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1 BACKGROUND 

Infrastructure systems play a critical role in social and economic activities and function as 

critical lifelines for connecting communities, industries, markets, goods, and services and 

efficient governance. Infrastructure forms the backbone of communities and countries' social 

and political development. Hence, investments in infrastructure are increasing rapidly, 

especially in developing countries, to meet the increasing demand for reliable and efficient 

transportation, power, telecommunication, and water, often termed as the basic services 

essential for human and social well-being. 

However, many millions of people are still facing severe absence and shortages of such 

systems across the world. Unreliable power grids, inadequate water supply, sanitation systems, 

and poor transportation networks are still plaguing many developing nations. Where such 

infrastructure exists, poor planning, construction, and maintenance have resulted in 

dilapidation and deterioration of the structures, often causing a higher degree of harm. Natural 

hazards have further exacerbated challenges faced by already fragile systems. Especially in 

low- and middle-income countries, direct damages to critical infrastructure such as power, 

transport, water, sanitation, and telecommunication amount to over $18billion per year, with 

further indirect losses and damages to households, businesses, trade, and economy in hundreds 

of billions.  

Infrastructure resilience refers to the ability of infrastructure systems and services to adapt 

to changing conditions, sustain very little loss and damage during hazard events and efficiently 

recover from shocks and stresses caused by exogenous and endogenous factors. Hence, 

infrastructure resilience does encompass not only physical systems but also their natural 

environments and operational systems. However, the complex interdependencies of such 

systems result in huge pressure due to growing demand and usage, which, coupled with 

fragmented governance and lack of periodic maintenance, has resulted in high fragility. 

Furthermore, infrastructure systems continue to operate in uncertain environments, owing to 

the increasing threats of climate change and natural hazards. 

Therefore, the improvement and resilience of infrastructure systems and services have 

become vital in the path toward sustainable development and resilient and prosperous societies. 
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2 INTRODUCTION 

In Bangladesh, the fragile low-elevated coastal zone, which covers roughly 40% of the country 

(54,000 km2), is suffering from escalating environmental pressures, resulting in increased 

demand for road connectivity and poor maintenance of existing embankments and roadways. 

Furthermore, Bangladesh is already particularly sensitive to tropical cyclones, and such storms 

routinely cause damage to its infrastructure. In comparison to what historical studies have 

revealed, the amount of infrastructure vulnerable to stronger cyclones is projected to rise. More 

than one-fifth of the country's road network is located in areas exposed to cyclones. Therefore, 

the damage and loss of physical assets and infrastructure have increased manifolds in the 

country, which causes adaptation efforts of local communities to be highly challenging. Around 

20,000 km of power supply cables were damaged in 2007 caused by Cyclone' Sidr', which is 

about $8.2 million with a possible extra loss of $150.0 million. The power sector suffered total 

damages and losses of US$ 13.4 million due to Cyclone 'Bijli' (2009). In May 2009, Cyclone 

'Aila' destroyed numerous electric poles, downed power lines, and caused significant power 

disruptions in Bangladesh's southwest coastal region. For instance, the Asian Development 

Bank (2015) estimated the economic loss from 2000 to 2013 to be 10.7 billion USD, where 

floods caused 7.1 billion USD (66%), tropical cyclones 3.2 billion USD (30%), earthquakes 14 

million USD (0.13%) and severe storm 374 million USD (3.5%).  

In Nepal, hydrological disasters are by far the most common in terms of occurrence, 

frequency, and devastation. While meteorological and climatological disasters occur at a much 

lower rate, their frequency has increased in recent decades. However, Under the highest 

emission scenario, RCP8.5, Nepal is expected to warm by 1.2°C–4.2°C by the 2080s, compared 

to 1986–2005. (ADB,2021). According to projections, the number of people affected by river 

flooding each year could more than double by 2030 as a result of climate change. At the same 

time, the economic cost of river flooding could triple (ADB,2021). In this context, significant 

highways (Prithivi Highway, Tribhuvan Highway, and Mahendra Highway) in Nepal are 

vulnerable uphill of the riverbank. Most importantly, in recent years, Nepal has experienced a 

massive number of seasonal floods and landslides, which have directly impacted several critical 

infrastructures, primarily roadways and power grids.  

In this backdrop, the governments of Nepal and Bangladesh in current times are trying 

to pay necessary attention to making the assets and infrastructure disaster and climate resilient 

for supporting the communities effectively. In this connection, a number of guidelines for 
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different levels (national, district, local) have been produced for effective disaster risk 

management for infrastructure resilience in Nepal and Bangladesh. However, a major gap still 

remains in the assessment of vulnerabilities of critical infrastructure to natural hazards and 

monitoring the health and status of such infrastructure. More importantly, gaps still persist in 

the use of data-based decision-making for efficient monitoring and effective risk mitigation 

and response for the development of climate and disaster-resilient infrastructure systems. 

Climate Resilient Infrastructure for Social Transformation and Adaptation (CRISTA) 

is a pilot demonstration project providing a solution to the pressing gaps in infrastructure 

resilience towards climatic hazards in Nepal and Bangladesh. The products developed through 

the project; are an android application and a dashboard that will provide near-real-time 

monitoring of road and power infrastructure using advanced geospatial datasets with the help 

of crowdsourcing and artificial intelligence. The product will provide necessary solutions for 

infrastructure management by real-time monitoring of infrastructure health and building 

resilience capacity to cope with the disaster risk and reduce damage costs in the subsequent 

years. The project period is from December 2021 to July 2022 and is being implemented at two 

local levels in Nepal and Bangladesh through a consortium led by the Asian Institute of 

Technology and two local partner organizations in Nepal, viz. FEED Pvt Ltd. and Action 

Nepal, and one local partner organization in Bangladesh, Science Connect Ltd. 

 

Figure 1: Key Information about CRISTA Project 
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2.1 Objectives 

The goal of the project is to help in addressing climate hazards by supporting risk reduction 

and decision-making through social transformation and real-time monitoring of critical 

infrastructure.  

For the attainment of the project goal, two major objectives have been set. 

• Support the decision-makers in addressing the risk by informing the near real-time 

status of critical infrastructure. 

• Improve the community-level climate resilience through risk sensitization. 

Figure 2 below shows the four major outputs of the project. Along with dialogue and 

meeting with stakeholders, the project will also work on digital database generation and 

vulnerability assessment of critical infrastructure in the project areas. These digital databases 

will be used to develop the CRISTA Application and Dashboard, which will deliver near real-

time monitoring and assist in the decision-making process. As the final output, the project will 

develop the required user manuals and conduct capacity-building training for end-users, 

officials, and community people of the project implemented local governments for the 

sustainable implementation of project outputs. 

 

Figure 2: Project Outputs 

2.2 Project Methodology 

As mentioned earlier, the project works to deliver near-real-time monitoring of critical 

infrastructures such as transportation and power networks by the use of baseline spatial 
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databases and real-time crowdsourced information. The overall framework of the system is 

shown in figure 3 below.  

At the core of the CRISTA system are two main products; the CRISTA dashboard and 

the associated CRISTA mobile application. The CRISTA application will be used to collect 

real-time information from the community while simultaneously also disseminating risk 

information and warnings. A human-AI hybrid network will act as an interface between the 

data obtained from the real-time monitoring and feed the results into the CRISTA dashboard. 

The dashboard, on the other hand, with the aid of baseline geospatial datasets of the critical 

infrastructure and the real-time analyzed data from the human-AI hybrid, will aid in real-time 

monitoring of critical infrastructure, conduct vulnerability and damage assessment to climate 

hazards, and provide outputs necessary for decision making in risk mitigation as well as 

response. On the other hand, the aggregation of the baseline data with real-time data will be 

used to develop new or update existing databases of the municipality, further supporting future 

risk reduction and decision-making processes. 

 

Figure 3: Conceptual Framework of CRISTA products 
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Figure 4: Methodological Framework of CRISTA system 

The flowchart in figure 4 further elaborates the methodological framework of the system. Data 

and information regarding climate hazards and infrastructure systems (transport and power) are 

identified, generated, and processed to develop the baseline vulnerability and risk indices for 

the critical infrastructure in the areas. These baseline indices will be modeled as spatial datasets 

that can be easily visualized, analyzed, and used for developing outputs using the CRISTA 

dashboard. Similarly, real-time information (images, texts) regarding infrastructure will also 

be generated through crowdsourced data using mobile applications by the users (community), 

which through the use of AI networks will be analyzed along with the baseline indices to create 

real-time updated vulnerability and risk index pertaining to the current hazard scenario. The 

results of these updated indices will be displayed in the dashboard for real-time monitoring and 

decision making as well as in the users' application for risk information and warning. 

2.3 Baseline Study of Program Areas 

The project is being implemented at two local levels, one each in Nepal and Bangladesh. In 

Nepal, the project will be implemented in Neelkantha Municipality, a peri-urban municipality 

located in Dhading district in central Nepal. A municipality in Nepal is the second-lowest, and 
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In Bangladesh, the project will be implemented in Monohardi Upazilla of Dhaka Division and 

located in the central region of the country. 

As the project's primary goal is the use of digital infrastructure and geospatial analysis 

for real-time monitoring and assessment of critical infrastructure and integration into the 

governance and decision-making systems of the program areas, the baseline study of the 

program areas has been done to, 

1. Ascertain the current status of digital governance, risk reduction, and critical 

infrastructure of the program areas. 

2. Collect and consolidate geospatial data on climate hazards and vulnerabilities of critical 

infrastructure and develop digital databases. 

3. Conduct a baseline vulnerability assessment of critical infrastructure toward climate 

hazards 

For the purpose of the baseline study, the following tools were used, 

1. Stakeholder consultation meetings were organized in Nepal and Bangladesh with local 

governments and key stakeholders to understand the current scenario and identify gaps 

2. Desk review of hazard profile and disaster risk management policies of the local 

governments. 

3. Primary and secondary data collection on status of critical infrastructure, and associated 

hazards and vulnerabilities. 

This report provides an in-depth discussion of the outcomes of the baseline study, primarily 

focusing on three major components as mentioned above.  

3 RESULTS OF BASELINE STUDY 

The following section briefly describes the various demographic, socio-economic, and 

infrastructure-related indicators of the project areas. 

3.1 Neelkantha Municipality, Dhading, Nepal 

Neelkantha Municipality lies in Dhading district in the central part of Nepal, about 90 

kilometers west of Kathmandu, the country's capital, and is connected by a black-topped road 

via a major national highway. The municipality was formally established in May 2014 with the 



Baseline Study Report 

Climate Resilient Infrastructure for Social Transformation and Adaptation 11 

merger of four previous Village Development Committees (VDC). It was restructured again in 

2017, with the addition of three VDCs along the periphery of the municipality. Currently, the 

municipality covers a total area of 199.85 sq. km, approximately 10% of the total landmass of 

the district. Among the total area, nearly 50% (99.31 sq km) is covered in forests. The landform 

is generally sloped, with terraced formations for both cultivations as well as settlements. 

 

Figure 5: Map of Neelkantha Municipality, Dhading, Nepal 

3.1.1 Demographics 

According to the Annual Household Survey 2015, the municipality has a total population of 

71,131 people, approximately 17% of the total district population. The gender distribution 

between males and females is approximately equal, with 49.5% female and 50.5% male 

population. The population density of the municipality averages around 356 per sq. km. 

However, the distribution is not equal, with the municipal center (Ward no. 3 in the table below) 

having a density of more than 2700 per sq. km. In total, the municipality has 14,530 households. 

(CBS, 2015) 
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Table 1: Ward Wise Geographic and Demographic Distribution of Neelkantha 
Municipality, Nepal (CBS, 2015) 

Ward No. Area (sq.km.) 
Population Density 

(/sq.km) 

Population 
No. of households 

Female Male Total 

1 12.47 283 1727 1805 3532 631 

2 20.41 305 3093 3137 6230 1381 

3 3.08 2762 4220 4287 8507 1829 

4 11.2 385 2171 2146 4317 932 

5 20.74 241 2495 2509 5004 1051 

6 12.05 394 2346 2399 4745 830 

7 10.59 418 2178 2244 4422 849 

8 10.45 389 2010 2053 4063 962 

9 12.12 480 2878 2945 5823 1199 

10 15.85 395 3114 3139 6253 1132 

11 19.59 216 2093 2147 4240 917 

12 8.09 436 1724 1806 3530 823 

13 19.22 151 1444 1456 2900 676 

14 23.99 315 3699 3866 7565 1318 

Total 199.85 356 35192 35939 71131 14530 

3.1.2 Infrastructure 

The major economic activities within the municipality are agriculture, trade, and tourism. 

Agriculture, however, is traditional and only subsistence. Most of the income generation also 

comes through foreign remittances, which support economic and financial activities such as 

local businesses, trade, and various services. Most of the economic and financial activity is 

concentrated in the municipal center located in ward no. 3. In terms of infrastructure, the 

municipality has access to road transportation, drinking water, and sanitation, health, and 

education. However, their quality and quantity are largely disproportionate, with heavy 

infrastructure development in the municipal center and very low in the outskirts and rural areas. 

3.1.2.1 Transport Infrastructure 

In total, the municipality has 723.11 km of roads, where 95% of the roads are primitive soil 

surfaces. Only about 1.5% of the roads are well-developed and paved roads. 
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Table 2: Transport Infrastructure in Neelkantha Municipality 

SN Type of Road Length (km) 

1 Paved/Bituminous Road 10.31 

2 Gravel Road 19.08 

3 Earthen Road 693.72 

 

Figure 6: Transportation Network and Critical Infrastructure POIs in Neelkantha 

Municipality, Nepal 
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The map in figure 6 above shows the different classes of transport networks located within 

Neelkantha Municipality. As the municipality is also the administrative center of the district, 

it is connected via a Primary Highway from Malekhu, a nodal point on the Prithvi Highway, 

the only major highway that connects the municipality and the entire district to the major 

national supply chain and the country's capital, Kathmandu. Similarly, four secondary 

highways bifurcate from the municipality center and traverse through the different parts of the 

district. These highways, although only partly paved, serve as the major lifeline for most parts 

of the district for goods and services.  

Within the municipality, the transport network can be categorized as City Roads and 

Rural Track Roads. City roads are characterized by flexible or rigid pavements and are 

primarily concentrated within the city core area. As seen on the map, most of the municipality's 

outskirts are connected to the municipal center via rural track roads, either primitive earthen or 

gravel roads that are often subject to climate-induced hazard impacts, as shown in the pictures 

below 

   

Figure 7: Flooding in Thopal River situated in Neelkantha Municipality (left) and damages 

to rural roads during heavy rainfall (right) (source: THT, 2020) 

3.1.3 Hazard and Disaster Profile 

The municipality has identified thirteen major hazards in the municipal region. These hazards, 

in order of priority as identified in the LDCRP, are (i) earthquakes, (ii) landslides, (iii) road 

accidents, (iv) lightening, (v) floods, (vi) fire, (vii) wind storm, (viii) droughts (ix) wild animal 

attacks, (x) epidemics, (xi) hailstones, (xii) pest infestation, and (xiii) electrocution in the live 

wire. The municipality was also severely impacted by the 2015 Gorkha earthquake, that had 

resulted in damages to more than 10,400 houses (85% of the building stocks) and killed 41 

people. The different hazards in the municipality have severe impacts on human settlements as 
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well as the municipality's infrastructure systems; however, adequate documentation is not 

found. 

As part of the Risk Sensitive Land Use Planning (RSLUP) development, the 

municipality has undertaken a multi-hazard risk assessment. Figure 8 below shows the flood 

and landslide hazard maps of the municipality prepared under the plan. As seen, the flood 

hazard within the municipality is primarily concentrated in a very small region, one in the 

central part along the border of ward no. 3 and another at the northern border. Both these 

regions are located in close proximity to rivers.  

 

Figure 8: Flood (5 yr return period) and Landslide Hazard Map of Neelkantha Municipality 

(Data source: RSLUP Report) 

For landslides, a higher degree of hazard susceptibility is seen in three different areas. 

However, most parts of the entire municipality are prone to moderate levels of landslide 

hazards. The highest degree of landslide hazard is primarily concentrated in the north-western 

region, in ward 10. The high hazard in the area is attributed to higher elevations, weak geology, 

and improper construction practices.  
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3.1.4 Disaster Risk Management 

In 2018, the municipality developed its Local Disaster and Climate Resilience Plan (LDCRP) 

as mandated by the National Disaster Management Act of Nepal. All 14 wards of the 

municipality have conducted an assessment of their respective hazards, vulnerability, and 

capacities and have formed the "Municipal Disaster Management Committee." The 

municipality has also conducted a multi-hazard risk assessment of its administrative area and 

developed its Risk Sensitive Land Use Plans. Furthermore, the municipality is connected to the 

BIPAD portal of the National Disaster Risk Reduction and Management Authority 

(NDRRMA) of Nepal, which serves as a disaster event database. 

With the development of various policies and plans in disaster management, the 

municipality is working to develop an integrated digital governance system for municipal 

administrative works as well as linking various development and disaster risk management 

activities. 

3.2 Monohardi Upazilla, Narsingdi, Bangladesh 

Monohardi Upazilla (literal translation: Monohardi Subdistrict) is a local government unit 

situated in Dhaka Division in Central Bangladesh, located between 24°04' and 24°15' north 

latitudes and in between 90°38' and 90°49' east longitudes. Upazilla is the second-lowest tier 

of regional administration in Bangladesh, officially formed in 1904, which has a total of 495 

such units. Monohardi upazilla has a total area of 193.87 sq. km. Administratively, the upazilla 

is divided further into 1 municipality and 11 union parishads (rural council). 
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Figure 9: Map of Monohardi Upazilla, Bangladesh 

3.2.1 Demographics 

According to an official website, the upazilla has a total population of 284,563 with an average 

population density of about 1,180 per sq.km. The male population constitutes 49.04% of the 

population, whereas females constitute 50.96% of the population. The upazilla has a literacy 

rate of 49.9%, with higher rates in the urban municipality than in the rural unions. 

SN Administrative Units Area (sqkm) 
Demographics 

HHs Popn 

A Municipality 
   

1 Monohardi Municipality 5.8 4159 17635 

B Unions 
   

1 Bara Chapa 20.8 6426 27532 

2 Chalak Char 10.0 2191 9317 

3 Chandanbari 13.1 2219 9653 

4 Char Mandalia 10.5 2949 12340 

5 Daulatpur 14.4 4660 20252 

6 Ekduaria 17.9 6384 28741 

7 Gotashia 20.7 5651 25146 

8 Kanchikata 19.4 5558 24049 

9 Khidirpur 15.1 4529 19284 

10 Krishnapur 11.0 3210 14534 

11 Lebutala 20.7 5410 24142 

12 Shukundi 14.0 4268 18977 
 

Total 193.6 57614 251602 

3.2.2 Infrastructure 

3.2.2.1 Transport Infrastructure 

In Bangladesh, roads are classified into four major categories based on their strategic 

significance: National Highways, Regional Roads, Zilla Roads, and City/Rural Roads. The 

different classes of roads in Monohardi Upazilla are shown in the map in figure 10 below. Two 

major regional roads run through the upazilla, R211, and R212, that transect the upazilla from 

North to South. Similarly, a few zilla roads bifurcate from the regional roads into the different 

municipalities and rural councils of the upazilla. Finally, at the lowest level, city or rural roads 

connect the different settlements, towns, and rural areas of the district.  
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Figure 10: Map showing different road classes (administrative) in Monohardi Upazilla, 

Bangladesh 

Overall, the upazilla is connected through a total of 676.5 kms of road network with the 

highest proportion of flexible paved roads. Table 3 further shows the distribution of the roads 

in terms of the construction type. Figure 11 shows the categorization of the road network in 

terms of the type of pavement. 

Table 3: Transport (Road) Infrastructure in Monohardi in terms of the type of pavement 

SN Type of Road Length (km) 

1 Flexible Pavement 391 

2 Brick Pavement 12.5 

3 Earthen Road 273 

 Total 676.5 
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Figure 11: The transport network in Monohardi Upazilla in terms of the type of pavement 

 

Figure 12: Collapsed portion of a road in Monohardi Upazilla (Source: Daily Sun, July 2019) 
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3.2.2.2 Power Infrastructure 

Almost all of the wards and unions in the upazilla have been connected by rural electricity 

networks; however, only about 77% of all households have access to grid electricity. The 

detailed structure of the power infrastructure in the upazilla is shown in the map in figure 13 

below.  

 

Figure 13: Power network map of Monohardi Upazilla, Bangladesh (Data source: 

Government Atlas) 

A major 33 KV line transects the upazilla, connecting it to the national power transmission 

grid. Along the main transmission route, substations are located at four different locations 
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within and on the periphery of the upazilla. These transmission lines further bifurcate into 5-

phase, 3-phase, and finally, 2-phase electrical lines that are connected to the households across 

the upazilla. 

Power transmission networks in the area are highly vulnerable to different climate-

induced hazards such as heavy winds, flooding, and lightning. As all of the power transmission 

network infrastructures are above land, it is exposed to hazards. This, on the one hand, increases 

potential damages to such infrastructure during extreme climate events but also forces the 

authority to shut down power supply during events, to reduce damages and further impacts. 

In one such instance, damage to a 5-phase line supplying power to Bara Chapa Union 

in east Monohardi resulted in power outages in more than 33 communities in the union, 

affecting more than 20,000 people. The incident also resulted in a shortage of power for other 

critical infrastructure such as health facilities, schools, government offices, transportation 

networks, etc. 

3.2.3 Hazard and Disaster Profiles 

Geographically located in low-lying areas, the upazilla faces numerous climate-induced 

hazards. Among them, intense rainfall and flooding, high winds, tornadoes, lightning, and 

thunderstorms are categorized as the most frequent in the upazilla. The region receives a heavy 

amount of rainfall throughout the year, resulting in local inundation as well as riverine flooding. 

Heavy rainfall, in particular, causes heavy damage to rural roads without adequate drainage 

systems and paved surfaces. 

The map in figure 14 shows the flood hazard in Monohardi Upazilla. Although the 

entire area is low-lying, the entire area can be divided into two sections based on flood hazards. 

Most of the middle section of the upazilla spanning from North to South has low hazards to 

riverine flooding due to lower elevation and the presence of river networks (yellow shaded). 

On the other hand, a large portion of the eastern region of the upazilla, as well as small portions 

of the western region, are not prone to flooding (green shaded). 
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Figure 14: Flood hazard map of Monohardi Upazilla, Bangladesh 

3.2.4 Disaster Risk Management 

Disaster Risk Management in Bangladesh is primarily undertaken in a sectoral administrative 

approach, with oversight from the Ministry of Disaster Management and Relief of the central 

government, and following the Disaster Management Act (2012), National Disaster 

Management Policy (2015), and National Plan for Disaster Management (2021-2025). 

Following these policies and plans, the upazilla has developed a Upazilla Disaster 

Management Plan. Each of the unions and the municipalities within the upazilla also has its 

own disaster management plans. While these plans form the backbone of the upazilla's actions 

on risk mitigation, preparedness, and response, the use of digital infrastructure in risk 

governance is still in primitive stages. The government has a national disaster management 
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portal, where much of the national data and information are integrated for decision-making. 

However, such systems are not present at local levels, who are the frontline actors in mitigation 

and response to hazards.  

4 GIS DATABASE 

The products and services developed through the project will primarily function through the 

use of various spatial data and information, collected either through primary or secondary 

methods. All the information thus collected will be integrated into spatial databases for 

processing, analysis, and representation through a common platform. Hence, the project will 

not only develop products but also create several GIS databases to aid the objectives, such as: 

1. Land Use Land Cover 

2. Transportation Network 

3. Power/Electricity Network 

4. Critical Infrastructure i.e. Point of Interests 

5. Geo-morphology 

6. Hazard and Vulnerability Indices 

For the purpose of risk profiling, various spatial and temporal data are generated, processed, 

and analyzed using Geographic Information Systems (GIS). The following table 4 briefly 

describes the various data and information collected and analyzed for the purpose of spatial 

analysis during the project. 

Table 4: Parameters to be used in hazard and risk analysis of infrastructure 

Parameter Data Resolution Source 

Land Use Land Cover Landsat OLI 30 m. https://earthexplorer.usgs.gov/ 

Elevation ALOS DEM 12.5 m https://vertex.daac.asf.alaska.edu/ 

Slope ALOS DEM 12.5 m https://vertex.daac.asf.alaska.edu/ 

Precipitation 
Annual Average 

Rainfall (mm) 
30m 

Local Meteorology Department/ PERSIAN 

(https://chrsdata.eng.uci.edu/ 

Transport Network 

Characteristics 
Open Street Map and Local Government Atlas 

Power Network 

Characteristics 
Open Street Map and Local Government Atlas 
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5 VULNERABILITY ASSESSMENT 

Vulnerability, in summary, is broadly defined as the susceptibility to damage in case of 

disasters. The UNDRR defines vulnerability as "the conditions determined by physical, social, 

economic and environmental factors or process which increases the susceptibility of an 

individual, community, assets or system to the impact of hazards." On the other hand, with 

respect to climate change, the IPCC defines vulnerability as "the degree to which geophysical, 

biological and socio-economic systems are susceptible to and unable to cope with adverse 

impacts of climate change, including climate variability and extremes." As such, the framework 

for risk is shown in figure 15 below. 

 

Figure 15: Conceptual Framework of Risk (IPCC) 

As shown in the figure, risks (or impacts) are a function of three components, hazard, 

exposure, and vulnerability. Climate risks associated with critical infrastructure can, therefore, 

be assessed through the analysis of exposure and vulnerability of such infrastructure and their 

systems towards climate-induced hazards and events. Vulnerability assessment is a qualitative 

or quantitative systematic review undertaken to determine the susceptibility, nature, and extent 

of impacts caused by natural and anthropogenic hazards by analyzing and evaluating existing 

conditions of people, community, infrastructure, and systems. In infrastructure, vulnerabilities 

are primarily associated with the physical attributes of the structure and systems, their exposure 

to different hazards, and the capacity of the system to mitigate and recover from disaster 

impacts.  
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For the purpose of this project, the vulnerability assessment of road and power 

infrastructure will provide a baseline understanding of the existing weaknesses in the system. 

This will not only aid the development of risk indices but, complemented with field 

information, will aid in better risk information for decision making and response. Thus, the risk 

assessment of the infrastructure systems in this project will follow the conceptual framework 

as shown in figure 16 below. 

 

Figure 16: Risk Assessment Methodological Framework 

As shown in the figure above, following the IPCC AR5 framework, risk assessment is 

carried out as a function of Hazard, Exposure, and Vulnerability. Each component is further 

assessed by using critical indicators that have been identified and selected based on existing 

literature and expert inputs (table 5). Data and information pertaining to each indicator are 

collected, either through primary data collection such as field surveys or through secondary 

data collection through remote sensing, spatial analysis, and databases. Spatial datasets will be 

developed for each of the indicator variables, which will then be normalized through weightage 

and ranking methods based on expert inputs, field observation, and literature review. The 

analysis and interpretation of the results will provide the risk indices for the infrastructure 

systems toward the hazards.  

Table 5 below briefly describes the different parameters/indicators identified and selected 

for the purpose of risk assessment during the project.
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Table 5: Vulnerability Assessment Indicators 

Risk 

Component 
# Indicators Description 

Spatial 

Scale 

Time 

Scale 
Relation Reference Data Source 

Hazard 1 
Precipitation 

(PP) 

Rainfall results in higher chances of 

flooding and landslides resulting in 

damage 

30m 20 yrs + 
ITF (2016) [1] 

https://doi.org/10.1787/9789282108079-en. 

CHRS Data 

Portal 

Exposure 

2 
Elevation of 

Land (ELV) 

Areas of lower elevation are prone to 

flooding. 
12.5m 2006 - 

ITF (2016) 

https://doi.org/10.1787/9789282108079-en. 

R. Khatakho et al., (2021) [2] 

doi: 10.3390/su13105369. 

ALOS DEM 

3 
Slope of Land 

(SLP) 

Slope of gradient of local topography has 

a direct influence on mass movement as 

well as rainfall run-off 

12.5m 2006 

- flood / 

+ 

landslide 

M. G. Winter et al (2013) [3] 

https://doi.org/10.1680/geng.12.00063 

B. Inanloo et al (2016) [4] 

https://doi.org/10.1016/j.ssci.2015.11.018 

ALOS DEM 

Vulnerability 

(Road 

Infrastructure) 

4 
Type of Road 

Pavement 

Lower grade (unpaved) primitive and 

gravel roads are more susceptible to 

damages during extreme climate events. 

Paved roads are less likely to be 

damaged. 

- - - 

B. Inanloo et al (2016)  

https://doi.org/10.1016/j.ssci.2015.11.018 

E. Jenelius and L.-G. Mattsson (2012) [5] 

doi: 10.1016/j.tra.2012.02.003. 

Local 

Database/ 

Atlas 

5 

State of Repair 

and 

Maintenance 

Roads and transport infrastructure that 

are regularly and periodically maintained 

are less likely to suffer damages 

Point - + 
Koks, E.E. et al (2019) [6] 

https://doi.org/10.1038/s41467-019-10442-3 

Crowd 

Sourced Data 

6 
Alternative 

Routes 

The availability of alternative routes for 

road networks with similar travel times 

will reduce the socio-economic impacts 

- - - 
Koks, E.E. et al (2019) 

https://doi.org/10.1038/s41467-019-10442-3 

Crowd 

Sourced Data 

Vulnerability 

(Power 

Infrastructure) 

7 
Structural Type 

– Poles 

Power Infrastructure (Poles) constructed 

with high grade materials (steel/concrete) 

are less likely to damage than low 

strength materials (wood/bamboo) 

Points - - 

I.B. Sperstad et al (2020) [7] 

https://doi.org/10.1016/j.ress.2019.106788 

Matthias Hofmann et al (2012) [8] 

doi: 10.1049/cp.2013.0815 

Local 

Database/ 

Atlas 

8 
Network 

interconnectivity 

Power network interconnectivity with the 

provision of back-up power supply can 

reduce the impact of power failure in 

critical infrastructures 

- - - 

I.B. Sperstad et al (2020) 

https://doi.org/10.1016/j.ress.2019.106788 

Matthias Hofmann et al (2012) 

doi: 10.1049/cp.2013.0815 

Local 

Database/ 

Atlas 

9 
Health 

Status/Condition 

Power lines, poles and power 

infrastructure components in dilapidated 

condition or without regular 

repair/maintenance have higher 

susceptibility to damage 

Points - - 

I.B. Sperstad et al (2020) 

https://doi.org/10.1016/j.ress.2019.106788 

Matthias Hofmann et al (2012) 

doi: 10.1049/cp.2013.0815 

Crowdsourced 

Data 

https://doi.org/10.1787/9789282108079-en
https://doi.org/10.1016/j.ssci.2015.11.018
https://doi.org/10.1016/j.ress.2019.106788
https://doi.org/10.1016/j.ress.2019.106788
https://doi.org/10.1016/j.ress.2019.106788
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The baseline vulnerability maps generated for Neelkantha Municipality, Nepal, and Monohardi 

Upazilla, Bangladesh, based on the aforementioned framework and indicators, are shown in 

the maps in the figure below. 

 

Figure 17: Area-wise baseline vulnerability map (left) and vulnerability of road network 

(right) in Neelkantha Municipality, Nepal 

The maps in figure 17 show the baseline vulnerability of Neelkantha Municipality and the 

vulnerability of road networks. As seen in the first map,  a high degree of vulnerability toward 

flood and landslide hazards in Neelkantha lie in the northern and central region. Most of the 

area of the municipality falls under the medium vulnerability index (yellow). For road 

networks, the highest vulnerability is in unpaved roads, especially in the northern region as 

well as central region. Most of the roads fall under the medium vulnerability category. 

In Bangladesh, as shown in the maps in figure 18, areas with the highest vulnerability 

in Monohardi Upazilla fall in the central region of the upazilla. The northeastern region of the 

upazilla is a relatively low vulnerability area. For the road network in Monohardi, similar to 

area-wise, higher degrees of vulnerabilities are concentrated in the central region of the 

upazilla, as shown in the figure. 
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Figure 18: Area-wise vulnerability map (left) of Monohardi Upazilla, Bangladesh, and 

vulnerability of road network (right) 

6 INPUTS FROM STAKEHOLDER CONSULTATION 

As the primary goal of the CRISTA project is the enhancement of the capacity of local 

governments in addressing climate-induced risks to critical infrastructure, frequent 

consultation meetings are being conducted with the local governments to understand user 

requirements and identify capacity and gaps to be incorporated in the system development. 

These consultation meetings are not only instrumental in the development of the system and 

associated products but also in the sustainable use of the system in climate resilience. 

As part of the consultation, stakeholder meetings were organized in Bangladesh and Nepal 

on the 15th and 16th of March 2022. A wide group of stakeholders, including officials and local 

elected representatives of the local governments, officials from road and power infrastructure 

departments, elected leaders, community representatives, and project team members, 

participated in the meetings. The meeting was convened for, 

i. validation of the secondary data obtained as part of the Baseline Study,  

ii. to understand the current scenario and future plans and identify gaps, 
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iii. to receive feedback and inputs from local government partners for project 

implementation as well as product development. 

6.1 Inputs from Stakeholder Meeting in Neelkantha Municipality, Nepal 

The meeting was attended by key personnel of the Neelkantha Municipality office as well as 

the district level offices for road, power, and communication infrastructure within the Dhading 

district. The Mayor, Ward Chairpersons, Chief Administrative Officer, DRR Officer, ICT 

Officer, and representatives from different departments of the municipality were in attendance. 

Similarly, heads and technical officers of district-level electricity authority, telecommunication 

company, and media personnel were also present. CRISTA team members from Action Nepal 

and FEED Pvt. Ltd were present on-site, whereas AIT team joined the meeting virtually. 

During the meeting, Dr. Indrajit Pal, Team Leader, and Ganesh Dhungana, Country 

Lead, Nepal, briefed the participants regarding the background of project formulation, 

objectives, and outcomes and demonstrated the CRISTA system and application structures. Dr. 

Basanta Raj Adhikari, CRISTA Technical Expert from FEED Pvt. Ltd., shared about the 

current situation of risk governance in Nepal and the need for the use of digital infrastructure 

and ICT for decision making and risk reduction. 

The participants from the local governments shared their opinions on the current status 

of disaster management in the municipality, the status of critical infrastructure, and the 

municipal disaster management and governance plans. 

The key outcomes of the meeting are highlighted below. 

1. The municipality is heavily impacted by floods and landslides, especially during the 

monsoon season. Most of the damages are to road infrastructure and power systems that 

resulting in frequent outages. 

2. Much of the power infrastructure in the district and municipality is highly vulnerable 

to different hazards due to their high exposure, low structural strength, and low capacity 

of response. A monitoring system would therefore be very useful to address such 

vulnerabilities. 

3. The municipality has developed the required policies and plans to address different 

hazards within its administrative region and is now moving forward with innovative 

tools and platforms to enhance risk assessment, monitoring, and reduction activities. 
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4. The municipality has been integrated into the National DRR Portal "Bipad" by the 

central government but is also working to develop its own digital governance system 

and infrastructure. The CRISTA system can be integrated into the municipal 

governance system. 

5. Neelkantha Municipality has conducted different levels of hazard, risk, and 

vulnerability assessment and has developed a strong geo-database that can be used for 

the project. Additionally, the municipality will take an active part in the product 

development process and provide its inputs to develop a robust system suitable to the 

municipal structure. 
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Figure 19: (Top) Participants representing Neelkantha Municipality and different offices 

attending the meeting. (Bottom) Neelkantha Municipality Mayor addressing the 

meeting with his feedback and inputs. 

6.2 Inputs from Stakeholder Meeting in Monohardi Upazilla, Bangladesh 

The local key professionals, administrative personnel, local government representatives and 

members of the civil society were present at the meeting. The important personnel were the 

Chief Executive Officer (UNO) of Monohordi Upazila, the Magistrate (locally called AC Land) 

of Monohordi, Engineer from the Local Government Engineering Department, Union Parishad 

chairman, members of Bangladesh Rural Electrification Board (BREB), Youth Development 

Officer and Local Political leaders. 

Dr. Sheikh Tawhidul Islam, Professor, and Director, Institute of Remote Sensing and 

GIS, Jahangirnagar University, presented the background contexts of the CRISTA project on 

behalf of the SCL. In his speech, Dr Islam mentioned the importance of the project in the 

context of local disasters like lightning and thunderstorms, hail storms, intense rainfall leading 

to flooding conditions, tornados, and gusty winds. He provided examples of how disaster and 

climate-resilient infrastructure may facilitate social transformations and support local 

communities, including the service-providing agencies, to better adapt to the disaster impact 

conditions. In the presentation, Dr. Islam used community-level data produced by the 

Bangladesh Bureau of Statistics (BBS) and argued that efficient use of existing 

data/information by using ICT may help to create last-mile impacts where the community will 

benefit highly benefitted. Dr. Indrajit Pal from AIT made another presentation after Dr Islam, 

where he talked about the technical aspects of the project, especially how the mobile phone-

based app will be used by the community level volunteers for capturing/providing disaster loss 

and damage related photographs and information.  

The Chief Executive Officer (locally called UNO, Upazila Nirbahi Officer) of 

Monohordi Upazila, the Magistrate of the Upazila, the Deputy General Manager (DGM) of 

Palli Bidduth Samity -2 (power supply cooperatives), Engineer of Local Government 

Engineering Department (LGED), Chairman of different unions gave opinions in the 

discussions, enquired about the project and gave suggestions towards the successful 

implementation of the project.  
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Figure 20: Participants from Monohardi Upazilla office and CRISTA project team during the 

meeting. 

 

Figure 21: CRISTA Team Leader and members joining the meeting virtually 

The key outcomes of the meeting are relevant to the project implementation as highlighted 

below. 

1. Different regions of the upazilla have different levels of vulnerability to different 

hazards. It is important to identify and select the most vulnerable areas for the pilot 

demonstration of activities under the project. 

2. Involvement of local communities, especially in ICT-based governance, is a huge 

challenge that the upazilla administration is facing. Hence, appropriate community 
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engagement mechanisms and activities must be incorporated into the project for 

successful implementation. 

3. The upazilla administration has numerous macro and micro-level data and information 

that can be shared with the project, owing to the relevancy and need of such 

information. 

4. Access to communication among the communities, especially during disasters, must be 

considered a barrier and must be appropriately addressed. 

5. The CRISTA products and system must be appropriately integrated and linked with the 

Upazilla and national-level disaster management portal, forecasting, and early warning 

system. In addition, the dissemination of information will motivate a higher number of 

people from communities to utilize the application. 

7 CONCLUSION 

Disaster resilience of infrastructure systems is an important component of risk governance, not 

only in terms of reducing the impacts on the systems themselves but also to enhance the coping 

capacity of the communities and governments. Each year, disaster impacts infrastructure 

systems and results in huge economic losses, both direct and indirect. Such impacts are much 

more profound in low and middle-income countries, where adequate financing and strategies 

have not yet been employed in the risk management of infrastructure systems. Developing 

countries in Asia, such as Nepal and Bangladesh, are representative of such gaps in 

infrastructure resilience, where a large proportion of the population is frequently affected by 

climate-induced hazards such as heavy rainfall, floods, and landslides and their impacts on 

critical infrastructure.  

The baseline study of the project implementation areas provided crucial information on 

the current situation of infrastructure resilience and the capacity of local governments and 

helped identify major gaps for the effective intervention of the project. In Neelkantha 

Municipality, prominent climate-induced hazards are floods and landslides. The high exposure, 

coupled with a high degree of vulnerability of the transport and power infrastructure, has 

resulted in high disaster impacts. And while vulnerabilities of the critical infrastructure 

primarily stem from low physical capacity, it was also identified that a lack of adequate data 

and information, monitoring, and assessment were major hindrances in attaining resilience. In 

Monohardi Upazilla, floods and heavy winds cause widespread impacts on critical 
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infrastructure such as transport and power. And although the upazilla has developed disaster 

management plans, adequate local information is not available to allow for effective 

monitoring, assessment and decision making. 

Hence, based on the outcomes of the baseline study, it can be confidently asserted that the 

CRISTA project can help fulfill the prominent gaps in critical infrastructure resilience by the 

use of innovative, low cost and user-friendly tools and technologies, allowing near-real-time 

monitoring and assessment of critical infrastructure for decision making in risk reduction and 

response. Moreover, the flexibility of the system will allow for customization of the system 

based on the needs and requirements of each of the program areas, as understated during the 

series of stakeholder consultations and meetings. The system is also being designed to allow 

for integration into the existing digital governance structures of the municipality and upazilla, 

which will ensure the sustainability of the system in the future. Furthermore, the baselines study 

also helps identify critical factors of consideration for successful project implementation. 
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