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Abstract Nowadays, visual analytics dashboard for decision support system for disaster management is
very essential, as the frequency of several disasters is growing rapidly. It is very useful to take decision in
time-sensitive environment from diverse rapid data set. Thus, it is critical to reduce the overhead in data
integration and visualization for efficient decision making. Geographical map visualization can be an
effective solution in such environments by providing an integrated approach to extract, integrate, and view
diverse information. In this paper, an analytics dashboard has been developed for identifying and visualizing
risk zones and vulnerable areas before disaster has occurred. For this, rescuer will have more time to be
prepared and a better plan will be produced to rescue the people and reallocate them into safe areas.
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1 Introduction

A disaster is a serious disruption of the functioning of a community or a society involving widespread
human, material, economic, or environmental loss and impacts, which exceeds the ability of the affected
community or society to cope using its own resources. Disaster can be natural or even manmade. Floods
account for about one-third of all the geophysical hazards globally affecting a large number of people
compared to other natural calamities (Smith and Ward 1998). Some of the remarkable floods in history are
flooding in China in the years 1931 and 1938 in Yellow River, 1974 flood of Bangladesh and flooding in
Myanmar from cyclone Nargis in 2008, and so on. The International Flood Network indicates that from
1995 to 2004, natural disasters caused 471,000 fatalities worldwide and economic losses totalling
approximately $49 billion USD, out of which approximately 20% of the fatalities and 33% of the economic
damages were contributed to floods alone. Flooding claims more than 20,000 lives per year over the globe
and adversely affects 140 million people on average each year (Smith 1997) (WDR 2003 and WDR 2004).
According to the United Nations World Water Development Report 2, India and its subcontinent are mostly
affected by flood and about 83% of all the flood-related disasters occur in Asia. According to the Inter-
national Disaster Database (EM-DAT), since the year 1900, a total of 143 floods have occurred in India with
more than 300 million affected people. More recent flood-related disasters in India were 2013 North-India
flood which resulted in the death of more than 5700 people and 2015 Chennai flood took more than 500 lives
and 1.8 million displaced. Adhikari et al. (2010) have made a compilation of flood-related disasters which
have occurred between 1998 and 2010 according to year of occurrence, duration, severity, causes, and
location.
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Eastern region of India is mostly affected by flood, in particular, West Bengal, Orissa, Bihar, and Assam.
The state of Orissa in the eastern coast can be cited as an example, where a large number of severe and
devastating floods, endangering both life and property have been recorded (Parthi et al. 2012). Similar parts
of Eastern India, including the subject of our case study Kolkata Municipal Development Area (KMDA),
have experienced several severe floods causing huge damages to life and property.

Though it is impossible to prevent disasters completely, but necessary preparedness, planning and
effective response would mitigate the loss of lives, property damages, and sufferings. To develop better
planning and provide a better service at emergency situations, a platform is in need which incorporates all
the necessary information from different sources and represents pictorially the current situation to the end
user for better understanding. The disaster management organizations handle massive data sets every day
from different sources. These data cannot be interpreted through naked eyes, but to take better and efficient
decision and rapid assessment of the disaster situation, interpretation of the bulk size data set is required.
The idea of visual data exploration is to present the data in some visual formats, allowing the user to gain
insight into the data, draw conclusions in proficient way during preparation, planning, and response phase of
the disaster management.

Researchers have made numerous studies on visualization system for disaster situation from several
aspects. Some of the indispensable studies are Kemec et al. (2009), Liu (2009), Gajdoš and Radecký (2009),
Ma et al. (2012), Lu et al. (2015), Xie et al. (2016), Cerutti et al. (2016), Li et al. (2016), and Li et al.
(2017a, b) which create a major impact in this area. The studies mentioned above are mainly used to
improve situational awareness and surveillance purposes in disaster situations without considering the socio-
economic parameters which are the most important parts to identify vulnerable and risk zones. In this article,
a decision support system for flood is developed to predict the risk of the areas using vulnerability and
hazard. It will help the disaster organization to identify the most vulnerable region even before a flood can
occur and they will get reasonable time to prepare and produce a plan to mitigate the effect of flood.
Vulnerability and hazards are derived from flood prediction model of Manna (2016). The vulnerability is
defined using several socio-economic parameters, and hazard is calculated using inundation depth, river-
water-level data, and predicted rainfall.

The objective of our study is threefold: categorizing the municipalities into household, industrial,
commercial, and mixed types; showing predicted rainfall for each municipality on a particular day; and
segregating the municipalities in various risk zones depending upon the risk calculated using hazard and
vulnerability and display temp in geo-spatial map. The proposed methods showed positive results in the
identification of areas affected by the flood at regional scale.

The rest of this paper is organized as follows. Section 2 focuses on different studies carried out on
visualization for disaster management. Section 3 illustrates system design and databases that include vor-
onoi polygon formulation, database description, risk scale, and detailed design of the proposed system.
Section 4 discusses results and Section 5 concludes with limitations and future scope of the study.

2 Related study

Plenty of researches have been carried out on data visualization for disaster management in several aspects,
some of which are discussed here.

2.1 Disaster management

(Kemec et al. 2009) offered a 3D visualization for disaster management with the help of a rule-based model
to explore the relationships between the types and levels of disaster. These, in turn, helped in achieving
interoperability by integrating the semantic and geometric information into a single model using the levels
of detail. In another study by (Ma et al. 2012), the approaches of disaster data management and disaster
information expression are described with the help of 3D GIS. The authors proposed a novel method to
manage disaster data in integrated environment taking account of the multi-score, multi-scale, and other
features of disaster data. The ways about how to express the various kinds of disaster data were also
explained in this study.

Based on the concept of disaster risk triangle (hazard, vulnerability, and exposure), a comprehensive
analysis using Urban Flood Simulation Model and Urban Flood Damage Assessment Model is proposed for
urban flood risk analysis by Li et al. (2016), and Xie et al. (2016) have presented a novel web browser-based
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interactive visualization tool for rapid tsunami evacuation planning. The interface loaded with simulated
route-schedule flow data for visual analysis allows users to explore the spatio-temporal evolvement of an
evacuation process with a dynamic map. The interface also supports multiple filtering and summary
interaction including filtering the roads by their utilization efficiency and summarizing the congested roads
during evacuation. The multiple linked views as well as some diagrams examine the evacuation efficiency
and verify evacuation schedules. The proposed tool also supports dynamic evacuation parameter settings for
making the evacuation strategies and optimizing decision making. The disaster managers and domain
experts conducted case study on the possible tsunami evacuation events. This paper received encouraging
remarks on usability and performance. Li et al. (2017a) have proposed a visual analytics method to analyze
flood risk in cultural heritage from various aspects, including expected flood peak flow, flood propagation,
flood impact, and vulnerability. The proposed method can also provide multiple information from numerous
scales, containing the basin, site, multi-cave, and single-cave scale levels. The amalgamation of the visu-
alization techniques enables the proposed method to support decision makers to make decisions with respect
to extenuation measures.

Lu et al. (2015) have explored the underlying trends in positive and negative sentiments in context of
disasters and geographically related sentiment. A visual analytics framework for sentiment visualization of
geo-located Twitter data has been proposed in this study. The proposed framework comprises of two
components with the first one being sentiment modelling and the second one being geographic visualization.
In particular, the authors have devised an entropy-based metric for modelling of the sentiment hidden in
social media data. With the investigation of the extracted sentiment, a visualization framework has been
further explored for finding out the uncertainty of public opinion. The authors have validated their model
with Ebola Twitter data set, which explores the methodology that how the visual analytics techniques and
sentiment modelling can reveal interesting patterns in disaster scenarios. Cerutti et al. (2016) have used geo-
referenced tweets to define the geo-spatial footmark of a flood event. After cleaning the data, density-based
clustering, distance-bounded spatio-temporal event clustering, and data-driven territory tessellation tech-
niques were applied. Visual analysis was used to define the combination of the best parameters. A com-
parison between the results and ground-truth data was performed. The proposed methods showed positive
results in identification of the areas affected by flood at regional scale. Li et al. (2017b) have developed data-
driven disaster management using advanced data collection and analysis techniques to achieve more
effectiveness and responsiveness. In this study, they have developed methods that help users to understand
the situation reports and improve situation awareness; to present the intelligent information delivery
techniques for effectively supporting users’ information needs; and to discuss how the techniques developed
in data mining and machine learning are leveraged to improve the effectiveness of the disaster management
systems.

2.2 Visualization Systems

To cope with the hydro-related issues such as flood, quality of the air and water, soil erosion, and ecology
(Gajdoš and Radecký 2009) designed a platform-independent prototype of an open modular system of
environmental risk model, based on internet technologies with the aim to predict hydrographs and flood
lakes in real time. The devised system has an online communicational interface to interact with the system
for resolution of crisis, interoperability, and usability issues. Another solution for the data-visualization
problem has been proposed by (Gupta et al. 2010) who developed a geo-spatial-programmed application
with demonstrative power for management of crisis and disaster. (Malik et al. 2011) have developed a visual
analytics system to analyze historic response operations and assess the potential risks in the maritime
environment associated with the hypothetical allocation of Coast Guard resources. The system includes
linked views and interactive displays that enable the analysis of trends, patterns, and anomalies among the
U.S. Coast Guard search and rescue operations and their associated sorties. The developed system allows
users to determine the potential change in risks associated with closing certain stations in terms of response
time, potential lives, and property loss and provides optimal direction as to the nearest available station.

3 Visual data analytics—system design and related database

This paper limits its study to the pre-disaster phase with respect to flood occurrences. It should be noted that
risk assessment of a specific area is an important tool in flood disaster management. A critical study on
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historic flood events would reveal that a majority of the floods in the Eastern parts of India are due to
contribution from downstream uncontrolled catchment beyond the reservoir. Precipitation in an area has
perhaps the strongest and direct impact on the flood proneness of that area. It is to be assumed that a certain
number of rain-gauge stations have been physically installed at different locations (the same as municipality
locations) covering the entire landscape of the area under study. Subsequently, the entire region of the study
can be demarcated into as many number of voronoi polygons (Supriya et al. 2015) as the number of rain-
gauge stations. Each such polygon would encompass only a single location of the rain-gauge station placed.
The following sub-sections describe voronoi polygon formulation, database description, risk scale assess-
ment, and detailed design of the proposed system.

3.1 Voronoi polygon formulation

In this study, the area (area under KMDA) is sub-divided by voronoi polygons (Aurenhammer and Klein
2000) as voronoi polygons are useful in dividing regions into sub-regions. The geographical points con-
sidered in this study depict rain-gauge stations which are useful for collecting rainfall measurement;
however, it cannot be possible that only a particular point is engulfed with rainfall. There always be a
surrounding region to each and every point, where ‘‘rain’’ can happen. In addition, rain-gauge stations are
able to measure rainfall of surrounding areas. Therefore, voronoi polygons are used to demarcate the
surrounding region of a rain-gauge station.

The voronoi polygons are generated using ‘‘sweep-line’’ algorithm (Fortune 1987). This method suggests
drawing a sweep line below the agglomeration of points of location of the sites. A parabolic arc is drawn
around each site, as shown in Fig. 1a. The edges of the polygons are extended through the points of
intersection between the arcs encompassing the sites (Fig. 1b). The position of the beach line (dotted) is
indicative of the minimum of the parabolas defined by sites above the sweep line and the sweep line itself,
thus separating the known and unknown parts of the voronoi diagram. The red points of intersection between
the parabolic arcs represent the break points in the beach line, which move and trace out the voronoi edges
(Fig. 1c). Break points are defined by two sites and the sweep line. The sweep line and the beach lines
change continuously whenever a new location or site is augmented to the region of study, and whenever the
sweep line reaches a new site, a new parabola starts (Fig. 1d). Furthermore, two new break points appear on
the beach line and a new voronoi edge is created, suggesting another voronoi polygon (De Berg et al. 2008;
Dobrin 2005).

3.2 Database description

This study requires few databases, and the description of which is given below.
Rainfall data set: This data set contains the predicted rainfall amount on a daily basis for the months of

June, July, August, and September across the 2016 using the historical rainfall data set.
River-water-level data set: The data set consists of the river-water level corresponding to the river

basin surrounding each of the districts under KMDA and the municipalities. The data set contains water-
level data for the monsoon season in India [with special reference to The Flood in September (2000a, b):
Ref. PIL No. WP No. 113(W) of 2001—by The Committee of Experts constituted by the Hon’ble High
Court, Calcutta].

Geographical attributes data set: This data set contains the data related to the geographical attributes
with respect to the river basin surrounding the individual districts and municipalities. The data set consists of
several variables which are used to calculate the probability of flood occurrence for the areas under
consideration (with special reference to The Flood in September (2000): Ref. PIL No. WP No. 113(W) of
2001—by The Committee of Experts constituted by the Hon’ble High Court, Calcutta).

Socio-economic data set: The data set involves the data about the parameters for hazard and vulner-
ability estimation with respect to each of the locations (in our case locations are municipalities). The type of
area has been identified by the dominant socio-activity in each of the municipalities. The real-life data
pertaining to the parameters influencing the vulnerability due to flood occurrence in the region of case study
have been taken from source representative of the districts under the KMDA areas. The corresponding data
have been taken for Hooghly district, Howrah district, Nadia district, North 24 Parganas district, and South
24 Parganas district from the report, which have been published by the HRDCC, Department of Planning
and Development, Government of West Bengal.
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Rainfall Classification data set: The data set contains the qualitative classification of rainfall. The
rainfall forecast magnitudes fall into various segments on the basis of predicted values of the rainfall data for
a municipality for a given date (www.imdkolkata.gov.in).

Predicted rainfall index ¼

0mm No Rain

� 2:4mm Very Light Rain

[ 2:4mm & � 7:5mm Light Rain

[ 7:5mm & � 35:5mm Moderate Rain

[ 35:5mm Rather Heavy Rain

8
>>>><

>>>>:

9
>>>>=

>>>>;

Geographical information data set: This data set is a shape file which contains the geographical infor-
mation about all the states of India and further all the districts of each state. These geographical data help to
construct the outline of West Bengal along with each of its districts (www.gadm.org).

3.3 Flood Risk—Assessment and Scale

Risk analysis provides an estimation of the degree of interaction between society and the environment at the
point, where hazards due to the disaster (flood, in this case) unfold. Hence, its assessment can be based upon
the following expression:

Risk = Hazard � Vulnerability:

The measure of risk for each unit location in each of the voronoi polygons would be scaled uniformly
into formation of a risk index, common to any location in the jurisdiction of this study. Thereafter, any
location can be subjected to risk when flood occurs. The risk can be estimated based on the range in the risk
scale under which the risk index of the location would fall. The methodology applied for formulating the
risk scale is explained in the following sections.

3.3.1 Hazard assessment

The forecasted amount of rainfall in the sample location is recorded as a parameter. Runoff of the excess
water onto the floodplain can be attributed to the excess overflow from river basin (river-water discharge)

Fig. 1 Different phases of voronoi polygon formation

An analytic dashboard visualization for flood decision support system

http://www.imdkolkata.gov.in
http://www.gadm.org


and to the excess water flow caused due to dam overtopping. This estimated value of runoff along with the
forecasted rainfall amount in the unit location act as parameters in determining the inundation depth due to
flood in the unit location of study. This inundation depth acts as a primary factor in determining the
probability of flood in the location (Manna 2016).

Probability of flood occurrence = Pflood ¼
Idepth

Idepthþa:htf
Idepth [ 0

0 Idepth � 0

� �

Here, Idepth denotes the inundation depth which, in turn, is dependent upon forecasted rainfall amount
and the excess runoff measure, htf denotes the threshold flood gate of the location, and a is a constant which
is to be attributed specific to the location under study (we have considered a = 1 in this study).

Expected hazard level of an area is evaluated in accordance with the hazard index which is obtained by
fixing certain intervals of flood occurrence probability which, in turn, is directly influenced by the inun-
dation depth. The hazard assessment associated with the chances of flood occurrence is a function of Pflood.
As Pflood reaches a certain range of values, the corresponding hazard index formulates to a certain constant
factor measure (Manna 2016):

Hazard ¼

0

1
2
3

4

Idepth � 0

0\Idepth\0:25a:htf

0:25a:htf � Idepth\0:5a:htf

0:5a:htf � Idepth\0:75a:htf

Idepth � 0:75a:htf

8
>>>>><

>>>>>:

:

The individual thresholds indicated above suggest the fact that for values of Pflood between 0 and 0.2
(20%), the hazard index is 1. For values of Pflood between 0.2 (20) and 0.33 (33.33%), the hazard index is 2.
For values of Pflood between 0.33 (33.33) and 0.4286 (42.86%), the hazard index is 3. For values of Pflood

greater than 0.4286 (42.86%), the hazard index is 4. This hazard index, when multiplied by the vulnerability
measure, would give an assessment of the risk associated with the flood (Cancado et al. 2008).

3.3.2 Vulnerability Assessment

The measure of vulnerability due to the occurrence of flood can be estimated through the specific parameters
that form a part of the socio-economic set of elements. Vulnerability assessment can have three special-
izations, namely, vulnerability to life (VLife), vulnerability to property (VProperty), and vulnerability to the
area (VArea) as a whole. The assessment of the first specialized category, i.e., VLife in a unit location due to
flood, depends on major attributes like forecasted rainfall amount and number of flood-prone sites in the
vicinity of the current location. VProperty denotes the chances of property and assets of the people and the unit
location as a whole to be affected by the flood. VArea is inversely proportional to the awareness expected to
be created around the most hazardous locations during flood.

Vulnerability to the Life: The illustrative expression for assessing the vulnerability of flood to life
specified as (Manna 2016)

VLife ¼ x1 � Ri þ x2:Fp þ x3 �
Up

PA

þ x4 �
OA þ NC þ NH þ LI � LA

PA

þ x5 � EC þ CC þ HC þ SC þ Hp

� �
� �

� EAð Þ; ðiÞ

where
Ri: spatially interpolated rainfall amount in respect of the unit location
Fp: no. of flood-prone sites in the proximity
Up: unemployment (no. per 1000)
PA: population/area measure
OA: no. of people above 70 years of age/1000 people
NC: non-car ownership
NH: fraction of population with no shelter
LI: no. of people who are victims of long-term illness/1000 people
LA: Life Insurance Availability (no. per 1000)
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EC: no. of electrical connections
CC: no. of community centres
HC: no. of health centres
SC: no. of schools
Hp: no. of hospitals
EA: dominant economic activity
Vulnerability to the Property: The illustrative expression for assessing the vulnerability of flood to

property may be specified as (Manna 2016)

VProperty ¼ y1 � Ri þ y2 �
Os þ Gs

PA

� y3 �
Pi

PA

þ y4 � Tc þWcð Þ
� �

� EAð Þ; ðiiÞ

where
Ri: spatially interpolated rainfall amount in respect of the unit location
Os: no. of owned structures
Gs: no. of govt. structures
Pi: Property Insurance Availability (no. per 1000)
PA: Population/area measure
Tc: no. of telephone connections
Wc: no. of water supply connections
EA: dominant economic activity
Vulnerability to the area: the illustrative expression for assessing the vulnerability of flood to the

location may be specified as (Manna 2016)

VArea ¼
1

NM þ NTVð ÞPAf gz1 ; ðiiiÞ

where
NM: no. of mobile phones/1000 people
NTV: no. of televisions/radios per 1000 people
PA: population/area measure.
In Eqs. (i), (ii), and (iii), any parametric variable of the form Q indicates the ratio:

Actual value of the parameter

Maximum value of the parameter for all unit locations
:

In Eq. (i), x1–x5, in Eq. (ii), y1–y4, and in Eq. (iii), z1 are the weights to the different parameters.
Each of these vulnerabilities is calculated on the basis of the data provided in the database. The total

vulnerability measure of the unit location can thus be assessed by the summation of the three components of
vulnerability explained in the previous sections:

Vulnerability ¼ x � VLife þ y � VProperty þ z � VAwareness;

where the constants x, y, and z represent area weights with respect to each of the three components of
vulnerability. In this study, all area weights have been considered equal to one.

3.3.3 Risk Scale

For the formulation of a risk scale, every risk value corresponding to every municipality encompassing the
region of study needs to be brought down to a uniform risk index, the value of which ranges from 0 to 1.
Furthermore, the risk index corresponding to the polygon, denoted by Rpg, can be evaluated as
Rpg ¼ Rp�Rmin

Rmax�Rmin
, where Rpg is the scaled risk value for a particular polygon (municipality), Rp is the actual

assessed risk for a particular polygon, and Rmax and Rmin are the maximum and the minimum of all assessed
risk values, respectively. The risk index measures of every location or polygon may follow any statistical
distribution. Hence, it is expected that there exist certain quartile values such as the upper quartile, Q3, lower
quartile, Q1, and the median, Q2, of the particular distribution (Fig. 2). With respect to the allocation of
degree of risk under which each unit location is expected to lie, it is worth noting that the distribution of the
risk index would definitely follow a positively skewed distribution. This is in cognizance with the fact that
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the number of unit locations that would fall in the lower risk zone would be more than the number of
locations that would entail very high risk.

This study proposes six zones of risk category under which the unit locations can be allotted, namely,
very low-risk zone, low-risk zone, moderately low-risk zone, medium-risk zone, high-risk zone, and very
high-risk zone. The specific risk zones are shown in Fig. 2 in the form of a box plot and it is used as risk
scale of the proposed system. Each and every location is being coloured according to the category the
location falls into, corresponding to the values of their risk index. The higher whisker is marked at a value of
½Q3 þ 1:5� IQR�, while the lower whisker is marked at a value of ½Q1 � 1:5� IQR�, where IQR indicates
the inter-quartile range of values of risk index. If any risk index corresponding to any particular unit location
equals or goes beyond any of the values corresponding to the two whiskers, they are termed outliers. These
locations would lie in the zone of the highest risk or the lowest risk accordingly. The locations under the
highest risk zone would invariably entail the highest priority from the point of view of relief distribution
planning or setting up of warehouse locations in anticipation of flood event.

3.4 System design: a schematic diagram

A schematic diagram, shown in Fig. 3, represents the overall design of the system. There are five data sets:
geographical attributes, rainfall data set, socio-economic data set, spatial data set, and water-level data set.
The grey boxes represent the databases holding these data sets. Associated with the databases, there are
corresponding arrows leading to some white boxes. While an arrow basically propagates the effects of
applying some processes or operations on the data sets on its left end, the white box at the right end of the
arrow holds the results of the operations. For example, a grey box containing the ‘‘Rainfall Dataset’’ has the
correspondence with the white box holding ‘‘Forecasted Rainfall Amount’’ with an arrow in-between in the
direction from the former to the latter. As some forecasting operations have been applied on the rainfall data
set, the arrow is basically carrying the effect of the operation from the grey box to white box resulting in a
forecasted rainfall amount (2016 in this case). The amount of forecasted rainfall together with the geo-
graphical attributes produces the prediction of probability of flood occurrence. In the diagram, there are
other sets of arrows existing between two or more white boxes. In this case, arrows coming from the white
boxes transfer their cumulative effects to the resultant white box. The ‘‘Socio-economic Dataset’’ and the
forecasted amount of rainfall jointly estimate the degree of vulnerability. In addition, the historical data set
of water level corresponding to the river basin surrounding each of the districts under KMDA and the
municipalities has been forecasted for the year 2016 from river-water-level data set. Similarly, ‘‘Risk Index’’
is a result that has been found by combining the results ‘‘Predicted Probability of flood occurrence’’,
‘‘Estimation of Vulnerability’’, and ‘‘Forecasted Water Level’’. Therefore, three arrows from the three
mentioned results are merged and ended to ‘‘Risk Index’’. Finally, the ‘‘Final Dashboard’’ is made using
both ‘‘Risk Index’’ and ‘‘Voronoi Polygon’’. In addition, six categories have been formed according to the
different ranges of the risk index, which has further been used to demarcate the regions according to their
severity level. This would help to prioritize the regions in the post-disaster phase towards supply chain
management.

Finally, the ‘‘Spatial Dataset’’ is used to produce the voronoi diagram on the regions considered.
It consists of latitudes and longitudes of all the regions and also the geographical information about all the
states of India along with all the districts of each state. These geographical data are used to construct the
outline of West Bengal along with each of its districts. As a voronoi diagram is actually unbounded,
therefore, a boundary for the whole voronoi diagram has been established by merging the computed voronoi

Fig. 2 Box plot on the quartiles of the risk index values
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with the geographical outline. Finally, the overall visualization and the respective dashboard are made
taking all the above results.

4 Case study

The primary task is to form a digital map of West Bengal state of India demarcating all the districts. This is
called a base map. Data in the form of shape file are needed to plot the outline of the state and its districts
and are taken from geographical information. After completion of this step, voronoi polygons are over-
lapped with the base map. Each polygon of voronoi diagram embedded map is further sub-divided into four
types of unit areas, namely, industrial, commercial, household, and mixed. Predicted rainfall in all 47
voronoi polygons on a particular day is represented using different colour codes to get an estimate of the
areas having the maximum amount of rainfall and thus are more susceptible to flood. Risk levels of each
polygon as a cumulative sum of all risk factors affecting the various unit locations in that given polygon is
calculated. These risk levels are brought down to a uniform risk index, lying in the range 0–1. Colour codes
are used for different risk indices and these polygons are highlighted using these colours to showcase the
regions with varying levels of flood risk assessment. Risk variation plots for the next 7 days (from the date
entered) have been plotted for all the municipalities under this study. Risk and vulnerability histograms for
all municipalities (rain-gauge stations) are plotted to have an overview of the imminent flood danger.

The map of West Bengal has been constructed using the Leaflet package in R (Fig. 4a). The package
makes it easy to integrate and control Leaflet maps in R. Features of this package include creating base

Fig. 3 Schematic diagram of the proposed system
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geographical maps with interactive panning/zooming. Maps can be composed using arbitrary combinations
of map tiles, markers, polygons, lines, popups, geojson, colours, and legend functions. Moreover, maps can
be created right from the R console. Leaflet maps can be easily embedded in Shiny apps. It is easily
render spatial objects from the sp package, or data frames with latitude/longitude columns on these maps.
Knowledge of the exact positions of places on the map through latitude and longitude helps in creating
desired popups, labels, markers, etc. To plot the boundary of West Bengal and its districts, data are required
in the form of shape file which is taken from GADM database of Global Administrative Areas. GADM is a
spatial database of the location of the world’s administrative areas (or administrative boundaries) for use
in GIS and similar software. Administrative areas in this database are countries and lower level subdivisions
such as provinces, departments, districts. After getting the base map, all the 47 municipalities are plot on the
map using latitude and longitude and represent them as black dots (Fig. 4b). A voronoi polygon is over-
lapped with the base map constructed earlier using Leaflet package (Fig. 4c).

Each polygon of voronoi diagram is embedded on the map and further sub-divided these polygons into
four primary types of unit areas, namely, industrial, commercial, household, and mixed (Fig. 5a). Polygons
can be randomly selected for assessing its flood proneness and corresponding risk involved. Predicted
rainfall in all 47 (as the total number of municipalities is 47) voronoi polygons on a particular day is
represented (Fig. 5b) using different colour codes to get an estimate of the areas getting the maximum
amount of rainfall and thus are more susceptible to flood. Risk levels of each polygon as a cumulative sum
of all risk factors affecting the various unit locations in that given polygon is calculated. These risk levels
are map to a uniform risk index, lying in the range 0–1. Colour codes are used for different risk indices and
these polygons are highlighted using these colours to showcase the regions with varying levels of flood risk
assessment (Fig. 5c).

Fig. 4 Snapshot of base map of West Bengal (a), b and different municipalities under KMDA area pointed out with black dots
and c formation of voronoi diagram on the map

Fig. 5 a Pointed out different types of areas with different colour codes, b predicted rainfall on 3rd September 2016 on
different polygons and flood risk of different polygons on that particular day
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Risk variation plots for the next 7 days (from the date entered) have been plotted for all the munici-
palities under our study (Fig. 6). Risk and vulnerability histograms for all municipalities are plotted (Fig. 7)
to have an overview of the imminent flood danger. The immediate inference that can be drawn from such a
prediction of flood risk in the unit locations involves the planning process ahead of the impending monsoon
season. In terms of allocating resources for relief distribution of setting up of necessary shelters as part of the
disaster management scheme, the effective measures in the pre-disaster phase need to be implemented in the
most vulnerable and critical of the locations. In other words, the municipalities or the districts on the larger
front which are predicted to lie in the very high-risk zone and the high-risk zone would eventually be in the
hit list for immediate action in terms of preparedness for disaster management. The priority for relief
distribution and pre-disaster planning should also be done keeping in cognizance the risk zones under which
each of the municipalities is predicted to fall over a given period in the impending monsoon season.

5 Qualitative evaluation of the proposed system

The decision support system proposed in this paper is developed keeping in mind in and around Kolkata
region, although it is not a flood-prone area, but definitely has severe water logging problem. The system is
based on the needs of experts comprising of different government officials from various relevant depart-
ments of Government of West Bengal, India. The experts participate in the evaluation of our proposed
analytics dashboard as well.

The first step was to present our visual analytics dashboard to the experts for their assessment. There-
after, they have evaluated the developed system from several aspects such as graphical representation,
interactiveness, user-friendly, functionality, and support towards decision making. According to them, all

Fig. 6 Risk variation plot for a particular municipality for consecutive 7 days starting from 3rd September 2016

Fig. 7 Histogram of a total vulnerability versus frequency and b total risk versus frequency on 3rd September 2016
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visualization tools in the dashboard are suitable and logical to flood-related scenarios. Moreover, the experts
considered this proposed system to be beneficial for risk analysis and decision making at the time of flood. A
few recommendations were, for example, (i) the visual design should be improved, so that it looks more
interactive and more effective for user understandability; (ii) the system must have some real-time moni-
toring ability, so that it can help the responder to provide a clear view of the situation in emergency; (iii)
some functions should be added for post-disaster situations such as shelter allocation and relief distribution,
etc., which might help to configure rescue, reallocation, and relief distribution plan and act as a compre-
hensive support system for flood disaster. Moreover, the officials have suggested to carefully look into the
technical matters during real-life deployment of the system.

In summary, as envisaged by the experts, the proposed dashboard visualization is a systematic and
integrated system that can aid the government by predicting flood in advance and finding out vulnerable
areas before the actual occurrence. Through the proper use of the proposed system, the effect of the flood
can be mitigated to a great extent through proper planning and preparation.

6 Conclusion and future scope

The study has been presented with the view that the proposed models for rainfall forecasting, flood pre-
diction, and flood risk assessment are due for validation and further analysis. The rainfall pattern of any area
is a primary component in the field of flood prediction. The inundation depth is a function of various
parameters including rainfall pattern. Inundation depth, in turn, decides the risk index of a given area. The
subsequent river-water levels and river-water flow discharge vary with significant amount of uncertainty.
The phenomenon of dam or reservoir overtopping is also probabilistic in its measure. All of these
parameters are help to determine flood proneness of a unit location. The study is based on the rainfall history
of five districts in West Bengal comprising of 47 municipalities. Each municipality has one rain-gauge
station from where the rainfall data are collected. This article proposes to form subdivisions of the entire
region under study using voronoi diagrams, where each subdivision is the representative of a site of rain-
gauge station. It is assumed that one rain-gauge station is sufficient enough to capture all rainfall patterns in
that voronoi region. It may not be true every time, for example, if the geography of the region cut by the
voronoi diagram is wide-ranging. Thus, it forms a big barrier in generalizing this study for regions that have
wide landscapes, making it necessary to study the efficacy of the voronoi tessellation methods for various
landscapes. We must note that the risk indices of a majority of locations will be near to zero, because the
number of locations in the low risk zone will be more than the number of locations in the high-risk zone. In
cognizance with the above fact, it can be observed that risk index plot for consecutive 7 days shows a risk
value of zero for most of the municipalities under study. Any other index to segregate flood-prone areas can
also be studied.

On a separate note, the proposed system reduces the data integration overhead through geo-visualization.
In emergency situation, huge amount of spatial and temporal data is generated from diverse sources.
Interpretation of these bulk data in an efficient manner is not possible through developing charts or tables or
static maps as they have limited exploratory capabilities, and therefore, the decisions can be delayed. Our
developed system emphasizes knowledge construction over knowledge storage through communication of
geo-spatial information, combines it with other databases, and creates a dynamic environment which helps
in decision-making faster. Geo-visualization allows for more interactive maps, including the ability to
explore different layers of the map, to zoom in or out, and to change the visual appearance of the map,
usually on a computer display.

As a part of future research, the proposed system needs some improvement. Real-time-based variations
of risk levels in a given municipality can be incorporated to give the dashboard a more interactive and
appealing look. Dynamic dashboard visualization can also be done using D3.js, Javascript, CSS and
Bootstrap. Since Javascript forms the basis of any visualization technique, it would, therefore, be better to
integrate Shiny R and Javascript for a better display. This proposed system of dashboard visualization of
voronoi segregated maps can also be applied to study crop patterns in various regions. The methodology to
calculate risk indices using the concepts of hazard and vulnerability can be extended to study the suitability
of a crop in a given region. Of course, the metrics and mathematical/statistical methods to calculate these
indices would not be the same, but any study in this field will be benefitted from the proposed method
discussed in this paper. The risk indices also might help in prioritizing post-flood rescue and relief operation
to the high-risk zones in terms of shelter location, establishing central depot, transportation logistics, and
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evacuation plan. Map visualization of these critical locations through various colour codes might help in
demarcating them and preferential treatment is given to these areas.
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