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This paper presents a methodology of data conversion from GIS to urban area models which are
used for the numerical simulations of natural disasters. The key point of the methodology is the
use of intermediate data, i.e., GIS is converted to the intermediate data from which the models
are constructed. Two kinds of intermediate data are developed, and they are converted to
models for non-linear seismic response analysis and for flood and volcano eruption simulations.
The robustness of the data conversion is examined, and commercial GIS is successfully converted
to urban area models for earthquake, flood and volcano eruption simulations.
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1. Introduction

It is of primary importance to improve the pre-

paredness for natural disasters in urban areas, since
these area are changing rapidly; for instance, declining

birth rate alters the demographic composition, infor-

mation revolution results in greater interdependen-

cies among infrastructures and industries. Most of

conventional prediction methods for natural disasters

are based on statics analysis of past event data, and

hence the prediction of natural disasters which can

take place in such rapidly changing urban areas may

be beyond their limit. Therefore, more rational meth-

ods are needed. A candidate of such methods is the

use of numerical simulation1). There are assets of nu-

merical analysis methods which have been developed

for engineering design purpose or scientific researches,

and the assets can be used for predicting physical pro-

cesses of natural disasters. Geographical information

system (GIS) is being developed, so that more de-

tailed data are available for urban areas. If a suitable

analysis model for the urban areas is constructed from

GIS, it is not impossible to use the assets of the nu-

merical analysis methods to carry out natural disaster

simulations.

Constructing an urban area model is regarded as

data conversion; data which are stored in GIS are

converted to data of an analysis model. Developing a

methodology of such data conversion is an interesting

research topic2) to explore new use of GIS; new infor-

mation will be generated from GIS with the help of

numerical analysis methods. We should mention that

while GIS data has been analyzed from the beginning

of GIS, these methods of analysis are statistical anal-

ysis or data mining. There are limited cases where

more sophisticated analysis methods are used, but a

hand-made model is constructed from GIS. As far as

the authors have surveyed, no systematic methods are

developed to automatically convert GIS to analysis

models for numerical simulation of physical processes

such as natural disasters.

Highest robustness is essential for this data conver-

sion, since GIS stores data of numerous items. For

instance, the number of structures in one urban area

sometimes exceeds 1,000,000. Even if 0.1% of the GIS

data is mistreated, it turns out that more than 1,000

models are wrongly constructed. If a data conversion

method with highest robustness is developed, a wider
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class of numerical analysis methods will be used and

the simulation based prediction for natural disasters

will be shared by an increasing number of domestic

or international urban areas.

In this paper, we study the data conversion of GIS

to urban area models in order to carry out numerical

simulation of natural disasters, such as earthquake,

flood and volcano eruption. The earthquake simula-

tion needs an analysis model for each structure, and

the flood and volcano eruption simulations need a

model for spaces in which water or lava flows. To de-

velop a robust method for the data conversion, we in-

troduce a methodology which uses intermediate data,

i.e., data stored in GIS are converted to the intermedi-

ate data, from which analysis models for a particular

simulation are generated.

The contents of this paper are as follows: First, the

data conversion methodology using the intermediate

data is explained in Section 2. Actual intermediate

data for the earthquake simulation and the flood or

volcano eruption simulation are developed in Section 3

and 4, respectively. Examples of the data conversion

are presented in Section 5, and it is shown that nu-

merical analysis methods are applicable to the models

which are constructed from GIS. Some concluding re-

marks are made in Section 6.

2. Common Modeling Data

In order to explain the data conversion, we regard

GIS and an analysis model as lower and upper data,

respectively. These upper and lower data have many

kinds; although protocols are established, there are

wide varieties for contents of data which are stored in

GIS; and different models need to be constructed for

one structure, depending on the numerical analysis

method. It is not realistic to make a data conversion

for each pair of lower and upper data. Instead, we

introduce an intermediate data, called common mod-

eling data (CMD)3), so that lower data are converted

to CMD, from which upper data are converted. 

 CMD are designed so that the conversion from the

lower data to the upper data via CMD is made with

minimum efforts. The contents of the lower data are

configuration of structures; GIS has data for structure

geometry which is expressed as a set of polygons. The
upper data are for a numerical analysis method of

solving a particular initial-boundary value problem of

Fig. 1 Comparison of data contents of GIS and CMD for

structure.

Fig. 2 Layer structure of GIS with simulation and visu-

alization.

a natural disaster. Thus, we borrow input data of

a finite element method (FEM) to design the data

structure of CMD; they consist of two data, nodes

and elements, so that a structure is described as a set

of connected polygons or polyhedrons; see Fig.1.

 With the help of CMD, various numerical simula-

tions of natural disasters are made by using GIS. We

may regard a set of numerical analysis methods for the

simulations as one layer of GTS4),5), GTS has a layer

structure, i.e., data for particular items are stored in

one layer. This layer is called a simulation layer, see

Fig. 2. As new information is generated by combining

plural data layers of GIS, new information related to
natural disasters is generated by processing the data

layers through the simulation layer6),7),8).

Another kind of CMD is developed for visualization

of the results of the numerical simulations; the simu-

lation results are converted to the new CMD from

which data input to various visualization tools are

converted. Like the simulation layer, a set of visu-

alization tools are called a visualization layer of GIS;

see Fig. 2.

In developing a GIS based simulation system, We

used to use a mediator which plays a role of an inter-

preter for a particular simulation method1). A medi-
ator, which must be made for each numerical analysis
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a) mediator base system

b) CMD base system

Fig. 3 Comparison of mediator and CMD base simula-

tion systems.

method, directly converts lower data to upper data

and produces data for visualization. In Fig. 3, we

present a schematic view of the simulation systems

based on the mediator and CMD; kernel in this figure

is a controller of the system. As is seen, coding a me-

diator becomes more difficult as the number of GIS

and numerical simulation increases. The coding task

is decreased if CMD is used. Thus, the methodology

of using CMD is a feasible choice for more general use

of the numerical simulations in GIS.

3. CMD for Earthquake Simulation

Most of GIS data for structure are of DXF or

SHAPE format, which is actually used in CAD. Since

the primary objective of CAD is drawing, data of DXF

or SHAPE format have a set of configuration data of

structure pieces, i.e., a structure is divided into sev-

eral pieces and each piece is expressed as a polygon.

Structure pieces are not related to their mother struc-

ture; the structure is drawn if its pieces are correctly

located. Thus, linking the structure pieces to their

mother structure is needed in the data conversion.

Structure CMD are thus constructed, following the

style of FEM input data; structure CMD consist of

a set of nodes and elements which are determined by

analyzing polygons for the structure pieces. The con-

structed structure CMD are called shape. It seems

easy to convert polygon data to shape. However, it

is not true. This is because GIS data for structure

are not complete; structure pieces stored in GIS are

measured by air- or satellite-bone laser profiling, and

structure pieces which are missed by profiling are not

stored. It is thus important to analyze the polygons

so that a whole structure configuration is put into

shape, with guessing missed structure pieces. 

3.1 Shape

Structure pieces measured by laser profiling are the

one which can be seen from the top; the polygon for

the piece is on a horizontal plane with common height.

The configuration of a base and vertical walls for the

structure must be guessed in making shape. Guess-

ing the configuration of unmeasured structure pieces

is not trivial when a structure has complicated geom-

etry. We have developed the following procedures of

converting GIS data to shape:

1. gather polygons which are horizontally over-

lapped with each other.

2. order the gathered polygons according to their

height.

3. find a polygon that covers other polygons on it.

4. make a polygon for the structure base using the

polygon found above.
5. make vertical rectangles for walls connecting

points of the gathered polygons.

The whole configuration is completed by adding the

polygons guessed to the original polygons stored in
the GIS. For each structure, shape is constructed by

setting polygon points and polygons (or polyhedrons)

as nodes and elements, respectively.

Beside for configuration, data for material and

structure form are needed in order to construct a

structure model. However, there are no GIS which

store such data. We thus need to guess these data,

too; for building structures, structure form can be

guessed from the height and floor area; more details

can be guessed if the construction year of the struc-

ture is known.

 We construct another kind of structure CMD, called

data, between the simulation layer and the visualiza-

tion layer. As shape corresponds to FEM input, data

mimics FEM output, i.e., data for nodal or element

responses are stored in data. Thus, when C++ is used,

we code data as a sub-class of shape.

― 649―



3.2 Construction of standard model

Shape is converted to an analysis model for a par-

ticular numerical simulation method. For a build-

ing structure, we convert shape to a multi-degree-of-

freedom (MDOF) model. This data conversion is not

new to the authors, who have developed a mediator

for the MDOF simulation. We briefly summarize the

procedures of the data conversion. First, the number
of floors is calculated from the building height using a

typical value of floor height. For each floor, the weight

is calculated from the floor area; typical values of the

floor thickness and density are used. Finally, spring

constants between the mass are determined so that

the natural frequency and damping constant of the

first and second modes coincide with the empirical

formulae.

We seek to make the data conversion for a non-

linear seismic response analysis method, called RESP,

which is a non-linear analysis of MDOF and has been

used for the purpose of design; Fig. 5 illustrates an

example of the non-linear spring used by RESP. The

structure configuration is determined by taking the

same procedures as shown above. The classification

of the structure form and the determination of the

non-linear spring parameters are made according to

standard model, i.e., a model which is guessed by ex-

perienced building designers, and a structure form is
chosen from the building height and floor area and

suitable spring parameters for the chosen structure

form are calculated. Table 1 presents the parame-

ters used in a RESP model and the classification with

which a standard model is constructed for a build-

ing. We should mention that the standard model con-

verted from shape is not always the most suitable. In-

stead of determining a unique set of non-linear spring

parameters, we may try several sets to clarify a range
of possible seismic responses which are predicted from

limited GIS data. Such trial, however, is not made in

this paper.

4. CMD for Flood and Volcano Erup-

tion Simulations

For flood and volcano eruption simulations, an anal-

ysis model is constructed for empty space, i.e., if
a sufficiently large cubic is put to an urban area,

the empty space is the remaining of the cubic from

which all structures located in this area are excluded.

Fig. 4 Example of data conversion from original GIS

data to MDOF model via shape.

Space CMD is constructed as intermediate data for

the empty space.

We should mention that the flood and volcano erup-

tion simulations are based on fluid mechanics. An

analysis model used is often of a structured-element

type, i.e., elements are an identical square or cubic.

Thus, the space CMD is called grid.

4.1 Grid

Since grid is converted to a model with structured

elements, grid data are used for grid. That is, a set

of 0 or 1 value assigned for each grid; for a structure,

one grid has a value of 1 if the grid is within the struc-

ture. By whipping the grid values, the grid data for

a structure are converted to grid data for the empty

space that surrounds the structure (grid); see Fig. 6

in which the configuration of a building is captured

more clearly as finer grids are used. Note that grid

has both nodes and elements to describe its square

or cubic configuration, together with the binary grid

value.

 High robustness is expected in converting GIS data
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a) parameters for RESP

b) classification of structure form

Table 1 Summary of parameters of RESP model.

to grid, since the configuration of grid is simple

(square or cubic) and it has binary data only. It will
require smaller grids to make grid data if the struc-

ture geometry is complicated, and the data size and

the computational effort for the data conversion will

be increased accordingly.

In converting GIS data for a structure to grid data,

we can take advantage of an algorithm of painting; the

GIS data give outer boundary of the structure, and

girds inside the boundary are painted or their grid
values are changed to 1. This algorithm has been

studied in the field of computational geometry and

many codes are available. We make use of one of such

codes.

In general, the numerical efficiency of the paint-

ing algorithm is improved by decomposing a target

domain into subdomains of smaller size; see Fig. 7.

Such domain decomposition is inevitable in convert-

ing GIS data for a large urban area. Once grid data

are made for structures located in a subdomain, they

are converted to grid for the subdomain. Thus, grid

for the entire urban area is converted by assembling

these grid's.

4.2 Robust data conversion from GIS to grid 

While the domain decomposition contributes to im-

prove the computational efficiency, there is a possi-
bility that it leads to errors in the data conversion.

If a structure of complicated geometry happens to

be separated by the domain decomposition (i.e., one

part is put in one subdomain and the remaining part
is put in another subdomain), boundary of the sep-

arated structure crosses the boundary of the subdo-

main. There are many patterns for crossing of the sep-

arated structure boundary and the subdomain bound-

ary; see Fig. 8 for examples.

A sophisticated algorithm might be needed to treat

each pattern of crossing. Instead of developing such

an algorithm, we change the order of the domain de-

composition and the painting. That is,

1. generate a small cubic for each structure so that

the structure is fully included in the cubic.

2. convert GIS data for the structure to grid data,

applying the painting algorithm.

3. generate grid for each subdomain by mapping a

suitable part of the grid data to the subdomain.

The above procedures are shown in Fig. 9. There
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a) drift angle-base shear relation

b) hysteresis curve

Fig. 5 Example of non-linear spring characteristics used
in RESP (old S-rahmen).

are cases when the converted grid data of a structure

are separated into some subdomains, but there is no

room for an error to be made in converting the grid

data to grid of the subdomain, since the grid data

deliver only the grid value of 0 or 1. Therefore, high

robustness is expected for this data conversion.

5. Example of Data Conversion of

Commercial GIS

Data stored in a commercial GIS, TDM, are con-

verted to structure or space CMD, i.e., shape or grid;

this GIS is the product of Tokyo Digital Map Com-

pany. The data format of TDM is SHAPE. The data 

conversion from TDM to urban area models for natu-

ral disaster simulations via these CMD are examined

in this section. We should mention that the objective

is to confirm the completeness of the data conversion.

No discussions are made for results of the numerical

simulations which use the constructed models.

5.1 Earthquake simulation

RESP analysis models are constructed for around

1,400 buildings which are located in a certain part of

Fig. 6 Grid data for structure.

Fig. 7 Example of domain decomposition.

Tokyo. For each building, data of SHAPE format are

converted to shape, and it is converted to the RESP

analysis model. A schematic view of the model set is

presented in Fig. 10. No error is found in the data

conversion. Note that the RESP analysis models are

located according to its target building, so that an

urban area model for earthquake hazard simulation is

constructed for this area.

A strong ground motion distribution is separately

simulated, and RESP simulation is carried out for

each RESP analysis model by inputting time series

data of displacement at the model site. No error

is found in the RESP simulation of all the models.

The data conversion from TDM to the RESP analy-
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too large structure structures with complicated geometry

Fig. 8 Example of errors in converting GIS to grid.

Fig. 9 Data conversion from GIS data to grid via grid

data of larger structure.

sis models via shape is successfully done. We should

mention that it is the building geometry that is trans-

ferred in the data conversion via shape; other input

data such as structure form or non-linear spring pa-

rameters are determined by using the standard model

which is explained in the preceding section. Thus,

the quality of the RESP analysis model constructed

in this manner should be discussed by comparing with

the target building, although this comparison is out

a) wide view of RESP models

b) close view of RESP model

Fig. 10 RESP models constructed from TDM.

of scope of the present paper.

5.2 Flood and volcano eruption simulations

TDM consists of 273 data sets for distinct wards,

and the data conversion from TDM to grid is made

for each data set. There are 1,965,575 building data,

and no errors are found for the data conversion of 273

grids. As an example, Fig. 11 presents the source

TDM data set and the converted grid for a data set

of ward near Tokyo Dome.

Numerical analysis methods for flood and vol-

cano eruption simulations are provided by profes-

sional researchers. The flood simulation needs a two-

dimensional model for the empty space, and this

model is constructed from grid. The volcano erup-

tion simulation is three-dimensional, and TDM is con-

verted to three-dimensional grid of cubic elements,

and a three-dimensional model is constructed; eleva-

tion data stored in DEM are added to this three-

dimensional grid. Including DEM data to grid is

important since TDM does not have data for rivers
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and the sea, but they can be identified by using DEM

(which distinguish them as domain of 0 elevation).

A snapshot at the initial step of the flood and vol-

cano eruption simulations is presented in Fig. 12; a

bulk volume of water and lava is put at the left edge

of the urban area model. This problem setting is un-

realistic since no river nor volcano is located there.

However, we emphasize that that no error is made

during the simulations and that the urban area mod-

els converted from TDM via grid are suitable for the

third-party numerical simulation methods.

6. Concluding Remarks

Two kinds of intermediate data are developed so

that urban area models for earthquake, flood or vol-

cano eruption simulations are constructed from TDM.

For another GIS (MapCube, made by PASCO Co. 

Ltd.), the data conversion to urban area models via

CMD is successfully done. While further examination

is definitely needed, we are expecting that the robust

data conversion is made by the use of CMD. 
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