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1 BACKGROUND 

Infrastructure Resilience is primarily referred to the ability of infrastructure systems and 

services to adapt to changing conditions, sustain very little loss and damages during hazard 

events and efficiently recover from shocks and stresses caused by exogenous and endogenous 

factors. Hence, infrastructure resilience does not only encompass physical systems, but also 

their natural environments and operational systems. The complex interdependencies of such 

systems results 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 towards sustainable development and for resilient and prosperous societies. 

Resilience does not only encompass the physical structures, but also their operational 

environments and systems and is determined through multiple dimensions such as robustness, 

redundancy, reliability, responsiveness etc. Lack of monitoring, risk assessment and data-

driven decision making have been widely discussed as the major barriers in CI resilience in 

developing countries. Hence, a robust monitoring and decision support system is crucial in 

strengthening CI resilience, inevitably helping in social adaptation and resilience to hazards. 

Decision making process help in the transformation of information into instructions and 

actions. Hence, the larger the information pool, the stronger and better calibrated are the 

decisions made. However, with greater amount of information, in terms of volume, 

characteristics, attributes and sources, traditional forms of decision-making processes do not 

suffice in data management, analysis and presentation and hence result in reduced efficiency. 

Thus, computer-based systems have been widely used in the recent era to aid the decision-

making process. The term DSS was first established in the late 1970s, as an interactive 

computer-based system that helps decision makers to utilize data and models to solve semi-

structural or unstructured problems. With the enhancement of technology, Decision Support 

System structures have found their way across almost all disciplines, including disaster risk 

management. In disaster management, DSS tools are widely used in all phases, in hazard and 

risk assessment, inventory management, response mobilization, reconstruction and recovery 

planning etc.  
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2 INTRODUCTION 

Climate Resilient Infrastructure for Social Transformation and Adaptation (CRISTA) is a pilot 

demonstration project providing solution to the pressing gaps in infrastructure resilience 

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

project; an android application and a dashboard, 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 cost in the subsequent years. The project 

period is from December 2021 to July 2022 and is being implemented in 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 

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. 
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• 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 in 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, that will deliver near real-time monitoring 

and assist in decision making process. As the final output, the project will develop the required 

user manuals, and conduct capacity building trainings 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 

infrastructure such as transportation and power networks by the use of baseline spatial 

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. 
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The dashboard, on the other hand, with aid of baseline geo-spatial 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 in 

future risk reduction and decision-making processes. 

 

Figure 3: Conceptual Framework of CRISTA products 

 

Figure 4: Methodological Framework of CRISTA system 
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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 modelled 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 application by the users 

(community), which through 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 to the users application for risk information and 

warning. 

3 CRISTA PRODUCTS 

As discussed earlier, the CRISTA primarily relies on an integrated system of mobile 

application and geo-spatial dashboard to support in the near real time monitoring, assessment 

and decision-making process.  

 

Figure 5: General schematic representation of data flow for Crowd Sourcing for 

community inclusive approach within the CRISTA system 
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General schematic representation of data flow for Crowd Sourcing for community inclusive 

approach within the CRISTA system is shown in the figure 5. As seen, the CRISTA 

Application and Dashboard are standalone products integrated using an API interface through 

an application dashboard. The application and dashboard provide the basis functions of data 

collection, visualization and analysis for the decision-making process. 

3.1 CRISTA Application 

The CRISTA application has been developed using the android platform. The application 

primarily serves as a data collection tool for collection of infrastructure related data and 

information from the field. The users (community members, volunteers, local officials) can use 

the application to report the current status of two critical infrastructure, road and power network 

to a centralized database. The application uses interactive and simple GUIs to collect data. This 

simplicity is also directly related to the ease of use by local community members, with minimal 

training or oversight. The overall structure and flow of the application is shown in the figure 6 

below. 

Step 1 Home Screen: The application has a home screen that displays a short introduction on 

the application, its purpose and disclaimer regarding the use of data and information shared. 

Additionally, after handover, local governments may include any official messages to the home 

screen. 

 

Figure 6: Schematic flow of CRISTA application 

Step 2 Choose which infrastructure damage/status to report: Following the Home Screen, 

users will be allowed to choose which infrastructure damage or status they would like to report. 

Each submission allows for a single infrastructure and single instance, for ease of data 
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collection as well as analysis. Users may choose from the respective tabs, either to “Report 

Road Infrastructure Damage/Status” or “Report Power Infrastructure Damage/Status”. 

Step 3 Fill out a simplified response page (in CRISTA Mobile App): For either of the chosen 

infrastructure, users will be asked to fill out a simple 4-part questionnaire survey to collect the 

relevant data. These questionnaire survey will collect data as follows: 

Table 1: Questions included in the survey for road and power network infrastructure 

ROAD NETWORK INFRASTRUCTURE 

SN Question Options Rationale 

1 Which road network infrastructure 

have been damaged (select all that 

apply)? 

a. Roads 

b. Trails/Footpath 

c. Culvert 

d. Bridge 

e. Drainage 

f. Embankment/Retaining 

Wall 

To identify and 

determine the 

damaged 

infrastructure and 

respond accordingly. 

2 Report the damage condition of the 

road (select one). 

a. Normal Operation 

b. Minor damages 

c. Partial Closure 

d. Full Closure 

To identify the 

severity of damage/ 

damage assessment. 

3 What hazard condition caused the 

damage (select all that apply). 

a. Heavy Rainfall 

b. Landslide 

c. Flooding/Inundation 

d. Ground Failure 

e. Accident 

f. Blockage 

To identify the 

hazard 

4 Are alternate routes available for 

use in the area (select one)? 

a. Yes 

b. No 

c. Don’t Know 

To identify and 

prioritize the level of 

action. 

POWER INFRASTRUCTURE 

1 Which road network infrastructure 

have been damaged (select all that 

apply)? 

a. Power Lines 

b. Power Poles 

c. Transformers 

d. Substation 

e. Power Plants 

(HPP/Solar/Wind) 

To identify and 

determine the 

damaged 

infrastructure and 

respond accordingly. 

2 Report the damage condition of the 

road (select one). 

a. Normal Operation 

b. Complete Power 

Outage 

To identify the 

severity of damage/ 

damage assessment. 
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c. Irregular Power 

(Frequent outage) 

d. Low/High Voltage 

e. Short circuiting 

3 What hazard condition caused the 

damage (select all that apply). 

a. Heavy Rainfall 

b. Heavy Winds 

c. Landslide 

d. Flooding 

e. Ground Failure 

f. Accident 

To identify the 

hazard 

4 Are alternate routes available for 

use in the area (select one)? 

a. Yes 

b. No 

c. Don’t Know 

To identify and 

prioritize the level of 

action. 

Schema of the CRISTA Mobile App (draft).   
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3.2 CRISTA GIS Dashboard 

The CRISTA Dashboard is a geo-spatial database management, analysis and reporting tool 

developed in the ESRI ArcGIS platform for support in the collection, integration, presentation 

and decision-making process for critical infrastructure resilience in the project locations. The 

dashboard is a simple GUI tool, with several features for statistical and geo-spatial analysis of 

vulnerabilities and risks of critical infrastructures.  

The dashboard contains three layers of geo-spatial information as shown in the figure 7 below. 

Layer 1: Base Map (ESRI Base Map) 

Layer 2: Baseline Vulnerability Map for Road and Power Infrastructure (developed as part of 

Output 2 of this project) 

Layer 3: Point Data of real-time status of critical infrastructure (collected through mobile 

application from the field) 

The dashboard allows for the integration of the aforementioned three layers of information for 

risk assessment and monitoring of the infrastructure. Further geo-spatial analysis can also be 

done using the data and information available in the layers. 
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Figure 7: Geospatial layers in CRISTA Dashboard 

The screen shot in figure 8 below shows the overview of the CRISTA dashboard. The 

dashboard essentially has four major sections.  

1. Interactive Map: The interactive map in the center displays the base map, baseline 

vulnerability layer and the point data collected from the application. The map will 

provide the general overview of the status of critical infrastructures, geo-tagged points 

of damages or failures and analyzed data on the impacts. 

2. Reports/Complaints: This section provides an updated status of incoming reports from 

the mobile application that can be used to prioritize response actions. 

3. Report Statistics: This section provides the statistical outlook on the 

reports/complaints from the mobile application. Additional statistics will be included. 

4. Damage Statistics: This section provides the in-depth scenario analysis and statistics 

such as type of damage, hazard conditions, infrastructure damages etc. 

 

Figure 8: Screenshot of CRISTA Dashboard 
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The salient features available in the CRISTA dashboard are as follows. 

1. Real time data collection and display 

2. Understand the situation and extent of damages to critical infrastructure 

3. Overview and details of statistics such as number and type of damages, hazard 

conditions etc. 

4. Generation of report based on field observations, risk and damage assessment. 

5. Mapping and reporting of high value assets and other critical infrastructure. 

4 FURTHER ACTIONS 

The project team has achieved the desired milestone through the designing of CRISTA Mobile 

App, CRISTA Decision Dashboard, data integration and analysis. The team is coordinating 

with the Local government and partners to visit the field CRISTA App testing and capacity 

building of the end-user for the CRISTA Decision Dashboard. The following key tasks will be 

performed as Output 4 of the project. 

1. Field testing and calibration of CRISTA Mobile App, CRISTA Decision Dashboard. 

2. Development of CRISTA user manual. 

3. Capacity building training of end-users for effective pilot implementation of CRISTA 

Mobile App, CRISTA Decision Dashboard. 

4. Development of publicity and sensitization materials. 

5 CONCLUSION 

Infrastructure is broadly defined as a network of built components and processes that 

function synergistically to produce and distribute a reliable flow of goods and services. Climate 

risks to interdependent infrastructure systems, city agencies have used geospatial mapping 

techniques that show the exposure of infrastructure assets to climate. Climate adaptation 

planning by conducting vulnerability and risk assessments of infrastructure systems needs 

involvement of local government. Risk informed decision making is the key for effective 

disaster risk governance. The use of geo-spatial and information technologies is rapidly 

increasing to enhance good governance.  
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The CRISTA Mobile App and CRISTA Decision Dashboard built-up on these available 

tools and technologies for use in critical infrastructure resilience and disaster risk management. 

CRISTA integrates the top-down and bottom up approach to advocate the societal inclusion in 

the decision-making process. The co-design approach of the CRISTA ensures the engagement 

of the local government officials from administration and Critical infrastructure Sectors 

(Transportation and Electricity). The products function as an integration of society and 

technology, bridging the gaps and barriers faced by local governments in developing countries. 

More importantly, the products will enhance the participation of local communities in 

monitoring, risk assessment and mitigation, increase the efficiency of response actions by the 

local governments and authorities and reduce disasters risks owing to critical infrastructure 

failures. Continuing the dialogue with the local government and partners in Nepal and 

Bangladesh in the development process of CRISTA will not only sensitize the local 

government on risk management and governance, but also improve the community risk 

perception. Therefore, social transformation through systematic approach enhance the 

infrastructure resilience and certainly help local government for effective risk management.  


