there is a higher reliance on sustainable 
sources of energy – such as solar panels - in other clusters there is an almost 
complete dependency on fuel-wood, which contribute to deforestation as one the 
most important human-induced drivers of risk in several clusters. It is interesting 
to note, however, that these are dynamic contexts. World Bank and UNDP (2017) 
highlight that a very large proportion of villages have adopted solar and gained 
access to the grid. 
 

 Sensitivity in social and economic conditions includes a still comparatively high 
dependency on climate-sensitive agriculture and only incipient diversification, with poverty 
prevalence in most of the areas, and a generalized low risk management capacity. In particular:  
 

 Generalization of findings across and within clusters is difficult and possibly 
misleading, given the diversity of cultures, economic capacities, connectivity. 
However, common factors in all observed areas include still a high dependency on 
agriculture for both subsistence and livelihood generation, integrated by livestock 
and seasonal or longer-term strategies for generating complementary income. The 
fact that the most vulnerable people in the RCDP target areas (the poorest; 
women-led household among others) are possibly not land-owners and farmers 
does not discount the effect that natural hazards and the effect of climate change 
may have on farmers and land-owners, as some agricultural practices employ 
labor, even though peak season labour remains scarce (WB and LIFT, 2016). 
Generalized sensitivity of the villages in presence of the natural hazards studied 
above heighten risks of disasters that will affect villages as a system, with an 
impact on the poorest and landless people. In addition, disasters and effects of 
climate change may enhance landlessness, as it was observed in the immediate 
aftermath of cyclone Nargis, when 71 per cent of households did not have access 
to land for agriculture (Driel et al, 2014). 

 There are observed processes in diversification of livelihood sources, with a more 
varied mix of livelihood for households especially in some clusters, such as 
Tanitharyi. In addition to integrated farming, livestock and fishery – practiced at 
different levels in all clusters – in some clusters international and domestic 
migrations have become frequent coping strategies or even economic 
opportunities. In Chin, remittances have become an important source of income 
not in absolute terms – as other sources still provide higher income – but for the 
use that can be made of this cash, such as investing in small-businesses; capital-
assets etc. World Bank (2016) note that that diversification of income from a variety 
of agricultural, nonfarm and migrant sources does not benefit all households: the 
poorest households (which are the primary target of RCDP interventions) lack both 
capital and productive labor.  

 Despite an improvement sustained overtime (WB and LIFT, 2016) wages remain 
very low across all clusters and a significant gender discrepancy in wages. Males 
are generally paid more than females; male daily wage earners are paid on 
average 47% more than females (HARP, 2018; Fee et al. 2017). According to 
HARP et al. (2018) “agricultural household heads earn the least of all sectors and 
rural households are twice as likely to be indebted as urban households”. In Chin, 
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a large amount of monthly income is spent in food (HAPR 2018; Chitale et al. 2018, 
forthcoming). As per water scarcity, food security is also a major concern in some 
of the most remote areas, with potential for slow on-set disasters triggered by 
natural hazards, or increase in vulnerability caused by climate change stressors, 

 With the notable exception of NSAZ, literacy and successful attendance at least of 
primary school is even throughout the clusters, which contributes positively to 
resilience. However, there is also extremely low certified technical and vocational 
training enrolment and completion, which may account for a prevalent unskilled 
labour force in rural areas of most clusters, competing for daily wages within the 
cluster, domestically, and abroad. In areas such as Ayeyarwady – surely due to 
the presence of many international donors since the cyclone Nargis – villagers 
reported having attended some type of training provided by NGOs. However, they 
often lamented that this was not connected to labour opportunity.  

 Gender disparity is evident in almost all RCDP clusters, exemplified in lower 
literacy and  economic disempowerment (GoM, 2018 forthcoming; Fee et al. 2017, 
2017b; Chitale et al., 2018; and HARP, 2018). 

 The relative recent establishment of Village-Tract systems; enacting of the 2013 
Disaster Management Law; and generalized weak local governance has also an 
impact on the experience and organization of disaster risk management at 
township and village level. While committees exist, and plans are often adapted, 
their actual capacities are uneven. Considering the diversity of projects on disaster 
risk reduction and climate change adaptation that were undertaken by the United 
Nations and NGOs, financed by a variety of donors, in Ayeyarwady; in Sagaing 
and Chin after the 2015 floods and landslides may lead to believe that in these 
clusters the exposure to disaster risk management terminology and practices may 
be conducive to enhance adaptive capacities. However, these aspects must be 
assessed and validated further during consultations. 
 

 Unsustainable use of eco-system services, in particular deforestation of intact forests and 
mangroves, represent a source of vulnerability that multiply risk of disasters and increase 
sensitivity of people to climate change in all clusters, as described more in detail in the next 
section. 
 
C. Detailed analysis of RCDP clusters sensitivity to climate and disaster risk  

D. Chin Cluster (Falam, Hakha, Tedim, Thantlang) 

1. Geo-climatic and demographic information 

 The mountainous state of Chin State spans across 36019 km sq. and is bordered by 
Sagaing Division and Magway Division to the east, Rakhine State to the south, Bangladesh to the 
south-west, and the Indian states of Mizoram to the west and Manipur to the north. All the four 
RCDP cluster townships, Falam, Hakha, Tedim, Thantlang, are located in the Indo-Myanmar 
Ranges, comprising of a series of hills that form the Southeastern extension of the Hindu-Kush 
Himalayas. Climate is considered to be sub-tropical (CwA and B) and by some a local steppe 

climate (Bsk) with temperature excursion ranging from lowest 7°C during a dry winter (December 
to February) to highest of 30°C during summer months of March to May. Below zero temperatures 
have been recorded in this area, also in the last decade. Highest rainfall of up to 600 mm per 
month is received between June and September, while the rest of the months are relatively dry, 
with possible though uncommon snowfall in winter months. Increase in seasonal rainfall has been 
noticed over the last decade in the region during the wet season.  
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 In July 2015, intense rains associated with cyclonic systems during the Monsoon, resulted 
in massive floods in the country and massive landslides in the Chin State, particularly in Hakha. 
Torrential rains have been increasingly reported in the area. The cluster is predominantly rural 
with low density across the townships, and higher concentration of people in Hakha town and 
Falam. Poor road access and availability of services characterize the RCDP cluster. Villages in 
different valleys may be remote and unreachable during the wet-season. 
 

2. Geo-climatic hazard profile and disaster occurrences 

 The key natural hazards in the cluster include: earthquakes, with very high potential 
damage over the 475 years return period; floods resulting from intense rains and runoff water on 
bare deforested steep hills and rivers; rain triggered large-scale landslides. The risk of landslides 
varies across RCDP cluster townships, with particularly high risks in Hakha, as the correlation of 
hazard factors with exposure, vulnerability and correlated factors is uneven. The combination of 
the heavy monsoon rains and cyclone Komen in 2015 provoked flash-floods and landslides.  
 

 According to some sources, the monthly rainfall of July 2015, which triggered the largest 
landslides remembered in the Chin state, would equal to a 1-in-1,000-year rainfall (Win Myint et 
al. 2015). The particularly devastating effect of the rain-triggered landslide in this area in 2015, is 
explained by the interaction of the deluge with the geological conditions of Hakha township, which 
are an accumulation of mudstone, shale and colluvial deposits and the prevalence of human-
induced drivers of risk, i.e. deforestation. Revealingly, occurrences of landslides in Thantlang, 
where deforestation rates are much lower, are less frequent or widespread. In addition to these 
key hazards, stronger winds with potentially damaging effects on infrastructure have been 
observed in the last decade arriving from the Rakhine area (Chitale et al. 2018, forthcoming). 
Longer dry spells from a shrinking Monsoon seasons, and resulting droughts, are not yet 
considered a major hazard in the area, also considering the current availability of water from 
springs. However, communities have experienced changes in temperatures and increase in hot 
days, with longer dry spells and risks of droughts cannot be ruled out even in this cluster. Forest 
fires are also an increasing risk, with the compound effect of longer dry-spells, agricultural 
practices and increased temperatures (Chitale et al. 2018, forthcoming). 
 

3. Risks and vulnerabilities (sensitivity and adaptive capacities) 

 Risk of disasters in this cluster are driven by the intersection of the hazard profile dictated 
by geomorphological and climatic conditions with human-induced risk drivers, i.e. deforestation, 
and high socio-economic and infrastructure vulnerabilities. The distribution of risk, however, is 
uneven across the cluster and within townships, given the hilly topography. Road access to and 
across villages is amongst the lowest in the country, with efforts to expand main road access 
hampered by recurrent landslides and challenges in stabilizing infrastructure works.  
 

 This sets sizable development differences between townships in clusters with better 
access to Sagaing trade routes, such as Falam, or to India on the East. Reduced seasonal access 
from heavy rains and landslides is known to be a major setback for communities, with a direct 
effect on livelihood and food security. While there is some degree of self-sufficiency for food 
production for subsistence 5 to 8 months per year, food security depends on external supply, i.e. 
rice from the market. This makes people more vulnerable at the time of disasters when road 
connectivity gets disrupted with very little control over price fluctuations. Access to health services 
is also very low, with the very high infant and child mortality showing the lack of critical services 
in this area. In average, more than 95%  of the villages have non-durable housing. Per-se, 
construction in local material is not an inherent factor of vulnerability: however, changes in 
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vernacular architecture, due to lower availability and higher costs of timber, and lack of 
environmental and hazard-responsiveness in design and execution of government-built small 
community infrastructure may indeed enhance the vulnerability of communities to the known 
natural hazards. This has been observed across the RCDP cluster.   
 

 Access to protected sources of water is amongst the highest in the country, which is a 
significant strength, ranging from the relative lowest relative access in Falam (88 %) to the highest 
in Thantlang (96 %). However, water sources yields have been reported as decreasing by 
communities. Causes may include an interplay of climate change effects and overexploitation for 
human, livestock and agricultural use. 
 

 All RCDP townships are predominantly rural, with households deriving livelihood primarily 
from climate-sensitive agriculture and including a mix of forest produce, animal husbandry, daily 
wage, small business, salaried jobs, trading, carpentry, masonry and migration. While the former 
is subsistence oriented, the latter provide for cash. The so-called cash-crops, such as banana, 
pineapple, corn, sesame, beans, chili, garlic, onion, elephant foot yam, are a significant source of 
income in the mix. All townships include in the mix of livelihood sources some level of remittances: 
in Hakha this nears the 60% of the households, although in relative terms this contributes only 
marginally to the subsistence of the household. Economic strategies include seasonal migrations, 
which has an impact on the sociology of villages: a very high percentage (around 23 %) of 
households are led by single women.  
 

 It should be noted that the diversification of the livelihood sources is uneven across RCDP 
townships, highly influenced by the topography and access. Better connected townships such as 
Falam have a broader choice of livelihood sources and easier market outlets. Villages located at 
lower elevations within townships, moderate to flat slopes, use terracing for growing paddy, maize 
and mustard. Across the cluster, shifting cultivation practices is, in fact, a source of vulnerability 
in the context of climate change. Even though they seem to have a direct positive effect on income 
in the short-term, in the mid to longer-term the practice has serious downsides including land-use 
change, degradation of the quality of secondary or fallow forests, loss of soil fertility and crop 
yields. Also, the practice involves exchange labour rather than hired labour, with seemingly less 
than a benefit for the most vulnerable, who don’t possess land for farming. It is of significance that 
92 % of deforestation activities are related to small-scale cutting for fuel-wood and timber for 
construction; and shifting cultivation; in addition to illegal logging and land-use change to 
accommodate growing concentration of populations in Hakha and Falam.  
 

4. Climate change projections and expected effects on the cluster 

 With this vulnerability profile the effects of climate change are likely to have a significant 
impact on people, infrastructure and livelihoods. Very intense rainfall events may be expected to 
occur more frequently, given the observed and projected significant seasonal increase of rainfall 
in the wet season, against a shorter monsoon season in line with the national trends. This will 
influence the probability of occurrence of larger flood events, as well as landslides triggered by 
intense precipitation with impact exacerbated by higher concentration of people and assets in 
some townships.  
 

 In addition to increase threats for life of people in the villages and destruction of residential 
and community infrastructure, the higher impact on, for example, the road network will further 
challenge access to markets with direct effects on economic capacities and food security. 
Stronger winds have been observed in some of the cluster’ townships, according to villagers, and 
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may be expected to increase over the next two decades, heightening the risk for infrastructure. 
Associated with higher average and peak temperatures, longer dry spells and unsustainable land-
use practices, winds may also heighten the risks of wildfires. Finally, drought risks, comparatively 
low today, may increase in association with lower availability of water from ground sources.  
 

 The intensification of the natural hazard-profile and the implications on disaster risks will 
be accompanied by significant eco-systemic effects on agriculture; human and livestock health 
dynamics; and water availability. The projected variation in precipitation amount and patterns, 
with a rainfall patterns departure of up to 13 % by 2040, and increase of maximum temperatures 
averaging up 1.3 °C by 2040, will stress crops and enable the insurgence of exogenous pests so 
far unknown at this altitude. Crucially, effects on crops have been reported already by villagers, 
which have also lamented that springs and streams are drying and in low land villages the water 
table is decreasing. The exact correlation and attribution of these phenomena to climate change 
are not univocal, as higher water-demanding crops now in use in Chin and the effect of 
deforestation on run-off water also account for the observed issues. However, changes in climatic 
features certainly influence the capacity of aquifers to recharge and there is high confidence in 
the region that Even though access to protected sources of water is high in absolute and relative 
terms presently, observed trends and changes in climate will heighten risks of water scarcity even 
in these areas, and possibly within the lifespan of the RCDP project. 
 

5. RCDP relevant resilient measures  

 Saved the spatial distribution of risks, most of the villages in this cluster must take into 
account the present and projected high potential for rainfall-triggered disasters, i.e. landslides and 
floods, as well as earthquakes.  
 

 Risk reduction approaches in the small infrastructure sub-projects must assume that 
triggering events will increase in frequency and intensity and therefore pay particular attention to 
understand and address location and site-specific hazards, to be identified during the Village 
Development Planning phase. Classrooms buildings must take into account a potentially very 
high earthquake risk, heightened by the geological conditions in some of the locations. 
Supervision, quality assurance and operational provisions are integral part of risk mitigation in 
construction, and in remote locations such as those of this Cluster, it is even more crucial that 
Technical Facilitators visit regularly, and at key moments, the works conducted by the 
communities. In steep-sloping locations, all sub-projects should assess very carefully the 
surrounding environmental and topographic conditions, paying particular attention for the 
potential risk for runoff water during intense rainfall. Should a more suitable location not be 
available, mitigation measures such as enhanced drainage, green-infrastructure for containment 
and soil stabilization and other measures should be undertaken, prior to any type of construction. 
In addition to service-buildings – such as classrooms and health-posts – sub-projects that 
promote reforestation or afforestation of areas potentially exposed to landslides could be 
promoted, as green infrastructure offers a very high cost-benefit balance in mitigating risks of 
disasters. Access in the cluster is a major obstacle to resilience. Projects that improve year-
around access to main roads – especially if coordinated at Village Tract Level – should be 
supported by RCDP, as it will have a direct impact on reducing vulnerability and effects of 
disasters.  
 

 Access to water for drinking at present is higher than in other clusters, given the richness 
of the groundwater sources. However, anecdotical drying-up of the springs has been reported by 
communities. Projects that enhance sustainable water management at village level could be 
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supported, including water-catchment and water retention ponds and schemes that can be used 
for livestock and to contain runoff water. Some of these initiatives are already on-going (Chitale 
et al. 2018 forthcoming), supported by the government, including tree plantations, maintaining 
green belts along the roads, restrictions on use of wood for house construction and fire wood (e.g. 
1 ton or 12x6 feet wood/hh/year), reduced water supply during dry months (from 6-8 am and 4-5 
pm) and water resource catchment protection. The RCDP could take stock of these and further 
promote them. On livelihood, at present most of the rural households are involved in crop and 
livestock integrated farming system for food, nutrition and income. These activities could be 
promoted by RCDP, especially if they have potential to substitute Taungya (shifting cultivation), 
which has negative environmental consequences. Animal husbandry is an important livelihood 
activity: it is true that new diseases and some anectodical report of heat-waves are affecting 
livestock. However, this seems to be an area that can be promoted to compensate the potential 
loss of productivity, of agriculture with the expected changes in climate. In villages with more 
moderate slopes, terrace farming is being developed for growing paddy, maize and mustard. 
However, it should be noted that this approach is not yet wholly adopted by communities, mostly 
for the technical challenges and difficulties in irrigation.  
 

 Finally, after the heavy rains of 2015 and the consequent landslides, a number of disaster 
risk reduction interventions have been initiated in the area. It is safe to assume that in several 
townships, and surely in Falam and Hakha, there has been some exposure to disaster 
management (DRM) practices. During Village Development Planning and Village-Tract 
Development Planning, RCDP should take advantage and further DRM practices. 
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E. Sagaing Region (lower, south): Mingin, Mawlaik, Paungbyin, Kalewa 

1. Geo-climatic and demographic information 

 Sagaing Region is bordered by India to the north, Kachin and Shan States and Mandalay 
Region to the east, Mandalay and Magway Regions to the south and Chin State and India to the 
west. As it develpos longitudinally north to south, its topography is varied including the hilly areas 
to the north-west and merging into the central dry-zone area to the south, through the low-land 
flood-plains drained by the south-westerly course of the Chindwin River, the largest tributary of 
Ayeyarwady  river. It is bordered to the East by the Ayeyarwady river and shouldered to the West 
by the Arakan Range. The four RCDP cluster townships lie contiguously within the low-land flood-
plains along the Chindwin River. The northernmost cluster townships, Paungbyin and Mawlaik 
transition into with Kalewa and Mingin to the south, in Lower Sagaing and the central dry-zone 
area. The Myittha River reaches the Chindwin river in the Kalewa township, where the west-bound 
India-Myanmar Friendship Road also intersects. The average population density in the cluster is 
22 people per km sq, with the lowest density in Mawlaik, at 14.  
 

 The cluster includes Aw Tropical and Cwa Temperate Koppen-Geiger climate zones in 
Paungbyin, Mawlaik, and Kalewa and hot-dry BSh climate in the southern part of Mingin. 
Precipitation and temperatures vary significantly from the northernmost township of Paungbyin 
and the southernmost Mingin, also as an effect of local climatic conditions, with an average low 
of about 500 mm in the areas bordering the central dry zone, but in average share a dry, colder 
winter and a rainy summer, with high the highest temperatures in April reaching 40 °C. 
 

2. Geo-climatic hazard profile and disaster occurrences  

 The natural hazard profile in this cluster is characterized by the prevalence of large riverine 
floods triggered by heavy rains. Hazards also include very high risks of earthquakes, with an 
historic recurrence of seismic events of a magnitude ranging from 4.5 up to 7; droughts associated 
with erratic rainfall patterns; and heatwaves. Erosion of river-banks with changes in the 
hydrodynamics of the river system caused by intense precipitations also provokes localised 
landslides.  
 

 As recently as 2015 the region has experienced destructive large floods of the Chindwin 
river and the smaller localized floods in the river system tributary to the Chindwin. The discharge 
level has been defined a ‘rare event’ (GoM, 2015) at an estimated return period of 20–50 years 
(Deltares, 2015), triggered by heavy monsoonal rains and exacerbated by the tropical Cyclone 
Komen. The heavy rains and floods killed 23 people in the region and costed in loss and damage 
an estimated value of over MMK300,000 million: all RCDP cluster townships were affected. The 
destruction to paddy fields, livestock, and other sources of income caused by these floods has 
caused severe setbacks and triggered competition for work and casual labour (Thomas A., 2015) 
while residential, service and transport infrastructure was heavily damaged. 

 

3. Risks and vulnerabilities (sensitivity and adaptive capacities) 

 The high multi-hazard level profile in the cluster intersects with critical infrastructure and 
socio-economic vulnerabilities. Despite the Sagaing region and part of the Townships in the 
RCDP Cluster is seemingly better in some indicators than other areas in the country (Unicef, 
2012), there are still sources of vulnerability that heighten risks of disasters, and low capacities to 
adapt to climate change. The averages at township administrative level may mask in effect spatial 
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differences, illustrated for instance by populations living in proximity to the river, who are exposed 
to higher risks of floods but have access to irrigation, and are therefore less at risk when droughts 
events occur.  
 

 In all RCDP cluster townships reliance on rain-fed agriculture for the most vulnerable 
people as primary source of livelihood is still high, although wet season rice (the main crop) has 
some irrigated summer rice production in Phaungpyin, Mingin and Mawlaik, in proximity of the 
river. Casual labour is the other main source of employment in all townships, some manufacturing 
in Mawlaik. All townships, in average, have low access to essential services such as Health 
(DoPH, 2017), which may account for the high rate of early-years mortality. Most housing is in 
non-durable materials, and in particular with a prevalence of dirt floors, which carry contaminants 
causing diarrhea, skin, and respiratory diseases, certainly aggravated by flooding (HARP, 2017). 
Road access is comparatively higher than other RCDP cluster but remains a challenge with a low 
ratio of rural roads, and the obstacles to river navigation and crossing during the wet season. 

  

4. Climate change projections and expected effects on the cluster 

 The comparatively higher economic and production indicators should not, however, lead 
to believe that risks in the cluster are low, particularly in the context of climate change – with the 
observed and projected intensification of precipitations and associated flooding events; erratic 
rainfall patterns; and increased average and peak temperatures already observed and projected 
in this area. The growing intensity and frequency of intense precipitation and related disastrous 
events over the last thirty years in this area have been linked by the sources reviewed to climate 
change (GoM, 2012, 2015; DMH and RIMES, 2016; Horton et al., 2017), although actual 
attribution of these effects to climate change remains highly debated in science. Weather stations 
in this area recorded consistent increase in temperature over the last three decades and variation 
in temperatures. Over the RCDP project timespan, average annual temperatures are projected to 
increase further, with an expected 08.-1.4 degree Celsius increase of maximum temperatures for 
the period 2021-2040. Despite the uncertainty of annual rainfall departure over the same period, 
there is high confidence that rainfall will increase in the wet season (Horton et al., 2017), which 
may result in deluges with destructive effects for agriculture (crop destruction) and flooding events 
producing similar effects to those of 2015.  
 

 The later on-set and early withdraw of the monsoon in this area, will also continue to further 
risks of droughts and water scarcity locally, a potential issue across the cluster, but especially in 
Mingin that borders the central dry zone area, and Kalewa were despite the abundance of water 
sources, only 50 per cent of people have access – or make use – of improved water sources for 
drinking water according to Census 2014. Inland, projections also include the increase in number 
of hot-days, with negative consequence on human health, and risk for livestock. Amongst human-
induced drivers of risk, land-use change in the region should be a cause of concern. The Sagaing 
region with the Kachin state, still has a predominant forest cover, including intact and degraded 
forest. Paungbyin has large cover of intact forest. Nonetheless, the region also presents a very 
high change in land-use cover upstream in connection with mining, agricultural and fuelwood 
practices. The rate of annual change nears 1.2 per cent in Upper Sagaing (Homalin) and between 
2002 and 2014 more than 8 per cent of intact forest was lost in the region (Smitshonian et al., 
2015) with large set of consequences downstream that include loss of regulatory capacity with 
consequent higher velocity of runoff water; changes in sediment transport; changes in 
hydrodynamics of the rivers among others; and replenishment of ground water sources.  
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5. RCDP relevant resilient measures  

 The 2015 floods that affected the four RCDP cluster townships and the further effects of 
observed and projected changes in climate; in addition to the potential high risk of earthquakes 
justify that RCDP interventions emphasize disaster risk reduction, measures aimed at mitigating 
the effects of floods, which include risk-informed selection of sites and resilient architecture, such 
as elevated construction for buildings; focus on drainage and culverts; and should consider 
supporting the construction of community flood-elevated shelters that can serve to reduce 
morbidity and mortality during floods for the vulnerable people (elderly, children, people with 
disabilities) especially in villages that are located in flat areas with no elevation, which allow for 
evacuation within a reasonable spatial and time range. This type of intervention could be designed 
at village-tract level, clustering villages to justify higher cost and to cater for vulnerable household 
needs over a larger radius.  
 

 Considering the comparatively low access to improved water sources, and the expected 
increased dry-spells, grants that support access to improved sources of water for villages will 
contribute greatly to reduce vulnerability to climate change, and risks of water-borne disease due 
to contamination during flood events. All buildings performing critical services, potentially life-
threatening, such as schools should consider seismic risks, even if they are single-storey 
buildings.  
 

 As in other Clusters, resilience to climate change and disaster risk mitigation in livelihood 
should adopt a three-folded strategy, which include testing heat and flood resistant varieties to 
cope with the observed and projected changes in climate and recurrent flood events; 
diversification of income sources, possibly with the promotion of livestock, which is comparatively 
low in the area; and acquiring new skills to increase employability in the manufacturing industry, 
or other skilled-labour activities to be identified through a market analysis at a later stage. 
 

 In flood-prone areas, possibly more than any other hazard, it is crucial that villages are 
familiarized with site-specific disaster risk reduction and management approaches that 
emphasize participatory hazard mapping and planning; preparedness; and response. Within the 
Village Development Planning (VDP) processes in these areas this should be highly emphasized, 
building on the work done by international agencies since the 2015 floods. 
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F. Naga Self-Administered Zone (upper, northern Sagaing): Leshe (Lay Shi), Lahe 
and Nanyun 

1. Geo-climatic and demographic information 

 The NSAZ was established in 2008 and covers an area of 8,300 sq. kilometres (km sq), 
within the upper Sagaing region. The RCDP cluster townships (Nanyun, Lahe and Leshe, within 
the Hkmati District) extend longitudinally north to south along the Arakan mountain system, 
including the Paktai Range and the Naga Hills; reaching the highest point at Mount Saramati 
(3826 m). To the East the RCDP cluster in Naga share an international with Nagaland State and 
to the North with Manipur in India; and to the North-East with the Kachin State (Myanmar). 
Townships of the cluster englobe eco-cultural and religious homogenous areas, in which different 
Naga tribes live in a sparsely populated environment, with a density as low as 4 person per km 
sq in Nanyun.  
 

 Townships share a monsoonal (wet-dry) climate, with rainfall averages concentrated in 
the months of the southwest monsoon (May to September), and can be classified as CWa and 
CWb (Koppen-Geiger). Temperatures range summer highest 40 °C to winter lowest 4 °C, and 
below zero temperatures are possible at high elevations.  
 

2. Geo-climatic hazard profile and disaster occurrences  

 Natural hazards in the cluster include earthquakes; flash-floods and water run-off on steep 
hills with localised riverine floods and rainfall-triggered landslides. Droughts are also increasingly 
likely in this area, as changes have been observed in the last two decades with an increase of 
long dry spells, associated with erratic rainfall patterns; as are wild-fires, triggered by 
unsustainable agricultural practices and climatic conditions.  
 

 The indicative values of these hazards in the cluster range from moderate (drought; floods; 
landslides) to high (fire) very high (earthquake). However, multi-hazard and hazard-specific risks 
in the cluster are clearly driven by high multi-dimensional vulnerability. Saved differences in 
access to main roads and trunk infrastructure, villages in the cluster are isolated, with poor 
infrastructure and low access to basic-services, compounded by poor social indicators and 
poverty. When disaster occur, the effects are magnified by the socio-economic and infrastructural 
conditions. 
 

3. Risks and vulnerabilities (sensitivity and adaptive capacities) 

 Almost the totality of housing is built in non-durable material with very limited access to 
improved sanitation. The limited road access, worsened in the rainy season, limits reliable access 
to markets; emergency and health services; and hampers food security significantly. People-
health services ratio is extremely low (DoPH, 2017), which contributed to the outbreak of measles 
that killed between 40 and 90 children in 2017 (official figures depart significantly from deaths 
reported by the United Nations) and the very high child mortality rates.  
 

 Only about 30 % of people in Lahe and Leshe have access to improved sources of water 
for drinking, with a staggering low 10 % in Nanyun, according to Census 2014. Communication 
means in the cluster, also essential to access early-warning systems, lifeline messages or post-
disaster emergency notices are very limited. It is also telling that only 5 % of people in the cluster, 
in average, possess mobile phones, even though 1 in 3 household does possess a radio. 
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Notwithstanding the eco-cultural homogeneity of the area, some differences exist among 
townships. For instance, despite its comparatively denser population, Lahe has also significantly 
lower socio-economic indicators, with only 21 % of literacy against 60 of Nanyun, and with only 
50 % of children having ever attended school. There is a direct correlation between lack of 
education and vulnerability to natural hazard-triggered disasters as well as poor capacities to 
adapt to climate change.  
 

 All aspects of food security as defined by the Food and Agricultural Organization (FAO), 
i.e. present and future availability; access; utilization; and stability, are very poor in the cluster. 
Few villages seem to be able to meet their annual nutritional requirements from swidden (slash-
and-burn) agriculture, which is relatively unproductive and is environmentally unsustainable. 

 

4. Climate change projections and expected effects on the cluster 

 Climate change in Naga will intensify the hazard profile and introduce further sources of 
stresses of people and their livelihood. Given the current level of vulnerability, this will likely both 
heighten the risks of disasters and deteriorate living conditions. The projected increase in 
seasonal rainfall (Monsoon precipitation) and the expected further increase of clear-sky days (or 
dry periods) for the cluster will likely lead, on one hand, to extreme precipitation events – and 
consequent landslides in currently prone areas and in non-prone areas as an effect of soil-erosion 
and on-going land-clearance; riverine floods and steep-hills runoff water. This may also result in 
crop destruction at all altitudes (foothill and uphill). On the other hand, it will increase the risk of 
droughts with impact on rainfed agriculture; irrigated terraces; and obviously water availability for 
drinking and non-drinking purposes.  
 

 Critically, longer dry-spells, peak and increased temperatures will also heighten the risks 
of wildfires, in association with the practice of shift-an-burn. Variation in precipitation patterns will 
also have a stress effect on water sources, with more difficult replenishment of water sources as 
well as faster soil-erosion and an effect on soil nutrients. The effects of the expected further 
increase in average and peak temperatures (number of hot days) will shift productivity of crops 
from foothill to uphill, changing the suitability at different altitudes, but in general causing heat-
stress to some species.  
 

 As a downside, encroachment on pristine forest at higher altitudes may be expected, 
coupled with demographic pressure to exploit new land. Furthermore, the shifting cultivation 
practices in some areas are reaching cycles as short as 10 years. As demand for land increases 
and cycles shorten, the fallow period also declines, which is proven to be destructive for the 
environment. This represents a source of vulnerability in the context of climate change: while 
relatively unproductive, the practice progressively depletes soil-fertility; affects the function of 
forest to regulate run-off water, retention and soil-moisture, and to stabilize soil in steep-slopes.  
 

 Climate change further these effects through more intense rainfall that erodes soil and 
disperse nutrients while increasing risks related to rainfall-triggered landslides. It is critical to 
understand that, though magnified in the longer-term, changes are already taking place and their 
effects have been observed in the cluster. Information on climate change impact in the cluster is 
scarce, although in the bordering Nagaland area studies have provided evidence of the effects 
on communities, which apply to a certain extent to the cluster. In 2018 residents in Pangsau in 
Nanyun reported that insects destroyed more than 1,000 acres of paddy fields. Reports of new 
pests are consistent with climate change potential effects and consultations confirm these have 
become more frequent in recent years. It is also important to note the considerable disparity in 
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gender indicators in this area, exemplified by lower literacy and labour participation, which are an 
indicator of the fewer opportunities and lack of empowerment of women. Climate change has a 
disproportionate impact on women (MCCA, 2017), which in this area should be call for specific 
attention by RCDP. 
 

5. RCDP relevant resilient measures  

 Even though covariate shocks triggered by natural hazards are not frequent in the area, 
the impact of discreet recurring disasters shocks is high on people and their sources of livelihood, 
and climate change is already increasing risk levels. In this context, the RCDP project is likely to 
have a quite significant impact if it focuses on interventions that enable food & water security; 
increase access to essential services, especially health; promote diversification and 
enhancement of livelihood sources; introduce more sustainable agricultural practices; and 
promote disaster risk reduction in infrastructure and village planning. Infrastructure must be 
prioritised that increases year-round access to critical services, i.e. health, by improving both 
service availability (health posts, to improve the person-ratio access) and accessibility (road and 
bridges connecting to hubs with critical services). Improving physical access is also key to 
enhance food security, a major issue in this cluster, especially during the rainy season.  
 

 Community infrastructure that enables harvesting excess water to serve drinking and non-
drinking purposes will be critical, given the expected increase of water ‘aplenty’ and scarcity. 
Water-harvesting infrastructure could also serve as schemes for reducing surface runoff water, 
through water catchment systems.  
 

 As in other clusters (i.e. Chin and Tanintharyi) current and projected risks of floods and 
landslides require an integrated approach to risk mitigation in the construction of infrastructure, 
which considers site-specific risks and does implement civil works mitigation measures when 
required. Livelihood sub-projects must be prioritised that enhance food-security by promoting not 
only cash-generation activities, e.g. cash-crops and livestock, but also protecting subsistence 
nutritional sources.  
 

 A mixed approach that include climate smart agriculture and diversify income-generation 
is required to mitigate impact of natural hazards and enhance adaptive capacities of communities. 
This means, on the one hand, promoting the introduction of new varieties and heat-resistant 
crops; traditional varieties; and crop-diversification. And, on the other hand, the promotion of 
different livelihood opportunities, especially livestock, or entirely different industries, such as 
tourism, which seems to be an opportunity in some of the townships. Given the very high 
vulnerability of the household in this area, it is critical that a ‘safe-failure’ approach is adopted by 
RCDP when helping communities to test new varieties.  
 

 Protective financial schemes for the household introducing new varieties should be 
guaranteed, in case crops fail to generate the expected benefits. Any sub-project that effectively 
imply avoiding land-clearance and moving away from shifting cultivations will have significant 
long-term co-benefit to mitigate hazards such as landslides and reduce degradation of soil and 
water sources. This includes the promotion of terracing, even though mixed results have been 
obtained in this area so far.  
 

 Activities that are dedicated to promote women’s empowerment – given the extreme 
gender disparity in literacy and economic activities in these areas – will contribute to reduce 
impact of climate change, overall, of the household and villages, thus contributing to resilience. 
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 Finally, it should be noted that according to MIMU data, disaster risk reduction projects 

seem never to have been implemented in this area, which may require additional efforts by RCDP. 
In emergency contexts, it has been reported that bordering villages have sought humanitarian 
support from neighboring India. Introducing disaster management practices through the Village 
Development Plan will be a challenge but may have a very positive impact. 
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G. Tanintharyi Region: Lounglon, Thayetchaung, Yebyu 

1. Geo-climatic and demographic information 

 The Tanintharyi Region extends longitudinally on the North to South axis into the most 
southern tip of Myanmar and is bordered by the Mon State to the north, the Andaman Sea to the 
west, and the Thai border to the east, with a tropical savanna climate (Aw; Koppen) influenced by 
the southwest Monsoon and weather systems over the Bay of Bengal and Andaman Sea, which 
receives amongst the highest rainfall in the country, similar to the rest of the coast in the country. 
The cluster of three contiguous RCDP townships englobes the estuary of the Dawei (Tevoy) river 
with Yebyu to the north, Launglon to the west and Thayetchaung to the south-east.  
 

 The cluster is shouldered to the east by the Tanintharyi Mountains (or Tenasserim Hills) 
that divide Myanmar from Thailand and slope down towards east into the coastal line, which all 
the three townships share. Land-cover has changed significantly over the last 20 years as a result 
of land-use change for cultivation; infrastructure; and human settlement development, with the 
notable stress on mangrove; and increased degradation of upland and lowland evergreen 
coverage. However, it still contains considerable density of biodiversity and up/lowland evergreen 
coverage.  
 

 The cluster is predominantly rural with low density across the townships, the average of 
which is influenced by higher-density in Launglon given its smaller area and higher concentration 
of people around the fertile small deltaic system and town. All townships are exposed to climatic 
hazards with high potential for rapid and slow on-set disasters; and have experienced changes in 
climatic features in line with other regions of Myanmar.  
 

2. Geo-climatic hazard profile and disaster occurrences  

 The geo-climatic natural hazard profile for the cluster includes earthquakes, with potential 
moderate to heavy damage on a 475 years period and very heavy potential damage on longer 
return period, according to the most recent hazard-mapping (2016). This is interesting data, as it 
is considerably different from previous mapping.  The highest mapped area of risk is at the centre 
of the RCDP cluster, in Launglong.  
 

 Main recurrent hazards in the area include riverine floods and inundations; strong-winds 
– and potentially cyclonic winds – with associated storm-surges; as well as tsunamis. Landslides 
generated by heavy-rains aggravated by a process of deforestation, land-use change, and natural 
processes of degradation are also a risk in the cluster, while fire risks have been historically low 
in the area as were droughts.  
 

3. Risks and vulnerabilities (sensitivity and adaptive capacities) 

 Risk in this cluster is particularly driven by the human-induced drivers, intersecting with 
the hazard profile and a medium to high sensitivity of people living in this area. Interestingly, the 
Cluster presents an uneven sensitivity across infrastructural, environmental and socio-economic 
conditions. Infrastructural conditions present a medium to high sensitivity with 65 to 75 % of 
housing constructed in non-durable material, and concentration of people and assets in coastal, 
delta and steep slope areas. 
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 Compared to other clusters of RCDP project, this cluster has functional connectivity, but 
is still 7th in the country according to ADB in access and rural road. Access to electricity is amongst 
the lowest in the country, at around 15 %, as it is mostly off-grid. However, access to protected 
sources of water is slightly better than in other RCDP cluster regions with an average of 50 % of 
people with access sources to improved sources of water. This is low by international standards, 
but higher in comparison to the 8 % of the Ayeyarwady region, which is exposed to similar climatic 
conditions at this latitude. Economy of these predominantly rural townships is based on climate-
sensitive agriculture to a 54.7 % with crops as rice, betel nut, coconut, rubber. The fishery industry 
– including aquaculture – is very significant and caters for both consumption and export. Income-
generation strategies include outward migration to Thailand. Tanintharyi has the highest monthly 
expenditures per capita with Yangon and good literacy rate, but sub-optimal access to health-
services. Human-induced stresses will play an important role in modifying the risk (and 
vulnerability) profile of this area in the next decades, within the life-span of the RCDP project. In 
this cluster outward migration to Thailand is very common. Migration is a coping strategy for 
livelihood and remittances play a significant economic role in these areas. 
  

 Mega-projects such as the such Myanmar-Thailand road and rail link (the Dawei Road) 
which include the Dawei Deep-Water Sea Port development planned to occupy a significant area 
in the Yebyu/Launglon townships are likely to commit these townships to an infrastructure/logistic-
driven development serving as ‘Myanmar's and Southeast Asia's largest industrial and trade 
zone’. There may be economic trickle-down effect on people in the RCDP cluster project area 
and boosting of some productive sectors. However, while it is uncertain that projects will benefit 
household and communities, there are already reports of increased loss of income and food-
security as an effect of these mega-projects in the area. Surely, developments will produce 
pressure on the eco-system, from which critical sectors depend, and affect the regulating services 
that protect people from natural disasters; and exacerbate phenomena of land-use change and 
unplanned settlement.  
 

4. Climate change projections and expected effects on the cluster 

 Climate change will have a significant impact on the region, both as concerns the hazards 
generated by the progressive and abrupt changes in climate systems likely exceeding critical 
thresholds given the current and future vulnerability conditions; and the effects of transformative 
climatic processes caused by average temperature changes, annual distribution of rainfall with 
the shifting of the Monsoon season on climate-sensitive activities, i.e. agriculture, and eco-system 
services, such as water. Changes have already been observed in the region; and projections for 
2021-2040 suggest further increase in both average and extreme temperature with up to 1.4*C; 
largely unpredictable variation in rainfall patterns; and sea-level rise of up to 40 cm.  
 

 This region, and partly in the townships of this RCDP cluster, experienced major floods in 
2012; and recurrent destructive strong-winds, as recently as May 2018; while a Tsunami killed 8 
in 2004. Climate change will lead to a further intensification of the natural hazard-profile with more 
intense precipitation over a shorter Southwest Monsoon season heightening the likelihood of 
torrential rains, triggering landslides and riverine floods, with potential crop destruction and 
disruption of fishery industry along the coast and around the deltaic system. In addition, the 
associated processes of sea-level rise may have significant seasonal impact on deltaic 
hydrodynamics with larger inundations, which will also affect coastal areas; and further the beach-
erosion; and saltwater intrusion (both processes already lamented by communities during 
consultations). Storms, and potentially cyclones, may increase in intensity with associated effects 
on coastal floods, storm-surges, and potentially destructive strong-winds.  
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 At this latitude, a higher number of hot-days may result in significant heatwaves, only 

partially tempered by the proximity to the sea, and may result in hazards for human and livestock 
health. The likely exceedance of thresholds for natural hazards will be exacerbated by on-going 
human-induced drivers of risk, such as the increasing concentration of people in unplanned 
locations that derives from normal demographic growth, inward migrations and internal mobility 
of communities, both associated with the mega-projects. In addition, associated processes of 
land-use change and environmental degradation will increase the risk profile significantly, from a 
baseline that is comparatively lower than other clusters in the RCDP, given a slightly lower hazard 
profile, lower relative dependence on agriculture, and slightly better access to transport. Deeply 
transformative climatic processes may affect agriculture productivity with potential harvest failure 
from an average increase in temperature that stress certain crops and species, and may introduce 
new pests, as observed in other parts of the country; water availability – currently at a higher level 
than in other clusters – will be affected by erratic rainfall patterns and human-induced increased 
demand for industry: the deep seaport, industrial estate, water supply reservoir, road link between 
the two countries and associated changes coupled with the effects of climate change will strain 
water availability considerably.  
 

5. RCDP relevant resilient measures  

 The interplay of the hazard profile altered by climate change and the uncertain outcome 
of infrastructure development and land-use change, combined, present an uncertain future for the 
cluster, but likely one in which hazard levels will exceed intensity on a regular basis and will 
intersect the current and future socio-economic and infrastructural vulnerability increasing risks 
of disasters; while the potential of income-generating and productive activities may shift 
significantly, as result of climate change, and the economic structure of the region, in which 
development projects are due to happen. The cluster must be thought in three main zones, all 
requiring different approaches: coastal, hilly, riverine/deltaic. Saved the location or site-specificity 
of the hazards, which must be imperatively identified during the Village Development Planning 
phase, it is essential that RCDP promotes an integrated risk reduction approach to small 
infrastructure adapted to these zones. Firstly, through sensitive site selection, planning and siting 
for their infrastructure; then by design, which must necessarily integrate strong-wind, flood 
considerations, as well as reported beach-erosion and potential storm-surges and tsunamis. The 
earthquake studies recently (UN-Habitat, 2015) showed higher hazard levels in this cluster than 
previously considered and history of landslides also exists. 
  

 Buildings that will perform critical social services, such as classrooms, should be designed 
accordingly by RCDP. As in all clusters, adequate supervision, quality assurance and operational 
provisions will further mitigate risk. Given a slightly lower remoteness and access, these aspects 
should not be as challenging as in other clusters. Critically, areas where major rapid 
developments may occur should call for heightened attention as the environment to which 
communities are used may be significantly altered. For instance, reduced soil permeability that 
result from road construction, projects etc. may result in higher run-off water in areas that were 
not previously at risk. Similarly, upstream deforestation – well beyond the control of villages, may 
result in runoff water without prior awareness or knowledge of communities. It is the role of the 
RCDP to increase awareness on the new risks in this cluster. All small infrastructure that mitigates 
risks for the communities, such as drainage, will add value to and beyond the household, given 
the increased risks of heavy-rains hence flash-floods and riverine inundation. Green infrastructure 
in this cluster may pay huge dividends. For instance, mangrove ecological units are proven to 
have multiple regulating, provisioning, and supporting roles that keep communities safe on coastal 
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areas which may experience storm-surges during the life of the project; maintain habitat for fishery 
(therefore with livelihood benefits); control erosion (thus preventing landlessness and potential 
land-conflict); and regulate water cycle in this eco-system.  
 

 As with the other clusters, the resilience of economic-streams for villages will depend on 
a three-folded strategy of consolidation of existing activities, diversification and upskilling. The 
former should be promoted through climate-adaptive techniques, such as adaptive-crops; grants 
(and related technical assistance) that promote testing heat, flood and salt-resistant alternative 
crops. The RCDP will have an adequate duration to effectively test alternative approaches. The 
Tanintharyi sources of income seem to be more diversified than other clusters, however, further 
diversification may be beneficial. Rubber palm-oil plantation, though lucrative in past years, is 
exposed to the oscillation of global prices, which is a factor of risk for communities. In addition, 
land-use change for these plantations drive risk of disaster upwards: although more detailed 
livelihood and market studies are required, any projects that may imply heightened risks of 
disasters should be dissuaded. Projects that promote food-security will be strategic to increase 
resilience and cope with uncertainties that mega-projects will create, as there are reports of issues 
created by these projects. Strengthening the basis for long-term generation of incomes through 
up-skilling of people will also improve employability on jobs related to logistic or similar services 
that are often associated with large developments and tourism, expected in this area. This could 
also explicitly target migrants, recognizing that migration will likely continue to be an economic 
coping strategy, especially for youth. At review stage it is unclear how disaster management 
mechanisms currently perform in the cluster.
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H. Ayeyarwady Region: Bogale, Labutta, Pyapon 

1.  Geo-climatic and demographic information 

 The Ayeyarwady Region includes most of the Ayeyarwady river’s delta area, within which 
all the three project townships are located. The delta system of the Ayeyarwady River extends in 
a great alluvial fan from the limit of tidal influence near Myan Aung (18°15'N) to the Bay of Bengal 
and Andaman Sea, 290 km to the south. This alluvial plain is bounded to the west by the southern 
Rakhaing Yoma range and to the east by the Bago Yoma. The city of Yangon, situated on the 
southernmost spur of the Bago Yoma, lies at the south-eastern edge of the delta. Most of the 
delta area falls under the present Ayeyarwady (Driel et al. 2014). The three townships are located 
in a Aw (Kopper-Geiger) zone. 
  

 The Delta is a naturally highly productive ecosystem (Fee et al, 2017), which is very 
densely populated comparatively to other regions of the country, with an average of 161 people 
per km sq. All the three townships have large populations of over 310,000 people. This, in turn, 
implies a high exposure of people and their assets to natural hazards and the compound effects 
of climate change. In fact, given its geographic location, level and low-lying delta-plain with a long 
coastal line, and the complex hydrodynamics, the three townships are all exposed to a variety of 
climatic hazards with high potential for rapid and slow on-set disasters; as well as emerging long-
term stressors, described below.  
 

2.  Geo-climatic hazard profile and disaster occurrences  

 The natural hazards profile in this region is mostly climate related, with lower earthquake 
risks with none to light potential damage over a 475 years return period, and light to moderate 
over a longer return-period in the upper eastern part of the RCDP cluster of townships, particularly 
Pyapon and part of Bogale.  
 

 The main hazards include coastal and upstream floods and inundations; cyclones and 
strong-winds with associated storm-surges; as well as tsunamis. Even though droughts is not 
considered an issue, given the high yearly precipitations, in the last decades the observed 
shrinking of the monsoon season has generated longer dry-spells also in this region; heat-waves 
have also been experienced, which will most likely increase with climate change.  

 

3. Risks and vulnerabilities (sensitivity and adaptive capacities) 

 Disaster risks in this area are at the highest, given the combination of high level multi-
hazards – both frequent and potentially destructive – such as strong-winds and inundations, the 
high sensitivity of infrastructural and socio-economic conditions, and low adaptive capacities. The 
economy of these predominantly rural townships is largely based on climate-sensitive agriculture, 
while non-durable housing is at the highest national percentage in the country, over 90 %, which 
in areas exposed to strong-winds and potentially cyclones is a critical factor of risk.  
 

 Crucially, only 8 % of people have access to improved, protected sources of water, while 
the rest has access unprotected open surface-water, such as ponds.  
 

 Transport across the townships is mostly done through waterways, which have been 
increasingly challenged by the prevalence of rough-sea and waves. Isolated villages have been 
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known to be cut from access to critical services, and market outlets, for days on during the rainy 
season, as the access through waterways was impassable (Fee et al. 2017).  
 

 Although the delta eco-system is naturally resilient, human-induced stressors such as 
deforestation and environmental degradation are rapidly increasing the sensitivity of the region to 
natural hazards and the negative effects of climate change. 23 % of the original mangrove forest 
cover has been changed to agricultural land between 2002 and 2014 (Smithsonian and Eco-
Dev/Aalarm, 2015). At current rates, it is calculated that virtually no mangroves will be left in the 
area within 10 years, within the lifespan of the RCDP project.  
 

 The region has experienced the most destructive disaster in the known history of 
Myanmar: Cyclone Nargis, on 2 May 2008. The cyclone reportedly killed 84,537 people with 
53,836 people missing, and left about 2.4 million affected. The total damage and loss was 
calculated at approximately 11.7 trillion Kyats, i.e. 4.1 billion US$ (GoM, 2012b). It particularly 
affected RCDP cluster townships of Labutta and Bogale, causing the collapse of fishery and other 
productive sectors, which to date struggle to recover (Fee et al, 2017; Driel et al. 2014).  
 

 Gender disparities in the RCDP cluster are particularly striking: 40 % of women are 
reported as economically inactive, and they lack economic and social empowerment (Fee et al. 
2017).  

 

4.  Climate change projections and expected effects on the cluster 

 Climate change projections in this area include an increase in precipitation concentrated 
during the wet-season over a shorter monsoon season; an increase in average maximum 
temperature of up to 1.2 °C by 2040 and a rainfall departure between 6 and 13 % from the current 
trends. The number of extremely hot-days is expected to increase in numbers, for as many as 17 
per year. Sea-level rise, by mid-century, could rise to up to 41cm (Horton et al. 2017). 
  

 The compound impact of these changes will be two-folded. On one hand, it will increase 
the already high level of hazards, such as cyclones and strong-winds; associated storm-surges; 
floods and inundations: these will present higher disaster risks for people and their assets. In 
addition to put at further risk non-resilient infrastructure, they will also affect transport through 
water-ways, which is the predominant infra-township transport mode, and risk of crop-failure in 
the event of protracted inundations or deluges. On the other hand, townships will experience 
transformative climatic processes with profound effects on people and their livelihood. Water 
scarcity will most likely increase, driven by both salinization produced by sea-level rise, higher 
evaporation of unprotected sources of surface-water, and a shorter water-harvesting period 
resulting from a shorter monsoon season.  
 

 Sea-level rise, may result in the retract of the coastal line for hundreds of meters to 
kilometers by mid-century (Driel et al. 2014; Fee et al. 2017), which in addition to salinization and 
water scarcity, will enhance coastal and riverside erosion, potentially displacing people and 
challenging land availability, which may trigger land-related conflict. This has been already 
observed, and communities have reported that they move houses as waves reach further in-land 
with time (Fee et al. 2017). Also, climate-sensitive agriculture – especially rice production – is 
already suffering from increased temperatures, salt infilitration, and increased dry-spells, with an 
observed reduction in productivity. These trends will likely increase, to a much larger spatial scale, 
driven by the further inundation and salinization of land; higher average temperatures; and heat-
stress during more frequent hot days. 
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 Further, it should be noted that delta areas are likely to respond rapidly to both natural and 

anthropogenic climate and sea-level change, and there is potential for significant impacts on the 
people who live there. Should sea level rise by 0.5 meters (which is what Horton et al 2017 predict) 
the shoreline on the Ayeyarwady  Delta would move inland by 10 kilometers, with significant 
impact on local communities and agriculture (Driel et al. 2014). 
 

5. RCDP relevant resilient measures  

 The Ayeyarwady cluster presents the highest risk of disasters triggered by multiple hazard; 
as well as environmental and socio-economic conditions that will enhance the negative effects of 
climate change. This should prompt township authorities, village administrators, communities and 
the RCDP project to ensure that infrastructure and livelihood actions are adapted to the high risk 
of strong-winds and cyclones; inundation; storm-surge and waves.  
 

 Small infrastructure built in this area must imperatively consider strong-winds, and adapt 
to recurrent floods, coastal and river-bank erosion, and storm-surges, by adopting preventive 
measures, such as site selection and planning to reduce exposure, and corrective measures, 
such as elevation and enhanced drainage to mitigate the effects of natural hazards. In this cluster, 
it is strongly recommended that RCDP supports the promotion of freshwater availability at both 
household and community level promoting year-around availability through strategically-placed 
community water-tanks, anticipating salt-infiltration and faster evaporation of unprotected surface-
water.  
 

 These activities should be accompanied with hygiene promotion. Green infrastructure – 
possibly linked to community-forestry and income generation -  is also a strategic way to restore 
crucial eco-system services such as mangroves, which protect from storm-surges, provide habitat 
for fishes, regulate water processes and (if managed sustainably) can be partially used for 
construction materials or fuel-wood. Small embankments for protecting land from inundation and 
siltation are also constructed by villages. This review was not able to assess their effectiveness 
nor judge the cost-benefit and durability, but RCDP engineers should study the practice and, if 
effective in mitigating risks of inundations and silt infiltration, decide to support it.  
 

 Village-tract level practices such as’ resilient sites’, which effectively concentrate services 
for several villages with costlier infrastructure (such as cyclone shelters and community-water 
tanks managed to secure water availability), should be promoted and supported, at the Village-
Tract Development Planning stage. These practices have been tested by programmes such as 
the Myanmar Climate Change Alliance in 2018 in Labutta, and could be studied and replicated. 
The main sources of livelihood must be both protected through adaptation – for instance through 
salt-resistant rice-crop variety, which are identified consistently by community as good investment 
(Fee et al. 2017; Driel et al. 2014) – and diversified to ensure more resilient income generation. 
Given the extent of climate change effects on the townships, it is also strategic to invest in up-
skilling people through vocational training, which would be particularly beneficial for women, 
considering the disparity observed in this cluster. Overall, it is crucial that household, villages, 
village-tract and township level disaster management mechanisms works effectively, as risks of 
disasters will increase greatly and so potential loss of lives and damage to infrastructure and 
sources of livelihoods.  
 

 Promisingly, this Cluster should also be a conducive environment for participatory 
mapping, planning and disaster risk management activities, considering that after Cyclone Nargis 
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communities have been exposed to a large number of interventions by international aid on this 
area. This should include the development of Evacuation plans (road network, drills); flood and 
cyclone community early warning systems. 
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I. Risk assessment and climate change scenarios: risk levels and implications for 
RCDP design 

1. Current and future risk levels 

 The current natural hazard profile in Myanmar is high across a multiplicity of potentially 
destructive natural hazards; and the effects of climate change will likely heighten the hazard 
levels, as well as create new stresses deriving from the alteration of critical eco-system services 
for life and economy in the RCDP clusters. 
 

 Vulnerabilities analyzed in the previous sections are high to very high across all RCDP 
clusters. In general, these findings are aligned with recent studies from HARP (2017); WB/UNDP 
(2017) and WB/MPF (2017).  
 

 With the above established, a risk matrix approach is used to estimate risk levels 
combining semi-quantitative estimates of hazard and vulnerability on a 1-5 range and assign a 
risk level also ranging from 1-5 (Table 23). These estimates were produced through qualitative 
analysis of the interaction of the hazard profile and the observed vulnerabilities, and is backed by 
semi-quantitative information assigned through specialist appraisal of existing secondary data. 
The summary Table 24 provides an overview of the estimated levels of risk of disasters currently 
and by mid-century23. It is suggested these findings must be considered in the RCDP detailed 
project design and prioritization of interventions. An initial long-list of resilient measures that can 
be applied in the implementation of Outputs 1, 2 and 3 to mainstream climate and risk resilience 
approaches are provided below.  
 

Table 23: Risk rating matrix used to back qualitative analysis of risks 

V
u

ln
e

ra
b

il
it

y
 

5 3 4 5 5 5 

4 2 3 4 4 5 

3 1 2 3 4 5 

2 1 2 2 3 4 

1 1 1 1 2 3 

 1 2 3 4 5 

  Hazard 

 

 The matrix is symmetric, which leads to an equal weight of the given hazard level 
expressed in 1 to 5 numeric value and the vulnerability level against the same value-range.  
  
                                                      
23  To support the qualitative analysis, risk values were determined by multiplying hazard levels with exposure and 

vulnerability values. Mean average of all hazard scores for each township was multiplied by the mean average of 
eight (8) vulnerability indicators of particular relevance for the RCDP scope i.e. infrastructure and access; livelihood 
generation and diversification; and underlying environmental trends.  
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 Assessment of risk is generally consistent with more general findings from global data 
sources (http://thinkhazard.org/en/; http://www.inform-index.org/; https://germanwatch.org/en/cri) 
and assessments conducted for the country. 
 
Figure 56:  Risk valuations from other reports are generally consistent with the findings 

of this assessment, i.e. ADB 2014 and INFORM 2018 

 

 
 Also, considerations on mortality, economic impact, and contribution to annual average 

loss according to internationally reported data in the EM-DAT databased were reviewed as 
illustrated in Figure 57 and are consistent with the risk levels proposed by this assignment. These 
show a prevalence of floods, earthquake, landslides and storms frequency, with the highest 
absolute mortality and economic impact due to storm (attributed to the effects of Cyclone Nargis), 
but the relative prevalence of recurrent floods on Annual Average Loss.  

 

 

 

 

 

  

http://thinkhazard.org/en/
http://www.inform-index.org/
https://germanwatch.org/en/cri
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Figure 57: Myanmar Disaster & Risk Profile 1990-2014 based on internationally reported data 
(Clockwise, reported: frequency of natural hazards; mortality from natural hazard disasters; 

economic impact of natural hazards; hazard contribution to Annual Average Loss) 

 

 

 

 

Source: CRED EM-DAT (Feb. 2015) : The OFDA/CRED - International Disaster Database www.emdat.be 
Université Catholique de Louvain Brussels – Belgium, accessed at 
(https://www.preventionweb.net/countries/mmr/data/) 

 
2. Climate change scenarios 

 More specifically, given the projections for climate change, and the expected impact by 
(and before) mid-century, risk levels will increase because of the heightened and more diversified 
hazard profile and the increased socio-economic and environmental vulnerabilities provoked by 
climate and human-induced stresses.  
 

 As discussed in this assessment, climate change has already an impact and will continue 
to affect communities in RCDP clusters due to the both natural hazard triggered disasters, and 
the progressive effects of changes of climate on eco-system services that support life and 
economy in villages. 
 

https://www.preventionweb.net/countries/mmr/data/
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 In a Business As Usual Scenario (BAU) [that is a) assuming the global GHG emission 
scenarios will continue to be those projected in RCP8.5; b) no significant adaptation strategy is 
undertaken in RCDP clusters to reduce multi-faceted vulnerability] all RCDP clusters will face 
increased risks of disasters as climate change is influencing the frequency and magnitude of 
hazards. Current coping ranges24 (already limited by high sensitivities and low adaptive 
capacities) may further deteriorate. Effects are already visible and it is possible that further effects 
will be experienced even within the comparably short duration of the RCDP project, despite the 
inherent uncertainties of climate change science. Even though conditions are dynamic, and 
adaptation of communities is also the result of spontaneous processes, it is likely that the 
magnitude and speed of the effects of climate change may outpace and overcome coping ranges, 
even if awareness is raising and some spontaneous actions are taken.  
 

 With the above assessed, and given the multi-hazard levels discussed in previous 
sections, this assessment concludes that current levels of risk of disasters from natural 
hazards across all RCDP clusters are high and future levels of risks of disasters triggered 
by natural hazards, and the compound effects of climate change, will likely increase risks 
from high to very high level across all RCDP clusters. 
 

 It should be noted that levels are averaged out at township level, for this assessment, and 
rendered visually in Figure 58. However, risks are also actually concentrated and dependent on 
micro-climate; geo-morphology and topographic specific conditions. As such, it is essential that 
these findings are only considered as a general indication of risks, and that location and site-
specific hazard assessments are conducted, to understand local conditions. For example, storm-
surges only affect coastal areas and visual representations of risk at this scale may be misleading.  
Conversely, risks that may appear low at township level, can actually be high in certain specific 
locations, given the local vulnerability. 
 
3.   Practical implications for the RCDP design and implementation 

 The RCDP project, through all three outputs, has significant potential to contribute to build 
resilience of villages presently and in the context of climate change, by: 
 

 Reducing risks of disasters and ensuring safety for RCDP-supported interventions. 
 

 Output 1. All infrastructure built by communities under the RCDP may be exposed, 
within the duration of the project, to one or more severe natural hazards 
occurrences with potential to trigger major and minor disasters. It is therefore 
strongly recommended that the highest standards of construction are upheld, 
which consider risks from the site selection, site planning and site mitigation; 
through the resilient design; adequate construction guaranteed through quality 
assurance and supervision; and correct operation and maintenance. The diversity 
of hazards, geo-climatic and topographic conditions, sensitivities and capacities 
require detailed, location and site-specific assessments to be conducted at 
implementation stage. The step-by-step process to integrate risk considerations in 
the VDP and to inform prioritization of sub-projects is detailed in the Project 
Administration Manual. This entails: 

                                                      
24  The concept of coping range refers to the latitude within which a community is able to withstand shocks and cope 

with stressors, while continuing to perform to a certain standard. It is related to the concept of resilience.  
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(a) Disseminating high-level information contained in this assessment at pre-
launch stage, and during step 1 of the cycle in each township and then 
villages. 

(b) At each village level, participatory hotspot mapping and zonation must be 
conducted prior to VDP stage, as well as awareness raising of climate 
change processes and potential impact. Village-specific hazard maps will 
be produced, effectively downscaling general information to local level. 

(c) In the infrastructure operational manual of the RCDP, the table with 
potential hazard levels is included, to provide the overall reference to 
engineers. With this general reference, the downscaled maps produced in 
a participatory manner at village-level,  and site-specific investigations the 
engineers must ensure site-suitability; site-specific remediation measures 
in consideration of prevalent hazards and geo-morphological conditions 
and topography; and adaptation of drawings after detailed site 
investigation. 
 

 Output 2. All livelihood interventions that promote food-security will contribute 
directly to risk reduction while all sub-projects promoting income generation should 
be screened for potential impact of disasters within the duration of the project and 
beyond; further considerations to the longer-term impact of climate change may 
increase chances of sustainability of the intervention 
 

 Building resilience of villages through RCDP outputs: 
 

(i) Output 1. Villages in RCDP clusters will be likely exposed to one or more natural 
hazard occurrences during the duration of the project. Villages may benefit from 
the construction of resilient building infrastructure, such as disaster-resistant 
schools and health-posts; disaster mitigation civil works and infrastructure such as 
drainage and culverts; lifeline buildings such as cyclone and flood shelters or 
village and village-level reservoirs supported by RCDP, among others 

(ii) Output 1. The likelihood of recurrent more or less intense natural hazards will 
further isolation of remote villages, disconnected from main roads or impeded by 
impassable bodies of water during storms or similar events. Infrastructure that 
support  enhanced access will be beneficial considering the current and projected 
risk profile in most clusters 

(iii) Output 1. Essential to the all outputs, but in particular to Output 1. will be the 
participatory identification of risks and hot-spots in the villages; and the elaboration 
of maps that enhance disaster preparedness 

(iv) Output 1. TFs, TPCI, Service Providers, DRD and villages will benefit from 
dedicated technical trainings on resilient architecture and engineering, and 
disaster risk reduction; as will villagers 

(v) Output 2. All interventions promoting diversification of income sources will 
contribute to mitigate impact of disasters on households and villages, when these 
affect agriculture, livestock and/or fishery 

(vi) Output 2. All interventions that promote upskilling of villagers, and linkage with 
market opportunities within the townships and beyond, will support long-term 
adaptation of households, effectively reinforcing resilience 

(vii) Output 2. All integrated actions that link income-generating activity to 
infrastructure, sustainable use and stewardship of eco-systems services and 
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capacity-building will contribute more durably to building resilience, as opposite to 
activities extrapolated from market, access, and environment 

(viii) Output 3. Interventions directed to increase awareness and capacities of 
institutions at Union, Township, Village-Tract level to the potential risks and effect 
of climate change will contribute positively to build resilience;  

(ix) Output 3. Integration of climate and disaster risk considerations into Village-
Development Planning is likely to generate positive contribution to resilience at 
village level. 
 

 Long-lists of possible measures for all Outputs are provided in the final section of this 
assessment.  
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Table 24: Summary of climate and disaster risks & vulnerability for all RCDP clusters currently (2018) and projected to mid-
century (2040) 

TARGET AREAS PER ADMINISTRATIVE BOUNDARIES 
(GAD-MIMU-Census 2014) 

RISK and 
VULNERABILITY 

ANALYSIS 
HAZARD LEVELS (2018)  

HAZARD LEVELS (2050)  
Assuming a high emission scenario (RCP8.5)  
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Source: GAD, Census 2014, MIMU 

N.B. V = f (I-AC), 
where I = 

Sensitivity*Exposure. 
In practice V= f 

(E+S+AC results) 

Scoring = 1 Very low to 5 Very high, with 0 none Scoring = 1 Very low to 5 Very high, with 0 none 

Chin 

Nortwest hilly 
and 

mountainous 
area 

In-land, 
mainly hilly 

and 
mountainous 

Falam 3 3 4 5 3 4 3 4 5 0 0 2 3 4 4 5 5 5 0 0 5 4 0 0 

Hakha 3 4 4 4 3 4 2 5 5 0 0 2 3 4 4 4 5 5 0 0 5 4 0 0 

Thantlang 4 4 4 4 2 4 2 5 4 0 0 2 3 3 4 4 5 5 0 0 5 4 0 0 

Tedim 3 4 4 5 2 5 3 5 5 0 0 2 3 3 5 5 5 5 0 0 5 4 0 0 

Sagaing 

Lower 
Sagaing 

included in 
both Northern 
Mountaineous 
and CDZ area 

(Mingin) 

In-land 
Mainly flat 

lowland  

Mingin 3 3 4 5 2 4 4 5 3 0 0 4 3 2 4 5 5 5 0 0 5 3 0 0 

Mawlaik 3 3 4 5 2 5 3 5 3 0 0 3 2 2 5 4 5 5 0 0 5 2 0 0 

Paungbyin 3 3 4 5 2 5 3 5 3 0 0 3 2 2 5 4 5 5 0 0 5 2 0 0 

Kalewa 3 4 4 5 2 5 3 5 3 0 0 3 3 2 5 4 5 5 0 0 5 3 0 0 

Naga-SAZ 
(Upper 

Sagaing) 

 
Upper 

Sagaing, 
mountainous, 

hilly 

In-land, 
Mainly hilly 

and 
mountainous 

Lay Shi 4 4 4 5 2 5 3 3 3 0 0 2 3 2 5 5 5 5 0 0 5 4 0 0 

Lahe 4 4 4 5 2 4 3 3 3 0 0 2 3 2 4 5 5 5 0 0 5 4 0 0 

Nanyun 4 4 5 5 2 4 3 3 3 0 0 2 3 2 4 5 5 5 0 0 5 4 0 0 

Tanintharyi 
Southern 
Coastal 

Coastal, with 
deltaic system 
in Launglong 

& 
Thayetchaung 

Launglon 3 3 3 4 4 3 2 3 2 3 3 3 2 5 3 3 5 3 4 4 5 2 4 4 

Thayetchaung 4 4 4 4 4 3 2 3 3 3 3 3 2 5 3 3 5 4 4 4 5 2 4 4 

Yebyu 4 4 3 4 4 3 2 2 3 3 3 3 2 5 3 3 4 4 4 4 5 2 4 4 
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Ayeyarwady 
Ayeyarwaddy 

Delta 

Deltaic 
system, 
coastal 

Labutta 4 4 4 4 5 2 2 4 1 5 3 3 1 5 2 3 5 3 5 4 5 1 5 5 

Pyapon 4 4 4 4 5 2 2 4 1 5 3 3 1 5 2 3 5 3 5 4 5 1 5 5 

Bogale 4 4 4 4 5 2 2 4 1 5 3 3 1 5 2 3 5 3 5 4 5 1 5 5 



127 
 

Source: Arup (2018)

Figure 58: Visual representation of estimated present and future risks in RCDP clusters 



128 
 

IV. RCDP OUTPUT LEVEL INTEGRATION OF CLIMATE AND DISASTER RESILIENCE 
CONSIDERATIONS  

 The Climate and Disaster Risk and Vulnerability Assessment concludes that villages and 
people in all RCDP target-townships are highly vulnerable to the negative effects of severe natural 
events and the effects of climate change. In particular:  
 

(i) Geo-climatic hazard levels from multiple sources are medium to high across all 
RCDP clusters, with particular emphasis on Ayeyarwady; Chin and lower Sagaing 
currently. 

(ii) Climate change projections assuming a GHG emission scenario 8.5 and compared 
to the period 1980-2005 by 2040 to mid-century will intensify the hazard profile in 
all RCDP clusters, by influencing frequency and intensity of extremes (Shocks). 

(iii) Climate change effects will also have effects on eco-systemic processes, which 
will generate stresses for RCDP clusters that may affect agriculture, and water 
security, and endanger food security, in addition to human health and livestock 
health. 

(iv) Both shocks and stresses induced by climate change will be likely felt well before 
2040 in RCDP clusters, and some are in effect already observed. 

(v) Vulnerability across all clusters is medium to very high, given the geo-climatic and 
topographic conditions of each clusters, the sensitivity of prevalent infrastructure, 
service, access conditions; socio-economic conditions and adaptive capacities; 
and current environmental trends. Gender disparity and potential higher impact of 
climate change on women is noted in more than one cluster. 

(vi) The intersection of the current hazard (2018) profile with the appraised 
vulnerabilities yield high risks levels in all clusters; while expected risks will 
increase greatly by 2040 (and likely before) in all RCDP clusters as a result of the 
increased hazard levels, the appearance of hazards and stresses; as well as the 
potential increase in vulnerability of people as a results of climate change. 

(vii) It is likely that within the duration of the project one or major sever geo-climatic 
events will occur, with potential to trigger major and minor disasters in one or more 
of the RCDP townships; despite the uncertainty in climate change projections, it is 
possible that hazard levels will exceed known return period with events of 
considerable severity. 

(viii) The Assessment therefore recommends that the project ensures that all 
interventions are planned, designed and implemented with the highest possible 
safety and disaster-resilience standards in consideration of the risks from multi 
geo-climatic hazards; and anticipating the potential for key sources of income to 
suffer from the projected effects of climate change, with a direct impact on villagers’ 
socio-economic and health wellbeing. 

 

 While vulnerability and risks are established concepts25, resilience is a comparatively 
newer notion that deserves to be defined. ADB defines resilience as the ability of countries, 
communities, businesses, and individual households to resist, absorb, recover from, and 
reorganize in response to natural hazard events, without jeopardizing their sustained 
                                                      
25  Refer for more detail to Methodology for Assessing Effects of Climate Change & Disaster Risks on the ADB-funded 

Resilient Community Development Project target prepared by the author prior to drafting this document, and 
approved by ADB specialist. 
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socioeconomic advancement and development’26. As such, while vulnerability refers to the 
sensitivity of villages to a disturbance derived from natural hazards (in this context) resilience 
relates to the broader capacities of households and villages in the RCDP project to absorb, resist 
or recover from a disturbance, and therefore the performance or behavior that may be expected 
in the face of a disturbance from a rapid or slow-onset disaster (acute shock) or progressive 
transformative effects due to climate change. In this sense, to increase resilience of villages and 
households, the RCDP must tackle both the directly measurable vulnerabilities observed in 
villages, which reside for example in non-disaster resistant infrastructure or poor access to water, 
and the capacities of villages to perform despite recurrent or sudden shocks, which require among 
others better planning capacities, diversification of income-sources, secure access to markets 
and services, and preparedness.  
 

 Typically, a resilient system is thought to be Reflective, Robust, Redundant, Resourceful, 
Flexible, Inclusive, Integrated27as explained in the Table 25 hereunder.  
 

Table 25: Description of selected qualities of a resilient system and examples of 
resilience-building activities (Adapted from Arup 2014 and ADB 2018 draft) 

Selected Resilience Qualities Possible resilience building activities 

Reflective: People and institutions 
systematically learn from experience, with 
an adaptive planning mindset that accepts 
unpredictable outcomes.  

Example: the RCDP TF and CF are able to capture 
indigenous knowledge on natural hazards in and observed 
changes in climate (such as flood patterns, waves, 
salinization, winds) in hot-spot maps, and consequently 
decisions on project selection and implementation take 
hazards into consideration  

Robustness: Systems are designed and 
managed to withstand the impacts of 
extreme conditions and to avoid a 
catastrophic collapse from the failure of a 
single element.  

Example: the RCDP projects integrate disaster-resistant 
measures. For instance, any school constructed by RCDP 
is designed to withstand hazards known presently and 
consider increased hazard levels provoked by climate 
change. In broader term, applied to livelihood, a village that 
maintain access to the road during the rainy season and 
therefore maintains access to market may have more 
robust economic conditions 

Redundancy: Deliberately plan capacity to 
accommodate for increasing demand or 
extreme pressures – if one component of the 
system fails, other pathways or substitutable 
components can meet essential functional 
needs.  

Example: the RCDP may grant the construction of water-
harvesting water tanks managed at village-tract level to 
serve several villages in areas with potential scarce access 
to water. While most communities will continue to access 
water through other means (ponds, household level water-
harvesting) a potential failure of any of these sources in a 
protracted dry-spell may force communities to access 
rationed water through the otherwise redundant 
infrastructure. The concept may also be explained by the 
construction of an elevated community centre: while the 
design may be redundant in normal times, it may prove 
essential to allow villagers to save lives, assets, belongings 
during floods.  

                                                      
26  This definition is adopted by ADB and refers to Arup (2014) as used by the 100 Resilient Cities Programme financed 

by the Rockefeller Foundation. The reference to natural hazards only is also to be found in DFID literature, as Arup 
definition involves any type of plausible disturbance, beyond natural hazards. 

27  There are many definitions of resilience, and no definite consensus on its meaning. Here the work own work by Arup 
(2014) is referred to as it has international recognition, and is directly referred to by the ADB (Draft, 2018) ‘Guidance 
Note CDD and Resilience_version 18 June 2018_for peer review’.  
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Selected Resilience Qualities Possible resilience building activities 

Resourceful: People and institutions should 
invest in capacity to anticipate future 
conditions, set priorities, and mobilize and 
coordinate the resources (human, financial, 
and physical). 

Example: the RCDP can support the upskilling of villagers 
to reduce their dependency on single livelihood sources in 
the context of climate change, particularly if climate 
sensitive such as rainfed-agriculture. New skills can enable 
villagers to initiate new income-generating activities (for 
instance training for tailors) and even support migrants to 
acquire skills and therefore access better jobs when moving 
to larger cities, or abroad. At village and village-tract level, 
RCDP improved planning process enhances the capacities 
of villages to take decisions based on knowledge of hazards 
and climate change and plan ahead by optimizing the use 
of resources. 

Inclusive: An inclusive approach is one that 
includes the consultation and engagement 
of communities, particularly those who are 
vulnerable. Resilience needs collective 
ownership and joint vision from various 
groups within the village, or village-tract. 

Example: The RCDP can include amongst the criteria for 
selection of projects the need to demonstrate how the 
project will directly benefit the most vulnerable people in the 
communities, or groups that are more at risk, such as elders 
and people with disabilities. Also, engineering sub-manual 
can introduce performance-based design that considers the 
specific needs of children, women, youth, people with 
disabilities and the elders. The livelihood sub-manual can 
include specific criteria to promote the inclusion of people 
that have challenges in generating income 

Integrated: Systems, decision making, and 
investments should be mutually supportive 
of a common outcome. Resilient system 
integration has evidence of systems that 
exist across different scales of operation.  

Example: The RCDP village and village-tract planning 
targets the correct scale at which sustainability of the 
interventions can be achieved. For instance, by ensuring 
that decisions on building road infrastructure for access to 
market is integrated in an overall market opportunity survey 
and is therefore strategic. Similarly, larger projects may be 
financed (such as cyclone shelter) if different contiguous 
villages agree on the need to invest together.  

 
 In the following table 26 this assessment includes a list of potential projects and activities 

for each of the Outputs of RCDP that can contribute in increasing the resilience of target villages 
through integrated strategies for disaster risk reduction and enhanced socio-economic and 
planning capacities. They include the key overall strategies to integrate resilience into 
implementation; possible criteria for selection that can be used at VDP stage. 
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Table 26: Climate and Disaster Resilience Strategies for RCDP Outputs 

Output 1: Climate and disaster resilient community infrastructure developed. Under the RCDP, community investment in market-linked and climate and disaster-resilient 
infrastructure would be identified through the DRD Village Development Plan (VDP) process, which would be implemented by all participating project villages. In support of the 
VDP process and building off both project township climate risk and vulnerability assessments and market opportunity analysis, communities would be encouraged to envision 
future environmental and climate scenarios with a view to establishing infrastructure investments that provide the greatest resilience and public and economic good benefits within 
villages and across Village Tracts (VT). Climate change and disaster risk considerations will be a common criterion in guiding the selection, construction and maintenance of 
these infrastructure projects. 

Key climate and disaster resilient strategies for Output 1.  

A. Mitigate disaster risks at village and village-tract level by extending a network of infrastructure that protects people from acute shocks (e.g. Cyclone and flood 
shelters; double-purpose school and community shelters; drainage;) and reduces the impact of long-term stresses (e.g. water harvesting infrastructure; embankment 
and water management to regulate salinization) as well as adopting risk-sensitive land-use planning approaches [Resilience qualities to be promoted in villages: 
redundancy, robustness, flexibility, reflective] 

B. Integrate disaster-risk reduction measures through all stages of infrastructure construction including site location and planning; design and detailing; construction 
including supervision and quality-assurance; and operation and maintenance. [Resilience qualities to be promoted in villages: robust, flexible, redundant] 

C. Enhance access and connectivity to improve market opportunities and access to health, education and social services [Resilience qualities to be promoted in villages: 
integrated, resourceful] 

Criteria proposed to assess relevance of climate and disaster resilience projects within RCDP 

• Activities that demonstrate integration of existing natural hazard risk information for project selection and design 

• Community acceptance (although technical specialist expertise should promote acceptance of beneficial measures that communities may otherwise oversee and, 
vice-versa, discourage activities that have negative impact or generate maladaptation) 

• Feasibility within, time, technical and financial capabilities guaranteed by the RCDP project 

• ‘No-regret’ interventions that have both development and climate change adaptation co-benefits, without needing knowledge on future climate  

• Interventions that actively reduce risks of disasters 

• Interventions that enhance capacity to cope with stressors provoked by climate change, such as health issues, water scarcity and access to market 

A. Long-list of possible activities, projects and 
planning activities that contribute to village 
and village-tracts resilience by mitigating 
disaster risks of disasters for people and 
the impact of long-term stresses through 
protective infrastructure and risk-sensitive 
land-use planning 

B. Long-list of possible activities and sub-
projects that integrate disaster resistant 
architecture and engineering measures in 
community infrastructure and help 
households to cope with climate change 
stressors 

C. Long-list of possible activities and sub-
projects that enhance network of transport, 
communication and connectivity to market  
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Reduce exposure, by preventing occupation of hazard-
prone areas and specific sites if possible through non-
structural measures, including: 
 

• Participatory hazard mapping and ‘hot-
spotting’  

• Simplified risk-sensitive participatory land-
use and disaster preparedness planning at 
different scales through VDP and VDTP, 
including e.g. zoning of no-construction and 
danger-zones, especially for site-specific 
hazards, such as some types of floods and 
landslides; tsunamis and storm-surges;  

Increase adaptive capacities trough: 

• DRR/M measures i.e. village-level 
preparedness committees and plans, 
including evacuation routes to shelters 
(designed including most vulnerable groups 
such as elders, people with disabilities and 
children) 

• Promotion of water-resilience village 
committees to maintain and increase water 
availability for drinking and non-drinking 
purposes are important and beneficial 
practices 

Reduce sensitivity, by a) increasing the network of 
protective lifeline buildings and essential services; b) 
reduce water stress for drinking and non-drinking 
purposes; c) enhancing natural eco-systemic features 
that protect from natural hazards. Activities may include 
 

• Building village-level or village-tract level 
cyclone, flood and/or heat shelters than can 
double-up as schools/community centres to 
increase people/lifeline building ratios in 
particularly vulnerable areas 

• Ensuring that community-shelters also 
integrate features such as large water tanks or 
reservoirs in areas potentially at risk of water 
scarcity and drought (either rainwater 

Reduce exposure, through non-structural measures, by 
ensuring that sites are selected based on risk information to 
minimize exposure to hazards, as much as possible locally. 
This includes site investigation, i.e. screening the 
environmental and topographic features to appraise 
potential risks (e.g. steep slopes, overhanging rocks, history 
of flooding, soils etc.) 
 
Reduce sensitivity, by: a) ensuring all RCDP-designed 
projects integrate disaster-resistant measures for multiple 
hazards; b) protecting food production means and income 
generation sources from the long-term effects of climate 
change; c) ensuring that risk reduction measures related to 
health are integrated in village sub-projects and prioritised. 
Activities may include: 
 

• Safe and child-friendly school site-selection, 
planning, design and implementation: it is 
paramount that any school building is designed 
and implement with the highest possible disaster-
resistant measures to any plausible hazard, 
depending on the areas. Strong-winds and floods 
resistant measures are more recurrently 
considered, but it is essential that earthquake 
resistant measures as well as landslides are 
considered. NB: schools can be designed to act 
as double-purpose buildings that also protect 
villagers during acute-shocks (Refer to column A.) 

• Ensuring that site-specific mitigation measures (in 
areas where exposure cannot be avoided by 
choosing another location) are integrated before 
starting construction. This may include both civil 
engineering works and use of green infrastructure 
and natural features; e.g. drainage and culverts, 
erosion protection measures, vegetation, ground 
improvement and soil stabilisation, barriers such 
as earth ramparts, walls, artificial elevated land, 
anchoring systems and retaining structures 
among many others. 

• Ensuring that designs of all buildings are adopted 
to minimize disaster risks and specifications are 
adequate 

Reduce exposure:  
Non-hazard considerations  
 
Reduce sensitivity, by: a) increasing year-around means 
of communication and access to health-services, 
schools and market places 
 

• Enhance location-specific multi-modal 
transport by, for instance, building concrete or 
reinforced wooden jetty to maintain access 
during rougher seas in the Delta; small bridges 
for light vehicles providing access to markets 
in areas traversed by small rivers and water-
ways; 

• Enhance connectivity by supporting access, 
rural and tertiary roads connection to 
secondary and primary axis in all RCDP 
clusters, with emphasis on areas regularly 
isolated (e.g. Naga and Chin) during the wet 
season  

 
Improve adaptive capacities, by: a) promoting village-
tract and township level integrated spatial understanding 
and planning of market opportunities; b) understand 
spatial implications of critical commodities, services and 
functions that serve food-security, including: 
 

• Studies on village, production, market-links 
oriented to enhance access to outlet for 
products and reduce isolation of villages 

• Studies on spatial implications for food-
security, to reduce risks of disasters during 
floods, landslides, or other hazards causing 
disruption and isolation 
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harvesting of boreholes depending on location 
and elevated to prevent water contamination in 
flood-prone areas) to benefit more than one 
village, to be used in several contexts: a) 
during cyclones or floods; b) in case of 
protracted severe water scarcity; c) and 
possibly double-up as school to maximize 
investments (refer to Column B.). These can 
be managed by groups, such as women-
groups, and can generate small revenues for 
instance by selling water or other services.  

• Building small protective infrastructure, such 
as sand banks; small hard and green 
embankments that protect agricultural land 
from effects of floods; salinization; coastal or 
river-bank erosion 

• Building improved storage for food and crops, 
and shelters for animals to protect assets from 
multiple hazards (for instance elevation in case 
of floods) 

• Building infrastructural projects that help 
managing both water ‘aplenty’ and potential 
‘scarcity’ are beneficial in all RCDP clusters. 
These includes activities that: 

a) improve storage and control of excess 
water, such as small-scale water-
catchment schemes for runoff water in 
steep hills and erosion-prone areas, 
which contribute to reduce risks of 
disasters, while making use of water for 
livestock and irrigation purposes 

b) Improve water-harvesting capacities at 
community level, e.g. community-level 
emergency water reservoirs to extend 
water availability for longer periods of 
time in case of droughts and considering 
the shortening of water-harvesting 
season. These can be water-harvesting 
improved facilities connected to other 
basic services to ensure maintenance 
(such as schools, health-posts, cyclone 

• Ensuring that implementation of buildings are 
conducted according to specifications, by 
mentoring communities as required 

• Building elevated and protected water storage 
facilities for households and villages to prevent 
contamination of water during floods triggered by 
intense rain and river overflow in connection with 
hygiene awareness    

• Building drainage and culverts that consider 
heightened risks of floods for the villages 

• Promoting household or village-based efficient 
irrigation small schemes, such as dripping 
irrigation 

• Improved sanitation devices/systems (e.g. VIP 
latrines, raised latrines and different forms of 
latrine infrastructure) designed to prevent spread 
of diseases by reducing risks of overflow, in 
connection to hygiene promotion. Also, 
construction of village public toilets to prevent 
open defecation have proven effective in several 
countries if they are managed by groups of 
villagers that can extract small income from the 
operation and maintenance 

Increase adaptive capacities: 

• Delivering DRR architecture training, masonry 
and carpentry vocational training to a) enhance 
employability and b) disseminate good self-
construction practices into the villages 

• Providing demonstrative technical training and 
assistance to multiply and disseminate resilient-
architecture and village-planning 
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or flood shelters) or improved 
unprotected surface-water (such as 
pond-fencing) that regulate access to 
water to prevent overexploitation and 
consequent scarcity 

c) Improve water access from ground 
sources, through water-management 
committees at village level to prevent 
over-exploitation of sources (e.g. spring 
water sources) leading to water scarcity. 
This can be done in connection to VDP 
with the formation of community water-
management committees 

d) Projects that enhance flood 
management control through improved 
drainage at small-scale 

• Awareness raising on mangrove and forestry 
areas preservation in areas where existing 
forestry prevent soil erosion, stabilise soils in 
steep slopes, mitigate effects of waves and 
storm-surges, mitigate heat-island effects 

• Projects that enhance regulatory functions of 
green infrastructure and bio-engineering to 
mitigate effects of cyclones, floods and 
landslides (such as mangrove and tree 
restoration, reforestation and afforestation) 

• Projects that ease weight on fuelwood such as 
cookstoves or promote use of renewable 
energy can enhance resilience over the mid to 
long-term, such as micro or pico-hydropower 
generation in some clusters 

NB: though often prioritized by villages some 
infrastructural measures may have a perverse effect 
locally or externally. This may include, for instance, 
flood walls or artificial levees, which are rendered 
ineffective by larger unexpected floods (ADB, 2017); or 
that transfer risk in other areas, such as drainage in 
steep-slope designed in isolation from downstream 
villages. Small dykes may have localised benefits, but 
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they should not be designed in isolation, as they may 
affect other villages downstream 
 
NB: All these aspects are critical to build resilience of 
villages through the RCDP project. Village 
Development Planning phase is most adequate phase 
to integrate the above considerations into village 
practices. Village-tract level planning is also important 
for activities that require scale 

 

Output 2: Resilient livelihood activities for women, youth and poor in project areas developed. Increased and diversified income based on good 
understanding of changing climate risk pattern and market opportunity is an important component of increased resilience. As part of the community planning 
process, initiated through the VDP preparation, communities would, in the year following their first infrastructure investment, use a community-based 
wealth/vulnerability ranking methodology to identify poor and vulnerable households who would be eligible for group livelihood/entrepreneurship grants. With the 
support of DRD and RCDP community facilitators (CF) and technical facilitators (TF) and RCDP and township department technical advisors, targeted households 
would be encouraged and enabled to form groups, with a focus on building kinship or friendship groups, with the project adopting a “starting small and then scaling 
up” approach. 

Group investments could involve new or improved agriculture, livestock, forestry or fisheries activities, value addition to farm and non-farm products, marketing and 
the acquisition of new skills for village or off-village employment or entrepreneurship. The project would assist interested groups to source. That training could also 
be linked to RCDP infrastructure investments, developing building skills for example in the annual village inter-cycle periods. The project would seek linkages to 
existing technical and vocational training (TVET) programmes[1] and would also support the expansion of DRD courses both by type and location where there is 
significant demand and no alternative provider. 

 

Key climate and disaster resilient strategies for Output 2.  

A. Diversify income-generating activities to widen the coping range of villagers against the expected effects of climate change on current main sources of 
livelihood (i.e. climate-sensitive productive systems), especially for vulnerable groups, recognizing that expected compound effects of climate change will 
reduce significantly the viability of rainfed agriculture;  

B. Protect current sources of livelihood (and food-security) by promoting mitigation, adaptation and risk reduction through climate smart agriculture (e.g. 
adaptive crops)  

C. Upskill vulnerable people to increase employability in the villages and in case of climate-driven migration, especially for vulnerable groups 

Criteria proposed to assess relevance of climate and disaster resilience projects within RCDP 

• Activities that demonstrate integration of existing natural hazard risk information for project selection and design 

file:///C:/Users/pasquale.capizzi/AppData/Local/Microsoft/Windows/INetCache/Content.Outlook/AN6S3L7R/RCDP%20IR-300818-final-DRD%20formatted%20(003).docx%23_ftn1
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• Community acceptance (although technical specialist expertise should promote acceptance of beneficial measures that communities may otherwise 

oversee and, vice-versa, discourage activities that have negative impact or generate maladaptation) 

• Feasibility within, time, technical and financial capabilities guaranteed by the RCDP project 

• ‘No-regret’ interventions that have both development and climate change adaptation co-benefits 

• Interventions that actively reduce risks of disasters 

• Interventions that enhance capacity to cope with stressors provoked by climate change, such as new diseases, pests, water scarcity 

A. Long-list of possible activities and sub-projects 
and planning activities that promote 
diversification of income-generating activities, 
with a focus on vulnerable groups 

B. Long-list of possible activities and sub-
projects oriented to protect current 
sources of livelihoods from the effects 
of climate change and risks of 
disasters 

C. Long-list of possible activities 
and sub-projects that promote 
upskilling of vulnerable people 
and access to employment and 
market opportunities 

Reduce vulnerability of people, especially the most 
disadvantaged in target-villages by reducing dependency on 
limited sources of income that will be affected by shocks and 
stressors induced by climate change by:  
 

• Support shifting to livestock; fishery and 
aquaculture or integrating farming/livestock 
activities in areas with poor access to land, or 
expected or observed increase in stress for 
agriculture beyond coping range of villagers; 
breeding of livestock is one activity that has 
recognized benefits to improve credit and cash for 
the poorer, which can invest in nonfarming 
activities especially if they are landless. For 
example, building on ERLIP experience, grants to 
purchase pigs or other livestock can be given. 
Critically, with views to support longer-term 
economic viability of beneficiaries, RCDP should 
invest in technical assistance and training for 
villagers to develop business around livestock and 
aquaculture and linkage to markets  

• Through market-link studies, support non-farming 
activities identified as promising to reduce 
dependency on climate sensitive agriculture, such 
as food processing and preparation, tailoring, 
trading, artisanal practices such as fabrics, 
weawing or others. 

Reduce exposure: Identify agricultural areas that 
are hazard-free is difficult, especially as the most 
vulnerable people supported by the RCDP project 
are in effect landless. Also, it is either impossible to 
reduce exposure to some hazard (such as drought 
or large floods) or counter-productive, as some 
agricultural practices benefit from some level of 
inundations. In areas where climate change is 
expected to cause permanent inundations with 
salty water, such as the Ayeyarwady delta, 
resorting to the two other strategies (A and C) may 
be a required option 
 
Reduce sensitivity, by: a) supporting villagers to 
test heat, salt and flood resistant varieties; b) 
enhance livestock breeding and health 
management practices, including: 
 

• Introducing climate resilient varieties, 
including seed that are drought, heat, 
flood resistant 

• Promote crop diversification; 

• Support the access to extension services 
through RCDP TA 

• Supply seed bank material for storing 
seeds.  

Reduce vulnerability to climate change over 
the mid to long-term will require upskilling 
people to take-up different jobs and 
occupations within the local market and or 
when migrating in major cities or abroad; 
this is in recognition that the effects of 
climate change in most of the clusters may 
result in the deterioration of current main 
sources of income, in particular agriculture; 
which have been observed already. To this 
end, activities may include: 
 

• Technical and vocational training, 
particularly for women and youth, 
connected to market 
opportunities and through formal 
certification to increase formal 
employability and business 
opportunity. Successful practices 
in Myanmar (Ayeyarwady, CDZ 
Area, Chin) include: a) book-
keeping to support small 
business; b) tailoring; c) certified 
carpentry and masonry, 
especially in areas with 
construction industry 

• Support to business planning for 
the development food production 
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• In connection with strategy C. promote introduction 
of industry such as tourism in areas of particular 
interest, such as NSAZ, as well as skilled-labour 
development that improve employability and 
income in the local market and outside the village, 
state or even country for migrant communities 

• Support of all type of gender-based activities that, 
a) ensure survival of the household in times of 
stress, are available to women to enhance 
economic empowerment, especially for women-led 
HH; b) enhance effectiveness of activities reserved 
for periods of unusual stress. Projects oriented to 
economic empowerment of women include MCCA, 
UNDP, Terre Des Hommes, AVSI in Central Dry 
Zone Area and the Delta. These projects have 
invested in women-based small NGOs, saving 
groups, vocational training (tailoring), accounting 

• Complement typical life-saving emergency coping 
strategies after external shocks (such as droughts, 
floods, cyclones) by supporting the creation of 
saving groups; increasing the financial space; to 
avoid resort to borrowing money from private 
lenders, which are known to endebt people in all 
clusters. Micro-finance may be beyond the 
capacity or focus of RCDP project, but it should be 
considered as an option  

 
Increase adaptive capacities of the most vulnerable groups 
in the villages, include the need to identify those groups that 
are normally excluded from more remunerative non-farming 
and non-labour-intensive activities and identify proactive 
measures to promote inclusion of the most vulnerable 
 
NB: Migration is a very important adaptation practice for Chin 
and Ayeyarwady clusters. In the former, remittances 
contribute to the household economy to some extent. In the 
latter, the extent of the impact of climate change should lead 
to support ‘migration with-dignity’ as a key strategy, in 
particular through up-skilling (Strategy C.) 
 
Locally, labor-intensive farming and non-farming activities 
are used as a seasonal complement to household income, 

• Support villagers to change from shifting 
cultivation practices to land development, 
including terracing;  

• Provide preventive health services to 
reduce risks from epidemics through the 
enhancement of local veterinary services; 

• Establish seed banks (and seed or food 
safe storage through Output 1) to be used 
in emergency contexts 

 
Increase adaptive capacities of villagers by: 

• Supporting agricultural extension 
services through RCDP specialist 
support; and in cooperation with MoALI 
departments  

• Replication of ‘farmer schools’ practices, 
such as those promoted by Action Aid 

• Delivering climate-smart agriculture 
training for testing new varieties  

• Supporting villagers to identify fish 
breeds that could thrive to increased 
temperature 

• Providing demonstrative assistance to 
multiply and disseminate climate-smart 
agriculture; livestock breeding; fishery 
and aquaculture 

• Documenting and promoting indigenous 
cultivars and practices 

• Develop loan, saving groups and 
cooperative schemes to promote the safe 
testing of seeds and crop varieties; 
climate-resilient agricultural, livestock 
and fishery practices 

• Increased awareness of farmers on 
climate change impact 

(for example jaggery and sugar 
processing) or cottage industries 
relying on available natural 
resources (charcoal, brick-
making and the like) as well as 
micro-enterprises and small 
businesses, motorbike taxis, solar 
panel distribution and vocational 
occupations such as hairdressing 
or tailoring. WB (2016) indicates 
an increase in access to formal, 
legal credit. If well supported 
through upskilling in business 
planning and book-keeping, this 
could become a viable option for 
the most vulnerable people in 
RCDP target areas. 

 
NB: migration is progressively shifting from 
a coping mechanism to deal with poverty 
and climate-induced poverty, to an 
economic opportunity according to WB 
(2016) in Myanmar. However, migration 
with very low formal vocational training and 
only primary education also enhances risks 
and reduce opportunity, forcing younger 
non-skilled casual labourers in poorly 
remunerative labour options (Fee et al. 
2017a, b). 
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by both men and women. This income strategy is to be 
acknowledged: however, this should not be seen as a viable 
adaptation measure for livelihood, as it does not lead to 
structural reduction of vulnerability, which is key to increased 
resilience 
 
Also, currently maladaptation practices to the reduced 
productivity include money borrowing, which is leading 
farmers and vulnerable people in villages to a vicious cycle 
of poverty and dependency.  

• Support timely access to seasonal 
forecast information through media and 
telephones 

 
NB: many climate change-related consultations in 
Myanmar concur on that farmers willing to test new 
crop-varieties; or different farming practices; in 
recognition of the climate-stresses or risks of 
disasters face a) the risk of failure, which they 
cannot take; b) a reduced income from different 
varieties, possibly due to the demand of the market. 
These are often not the most vulnerable people in 
villages, which is the focus of RCDP. However, 
impact on land-owner and farmers may trickle-
down on seasonal and casual labour-seekers, with 
consequent impact on their vulnerability. 

 

Output 3: Institutional and organizational capacity of communities and local governments strengthened. The project would support DRD, in alignment with legislated 
village/VT/township level climate change and disaster risk management planning processes, to further develop its VDP process with a view building its capacity to assist 
villagers to factor in planning to address present day and future shocks and stresses and participatorily identified market opportunities. VDPs would be aggregated to establish 
village tract development plans and, following the development of an appropriate framework, to contribute to township development planning processes. The project would also 
support DRD to form a separate Training Unit and associated physical training resources, with capacity to meet both staff orientation needs and the professional development 
requirements of both staff and interested independent professionals in the fields of, inter alia, community-based planning and development, resilience building, group formation 
and leadership and livelihood development. Physical training resources would include a dedicated training center and trainee dormitories. 

Key climate and disaster resilient strategies for Output 3.  

A. Integrate climate and disaster resilience considerations into the Village Development Plan 

B. Reinforce Village-Tract level Development Planning with spatial components and climate and disaster resilience considerations  

C. Support DRD and Townships to develop and adopt a spatial approach to rural development that considers hazards and changes in climate  

Criteria proposed to justify inclusion of resilience considerations in VDP and VDTP 

• Reduce risks of future impact of disasters and mitigate the effects of climate change  

• Optimization of resources invested by RCDP and by the DRD 

• Enhanced abilities to plan for adaptation to climate change and promote resilient rural development  

A. Long-list of possible activities to ensure the 
integration of climate and disaster 
resilience considerations into the Village 
Development Plan 

B. Long-list of possible activities to reinforce 
Village-Tract level development planning, 
including resilient measures 

C. Long-list of possible activities to support 
DRD and Townships to integrate spatial 
approaches to rural development  
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• Increasing adaptive capacities of villages 
through a) climate and disaster resilience 
planning and b) disaster management 
practices, by: 

• Introducing hazard and risk management 
considerations into VDPs, based on 
participatory mapping performed during the 
first steps of the RCDP project in each village 
(refer to Output 1.) 

• Reinforcing and/or introducing disaster 
preparedness practices within the VDP 
process, including sharing of information on 
climate change and disaster risks; drills in 
schools and for communities; participatory 
establishment of evacuation routes etc. 

• Identifying strengths and weaknesses of 
current Early Warning Systems (e.g. Cyclones, 
droughts, tsunamis, floods) at VDP stage; and 
prioritizing activities to improve the EWS at 
village level  

• Disseminating climate and disaster risk 
information as widely as possible through user-
friendly materials, posters, maps, video-
documentaries, games 

• Adopting village-level maps (in connection with 
Output 1) integrated within the VDP that 
identify hotspots, emergency services, 
evacuation routes, radio and 
telecommunication points, shelters and lifeline 
building, vulnerable households etc. 

• Establishing dedicated committees for water 
management; disaster management among 
others and in-lined with the law and practices 

Optimizing resources and achieving resilience benefits at the 

required scale by: 

• Training DRD, Village-Administrators, and 
representative of Villages to consider access 
to emergency and essential services at a 
village-tract scale 

• Supporting the institutions and 
representatives of villages to prioritise village-
tract level Output 1 and Output 2. larger sub-
projects that can serve more than one village, 
for instance by building larger shelters; 
village-tract level reservoirs to be used in 
emergency situations (climatologic and 
hydrological droughts; floods with 
contamination of drinking water; etc.); 
common services such as one-stop-migration 
centres 

• Establishing Village-Tract Development 
Plans, with optimal location of health and 
education services, access and tertiary-
secondary-primary road connections 

Training Union level and Township level DRD staff; and 
DRD GIS Units in climate and disaster risk assessment 
and resilience building planning by: 
 

• Conducting trainings and trainings of trainers 
for DRD staff and DRD GIS Units using 
Hintada National Disaster Management 
curricula prepared by MCCA and others to 
enhance understanding and skills on climate 
and disaster risk issues in rural development 

• Delivering dedicated geo-referenced analysis 
for DRD GIS Unit, including and beyond 
mapping of assets and projects in townships of 
RCDP Unit 
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V. ESTIMATING CLIMATE FINANCE FOR RCDP 

 Climate-relevant adaptation finance for RCDP is estimated to be $59.54 million as detailed 
in Table 2 below. No activities seek to directly attain mitigation objectives under the RCDP project. 
Dual benefit (or co-benefit) activities can derive from adaptation measures, such as green 
infrastructure (e.g. mangrove replantation, reforestation) if prioritized by communities. Thus, no 
climate finance is accounted under mitigation. 
 

Table 27: Estimating climate finance for RCDP 

Adaptation Activity Target Climate 
Risk 

Estimate
d 

Adaptati
on Costs 
($ million) 

Adaptation Finance Justification 

Output 1.A Construct or 
extend existing 
community-level of 
infrastructure that 
protects people from 
effects of natural 
hazards (e.g. Cyclone 
shelters; embankments;) 
and reduces the impact 
of long-term stresses 
(e.g. water harvesting 
infrastructure)  

Reduce risks 
from extreme 
weather events 
and long-term 
climate stresses 
 
 3.2 

Type 2 activities. A typical cyclone 
shelter in Myanmar costs around 
$80,000US.  Community water-tanks to 
e.g. may cost $50,000US. It is 
expected that only cyclone, flood, and 
drought prone clusters (as discussed 
by the CDRA) may decide to prioritize 
such infrastructure and thus it is 
estimated that four (4) infrastructure per 
townships may be constructed. This 
yields a figure of 40 (4 in 10 townships) 
such infrastructure for a maximum 
amount of $80,000 each.  

Output 1.B. Integrate 
resilience measures 
through all stages of 
infrastructure 
construction including 
site location and 
planning; design and 
detailing; construction 
including supervision 
and quality-assurance; 
and operation and 
maintenance 

Reduce climate 
and disaster 
risks particularly 
in landslides, 
earthquakes, 
cyclones or 
strong-winds, 
and flood-prone 
areas as well as 
tsunamis and 
storm-surges 

21.19 
 
 
 

Type 1 activities. The incremental cost 
of resilience measures is estimated at 
20% of total cost of Output 1 - 
Community-Investment Funds [i.e. 20% 
of $103,45 million (which is the total 
infrastructure fund minus the possible 
Type 2 activities already accounted 
above in Output 1.A, resulting in $20.69 
million). Further, a conservative 
lumpsum amount for expertise) for 
adaptive planning design is included 
here, for an additional $500,000.  

Output 2. A. Income-
generating diversified 
livelihood grants  

All activities that 
diversify 
livelihood 
sources beyond 
climate-sensitive 
income-sources 
and strengthens 
coping capacity 
of villagers 
against the 

30.14 + 
2.81 = 
32.95 

Type 2 activities. All activities prioritized 
through planning that aim at 
diversifying income-sources based on 
local hazards and climate-change 
downscaled projections. Since the 
purpose of diversification is to enhance 
resilience of communities, these are 
considered as Type 2 activities. This is 
part of Resilient Livelihood Investment 
Fund described below.  
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Adaptation Activity Target Climate 
Risk 

Estimate
d 

Adaptati
on Costs 
($ million) 

Adaptation Finance Justification 

potential effects 
of climate 
change  

Output 2. B. Protect 
current sources of 
livelihood (and food-
security) through 
climate smart 
agriculture (e.g. 
adaptive crops) 

 

Mitigate effects 
of increased 
temperatures; 
erratic rainfall 
patterns; floods 
and salinization 
of agricultural 
land  

Type 2 activities. This will include 
activities that support dedicated 
climate-smart agriculture interventions 
prioritized through village planning (e.g. 
salt-resistant crops) and supported 
through the Resilient Livelihood 
Investment Fund ($30.14 m). It also 
included adaptive livelihoods support 
services ($2.81m) provided to the 
communities.  

Output 3. A. Integrate 
climate and disaster 
resilience considerations 
into the Village 
Development Plan 
 

Reduce risks of 
disasters and 
prioritize 
projects that are 
resilient to 
immediate and 
long-term effects 
of climate 
change at the 
required spatial 
scale (Village 
and Village-
Tract Level) 

1  

All capacity-building, training of trainers 
on climate risk and hazard mapping, 
and related costs under Output 3 are 
accounted here for a total of an 
estimated $1 million  

Output 3. B. Reinforce 
Village-Tract level 
Development Planning 
with climate and 
disaster resilience 
considerations  

Output 3. C. Support 
DRD and Townships to 
develop and adopt a 
spatial approach to rural 
development that 
considers hazards and 
changes in climate   

Mitigate risks 
through 
increased 
institutional 
capacities for 
village-
development 
planning 

Implementation and 
technical assistance 

Mitigate risks 
trough technical 
guidance 

1.2 

Type 2. Dedicated union level 
international and national climate and 
disaster risk staff (person/months for 
different unit-costs) are Type 2 
activities of the project and should be 
accounted for. 

Sources: CDRA, 2018 
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APPENDIX 1: CLIMATE CHANGE HAZARD PROFILE SCENARIOS BY 2040 FOR RCP8.5 

Approach     
1) Climate change adjustment (CCA) 2050 were calculated in excel with columns mirroring ‘HAZARD LEVELS 2018’ in the Climate and DR tab.  

2) The CCA is a sum of the aggregated Hazard level for the region and the climate change adjustment value 2050  

3) The rating is scored according to the Table 1, based on literature 
4) The climate variables used to assess the change from current to future climate are described in Table 2. This table includes a definition of the 
approach used, data considered and references.  

 

Appendix Table 1  

Projected change in proxy variable (%) Max value of range  Rating assigned 

0-9 10 0 

10-19 20 1 

20-39 40 2 

40-59 60 3 

60-79 80 4 

80-100 100 5 
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Appendix Table 2 

Potential 
hazards 

Data range 
Proxy climate 
variable and 
reasoning 

Approach / description of variable used Reference report 

Source 
data used 
in 
Reference 
report 

Tsunami 

Not a climate 
hazard, no 
relevant 
climate 
change 
impacts 

Sea level rise 
- Likely to 
worsen 
impacts of 
tsunamis 

There are no quantitative projections available for 
this hazard. As tsunamis are generated by 
movements of the ocean floor which are not 
directly impacted by climate change. However, 
the impacts of tsumais are likely to be worse in 
coastal aread under climate change conditions 
due to sea level rise. For this reason, the future 
hazard has been increased 1 category level in 
Ayeyarwady and Tanintharyi. 

n/a n/a 

Earthquakes 

Not a climate 
hazard, no 
relevant 
climate 
change 
impacts 

n/a n/a n/a n/a 

Landslides 

No data 
available in 
reports 
reviewed 
specifically for 
landslides. 

Mean 
preciptiation 
during wet 
season - 
Extreme 
preciptiation 
has an impact 
on the 
occurrence of 
landslides. 
There is no 
information 
readily 
available on 
projected 
changes in 

There are no quantitative projections readily 
available for this hazard .  
When sloped areas become completely saturated 
by heavy rainfall landslides can occur and 
therefore projected change in precipitation has 
been identified as a proxy to assess changes in 
landslides under future climate conditions.  
Given the lack of readily available projections on 
changes in extreme precipitation,  projected 
changes in mean precipitation have been used. 
Changes in extreme preciptiation are likely to be 
larger than changes in mean precipitation. For this 
reason, the high estimate obtained from the 
ensemble of climate models has been used.  
The  proxy used is: high estimate of projected 
change in mean precipitation (%) in the 2041-
2070 period compared to the 1980-2005 average 

Horton, R., De Mel, M., Peters, D., Lesk, 
C., Bartlett, R., Helsingen, H., Bader, D., 
Capizzi, P., Martin, S. and Rosenzweig, 
C. 2017. Assessing Climate Risk in 
Myanmar: Technical Report. New York, 
NY, USA: Center for Climate Systems 
Research at Columbia 
University, WWF-US and WWF-
Myanmar. 

NASA NEX-
GDDP 
(2015) 
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Potential 
hazards 

Data range 
Proxy climate 
variable and 
reasoning 

Approach / description of variable used Reference report 

Source 
data used 
in 
Reference 
report 

extreme 
precipitation.  

in major regions, in the wet season (June to 
October) for RCP8.5 . 

Fire 

No data 
available in 
reports 
reviewed 
specifically for 
wildfires. 

Mean 
preciptiation 
during hot or 
cool season 
(dry seasons) 
- High 
temperature 
and dry 
periods have 
an impact on 
the 
occurrence of 
wildfires. 
There is no 
information 
readily 
available on 
projected 
changes in hot 
and dry 
periods.  

There are no quantitative projections readily 
available for this hazard.   
Wildfires are likely to occur during times of low 
precipitation in the hot season and therefore 
projected change in precipitation has been used. 
Given the lack of readily available projections on 
changes in droughts,  projected changes in mean 
precipitation have been used. Changes in 
droughts are likely to be larger than changes in 
mean precipitation. For this reason, the high 
estimate* obtained from the ensemble of climate 
models has been used.  
The proxy used is: high estimate* of projected 
change in mean precipitation (%) in the 2041-
2070 period compared to the 1980-2005 average 
in each region, in the hot season 
*The value with the largest decrease in rainfall 
was taken  

Horton, R., De Mel, M., Peters, D., Lesk, 
C., Bartlett, R., Helsingen, H., Bader, D., 
Capizzi, P., Martin, S. and Rosenzweig, 
C. 2017. Assessing Climate Risk in 
Myanmar: Technical Report. New York, 
NY, USA: Center for Climate Systems 
Research at Columbia 
University, WWF-US and WWF-
Myanmar. 

NASA NEX-
GDDP 
(2015) 

Storm surges 

No data 
available in 
reports 
reviewed 
specifically for 
storm surges. 

Sea level rise 
- No clear 
direction of 
change in the 
frequency of 
storm surges, 
but their 
impact is likely 
to be worsen 

There are no quantitative projections available for 
this variable. As storm surges occur during 
tropical cyclones and strong winds, an adjustment 
has therefore been estimated  according to 
projected changes in tropical cyclones. 

n/a n/a 
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Potential 
hazards 

Data range 
Proxy climate 
variable and 
reasoning 

Approach / description of variable used Reference report 

Source 
data used 
in 
Reference 
report 

by sea level 
rise 

Cyclones (and 
strong winds) 

No data 
available in 
reports 
reviewed 
specifically for 
cyclones. 
Data available 
on SLR 
increase in 
2050s 
Projected sea 
level rise for 
Myanmar's 
coastline is 
20-41cm. 

Sea level rise 
- No clear 
direction of 
change in the 
frequency of 
cyclones, but 
their impact is 
likely to be 
worsen by sea 
level rise 

Projected changes in cyclone severity and 
frequency are not quantified and are uncertain. 
The IPCC projectios for the North Indian sea 
(higher resolution information is not readily 
available) do not point towards a clear trend in the 
increase of cyclone frequency or their lifetime 
maximum intensity. Nonetheless, it is thought that 
the impacts of cyclones will be worsen by sea 
level rise. For this reason, the future hazard has 
been increased 1 category level in Ayeyarwady, 
Tanintharyi and Chin as these regions are 
currently impacted by cyclones and strong winds. 

Christensen, J.H., K. Krishna Kumar, E. 
Aldrian, S.-I. An, I.F.A. Cavalcanti, M. de 
Castro, W. Dong, P. Goswami, A. Hall, 
J.K. Kanyanga, A. Kitoh, J. Kossin, N.-
C. Lau, J. Renwick, D.B. Stephenson, 
S.-P. Xie and T. Zhou, 2013: Climate 
Phenomena and their Relevance for 
Future Regional Climate 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 [Stocker, T.F., D. Qin, 
G.-K. Plattner, M. Tignor, S.K. Allen, J. 
Boschung, A. Nauels, Y. Xia, V. Bex and 
P.M. Midgley (eds.)]. Cambridge 
University Press, Cambridge, United 
Kingdom and New York, NY, USA.  
Available at: 
https://www.ipcc.ch/pdf/assessment-
report/ar5/wg1/WG1AR5_Chapter14_FI
NAL.pdf   

See Figure 
14.17 
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Potential 
hazards 

Data range 
Proxy climate 
variable and 
reasoning 

Approach / description of variable used Reference report 

Source 
data used 
in 
Reference 
report 

Floods (and 
inundations) 

Projected 
change in 
mean 
precipitation 
(%) in the 
2041-2070 
period 
compared to 
the 1980-2005 
average in 
eight major 
regions and 
for the nation 
of Myanmar 

Mean 
preciptiation 
during wet 
season and 
sea level rise - 
Extreme 
preciptiation 
has an impact 
on the 
occurrence of 
floods. There 
is no 
information 
readily 
available on 
projected 
changes in 
extreme 
precipitation. 
Sea level rise 
is likely to 
worsen the 
impact of 
floods in 
coastal areas 

There are no quantitative projections readily 
available for this hazard .  
 
Floods are mainly caused by either very intense 
short duration precipitation or long periods of 
above average precipitation.  
 
Therefore projected change in precipitation has 
been identified as a proxy to assess changes in 
flooding under future climate conditions.  
 
Given the lack of readily available projections on 
changes in extreme precipitation, projected 
changes in mean precipitation have been used. 
Changes in extreme precipitation are likely to be 
larger than changes in mean precipitation. For this 
reason, the high estimate obtained from the 
ensemble of climate models has been used.  
 
The  proxy used is: high estimate of projected 
change in mean precipitation (%) in the 2041-
2070 period compared to the 1980-2005 average 
in major regions, in the wet season (June to 
October) for RCP8.5 . 

Horton, R., De Mel, M., Peters, D., Lesk, 
C., Bartlett, R., Helsingen, H., Bader, D., 
Capizzi, P., Martin, S. and Rosenzweig, 
C. 2017. Assessing Climate Risk in 
Myanmar: Technical Report. New York, 
NY, USA: Center for Climate Systems 
Research at Columbia 
University, WWF-US and WWF-
Myanmar. 

NASA NEX-
GDDP 
(2015) 
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Potential 
hazards 

Data range 
Proxy climate 
variable and 
reasoning 

Approach / description of variable used Reference report 

Source 
data used 
in 
Reference 
report 

Drought 
Drought (as a 

function of 
temperatures 
and rainfall 
departure) 

Projected 
change in 
mean 
precipitation 
(%) in the 
2041-2070 
period 
compared to 
the 1980-2005 
average in 
eight major 
regions and 
for the nation 
of Myanmar 
Projected 
change in 
temperature 
(C) in the 
2041-2070 
period 
compared to 
the 1980-2005 
average in 
eight major 
regions and 
for the nation 
of Myanmar 

Mean 
precipitation 
during hot or 
cool season 
(dry seasons) 
and 
temperature 
consideration 
- Prolonged 
dry periods 
and high 
temperatures 
can be used 
as proxies for 
hydrological 
droughts. 
There is no 
information 
readily 
available on 
the combined 
effect of 
temperature 
and rainfall to 
the 
hydrological 
cycle.  

There are no quantitative projections readily 
available for this hazard .  
 
Climatological droughts are caused by prolonged 
periods with very low precipitation, hydrological 
droughts also consider the impact of 
evapotranspiration. Projected change in 
precipitation has been identified as a proxy to 
assess changes in droughts under future climate 
conditions to this proxy considerations on the 
increase in temperature have been included in the 
drought estimation.  
 
Given the lack of readily available projections on 
changes in prolonged periods with very low 
precipitation,  projected changes in mean 
precipitation have been used. Changes in 
droughts are likely to be larger than changes in 
mean precipitation. For this reason, the high 
estimate* obtained from the ensemble of climate 
models has been used. In addition, the climate 
change adjustment has been increased one level 
to include the impact of an increase in 
temperature on droughts.  
 
The proxy used is: high estimate* of projected 
change in mean precipitation (%) in the 2041-
2070 period compared to the 1980-2005 average 
in each region, in the hot season 
*The value with the largest decrease in rainfall 
was taken. Note that this relates to drought 
intensity, and we cannot comment on projected 

Horton, R., De Mel, M., Peters, D., Lesk, 
C., Bartlett, R., Helsingen, H., Bader, D., 
Capizzi, P., Martin, S. and Rosenzweig, 
C. 2017. Assessing Climate Risk in 
Myanmar: Technical Report. New York, 
NY, USA: Center for Climate Systems 
Research at Columbia 
University, WWF-US and WWF-
Myanmar. 

NASA NEX-
GDDP 
(2015) 
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Potential 
hazards 

Data range 
Proxy climate 
variable and 
reasoning 

Approach / description of variable used Reference report 

Source 
data used 
in 
Reference 
report 

changes in drought frequency or return period due 
to lack of data and projections available 

Heatwaves 

Projected 
2041-2070 
frequency of 
occurrence of 
the historical 
(1981-2010) 
daily 95th 
percentile 
temperatures 
in a month 
(i.e., extreme 
heat days). 

Frequency of 
hot days - 
Heatwaves 
are hot spells 
(several 
consecutive 
hot days). 
There are not 
projections on 
the frequency 
of hot spells, 
the 
occurrence of 
hot days (not 
consecutive) 
has been 
used as a 
proxy 

Projected 2041–2070 frequency of occurrence of 
the historical (1981–2010) daily 95th percentile 
temperatures in April (i.e., extreme heat days - 
defined as days per month hotter than historical 
extremes hot days from 1981-2010 for April for 
coastal or inland region). 
 
Historical frequency of extreme heat days 
between 1981 to 2010 was 1 day for both coastal 
and inland regions and this has been converted in 
a % change. High estimate projections for coastal 
region is 17 days and for inland is 14 day. 

Horton, R., De Mel, M., Peters, D., Lesk, 
C., Bartlett, R., Helsingen, H., Bader, D., 
Capizzi, P., Martin, S. and Rosenzweig, 
C. 2017. Assessing Climate Risk in 
Myanmar: Technical Report. New York, 
NY, USA: Center for Climate Systems 
Research at Columbia 
University, WWF-US and WWF-
Myanmar. 

Source 
data: 
Weather 
station data 
provided by 
DMH 
(2015), 
projections 
reflect the 
NASA NEX 
GDDP 
dataset. 
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Potential 
hazards 

Data range 
Proxy climate 
variable and 
reasoning 

Approach / description of variable used Reference report 

Source 
data used 
in 
Reference 
report 

Sea level rise 

Data available 
on SLR 
increase in 
2050s 
Projected sea 
level rise for 
Myanmar's 
coastline is 
20-41cm. 

Sea level rise These projections take into account global and 
regional components that contribute to changes in 
sea levels, 
but they do not take into account local land 
subsidence, which can lead to sea level rise 
larger than shown here. An adjustment has 
therefore been estimated accordingly. 

Horton, R., De Mel, M., Peters, D., Lesk, 
C., Bartlett, R., Helsingen, H., Bader, D., 
Capizzi, P., Martin, S. and Rosenzweig, 
C. 2017. Assessing Climate Risk in 
Myanmar: Technical Report. New York, 
NY, USA: Center for Climate Systems 
Research at Columbia 
University, WWF-US and WWF-
Myanmar. 

Information 
not 
available in 
reference 
report 

Erosion 

• Data 
available on 
SLR increase 
in 2050s 
• Sea level 
rise 
projections (in 
centimeters) 
for grid boxes  
• Change in 
shoreline in 
Ayeyarwady 
Delta based 
on 0.5m of 
sea level rise  

Sea level rise There are not quantiative estimates of changes in 
erosion induced by sea level rise. However, this is 
anticipated to be one of the major impacts in 
coastal areas and especially in the Ayeyarwady 
Delta.  
Based on the information available the shoreline 
of Ayeyarwady Delta would move 10km in line. 
Due to the low elevation in the Delta a large 
increase in the coastal erosion rate is expected if 
the shoreline moves 10km inland. For this reason, 
the percentage increase from current to future 
hazard is considered to be 100% 
The impacts of sea level rise in erosion in 
Thayetchaung township in Tanintharyi are 
anticipated to be similar to those described for 
Ayeyarwady. However, these have been 
classified as 70% due to the fact that this is not a 
delta region and is not directly located in the 
coast. The other townships in Tanintharyi are not 
exposed to coastal erosion 

Horton, R., De Mel, M., Peters, D., Lesk, 
C., Bartlett, R., Helsingen, H., Bader, D., 
Capizzi, P., Martin, S. and Rosenzweig, 
C. 2017. Assessing Climate Risk in 
Myanmar: Technical Report. New York, 
NY, USA: Center for Climate Systems 
Research at Columbia 
University, WWF-US and WWF-
Myanmar. 
 
Republic of the Union of Myanmar 
(2018), Myanmar Climate Change 
Strategy 2018-2030. 

Information 
not 
available in 
reference 
report 
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Potential 
hazards 

Data range 
Proxy climate 
variable and 
reasoning 

Approach / description of variable used Reference report 

Source 
data used 
in 
Reference 
report 

Salinisation 

• Data 
available on 
SLR increase 
in 2050s 
• Sea level 
rise 
projections (in 
centimeters) 
for grid boxes  
• Change in 
shoreline in 
Ayeyarwady 
Delta based 
on 0.5m of 
sea level rise  

Sea level rise There are not quantiative estimates of changes in 
salinization due to climate change impacts. 
However, an increase in salinization is anticipated 
due to sea level rise.  
Based on the information available the shoreline 
of Ayeyarwady Delta would move 10km in line. 
Due to the low elevation in the Delta a large 
change in salinization is expected if the shoreline 
moves 10km inland. For this reason, the 
percentage increase from current to future hazard 
is considered to be 100% 
The impacts of sea level rise in salinization in 
Tanintharyi are anticipated to be similar to those 
described for Ayeyarwady. However, these have 
been classified as 75% due to the fact that this is 
not a delta region and the groundwater levels are 
likely to be less exposed to salinization (further 
research is required to address this in more 
detail).   

Horton, R., De Mel, M., Peters, D., Lesk, 
C., Bartlett, R., Helsingen, H., Bader, D., 
Capizzi, P., Martin, S. and Rosenzweig, 
C. 2017. Assessing Climate Risk in 
Myanmar: Technical Report. New York, 
NY, USA: Center for Climate Systems 
Research at Columbia 
University, WWF-US and WWF-
Myanmar. 
 
Republic of the Union of Myanmar 
(2018), Myanmar Climate Change 
Strategy 2018-2030. 

Information 
not 
available in 
reference 
report 
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APPENDIX 2: LIST OF INDICATORS FOR THE RISK AND VULNERABILITY INDEX (SENSITIVITY, ADAPTIVE CAPACITIES) 

Vulnerability & Risk Main Indicators 
(aligned with Resilience Index Capitals Village and HH Indicators for RCDP) 

Sensitivity Adaptive 
Capacity 

Key indicators  Measurement Method 
/ Index scoring 

Definition Comments N.B. The ability to adapt is 
also determined by a 
combination of access to 
and/or control over land, 
money, credit, information, 
health care, personal 
mobility and education, in 
addition to the system 
ability to organize 
collectively (governance, 
social capital etc.) 

Also in Census 

Other sources 
 

 

 
Physical capital (Infrastructure, services, access and transport) 
 

1 Housing 
quality 
(residential – 
composite) 

Typology  
% of people with 
durable or semi-
permanent housing 
 
>20 = 5 
21-40 
41-60 
61-80 
<81 = 1 
 

Materials and  
cuality of construction 
 
Census data definition, as per table 
in next column 

Critical indicator to assess the physical 
conditions in which HH leaves: durable/non-
durable; disaster-adaptive y/n to be assessed 
 

 

x  

2 Sanitation % of people with 
improved sanitation 

Census Data definition 
 

Critical for health, and part of the HH. With 
increasing floods, sanitation may be an 

x  
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>20 = 5 
21-40 
41-60 
61-80 
<81 = 1 
 
 

Improved sanitation - a sanitation 
facility is considered to be improved 
if it allows for the hygienic disposal 
of human 
excreta without it coming into 
contact with humans (Department of 
Population, 2017f). For the 2014 
Census: 
• Improved sanitation facilities 
included flush toilets and water-
sealed pit latrines. 
• Unimproved sanitation facilities 
included traditional pit latrines, 
buckets and no toilet (open 
defecation) 
 
For UNICEF/WHO: Improved 
sanitation: Flush/pour flush to (piped 
sewer system - septic tank - pit 
latrine); Ventilated improved pit  
(VIP) latrine; Pit latrine with slab; 
Composting toilet. WHO/UNICEF 
Progress on Drinking Water and 
Sanitation 2014 Update 
 

additional source of water-borne diseased and 
epidemics 

3 Access to 
drinking water 
 
[Water 
infrastructure 
and level of 
diversification 
of sources of 
drinking 
water] 
 

Access to protected 
sources 
 
% of population 
>20 
21-40 
41-60 
61-80 
<81 
 

Type of collection or distribution 
method (open wat6er; well; 
protected/unprotected; household 
level; pond; tap-water: see Census 
for categories 
 

• Unimproved drinking 
water: Unprotected 
dug well, 
unprotected spring, 
cart with small 
tank/drum, bottled 
water; Other 

Have/don’t have sources of drinkable water 
throughout the year (dry/wet season) essential 
to resilience/disaster and obviously health. 
 
Type of collection and distribution of water is 
essential: unprotected surface water (in addition 
to the obvious health hazards) will evaporate 
faster with climate change; its replenishment 
will become erratic; it will be more difficult to 
harvest rainwater throughout the year (shorter 
wet-season with higher evaporation): therefore 
it is important that (like in Census) the sources 
of water are assessed, as much as its 
availability and quality) 

x 
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improved drinking 
water sources: 
Public taps or 
standpipes, tube 
wells or boreholes, 
protected dug wells, 
protected springs, 
rainwater collection.  
WHO/UNICEF 
Progress on 
Drinking Water and 
Sanitation 2014 
Update 

 

• Surface drinking water 
sources: River, 
dam, lake, pond, 
stream, canal, 
irrigation channels.  

 
 

• Underground drinking 
water sources: Tap 
water/ Piped, Tube well 
borehole, Protected 
well/Spring, Bottled 
water/ Water purifier, 
Tanker/ Truck,  Other.  
WHO/UNICEF 
Progress on Drinking 
Water and Sanitation 
2014 Update 
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4 Access to 
water for 
multiple 
purpose 
(irrigation; 
livestock, 
washing) 
 
 

Protected, 
unprotected, 
harvested rainwater, 
surface, wells, rivers 
etc. 
 
% of irrigation sources 
>20 = 5 
21-40 
41-60 
61-80 
<81 = 1 
 

Access [NB: this is very spatial-
related: villages close to main 
bodies of water may present 
confounding results, if sampled) 
 
Type of collection or distribution 
method 
 
 

Have the ability to irrigate vs. rainfed agriculture 
makes the difference between a system that 
can continue to perform despite the shrinking of 
the monsoon season and droughts, and one 
that doesn’t; or one that can tender to the 
livestock and one that can’t 
 
The percental share of rain-fed agricultural 
production in the total agricultural output is 
critical to understand the potential vulnerability 
of a village to the effects of climate change 
 

x  

5 Road Access Road Access Index 
expressed in % 
 
>20 = 5 
21-40 
41-60 
61-80 
<81 = 1 
 
 

The Rural Access Index (RAI) is an 
internationally used indicator that 
shows the portion of the rural 
population that lives 
less than 2 km away from an all-
season road (ADB 2016) 
 
The RAI is generally over 
90% in high-income countries and 
drops to less than 20% in a small 
number of poor countries in Africa 
and Asia. RAI scores can be 
estimated using geographical 
information system (GIS) 
technologies, provided 
there are GIS map layers with rural 
roads (and their condition) and high-
resolution population data 
(villagelevel information). The 
spreadsheet model used to estimate 
village access can also be used to 
provide some estimates of the RAI. 
It is assumed that all the people in 
villages not connected by all-season 
roads are further than 2 km from an 
all-season road. It is also assumed 

Evidence from many countries demonstrates 
that poor rural transport infrastructure and lack 
of means of transport lead to unnecessary 
mortality.5 An estimated 75% of perinatal 
mortality may be associated with inadequate 
transport.6 The effectiveness of medical 
outreach teams and vaccination programs often 
depends on rural transport, associated with staff 
willingness to travel to villages and the timely 
delivery of supplies.7 
While road access can have some negative 
health consequences (such as the spread of 
HIV/AIDS and 
increased road accidents) the benefits to rural 
health can be great.8 The example from Shan 
State, given 
in Box 1, highlights the problems of accessing 
health care (including for perinatal health 
problems) and of 
providing medical services in villages that are 
not connected to the road network. 
 
Direct correlation with poverty 

x  



160        Appendix 2 
 

 
that where there is an all-season 
road, some of the population will live 
more than 2 km from that road (a 
proportion estimated from data on 
road lengths 
and population densities). 

6 Electrification  % of access of on-grid 
electricity 
for people (i.e. for 
lighting)  
 
 
>20 = 5 
21-40 
41-60 
61-80 
<81 = 1 
 

Census Data definition by typology 
(in particular access to on-grid 
electricity for lighitng  

Energy consumption patterns is related to 
trends in deforestation (use of wood for 
cooking/heating) and has is related to risk-
mitigation in case of disasters (e.g. ability to 
listen to EWS).  

x  

7 Access to 
Health 
Facilities  

% of total township 
population with access 
to Health Facilities (in 
rural areas) 
 
>5 = 5 
5-10  
10-15 
15-20 
<20 = 1 

 
Quantity of health posts divided per 
total population = % of people with 
access. 
 
Using Ministry of Health and Sports 
Department of Public Health 
Public Health Statistics (2014‐2016) 
 
 
Alternative measures can be: Ratio 
of health infrastructure for 100,000 
population 
(Health center and health post 
density reflects the total number of 
health centers and health posts 
relative to population size (per 
100,000 population). Health center 
and health post density helps 
measure physical access to 

Obvious relation to sudden rapid on-set 
disasters; as well as human health CC 
dynamics 
 
https://phcperformanceinitiative.org/indicator/h
ealth-center-and-health-post-density-100000-
population#?loc=83,102,137&viz=0&ci=false 
 
Inputs in Health (for outputs see mortality-rate) 
 
4.7 = Myanmar = bottom 10% in the world 
 

x  

https://phcperformanceinitiative.org/indicator/health-center-and-health-post-density-100000-population#?loc=83,102,137&viz=0&ci=false
https://phcperformanceinitiative.org/indicator/health-center-and-health-post-density-100000-population#?loc=83,102,137&viz=0&ci=false
https://phcperformanceinitiative.org/indicator/health-center-and-health-post-density-100000-population#?loc=83,102,137&viz=0&ci=false
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outpatient health care services) No 
Township level information. 

 
 
 

8 Transportatio
n means 
(assets 
possessed) 

Transportation: % high 
value assets 
 
>20 = 5 
21-40 
41-60 
61-80 
<81 = 1 
 

Possess y/n high-value assets for 
transportation in the houseold (can 
be car, motorbikes, trucks, tractors) 

It influences access to services; the ability to 
generate income. It is normally an indicator of 
the autonomy and abilities of an HH and it is 
relevant to both disaster and CC. In the Delta, 
CC will have an impact on the passability of 
waterways, with stronger storms and waves; 
and some remote villages may be cut from 
market and services for days 

x Also 
increase
s access 
to DRR, 
Health 
Services 
in case of 
emergen
cy 

9 Tele-
communicatio
n means 

Type possessed 
(radio, TV, phone, 
smartphone) 

 
 

 

Critical for EWS among others  X 
Increase
s also 
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(assets 
possessed) 

 
% of population that 
possess some type of 
own communication 
means  
 
>20 = 5 
21-40 
41-60 
61-80 
<81 = 1 
 

access to 
EWS and 
informati
on that 
increase
s 
awarene
ss 

 Access to 
Schools 
Services 

Ratio of school 
building for 100,000 
population 
 
 

 Direct correlation with level of education; also 
often used as meeting-point or safe-heavens if 
resistant to disasters 

  Towns
hip 
level 
info / 
HH 
level 
questi
onnair
e info 

 Access to 
lifeline 
buildings 
Infrastructure 

Ratio of cyclone, flood 
shelters for 100,000 
population 

 Existence/Distance to the nearest lifeline 
building is a direct indicator of disaster-
preparedness 

  Towns
hip 
level 
info / 
HH 
level 
questi
onnair
e info 

 
Human Capital 
 

10 Adult literacy  % of adult population 
people able to read 
and write 
 
>20 = 5 

   x 
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21-40 
41-60 
61-80 
<81 = 1 
 

11 Literacy 
disparities 
men/women 

Difference in % of 
literacy for women 
compared to men 
 
>2 = 1 
2-3 
4-5 
5-6 
<6 = 5 
 

 Women are disproportionately affected by 
disasters and the effects of climate change. 
Disparities in literacy indicate poor 
empowerment and therefore adaptive 
capacities 

 x 

12 Vocational 
training  

% of people who have 
attended vocational 
training/possess 
diplomas 
 
>20 = 5 
21-40 
41-60 
61-80 
<81 = 1 
 

 Critical: improves adaptive strategies including 
diversification of economic/livelihood activities; 
prepare for migration; level of income etc. 

 x 

13 Primary 
education 
level 
completed  

% of people with at 
least primary 
education 
 
80-100%  = 1 
60-80 
40-60 
20-40 
<20 = 5 
 

Highest level completed  
 
People having completed primary 
school 
 

Suggest not to be too detailed, as it is essential 
to understand employability and levels of 
education that enable spontaneous adaptation; 
or long-term planning.  
 
Primary education without vocational training 
may lead to finding income in labour (outside 
agriculture/fishery); but also migration without 
‘dignity’ 
 
However, primary education is key to 
awareness; understanding of risk data; and 
improvement of coping strategies 

 x 
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14 Highest level 

of education 
completed  

% of people at 25yrs 
with middle or high-
school (AVG) 
completed (of total 
population surveyed) 
 
80-100%  = 1 
60-80 
40-60 
20-40 
<20 = 5 
 

Highest level completed  
 
People having completed 
middle/high-school 
 

Suggest not to be too detailed, as it is essential 
to understand employability and levels of 
education that enable spontaneous adaptation; 
or long-term planning.  
 
Primary education without vocational training 
may lead to finding income in labour (outside 
agriculture/fishery); but also migration without 
‘dignity’ 
 
However, primary education is key to 
awareness; understanding of risk data; and 
improvement of coping strategies 

 x 

15 Health – 
Mortality 
(AVG Infant & 
Child 
Mortality) 

Infant mortality and <5 
child mortality AVG % 
(per 1000 live births) 
 
Against Myanmar 
Union AVG (66.8) 
 
<85 = 5 
75-85 
65-75 
45-65 
5-45 = 1* 
 
 

The base population for this 
indicator is the number of live births 
to women living in conventional and 
institutional households during the 
12-month period prior to the 2014 
Census. The indicator for infant 
mortality gives the number of infants 
that died before reaching one year of 
age per 1,000 live births during this 
12-month period. 
The indicator for under-five mortality 
gives the number of children that 
died before reaching five years of 
age per 1,000 live births during this 
12-month period. 
 
*Very high mortality beyond scale in 
some regions (almost double 
national average) 
 
 

>2 Iceland 
<110 Afghanistan 

x  

16 Health 
(disabilities) 

% of disability 
prevalence 
 
<10% = 5 

Proportion of Males and Females 
Living with Some Form of Disability, 
States/Regions and Districts against 
Union average (4.6%) 

 x  
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8-10 
4-6 
2-4 
>2 = 1 
 
 

 
Economic & Financial Capital 
 

17 Labour 
participation 
force rate 

% of people 
participating in labour  
 
>20 = 5 
21-40 
41-60 
61-80 
<81 = 1 
 

Disaggregated per gender Critical to understand active labour, as part of 
adaptive capacities 

 X 

18 Labour 
participation 
force 
disparities – 
disparity 
men/women 

Difference in % of 
labour force 
participation for 
women compared to 
men 
 
>2 = 1 
2-3 
4-5 
5-6 
<6 = 5 
 

 Critical to understand the gender dimension of 
climate change impact: women are very often 
active, but reported as they aren’t. Often 
observed discrepancy in payments of 
Women/Men on daily wages etc. 

 X 

19 Conventional 
HH: Female- 
headed 
households 
(%) 
 
 

Single female-
headed-HH % 
 
>50 = 5 
50-40 
40-30 
20-10 
<10 = 1 

 Proven direct correlation between single-
headed female-HH and vulnerability to adverse 
effects of disasters and cc. 
 
Also often indicates outward/abroad migrations, 
on seasonal labour or long-term 

  

x 
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20 Household 

consumption 
(expenditure) 

Per capita expenditure 
from 2012 houshold 
level expenditure  
 
Quintile over National 
minimum > maximum 
 
=/>25000 = 5 
25-30 
35-45 
45-50 
<50 = 1 
 
 

Average urban/rural on 2012 data 
 
Minimum 23,000 
Maximum 52,000 

Poverty has a direct correlation with the ability 
of a HH and its broader system to mitigate 
disaster risk; and to spend on adaptive 
measures (trying new crops; sending children to 
schools; reinforcing housing etc.) – 2012 data 

x x 

21 Agriculture as 
main source 

% of people 
depending on 
agriculture for main 
source of income 
 
<81 = 5 
60-80 
40-79 
20-39 
>20 = 1 
 
 

 Prevalence of climate sensitive agriculture may 
present vulnerabilities with CC (climate-
sensitive) 

x  

 
Social Capital & Governance 
 

22 Disaster Risk 
Reduction 
Projects 

# of projects in the 
townships on DRR 
within the last ~5 years 
(2012-2018) 
 
> 1 = 5 
1-4 
5-10 
11-15 

3 W (Who does What Where in 
Myanmar MIMU datasets) 
 
Disaster Risk Reduction / DRR 
activities are reported by 10 
agencies in 86 villages in 40 village 
tracts 
across 13 townships, mostly 
focused on Community-based 

Proxy for community preparedness 
 
By Feb 2018, 31 agencies reported 49 Disaster 
Risk Reduction projects, the majority focused 
on Community-based 
Disaster Preparedness and Risk Reduction, as 
well as Public Awareness, Education, and 
Training. 

 x 
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<15 = 1 Disaster Preparedness and Risk 
Reduction (72 
villages).  

Implementing agencies were more 
concentrated in Ayeyarwady , Yangon and 
Rakhine. No project 
activity was reported in Kayah, Nay Pyi Taw and 
Tanintharyi Region. 
 

23 Existence of 
DRM 
Committee or 
emergency 
services  

Existence of 
committees at 
township level 
 
Yes/working well-well 
equipped = 1 
 
Yes/meeting but 
unequipped 
 
Yes but frequency of 
meetings and never 
tested or equipped 
 
No/not complying with 
national guidance but 
aware 
 
No/unaware-not 
existant = 5 
 
 

From consultations and expert 
advice. They will possibly all be 
between 2 and 3, existing but 
untested 
 
 

Essential to be established, but not per-se a 
direct indicator of preparedness.  
 
This relates to the preparadness, response and 
recovery from rapid and slow on-set disasters. 
It has less to do with CC, although of course 
there is a long-term relation as intensity of 
disasters is expected to increase. 
 
Its function is essential in adaptive and 
absorptive capacity and its existence (and 
functioning) should be addressed 

 x 

24 Disaster 
Management 
Plans 

Existence and 
uptodateness of DMPs 
 
Yes/updated 2017-18 
= 1 
Yes/updated in the last 
5 years 
Yes/not updated 
No/never adopted  
No/never started = 5 

   x 
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Natural capital (this is critical: but for this exercise it can be reduced to water bodies; forestry; land type/quality if not time allowed) 
 

25 Land-use 
change (i.e. 
deforestation) 
 
 

% of land-changed in 
the last 12-15 years 
 
>25 = 5 
15-25 
10-15 
05-10 
<5 = 1 
 
 

Quality  
 
Deforestation rates 
 
Use of wood for cooking 
 
Source of fuelwood used (local, 
imported) 

This is a critical aspect of the surrounding 
conditions of a village. 
 
There is oft-times confusion between CC and 
deforestation. The direct established correlation 
between forestry and CC is two-folded: forestry 
sinks CO2 from the atmosphere, and therefore 
plays a regulatory role. Deforestation means 
more CO2, therefore global warming. 
Deforestation, on the other hand, also carries 
countless effects on the conditions of a system: 
it causes landslides; it cannot be used to 
mitigate strong-winds; causes erosion from sea 
and rivers, etc.  
 
Mangroves produces a number of co-benefits to 
the villages: provides a habitat for fishery; 
regulates water conditions; prevent erosions; 
mitigate storm-surges and water; attract tourism 
etc.  
 
Coverage and quality of the forestry is a key 
indicator of the characteristics of resilient 
systems. 
 
Deforestation processes are stressors to the 
system. 

x  

26 Sustainable 
energy  
sources 

% of sustainable 
sources *census 
definition of 
sustainable 
 
>20 = 5 
21-40 
41-60 
61-80 

According to the Classification of 
energy sources used for lighting or 
cooking, the energy sources 
covered in the 2014 Census were 
classified as modern sustainable 
(Electricity/LPG/Solar); modern 
unsustainable 
(Candle/Battery/Generator/Kerosen
e),  traditional sustainalble (Water 

Accounts for over-use of eco-system services   
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<81 = 1 
 

Mill, Biogas) and traditional 
unsustainable (Coal, Firewood, 
Charcoal, Straw/Grass. THEMATIC 
REPORT ON HOUSING 
CONDITIONS AND HOUSEHOLD 
AMENITIES, The 2014 Myanmar 
Population and Housing Census 

27 Sustainable 
cooking fuel  
sources 

% of people using 
sustainable sources 
for cooking 
(electricity/LPG)  
 
>15 = 5 
15-30 
30-45 
45-60 
<60 = 1 

According to the Classification of 
energy sources used for lighting or 
cooking, the energy sources 
covered in the 2014 Census were 
classified as modern sustainable 
(Electricity/LPG/Solar); modern 
unsustainable 
(Candle/Battery/Generator/Kerosen
e),  traditional sustainalble (Water 
Mill, Biogas) and traditional 
unsustainable (Coal, Firewood, 
Charcoal, Straw/Grass. THEMATIC 
REPORT ON HOUSING 
CONDITIONS AND HOUSEHOLD 
AMENITIES, The 2014 Myanmar 
Population and Housing Census 

Accounts for over-use of eco-system services   
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APPENDIX 3: SCORED SENSITIVITY AND ADAPTIVE CAPACITIES INDICATORS 

(green = key indicators; yellow= weight assigned) 
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APPENDIX 4: ABSTRACT FROM AGREED METHODOLOGY WITH ADB  
(WITH KEY CONCEPTS) 

 

Approach & Methodology 

1. The overall purpose of this assessment is to inform the RCDP project in the prioritisation 
and integration of resilience into livelihoods, small infrastructure and relevant spatial planning 
activities that are resilient to the expected effects of climate change and disaster risk. 
 

2. To this end, the current level of risks and vulnerability are identified, based on currently 
available hazard, exposure and vulnerability information, to develop a qualitative analysis backed 
by semiquantitative analysis, not including computed risk analysis. On this basis, Change C is 
projected (using the available climate change projections) over a certain Time T period to produce 
potential future scenarios, analysed in a qualitative manner through expert analysis.   

3. The above is done with the following in mind: 

• The assessment serves project design purposes. It therefore prioritises the provision of 
action-oriented information that is essential information to inform resilience activities in 
each of the clusters given the current risks related to natural hazards and potential impact 
of climate change. Both require expert qualitative analysis and therefore a level of 
subjectivity is to be factored. In literature this is an agreed practice, successfully 
implemented in several instances28 ;  

• Related to the above, the assessment will include a mix of qualitative and semi-
quantitative assessment. In the context of Myanmar, and given the diversity of hazards in 
each macro-cluster, quantitative data cannot be collected and computed to define a risk 
level. Qualitative analysis, backed by use of semi-quantitative analysis as concerns 
hazards is deemed appropriate, in line with ADB guidelines.  

• The document makes use of a semi-quantitative index to superpose hazard levels (1-5) 
to exposure, sensitivity and adaptive capacities. In Myanmar there are several indexes 
established, among which the MIMU Vulnerability Index and others. Indexes thus 
produced are used to compare regions, townships, villages based on the indicators that 
are measured against a given level of natural hazard. They can be interrogated for 
different purposes by different users, but all include different parameters. The purpose of 
this assignment is to provide a basis for community infrastructure and livelihood sub-
projects to be selected, prioritised and designed in villages with a varied hazard-profile 
and potential climate change impacts29. For this assessment a qualitative analysis, backed 
by a semi-quantitative analysis is adequate30. The analysis is supported by a ‘formative’ 

                                                      
28  This methodology refers to UNEP (2013), PROVIA Guidance on Assessing Vulnerability, Impacts and Adaptation to 

Climate Change, UNON, Nairobi; Hans-Martin Füssel (2010), ‘Development and Climate Change: Background Note 
Review And Quantitative Analysis Of Indices Of Climate Change Exposure, Adaptive Capacity, Sensitivity, And 
Impacts’, WB, and the essential Füssel, H.-M. Vulnerability: A generally applicable conceptual framework for climate 
change research. Glob. Environ. Chang. 2007, 17, 155–167.. 

29  In mountainous regions one valley may differ quite a lot from the other. It is therefore useful to proceed from 
generalisation to the specific. This can be done by establishing a general taxonomy of risks, related impact, and 
related adaptive solutions ‘menu’ including positive and negative lists, which can be then adapted to the context. 

30  ADB (2017): In the context of PPTA, qualitative and semiquantitative analysis will often be the default option, 
especially if available data are limited. Qualitative assessments still require numerical data (e.g., data on the intensity 
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measurement, that defines the elements of the regions for measurement, which are 
deemed essential: these belong to the eco-system; infrastructure and spatial; socio-
economic; governance realm. Formative measurement implies that indicators don’t 
require internal correlation31.  

• The hazard data produced through this assessment is not suitable for building design. 

• The appropriate and correct number of indicators must be used. There is enormous 
amount of literature on the establishment of the indexes and the relevance of the 
indicators. In Myanmar, the Myanmar Climate Change Alliance established a Vulnerability 
Index with only 9 indicators, out of which 8 can be sourced from Census, with the idea that 
this can be replicated and work as baseline in future Census. The approach proposed 
strongly recommends a simple list is used, mostly from Census, which are key to deliver 
an account of the dominant environmental, spatial, social economic conditions in 
townships. 

• The assessment uses data available, extracted from secondary sources, at the time of 
writing. This concerns, in particular, geo-climatic data required for assessing the hazard 
profile; as well as climate change projections; and data required to inform the parameters 
of vulnerability. This mostly come from disaggregated Census Data (2014) at the lowest 
available scale (village-tract if available32) to ensure sufficient granularity and relative 
comparison, if available; and global datasets as relevant and available. It should be noted 
that Myanmar has been the subject of several studies on natural hazards. However, their 
scale, detail, quality and availability vary greatly.  

• The assessment provides high-level vulnerability and risk analysis. Given the diversity of 
hazards; eco-systems and geo-physiographic contexts; data gaps identified; and the 
requirements of the project; the methodology focuses on high-level hazard analysis of 
secondary data from surveys conducted at national level in the country, backed by global 
datasets. It focuses on qualitative analysis of data to provide narrative statements that 
inform planning of key activities; and provide scenarios for climate change to be 
considered for grants allocation. In this sense, according to global practice, hazard levels 
are analysed on a scale from Very High to Very Low. This means that the analysis of some 
hazards (for instance cyclones) will not be suitable for building-design. 

• The assessment refers to the concept of critical thresholds, but does not quantify it. 
According to the IPCC, communities possess a coping range, which climate change is 
altering by increasing the shocks and stressors, while altering society behaviours. 
Observed changes in Myanmar have already pushed communities beyond the boundaries 
of this coping range, exceeding critical thresholds beyond which harmful consequences 
occur. This is the case, for instance, of the effect of shrinking monsoon on rainfall patterns 

                                                      
of a natural hazard or historical damages and losses) but do not use quantitative methods to compute risk levels […] 
They are also the preferred approach if it is necessary to engage with stakeholders from different educational and 
professional backgrounds, such as community groups or politicians. Qualitative DRAs often use semiquantitative 
methods such as attaching numerical values to descriptive indicators in order to determine the relative likelihood and 
extent of possible damage and loss. This increases the internal consistency of the analysis and reduces subjectivity. 

31  Refer among others DANIDA, Quantitative assessment of Vulnerability to Climate Change (Computation of 
Vulnerability Indices); 

32  At the time of finalising the methodology and the draft of assessment this data was not provided to the ADB Climate 
Change Specialist, and was therefore not used for the analysis. 
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that, coupled with increased temperatures, seem to have reduced the harvesting to once 
a year, compared to twice a year in previous decades in the Dry Zone Area of Myanmar33. 

4. With the above in mind, the approach is to provide narratives that account for: 

• Prevalent hazard profile potentially affecting the RCDP cluster; 

• Exposure of people, as measured by Census 201434;  

• Vulnerability parameters relating sensitivity and adaptive capacity levels;  

• Climate change projections for the time-slices relevant to the project, that is mid-
century and prior, i.e 2021-2040 

• Climate change analytical scenarios and required resilience measures in the areas 
supported by the project. 

Key concepts 

5.  There is significant debate at global level on definitions, frameworks and concepts, 
especially when vulnerability and risk assessments are used to inform ‘resilience’ building 
activities. To be practical the key definitions and concepts should be extracted by the recognized 
global bodies that have normative roles in their formulation.  
 
6.  Reference is made to the IPCC and the science incapsulated in the Assessment Reports 
(currently the 5th); the terminology adopted by the Sendai Framework for Disaster Risk Reduction, 
and that used by ADB reports. Climate change is a key aspect to be considered in the RCDP, 
and terminology proper to climate change science and policies is used here, if not otherwise 
specified.  

In this methodology, key terms and concepts are used as follows: 

• Exposure is to be considered the presence of people, livelihoods, species or ecosystems, 
environmental functions, services, and resources, infrastructure, or economic, social, or 
cultural assets in places and settings that could be adversely affected35. For the purpose 
of the RCDP project, it is suggested that population as enumerated by Census 2014 is 
the basis for exposure; and where possible key infrastructure is included; whereas 
assets, resources and services are considered under the sensitivity. 

 

• Sensitivity, is to be referred as the degree to which a system or species is affected, either 
adversely or beneficially, by climate variability or change. The effect may be direct (e.g., 
a change in crop yield in response to a change in the mean, range, or variability of 
temperature) or indirect (e.g., damages caused by an increase in the frequency of 
coastal flooding due to sea level rise)36. Indicators to assess sensitivity are those to be 

                                                      
33  UNFCCC (Jones R. and Boer, R.), (2011) ‘Assessing Current Climate Risks’, Chapter 4, IPCC Technical 

Guidelines for Assessing Climate Change Impacts and Adaptations.  
34  In this assignment, aspects that can be considered under Exposure, such as basic infrastructure, road access etc. 

are considered under sensitivity 
35  Ibid. 
36  Ibid 

 



174        Appendix 4 
 

 

found in the key infrastructure, socio-economic, environmental conditions of a given 
context. 

 

• Adaptive capacity represents the potential to implement adaptation measures that help 
avert potential impacts37. In IPCC terms it is ‘the potential or capability of a system to 
adapt to (to alter to better suit) climatic stimuli or their effects or impacts’. It may include 
governance indicators, for instance presence of DRM committees. Some literature 
includes, e.g. literacy rates under the adaptive capacity. However, as the RCDP is 
concerned with resilience, it seems more appropriate to refer only to those indicators that 
imply a systemic action or performance, including collecting spontaneous or institutional 
action and proactive use of data. 

 

• Hazard is the potential occurrence of a natural or human-induced physical event or trend 
or physical impact that may cause loss of life, injury, or other health impacts, as well as 
damage and loss to property, infrastructure, livelihoods, service provision, ecosystems, 
and environmental resources (IPCC)38. For the official UN terminology39 this is the 
situation of people, infrastructure, housing, production capacities and other tangible 
human assets located in hazard-prone areas.  For the assessment, the hazard data 
available at the time of writing will be extracted from literature and datasets at national 
and global level. For the purpose of the disaster risk assessment component of this work, 
the concept of a natural hazard is understood to have three main interrelated 
characteristics: intensity (the physical strength of a hazard), frequency (the probability of 
occurrence), and location40. The two former elements are likely to be influenced by 
climate change, while the latter is a given proper to geo-physiographic conditions of 
Myanmar and the RCDP clusters in particular. 

 

• Vulnerability is the propensity or predisposition to be adversely affected. For the purpose 
of this report, the shocks/stressors (which can potentially affect the subject) are natural 
geo-climatic hazards as well as the long-term processes influenced by climate change 
that don’t result in sudden disturbances (shock) but do influence critical aspects of 
people’s life (stressors). Thus, vulnerability is a function of the character, magnitude, and 
rate of current natural hazards and the climate variation to which the region of interest 
will be exposed, its sensitivity, and its adaptive capacity. 

 

• Resilience. There is little consensus on the definition of resilience, and the concept has 
evolved since 1973 applied to different disciplines. For this assessment, the following 
definition by the ADB is adopted: ‘the ability of countries, communities, businesses, and 

                                                      
37  N.B.: the MCCA website offer a dictionary service http://myanmarccalliance.org/en/dictionary/ to ensure 

standardization of key-terms. It also describes key concepts in Myanmar language. Translations of the key-
concepts in Myanmar are available in the Myanmar Climate Change Strategy and should be used consistently. Key 
IPCC terms used here are from AR5, and can be retrieved here@: http://www.ipcc.ch/pdf/assessment-
report/ar5/wg2/WGIIAR5-AnnexII_FINAL.pdf 

38  Key IPCC terms used here are from AR5, and can be retrieved here@: http://www.ipcc.ch/pdf/assessment-
report/ar5/wg2/WGIIAR5-AnnexII_FINAL.pdf 

39  UN (2016) Distr.: General 1 December 2016 ‘Report on terminology on DRR’, General Assembly, NY 
40  ADB (2017) Disaster Risk Assessment For Project Preparation: A Practical Guide, November 2017 

 

http://myanmarccalliance.org/en/dictionary/
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individual households to resist, absorb, recover from, and reorganize in response to 
natural hazard events, without jeopardizing their sustained socioeconomic advancement 
and development’. It is noted that this definition resonates with DFID definition41 ‘Disaster 
Resilience is the ability of countries, communities and households to manage change, 
by maintaining or transforming living standards in the face of shocks or stresses - such 
as earthquakes, drought or violent conflict – without compromising their long-term 
prospects’. Two things must be noted here: a) the definition is uniquely interested with 
shocks/stressors induced by dominant geo-climatic conditions and their effects on 
people and their societal systems; b) the definition refers to the ‘ability’ or ‘capacity’, 
which implies a difficulty in measuring directly dynamic capacities of a system in the face 
of a disturbance. This requires observing ‘behaviors’ of a system, not only the 
parameters that constitutes it.  

 

• Shocks a ‘sudden event that impacts on the vulnerability of a system and its components’. 
They are divided in two types: covariate shock i.e. a collective shock shared by a large 
group of people, e.g. a large disaster; and idiosyncratic shock, i.e. shock experienced 
only within a given household or community. They can include rapid on-set disasters (an 
earthquake) and slow on-set disasters, which builds-up progressively, surpasses a 
‘tipping-point’ and becomes an extreme event. A drought is an example of slow on-set 
disaster. For RCDP this is a main source of disturbance. 

 

• Stressor and the related stresses they provoke are the source of long-term trends that 
undermine the performance of a given system. Increasing average temperature 
progressively stress the production of a certain crop, resulting in reduced yields overtime, 
and consequent loss of income and further effects. For RCDP purpose, this is a 
disturbance. 

There is established literature for rendering a semi-quantitative account of vulnerability through mathematical 
equations. In climate change literature, the first two components mentioned above (Exposure/Sensitivity) together 
represent the potential impact. Adaptive capacity is the extent – or means – to and by which these impacts can be 
averted, and is more related to climate change literature. Thus, vulnerability can be expressed in the potential impact 
(I) minus adaptive capacity (AC) represented as  

V = f (I – AC) 
Disaster risk and management literature more commonly consider risk in relation to exposure and vulnerability, without 

adaptive capacities. Disaster risk, according to ADB. is a function of the probability of occurrence of a natural hazard 
of varying intensity (i.e., physical strength) in a particular location, p(hi ); the people and physical assets situated in 
that location and therefore exposed to the natural hazard, e; and the level of vulnerability of those exposed people 
and physical assets to that natural hazard, v. Mathematically, it can be expressed as follows:  

Disaster risk = f (p(hi ), e, v) 

3. Considering the limitations in data availability, the need to provide a concise and action-
oriented assessment, and the fact that the assessment cuts across disaster risk and climate 
change disciplines, the most practical approach will be selected when writing the document. 
 

Clarification & constraints 

• Resilience is not the inverse of vulnerability. Vulnerability and resilience are conceptually 
contiguous, but they account for different aspects of the same systems. As explained 

                                                      
41  Department for International Development (DFID), 2011. Defining Disaster Resilience: a DFID approach paper. 

UK: London 
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above, vulnerability refers to the sensitivity of the household (or village) to a disturbance. 
It is a construct that is formed considering the main constitutive aspects of the target 
subject. Resilience, instead accounts for the capacities of households and communities 
to absorb, resist or recover from a disturbance, and therefore the performance or 
behaviour that may be expected in the face of a disturbance. For the RCDP purpose, 
vulnerability should refer to the sensitivity of a household (or community, or village) to a 
disturbance provoked by natural events. This construct is proposed below. For RCDP, 
resilience, should looks at the constitutive aspects of households, communities or villages 
– which can be expressed in ‘capitals’ – and their ‘capacities’ to react in the face of 
disturbance42. The latter are the subject of debate, and are not treated under this 
document 
 

• Availability of hazard and sensitivity data will define the level of assessment that can be 
achieved. Following a similar approach to the Index for Risk Management (INFORM) the 
assessment will categorize hazards according to a Very High to Very Low (or none) 
scoring system, which accounts for high level considerations on the likelihood of 
occurrence of a certain intensity in a given location. Information in the assessment will not 
contain data suitable for design of buildings (calculations of vertical/horizontal loadings in 
particular). 

Steps 

Step 1. Collecting & reviewing existing relevant hazard scientific data and climate change projections from all available 
country-specific studies and global data. This includes: 

a. Conduct secondary-data collection with key informants in Myanmar, in the region 
and globally on the most recent and credible hazard data, if possible obtaining 
editable raw files.  

b. Request datasets, shapefiles and all relevant raw data to National Departments; 
technical agencies and relevant national or international actors  

c. Collect hazard data from global datasets 

d. Obtain all most recent climate change projections, prepared for Myanmar at the 
lowest possible resolution level, but at least at regional level, in particular through 
the work of the Regional Integrated Multi-hazard Early-Warning System (RIMES) 
and the Center for Climate Systems Research at Columbia University (CCSR) 
with the Department of Meteorology and Hydrology (DMH) 

The outcome and outputs of this step are: 

• Data availability and gaps assessed 

• Data-map (working file): Version 2 attached to this methodology 

Step 2. Confirming the region of interest in GIS environment following the 
administrative boundaries of the contiguous townships (RCDP cluster of townships) 

                                                      
42  See for instance: Constas, M. A., & Frankenberger, T. R. (2013). A conceptual analysis of the relationship between 

vulnerability and resilience. Draft. Cork, S., B. Walker, and R. Buckley. (2008). How Resilient is Australia? Canberra: 
Australia 21. 
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a. Establishing the GIS spatial environment for the analysis of the relevant physio-
geographic locations with Census boundaries, as available in the 
Myanmar Information Management Unit (MIMU) website at the time of research 

The outcome and outputs of this step is: 

• Data relevance boundaries established in GIS environment 

• Working files in GIS environment 

Step 3. Defining the parameters of the risk and vulnerability index, in cooperation with 
the RCDP team and existing methods in line with the global literature on disaster and 
climate change, i.e. IPCC AR5 

a. Establishing a high-level hazard profile, based on available literature and data, 
for the key natural geo-climatic hazards at 2018, or most recent timeframe 
possible with the available data and studies – profile a qualitative narrative 
analysis of the key natural hazards per each cluster. Where quantitative hazard 
information is available it will be analyzed qualitatively by using published 
literature to promote consistency.  

b. Defining exposure, based on population density in townships (and if possible 
village-tract level, if data is made available by the Department of Population) 

c. Defining the key sensitivity aspects based on literature with the relevant 
taxonomy for the project, e.g. ecological; socio-economic; and 
infrastructure/spatial systems43  

d. Defining the adaptive capacity, to account for system capacities, as above. 

e. Measuring risk, based on available data 

f. Refer to Annex 1. of this document 

The outcome and outputs of this step is: 

• Key parameters for the qualitative analysis defined 

• Working excel file for the Index established 

Step 4. Defining a ‘future’ risk profile and related scenarios by overlaying climate change 
projections up to mid-century (or closest mid-century time-slice) to the current risk profile and 
provide a narrative scenario for each Cluster 

a. Low to extreme scenarios for the key climatic parameters based on 
Representative Concentration Pathways RCP4.5 and 8.544 based on data 

                                                      
43  The RCDP baseline for interviews at household level refer to key capitals (human, social/governance, 

financial/economic; natural), which define essential aspects of community resilience, along with their capacities. 
Indicators selected in this assessment are aligned to those collected at baseline. 

44  Representative Concentration Pathways (RCPs) are four greenhouse gas concentration trajectories adopted by 
the IPCC for its fifth Assessment Report (AR5) in 2014, superseding its Special Report on Emissions 
Scenarios projections published in 2000. The pathways are used to describe four possible climate futures and result 
from different combinations of economic, technological, demographic, policy, and institutional futures. RCP scenarios 
range from RCP2.6, RCP4.5, RCP6, and RCP8.5 hence RCP 4.5 is one of the medium-low scenario and RCP 8.5 
is the highest emission scenario. For the purpose of the RCDP analysis, the highest scenario (RCP 8.5) is used for 
two reasons: at present, this is the trajectory the work is most likely to be committed to; and it magnifyies the potential 
effects, thus prompting adaptation in small infrastructure and livelihood. More information is available from: 
http://sedac.ipcc-data.org/ddc/ar5_scenario_process/RCPs.html  

http://sedac.ipcc-data.org/ddc/ar5_scenario_process/RCPs.html
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extracted from RIMES and CCSR studies (2016-2017) supported by DMH. The 
projections use a range of 3 to 19 global models, and have a range of scale from 
national to sub-national level, with downscaled projections at a ¼ degree 
resolution for only two townships relevant to RCDP 

b. Project future climate-related hazards (disaster) and impact of transformative 
climatic processes (non-disaster) onto the current index 

c. Prepare narrative scenarios to inform the annexed list of resilience measures 

The outcome and outputs of this step are: 

• Future scenarios based on projected impact and assessed vulnerability. 

• One analytical dedicated comment for each cluster  

Step 5. Formulating a qualitative high-level assessment for each cluster of townships 
including current and projected risks and trends related to the effects of climate 
change. 

a. Assessing data to provide a technical account of existing disaster risks and 
changes to be expected as a result of climate change on key aspects of the 
townships 

b. Preparing the narrative analysis based on the index and scenarios for 2018-2050 
timescale, with focus on the likely changes by 2030 (timespan of the project) 

The outcome and outputs of this step are: 

• Current and future risks and vulnerability assessed and scenarios elaborated 
informing adaptive priorities for livelihood and small infrastructure 

• Climate and disaster risk and vulnerability assessment 

Step 6. Highlighting direct implications for RCDP design, with recommendations for 
selection and design of activities in livelihood, community infrastructure and village 
planning that are resilient or contribute to community resilience 

a. Based on the results of the analysis, formulating thematic recommendations relevant 
to the RCDP scope and how the project can be relevant to improve to key aspects of: 

• Infrastructure & access in the community, i.e. location, planning, design and 
execution that can mitigate risk (e.g. from hazard mapping and zonation to 
disaster resistant design; improved road access); and 

• Livelihood generation, i.e. diversification, stabilization and consolidation of 
income streams, in consideration of potential climate change impact. 

b.  Preparing detailed table with positive list of potential adaptive measures linked to 
RCDP Output-level activities 

The outcome and outputs of this step are: 

• Strategic and thematic recommendations for climate change adaptation and disaster risk 
reduction relevant to RCDP scope of work 
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• Detailed long-list of potential activities, relevant to eco-systemic and geo-physiological 
areas present in each cluster relevant to RCDP scope, i.e. livelihood and small-
infrastructure. 

Step 7. Develop key annexes to the assessment 

a. Cluster-level adaptation lists with key sensitive areas (Water resources; 
agriculture; infrastructure; connectivity; livelihood) based on main literature and 
experiences in Myanmar 

The outcome and outputs of this step is: 

• Required annex information available  

• Climate and disaster risk and vulnerability assessment 
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1 There are considerable variations across different studies on climatology in Myanmar in general and mores specifically 

the observed and projected changes in climate. The most recent, and officially sanctioned, studies include the following 
key references: 

Department of Meteorology and Hydrology (DMH) and Regional Integrated Multi-hazard Early-Warning System 
(RIMES), (2016), Model Data Analysis and Climate Projection for Myanmar 
 
Department of Meteorology and Hydrology (DMH) and Norwegian Meteorological Institute (NMI), (2017), Myanmar 
Climate Report 
 
Horton, R., De Mel, M., Peters, D., Lesk, C., Bartlett, R., Helsingen, H., Bader, D., Capizzi, P., Martin, S. and 
Rosenzweig, C., (2017), Assessing Climate Risk in Myanmar: Technical Report. New York, NY, USA: Center for 
Climate Systems Research at Columbia University, WWF-US and WWF-Myanmar. 
 
Government of the Union of the Republic of Myanmar (GoM) (2012), Myanmar’s National Adaptation Programme 
of Action (NAPA) to Climate Change, United Nations Environment Programme, National Environmental 
Conservation Committee (NECC) http://unfccc.int/resource/docs/napa/mmr01.pdf. 
 
RIMES, (2016), Climate profile of Myanmar: Climate Variabilities, Extremes and Trends in Central Dry, Coastal 
and Hilly Zones, Bangkok, BRACED supported by DFID and with data from DMH 

 
The new Myanmar National Climate Change Policy; Strategy and Action Plan 2017-2030 (currently for approval at 
President office) uses DMH and RIMES (2016) official projections; compared with the analysis done by Horton et al. 
study co-published by WWF, CCSR and MCCA, and sanctioned by DMH; and refers to the NAPA (2012) document. 
 
For the purpose of this assessment official climate projections are those contained in DMH and RIMES (2016) adjusted 
and completed (especially for sea-level rise) with Horton et al. (2017); observed changes and climate are those referred 
by NAPA (2012), compared with more recent studies, including RIMES (2016); DMH and RIMES (2016) and DMH and 
NMI (2017). It may be confusing that all these studies, though credible, adopt different methods, models and sources 
of quantity of data, the DMH and NMI study summarizes well the main issues, which this assessment refers to 
throughout the document: 

“Normal values for minimum and maximum temperature and rainfall, as well as for monsoon onset and withdrawal dates, were 
calculated for the period 1981-2010. Normal monthly mean temperature and rainfall values for the whole country of Myanmar 
were calculated for the new normal period and compared to values of the previous normal period 1961-1990. Frequency of days 
for different ranges of temperature and rainfall were computed, in addition to frequency of 10 years wind direction and wind 
speed. Trends of minimum and maximum temperature were also calculated and analyzed. From 1961-1990 to 1981-2010, the 
maximum temperature has increased at almost every station of Myanmar, whereas the minimum temperature has decreased at 
most of the stations. The average normal maximum temperature for the whole country of Myanmar has increased for all months, 
except February and December. The normal annual mean maximum temperature increased by 0.5 °C from 1961-1990 to 1981-
2010. The average normal minimum temperature of Myanmar has decreased for the months January-May and September-
December, while it has not changed significantly for the months June-August. The normal rainfall pattern has decreased for the 
months May-August, for the other months it has not changed significantly. In the pre-monsoon and mid-monsoon seasons, the 
amount of rainfall has decreased over the whole country, while it has been unchanged in the months of winter and post-monsoon 
seasons over Myanmar, from 1961-1990 to 1981-2010. In the new normal period, the onset date of the monsoon is later and the 
withdrawal date is earlier than in the old normal period, which means that the duration of the rainy season has decreased. The 
normal duration of the monsoon period was 144 days in the period 1961-1990 and 121 days in the period of 1981-2010. 
Compared to the new normal (1981 to 2010) duration of monsoon period, trend studies indicate however a possible increase in 
the duration of the rainy season in the recent years, and more studies of long-term rainfall trends are needed” (Ex summary, 
DMH and NMI, 2017). 

 
Horton et al. also explain: 

Concerning observed climate, “Inland regions warmed faster than coastal ones, both in terms of average temperature (0.35°C 
per decade increase in inland regions versus 0.14°C per decade coastally) and maximum temperature (0.57°C increase per 
decade inland versus 0.23°C increase per decade along the coasts. Similar to national trends, maximum temperatures rose 
slightly faster than daily average temperatures in both coastal and inland areas […] s in most places, precipitation trends over 
1981-2010 are more ambiguous than temperature trends […] due to a combination of large natural variability and small trend 
relative to baseline average amounts. Coastal areas have experienced an increase of 157mm (4.5%) per decade in annual 
total rainfall, driven by gains in rainfall during the November-to-May dry season (85mm per decade or 17% per decade) 
compared to gains during June-to-October monsoon months (72mm per decade or 2.5% per decade). Compared to coastal 
areas, increases in inland annual precipitation have been more moderate at 37mm (2.5%) per decade. Since no trend was 
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detected during the dry season, we conclude that these small gains are driven by slightly wetter monsoon months. Globally, 
increased monsoonal rains are attributed largely to the increase in atmospheric moisture content […] While total annual 
rainfall has increased in recent decades, when and how it falls – its distribution – is important. Consistent rainfall tends to be 
more beneficial for farmers, while short, highly-intense rainfall is likely to be more damaging due to damage to crops and 
livestock from floods. While there has been no statistically meaningful trend in the number of rainy days (defined as days with 
rainfall >1mm) per year over 1981-2010, annual precipitation totals have increased, implying that rainfall events have become 
more intense. Intense rainfall events are often less useful as they are concentrated during a short time, with the potential to 
cause floods and limiting use 
(e.g. rain-fed agriculture, excess water in dams etc.)” (Horton et al, 2017, p.24) 


