N

N
N

HAL

open science

GIS Application for Economic Assessment of Direct
Disaster Losses

Dimitar Dimitrov, Georgi Penchev, Ekaterina Bogomilova

» To cite this version:

Dimitar Dimitrov, Georgi Penchev, Ekaterina Bogomilova. GIS Application for Economic Assessment
of Direct Disaster Losses. 2nd International Conference on Information Technology in Disaster Risk

Reduction (ITDRR), Oct 2017, Sofia, Bulgaria. pp.123-135, 10.1007/978-3-030-18293-9_11 .

02280319

HAL Id: hal-02280319
https://inria.hal.science/hal-02280319

Submitted on 6 Sep 2019

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution 4.0 International License


https://inria.hal.science/hal-02280319
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://hal.archives-ouvertes.fr

125

GIS Application for Economic Assessment of
Direct Disaster Losses

Dimitar Dimitrov, Georgi Penchev and Ekaterina Bogomilova

University of National and World Economy, 1700 Sofia, Bulgaria
dimdim@unwe.bg

Abstract. The article is aimed at presenting the proof-of-concept system for au-
tomated direct disaster losses, developed within a scientific project of University
of National and World Economy, Sofia. The idea behind the project was to create
a system that can be used by customers without expert knowledge on physical or
economic modeling of disaster effects. Thus alleviating the initial phases of dis-
aster planning in administration, providing raw picture of disaster threats. The
article describes in general conceptual and physical schemes of the system and
gives main requirements for data and GIS applications that can be used. The pro-
cess of developing such system shows that it is a complicated, but possible task.
The system is not production ready and it is implemented with one physical
model for floods. Nevertheless, the possibility to use and reuse the physical
model by automation of main model estimation phases gives opportunity for cre-
ation and assessment of different alternatives for disaster prevention and relief.

Keywords: GIS, Disaster Losses, Disaster Modeling.

1 Introduction

Under the conditions of increasing climate change, good resource management for the
protection of the population in disasters and accidents is becoming an even more up-
to-date topic. Decisions on the allocation of defense costs should be made after a thor-
ough analysis and public consultation.

At the same time, modeling and analysis of natural disasters, as well as construction
of appropriate defense facilities, are activities that require a considerable amount of
knowledge and experience. Such a level of expertise is difficult to ensure at all times,
especially at the regional and municipal level of the state administration.

In this connection, the importance of creating and using GIS applications with a high
degree of automation of the analysis process can be seen in all its stages - from physical
modeling to economic analysis of alternatives for prevention and management of the
consequences of natural disasters.

The purpose of this article is to present the possibilities of using GIS to standardize
and automate the economic analysis of disasters and accidents.

The paper explores the results of a project work carried out at the University of Na-
tional and World Economy to develop an integrated information system for economic
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analysis of the damage caused by natural disasters. The presented system is not a fin-
ished product ready for use but rather an example of proving the concept that it is pos-
sible to integrate and automate the analysis of prevention and the consequences of risk
events using modern GIS technologies.

2 Requirements to the System and Software Applications

Economic effects of disasters can generally be described as direct and indirect effects.

Direct damages may be inflicted on immovable assets and on stock (including final
goods, goods in process, raw materials, materials and spare parts). In essence, this
category consists of damage to assets that occurred right at the time of the actual
disaster. It may include the total or partial destruction of physical infrastructure,
buildings, installations, machinery, equipment, means of transportation and storage,
furniture, damage to farmland, irrigation works, reservoirs and the like. In the special
case of agriculture, the destruction of crops ready for harvest must also be valued and
included as direct damage.

Direct disaster losses refer to directly quantifiable losses such as the number of peo-
ple killed and the damage to buildings, infrastructure and natural resources.

Indirect disaster losses include declines in output or revenue, and impact on wellbe-
ing of people, and generally arise from disruptions to the flow of goods and services as
a result of a disaster. The definitions of these concepts may fundamentally differ
from one author to the other.

The proposed experimental integrated system focuses only on the determination of
direct losses from potential disasters and accidents. The identification of indirect losses
requires further analysis to determine the logistical connectivity between enterprises,
the state of the transport network, the state and factors affecting the demand and supply
of different products, the availability of substitute products, etc. Inclusion of a require-
ment for indirect cost analysis would lead to significant system complexity and the
implementation of multiple additional analytical actions.

In addition, the direct effects and economic losses are estimated only on the basis of
possible infrastructure damages.

The objective of accelerating and mitigating the work of the consumer analyzing the
effects of natural disasters can be achieved if the following requirements are met:

o usability — the ability of the user to easily identify the region of research, the main
characteristics of the terrain and the economic sites;

¢ standardization — using standards for information and protocols for the services pro-
vided. As a basis for these standards, those provided by Open Geospatial Consortium
(OGC)[1] were chosen;

e automation — automating as much of the economic assessment as possible, starting
with the choice of the region for evaluation, going through physical analysis and
predicting the impact of the natural disaster, to the application of the cost model for
economic evaluation of the affected sites;
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o the ability to use software and data with free licenses and free access. This require-
ment was established to protect against dependence on the software and the depend-
ence of company decisions, which is one of the EU requirements in such cases.

The idea behind the creation of the system is the use of a web interface. This provides
a number of advantages, such as simplifying the use of the system and significantly
better control and security. Moreover, the use of web-based systems is in line with the
established practice of leading countries, organizations and companies in this field.

2.1 Conceptual Model

Taking into account the fact that the disaster analysis system must have a high degree
of autonomy and independence, it can not rely on information from general or global
mapping systems. It is therefore necessary to set up a proprietary mapping and infor-
mation system.

Another significant argument to the system was taken into account here — the system
shall not only provide, but also analyze the user's requests with the highest possible
degree of automation. This in turn means that the basics of the model must be placed
in the “Methods and Analytical Applications” field in Fig. 1. In other words, the con-
ceptual scheme of the system shall be tailored to the selected analytical software and
from there compatible applications for visualization and presentation of the results shall
be sought.

User Interface

Geocoding and queries for

objects
Map and Tile[Servers 3
Vector Files A
- Methods and Analytical
Raster Files L
Applications
Data

Images

Fig. 1. Conceptual model of the integrated software system

Taking into account the system requirements described above, the GRASS GIS[2]
application was selected. This is one of the open source software applications devel-
oped for the longest time, by a vast community of designers, and is based on perhaps
the most powerful geographic software of general application — GDAL[3]. The GRASS



128

GIS application was originally developed by the U.S. Army Construction Engineering
Research Laboratories. There is hardly anything from the proprietary geographic soft-
ware that these two applications cannot accomplish. Most of the methods described in
the first stage of the study are implemented in GRAS GIS, and the rest can be imple-
mented by GDAL, or another application using this library.

For the analysis, we need to have vector, raster and photo (orthographic or georefer-
enced satellite or aerial images) data. The latter are not so important for the analysis
itself, but are important to the user who, by having them, can better navigate the re-
search area.

The data should cover the entire region of a given country and, if possible, the neigh-
boring countries (natural disasters are not limited by administrative boundaries). This
is a huge amount of information and its presentation is impossible unless multiple-level
maps are used. In popular geographic systems, this is called the zoom function, which
allows the illusion of zooming in and out of objects, through detailing and aggregation.
This feature is realized using the so-called Map Tile Servers. The use of tiles reflects
exactly what these apps do — split or summarize the map into smaller or larger, equal
in size to the visible tile region.

Mapnik[4], one of the most popular, fast and seriously developed open-source map
applications, was selected for the developed system. Mod Tile[5] was chosen as a Tile
Server for maps provided by Mapnik.

2.2 Geocoding and References

The installation and use of a map server do not exhaust the necessary services required
for system operation. The map server actually provides maps based on raster or vector
data in a photo format (usually png, jpeg, svg, or tiff) that are further stylized according
to a predefined color scheme for the terrain, forests, roads, and so on. There is no way
to perform search or interactive mapping in these formats. These two features require
two additional software applications.

For the needs of the model, the following specialized applications were selected:

e R [6], Shiny [7] and Shiny Server [8] — the software platform and the statistical lan-
guage R were chosen as a common software application management environment.
Shiny Server was selected as a server application to be used in Shiny Web environ-
ment and its associated R packets, which should provide visualization of the results;

e Nominatim [9] — server for geocoding and search of objects by name;

e OverPass API [10] — Application programming interface (API) to search by object
types.

The importance of such search for automating the analysis is obvious - the system
must be able to quickly and accurately identify all important objects and classify them
- for example, residential buildings, industrial buildings, shops, etc.
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2.3 Data Sources

Due to the fact that in Bulgaria there are practically no free available sources of
official geographic information, the following global sources were used.

Vector Files

The only publicly available global vector data is provided by OpenStreetMap. This
source uses “osm” format files based on the XML standard. Initially, information was
introduced by volunteers - businesses and individuals. Later, municipalities and whole
countries joined the system. Currently, most of the EU leading countries are to provide
all non-classified geographic data in “osm” format.

Raster Files

The GISCO portal of the European Commission (the Geographical Information Sys-
tem of the COmmission)[11] is installed on the EUROSTAT website and provides pub-
licly available information for the EU. For the purposes of this study, the files used are
in raster format - improved and extrapolated Digital Elevation Model from Landsat
capture with a resolution of about 27x27 meters of the tiff format cell for the EU mem-
ber states.

Other relevant data sources for physical disaster modeling can also be the INSPIRE
portal of the EC containing different environmental and geographic data of the EU
Member States as follows:

e US Geographic Survey (USGS)[12] geographic portals provide vast geo-spatial in-
formation across the Earth in the form of a variety of raster formats;

¢ Joint Research Centre European Soil Data Centre (ESDAC)[13] provides data in a
raster format about the soils on the entire land surface;

o the geo-referenced European Environment Agency's temperature database provides
significant information in different geographic file formats about temperatures,
winds, currents and pollution within the EU.

Information from the EU Copernicus Crisis Monitoring and Management Portal[14]
can be used as a source for verification of the applied models.

3 Working Process of the System

The logical sequence of the workflow of the system can be summarized in three main
stages - Select a region and create a physical disaster model, Determine losses, Analyze
alternatives for prevention.

The chosen physical model for analysis is a 1D flood pattern. There are two main
reasons for choosing this model.

First, the model only requires vector and raster data that can be provided by available
free sources - more complex disaster models require much more information, such as
soil type and humidity, afforestation, etc. that cannot be provided by free sources.
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Secondly, the application of the model can provide sufficient information to make
an economic assessment of the effects of the flood.

The use of more complex models for both floods and other types of disasters is pos-
sible if the necessary input geo-referenced information on their application is available.
The two major cartographic applications - Mapnik and Overpass API - allow the addi-
tion of supplementary information from third sources. The same applies to the platform
used for visualization and control — R.

The mathematical model of the flood falls into the so-called model type 1D hydro-
dynamic model(For full description of the model and its software application see Mar-
zocchi, R., etall (2013) [16]) and uses the following mathematical equations to describe
the physical model of the event.

The software model is embedded in the r.inund.fluv[15] application of GRASS GIS.

There are two input data for the model. Vector river and coastline data and raster
relief data — Digital Elevation Model (DEM) of the research region.

3.1  Selecting a Region and a Physical Model

Having a map of the area, the user should be able to choose a region for the event.
Therefore, a software application is required to work with the user (in the case of the
system — in the user's browser) to transmit to the server data about the region selected
by the client.

In the selected visualization and management framework, Shiny, and its associated
R packages, there is a clear separation between the user and server parts of the applica-
tions being developed. The R leaflet[17] package is used as a client software that allows
the user to interactively identify the region of interest.

In this case, the Draw function from the leaflet is used, which can draw a rectangle
encompassing that part of the map which the user is willing to explore. Fig. 2 shows
how the user can select a region.

Knikpeso

Fig. 2. Selection of a region by the user

Once the region is selected, its coordinates are transmitted to the server of the sys-
tem. Coordinates are used to submit a request to Overpass API to establish the rivers in
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the region. The result from the request is a vector file containing the river lines that is
visualized to the user in the way shown in Fig. 3.

Ml c N o N =+ N &

Fig. 3. Visualization of rivers in the region

Following user approval, the following actions are performed in the server part of

the system:

The region is “cut off” the DEM. As a result, a raster file with resolution 27x27
meters is produced with the size of the region. Due to model requirements, the file
is interpolated to a resolution of 3x3 meters;

Using the vector file for river lines, reference is made as to the height of the river
bed in the raster file of the region. Riverside lines of only the largest rivers are
mapped in available vector files. In order to make work easier for the user, the latter
will not have to “paint” the shore lines, but an automated coastal calculation is used
on the region's raster file using the build_chans() function of the R dynatop-
model[18].

Once the required input data is available, the model is implemented by r.inund.fluv
from GRASS GIS. The communication between R and GRASS GIS is performed
through the spgrass6[19] package from R.

The result of the model application is a raster file with the expected depth of the

flood. The file is visualized to the user as shown in Fig. 4.

3.2 ldentifying the Affected Infrastructure Sites

Once we have the flood raster file, it is possible to determine the scope of the flood and
thus to identify the affected sites. All objects in the region are established by sending a
request to the Overpass APl with the coordinates of the region. As a result of the re-
quest, we receive a file containing both the coordinates of the objects and information
about their type - road, building, type of building, etc. After vectoring the flood raster
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file, we can determine the overlay between the request file and the flood range. This
overlay shows us the affected objects.

(7. =D e =N I X ‘ _ A

Fig. 4. Results of the model application
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Fig. 5. Objects of the infrastructure in the flood range

The results are visualized to the user in the way shown in Fig. 5. The user already
has a list of objects that he can identify according to type and cost.

3.3  Determination of Direct Economic Losses

As stated above, the experimental integrated system focuses only on the determination
of direct losses from potential disasters and accidents.

The application of the physical flood pattern so far has allowed us to locate the flood
area and identify the affected sites. The next step is to determine direct losses as the
cost of recovering the affected sites.
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The first approach that can be used here is to determine costs by identifying the
intensity of impact of the event on an object and based on this to determine the recovery
costs.

This approach has been used by the US Federal Emergency Management Agency
(FEMA) to apply models for economic analysis of the consequences of natural disasters
in the software application HAZUS[20]. Based on detailed studies of the relationship
between flood intensity, on the one hand, and different materials, on the other hand,
tables are created to determine the consequences for the relevant sites. Based on a study
of average recovery rates for different types of objects, FEMA also sets the values for
expected recovery costs at given breakpoints. The intensity of the flood is determined
by the depth of the flood, the type of material and the type of the building site. The
damage functions dependencies are shown in Fig 6.

Conarete Masonry

num_story
1
Stes! Weod —

Flood Velocity (s)

Flood Depth (ffy

Fig. 6. Dependencies between flood depth, flood velocity and facilities materials

Having the raster file with water depth for each cell (file resolution has cell size 3x3
meters) and taking advantage of the FEMA damage functions for each site, it is possible
to determine the cost of flood damage recovery. In this case, they are available for use
in R through the hazus[21] package.

The second possible approach is the direct input of the expected cost of damage
recovery based on expert estimates or on the basis of an analysis of the damage from
previous events.

The third possible cost estimation option in the integrated system is the use of
landuse data from the European Commission's CORINE database[22]. In this geo-ref-
erenced database, 44 landuse categories were identified in a raster file with a resolution
of approximately 100x100 meters. CORINE landuse reference for the flood area is pre-
sented in Fig. 7.

If we have an average estimate of the recovery costs for each category, we can de-
termine the average expected costs for a category based on the flood intensity estimate
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for each cell of the raster file. Such an average estimate is possible in the integrated
system and is presented in Fig. 8.

Ml c R o : Nl

Fig. 7. Categories of affected areas according to CORINE geographic database

Show 19  fentries Search:

corine n min max range mean stddev varian cf_var sum first median third %90

1 2 32509 9.553419 06.99413  88.440711 56.179063 22.142309 38.242323 1140652343 99080.358478 41.676811 55.871981 72.970913 82.926816

2 12 59330 4.082396  80.405296 77.3229 37.127781 18.720241  13.091457 235411654  61683.717104 23.72973  35.865693 49.66171 60.37315

3 21 32412 1186694 65890033 65703339 27.692736 16.177847 16.722875 1203.116264 46268.293462 14.811953 26.60121 39.067633  48.034255

4 29 9421 1528795 15507687 14.978892 8.371898 4.266037 3.075667 270.823409  12075.254548 6.037447 8605558 10.871018  12.075183

Showing 1 to 5 of 5 entries Previous 1 Next

Fig. 8. Table of results on flood intensity broken down by categories of affected areas

The first column of the table presents the identification numbers of the CORINE
categories (2 - Discontinuous urban fabric, 12 — Non-irrigated arable land, 21 — Land
predominantly occupied by agriculture, 22 — Agro-forestry areas), the remaining col-
umns of the table present the intensity values, such as the number of affected cells, the
average depth of the flood, the mean and standard deviation of the flood depth for each
category.

Evaluating the three approaches to assess costs deployed in the integrated system,
we can see that the third approach requires the least time for assessment and is the most
inaccurate, the two more precise approaches require more time to be implemented, as
recovery costs need to be determined for the specific region (let us recall that the costs
used in the FEMA tables refer to the US regions).

3.4  Alternatives for Prevention and Protection — Dikes and Canals

In the experimental integrated system, another module for analysis was introduced - the
possibility of generating different alternatives for prevention and protection. In the case
of floods, this means changing the terrain in two possible directions - digging rivers or
building dikes.
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The change of the terrain is implemented in the basic version by selecting the river
line to be excavated and by marking the places for construction of dikes. Fig. 9 presents
these options.

Lo X o X = § = e
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Fig. 9. Setting prevention and protection measures

In the figure, a rectangle is used to help select the part of the river in which a canal
is to be dug, and by “drawing” lines the location of dikes to be built is determined. The
user has the opportunity to specify a certain width, as well as the depth / height of the
canals and dikes.

The lines of the resulting vector file of channels and / or dikes are buffered to the
required width by the rgeos[23] application of R. The resulting polygons are used to
establish a new overlay with the raster file. Altitude values for cells in the cross section
are increased or decreased by the desired value depending on whether they are channels
or dikes.

Once the region's DEM has been changed to the user's wishes, the entire workflow
of the system is performed again - from the application of the flood model to the damage
detection. In this way, the user can quickly identify and compare different prevention
and protection alternatives.

4 Conclusion

The presented experimental integrated system for assessing economic losses from dis-
asters and accidents largely fulfills the goal of facilitating user work by integrating ac-
tivities on modeling events, determining economic losses and identifying alternatives
to prevention and protection.

At the same time, the following features should be noted in the development of such
systems:

Firstly, the task of encompassing a large region within one country and implement-
ing the chosen model in any part of the region greatly complicates the system's opera-
tion and requires considerable effort to install and share complex server applications
using large volume and complexity of data.
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Secondly, freely available data on flood modeling is sufficient only for the simplest
models, with data for economic damage being most difficult to provide.

Last but not least, the development of a working integrated and automated system
for economic assessment of disasters and accidents requires previously agreed national
norms on the approaches, models and activities for disaster and accident assessment.
The availability of such guidance would lead to comparability and stability of the per-
formance of the system.

In the end, it can be stated that even if the results of the work of the proposed system
are not accurate with a detailed economic study of costs based on geodesic and geo-
physical exploration of potential disasters in a given region, the system provides the
opportunity for rapid comparison and evaluation across multiple regions, and focusing
efforts (further detailed research) on potentially the most dangerous of them.

The ability to reduce expert complexity by automating most of the analytical activi-
ties can bring the use of such systems closer to the lower regional and municipal levels
of administration, thus providing a cheaper and easier tool to support the rather difficult
budget decisions related to the prevention and protection of the population in case of
disasters and accidents.
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