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ABSTRACT: 

 

In this work two different tools to support risk analysis at the Emergency Preparedness stage are presented, both focused to 

dangerous material hazard. Both make widely use of GI, introducing an important advancement in the state-of-the-art which has been 

based on the adoption of low geometric resolution data. First, a technique to analyse toxic gas dispersion in urban areas is presented. 

A relevant issue of this approach is the retrieval of the 3-D urban model from available spatial geo-Db and their importation into 

CFD models. This approach has been applied to a case study with different atmospheric stratification conditions. Results have shown 

the strong potentiality of the 3-D models for the estimation of the magnitude of consequences related to hazardous material releases 

in urban areas. Secondly, a GIS-based software tool (EPM) supporting local civil protection authorities in Emergency Preparedness 

and Management is presented. Technological accidents and natural hazards may generate heavy damages for the context where they 

happen, especially when they are localized in urban areas. The software is developed by considering the need of collecting the 

appropriate available information sprawled within different geo-databases in hand of several entities when an emergency occurs.  

 

 

1. INTRODUTION 

Disasters due to the diffusion of poisonous and dangerous 

materials are too much frequent in industrialized areas. They 

usually concern accidents occurring in localized sites, in 

permanent distribution networks, or involving transportations. 

Recently a relevant incident occurred on 30 June 2009 at the 

railway station of Viareggio, Italy, revealed to the national and 

international community the importance of Emergency Analysis 

and Preparedness to mitigate the effects of such events. This 

accident can be assumed as a highly representative paradigm 

showing all the typical problems of this kind of crisis, that can 

be summarized into three following items: 

 

1. an analysis of dangerous materials involved in a 

possible crisis scenario allows to enumerate all possible 

accidents and their related consequences on the 

surrounding area. In many cases, when an industrial 

accident occurs, the violence of the processes than can 

be triggered is so big that cannot be contrasted by any 

actions of the emergency forces. However, what could 

be done is only to establish some mitigation measures;  

 

2. it is important to draw emergency plans and procedures 

to activate strategies to withdraw people from the high 

risk area around the accident when this occurs, and to 

lead the intervention of emergency teams in the more 

effective and safe way;  

 

3. especially in case of big crisis, it is also important to 

plan where and how people can be moved from their 

houses to safer areas where they can be hosted as far as 

the situation on the disaster area is under control, or 

when other temporary houses would be ready, if 

necessary. 

Currently, such an Emergency Preparedness (EP) level is only 

partially dealt with in existing emergency plans and the disaster 

of Viareggio highlighted this limitation.  

A preliminary analysis of the main crisis scenarios is a duty to 

be accomplished with adequate means, especially in the sites 

with higher risk. In the proposed paper an industrial risk 

scenario likewise that in Viareggio is focused through a 

retrospective analyses which is based on some achievements of 

the RAI2 (Risk in Industrial Areas) project carried out at 

Politecnico di Milano university. The first one encompasses a 

method to analyze the dispersion of toxic gas in urban areas, 

taking into account the topography of the terrain and the 

presence of buildings (Fiorucci et al., 2008; Pontiggia et al., 

2010). Geometric data are derived from 3-D spatial databases, 

integrated by on-site surveys and by information taken from 

commercial geographic web-services. A first scenario has been 

already analyzed in the area of Lecco, Italy, while a simulation 

of the accident in Viareggio is ongoing. The comparison 

between simulated data and the real disaster will allow to 

validate the effectiveness of this method. 

Secondly, the whole geographic information (GI) needed to 

cope with the emergency is organized through a GIS-based tool 

called EPM (Scaioni et al., 2009b). Here maps and topographic 

data are stored with emergency scenarios and plans, together 

with a set of predefined queries to support people called to give 

the first aid. In the same crisis of Viareggio, it has been 

observed that the first hours after an accident are crucial to save 

further human lives. While a headquarter of experts was rapidly 

established after that time, the first decisions should be taken by 

the first teams of public forces involved in aids. The availability 

of a tool to support the decision making process at that time is 

then fundamental and moreover, it is the weak spot of the 

existing civil protection protocols. This analysis has confirmed 

the lessons learnt from several other disasters at response time 

(Kevani, 2008). 



 

 

In the sequel of the paper, in Section 2 the method for assessing 

areas that could be involved in consequences related to 

dispersion of toxic gas are presented. In Section 3 the EPM 

platform will be illustrated. In both cases, the developed tools 

are mainly focusing on disasters occurring in urban areas. 

 

 

2. DISPERSION OF TOXIC GAS IN URBAN AREAS 

Urban areas are easily involved in hazardous gas releases not 

only because many industries form part of urban agglomerations 

as a consequence of the growth of cities, but also because of the 

transport of hazardous materials by road and railways. The 

latter, while usually involving quantitatively smaller amounts of 

substances, still are a serious hazard both in terms of safety and 

security since their mitigation and prevention systems are less 

effective; moreover, transport vehicles transit through areas 

with highly vulnerable populations such as schools and 

hospitals. Besides, such incidents in urban areas present an 

extremely hazardous scenario in terms of the magnitude of 

consequences, exacerbated by the high population densities 

present in these areas. 

To analyse the effects of multiple large obstacles, such as 

buildings, on gas dispersion, computational tools based on 

Computational Fluid Dynamics (CFD) can be utilized to 

simulate the complex urban geometries involved. This approach 

enables performing full 3-D analysis, and predicting velocity, 

temperature, and concentration fields in the integration domain. 

While this procedure might ensure more detailed results, it 

usually requires a large amount of resources both in terms of 

CPU time and analysts’ skills. 

The geometry of the Lecco municipality has been chosen 

because a 3-D topographical database (Scaioni et al., 2009a) at 

large scale (1:1:000) was available. The geometric features, 

originally stored in SHP ESRI® format and then transformed in 

IGES format, have been directly imported in the mesh-building 

software. Here the 3-D urban geometry was cleaned up in order 

to remove small details which have little influence in gas 

dispersion related to the cell refinement they require (Pontiggia 

et al., 2009); the minimum detail level considered was about 20 

cm.  

More details about the adopted data and the geo-processing 

chain can be found in Pontiggia et al. (2010). 

The computational domain dimensions were 300x250x100 m3, 

resulting in about 1,500,000 cells. Figure 1 reports a 3-D 

visualization of the study area while Figure 2 shows a detail of 

the computational grid. 

 

 

 
 

Fig. 1. 3-D visualization of the study area in Lecco, Italy 

 

 
 

Fig. 2. Detail of the surface computational grid of the study area 

 

 

In particular, as a case study, an ammonia dispersion from a 

water-ammonia liquid pool has been considered. The pool 

features, such as the pool radius and temperature, have been 

defined; then, averaged values were calculated in order to 

simplify the source term setup for the CFD simulations. 

A pool of about 36 m diameter has been considered and an 

evaporation rate of about 7.8 and 3.6 kg/s, and an average pool 

temperature of about 11 and 8 °C, have been computed by 

standard models for the two atmospheric conditions considered, 

namely D5 and F2. This means neutral stratification with wind 

speed, at a reference height of 5 m/s (D5), and stable 

stratification with wind speed of 2 m/s (F2), respectively. These 

are the most widely used atmospheric conditions in risk 

assessment since they usually involve serious consequences: 

stable stratification is characterized by a small amount of 

atmospheric turbulence, therefore, a small amount of air is 

entrained in the gas cloud; neutral stratification, while 

characterized by a greater turbulence, usually features higher 

wind velocity, and, consequently, a rapid spread of the cloud. 

For the simulations, the influence of the atmospheric stability 

on the gas dispersion was accounted for using the ASsM 

approach (Pontiggia, et al. 2009) which ensures consistency of 

the turbulence closure model available in commercial CFD 

codes, with the Monin-Obhukov similarity theory. Moreover, 

since consequences of toxic gas dispersion mainly depend on 

the absorbed dose, a dedicated methodology has been also 

developed and implemented in the CFD code to have the 

possibility to evaluate the toxic gas dose that can be absorbed 

by people exposed to the gas cloud (Pontiggia et al., 2009). 

To highlight the capability of the detailed model for the 

predictions of the gas dispersion in such a complex scenario,  

Figure 3 represents several iso-concentration levels of ammonia 

according to the standard Emergency Response Planning 

Guidelines, ERPG I (25 ppm), ERPG II (200 ppm), and ERPG 

III (1000 ppm), for D5 and F2 conditions, respectively. 

It is possible to notice that, in this case, no large differences can 

be found between the two atmospheric stratifications since the 

buildings interfere with wind velocity, providing a flow field 

mainly influenced by the urban canopy and loosely dependent 

on the atmospheric wind profile. As a consequence, the model 

evaluates an increase of the ammonia concentration in the 

wakes of buildings, where wind speed is lower and recirculation 

time becomes greater, and it is reduced where fresh air is 

canalized by the obstacles and entrained into the gas cloud. 

Numerical 3-D simulations also have evidenced that the highly-

concentrated stream of ammonia blowing over the buildings is 

bent by the building wakes, thus the ammonia is channelled 

towards the ground. Once ammonia has reached the bottom of 

the urban canyons, the effect of the obstacles that starts 



 

 

prevailing on atmospheric stratification and gas dispersion in F2 

conditions becomes comparable with the behaviour of the gas 

observed in D5 conditions. These peculiar features showed by 

the gas clouds cannot be described, obviously, by common 

literature or commercial models and suites (Bernatik and 

Libisova, 2004; Brook et al., 2003; Hanna and Britter, 2002) 

for consequences analysis, because they did not consider 3-D 

obstacles and, consequently, they could not correctly predict 

these phenomena, leading sometimes to severe overestimation 

or underestimation of the possible areas involved by an 

accident. These models (such as PHAST, EFFECTS, ALOHA, 

etc…) always describe the gas cloud dispersion as an open-field 

process, where the possible influence of the obstacles can be 

partly recovered by means of semi-empirical correlations that 

are used to modify the wind profile. As a consequence, if the 

release eventually occurs into a street canyon or in a domain 

with a really simple geometry, they can reasonably predict 

maximum distances at which the toxic compound concentration 

is below or above the threshold limit considered, while in “real” 

scenarios, that is in industrial sites or in urban terrain, they 

cannot generally provide good and representative predictions.  

From the point of view of safety studies, risk management and 

emergency planning, this can result in an improper use of 

resources and time.    

The proposed method introduces two innovative concepts with 

respect to the state-of-the-art. The first is represented by a high 

Level-of-Detail (LoD) analysis of gas dispersion models, 

considering the effective 3-D topography of the site. The second 

is given by the use of GI retrieved from spatial databases. In the 

current implementation, the external 3-D shapes of buildings 

and ground is used, but further developments could in future 

integrate the interiors of houses, the presence of windows and 

doors, and the like 

 

 

3. INDUSTRIAL RISK ANALYSIS IN URBAN AREAS 

The analysis of the risk related to industrial accidents is 

particularly relevant in urban areas and represents a 

fundamental task to improve Emergency Preparedness (EP). 

According to the fact that GI represents a key-role in this task, 

in the section is presented a prototype of a GIS-based software 

(EPM) that was designed to organize spatial data into a standard 

database structure as well as to aid in retrieving information and 

documents. This knowledge may support civil protection 

activities during the emergency, but it can be used also for 

planning possible responses and mitigation actions during the 

serviceability of the plant. Here the use of EPM to this aim is 

discussed through the presentation of a real application to an 

industrial area in Lecco town, Italy. This example shows 

somehow the context-awareness analysis that can be carried out 

by using GIS is capable to stress the bottle-necks of the 

emergency systems and to influence urban planning and 

development towards a greater respect of existing risk. 

 

3.1 The prototype software EPM 

EPM is a Decision Support System based on the use of pre-

defined and simplified spatial queries of a geo-database, 

including an organized structure of selected data. EPM software 

has been thought for supporting local authorities involved in 

technological accident management at local level, requiring the 

support of common resources.  

 

 

 

 

 

 

 
 

Fig. 3. Ammonia iso-concentration areas (ERPG I, II and III) 

predicted by CFD for (A) D5 and (B) F2 conditions. 

Arrows represent wind direction, black circle the 

pool position 

 

 

EPM can deal with both pre-emergency and post-emergency 

actions, but especially it aids the decision making process 

during EP, since it is capable to collect and make readily 

available all the information sprawled within different databases 

in hand of several bodies or even missing (data can be directly 

collected on-the-field by means of GPS data-loggers linked to 

EPM).  

By summarizing, EPM can be used to: 

 

• make urban and social information easily accessible 

during an emergency by the use of a pre-defined 

structure of available data; 

• collect and select the information sprawled in 

different geo-databases in fee of several authorities 

within a unique Spatial Data Infrastructure (SDI);  

• create a structured system for the data retrieval and 

the simplified data reading so that the system: is 



 

 

pertinent to the way and the type of the existent data 

cataloguing; addresses to new ways for data mining 

and for archiving existing data that are not yet 

adequately catalogued; 

• allow a computerized management of the EP actions 

pertaining the civil protection authorities, which can 

introduce these actions within their ordinary 

operational procedures in coordination with the 

emergency service organisms.  

 

A prototype version of EPM has been developed so far. The 

current release can be used as stand-alone desktop Emergency 

Management System (EMS), but the data model and the 

implemented strategies are adequate to support its future 

expansion to become capable to deal with larger datasets. To be 

compatible with these aims, the data format for the geo-Db has 

been chosen accordingly to a standard which is spreading out in 

Italy. Furthermore, regional and national regulations on 

database for emergency management have been followed. 

All the resources needed to completely understand the risk, the 

specific emergency situation and the possible response actions 

have been catalogued in the SDI, which is the core of the EPM 

software. This includes both the identification of the 

information required during an emergency (e.g., telephone and 

mobile-phone numbers, material warehouses, feed stores, 

communication systems) as well as the creation of an organized 

structure for collecting and entering input data. 

From a logical point of view, the SDI has been organized on 9 

Thematic Sections (ThS), each of them collecting a different 

type of data. Within the ThSs, qualitative and quantitative 

information on local risk elements can be downloaded, entered, 

stored and processed (e.g., type and amount of dangerous 

substances in an industrial plant, flooding area and related 

return period, buildings with high density of people). All ThSs 

can be organized in the 4 main groups that will be discussed in 

the following.  

The first group of ThSs collects only the “Geo-Db”. Here the 

most part of the GI related to the Interested Region (IReg) and 

its neighbourhood is stored. The reference spatial database is 

the “Topographical Database” (TDb), which is a geographic 

data infrastructure obtained from aerial photogrammetric survey 

(see Scaioni et al., 2009a). The Administration of Lombardia 

Region, where EPM has been mainly though to be applied first, 

published a set of technical specifications drawing the structure 

and the content of the TDb; all documents with upgrades and 

ongoing modifications can be retrieved at Regione Lombardia 

(2009). The spatial Db is mainly based on maps at large scale 

(from 1:1,000 to 1:10,000, according to the content of different 

areas) which are commonly used by municipalities for urban 

planning and land government purposes. In EPM the geo-Db, 

which is yielded in ESRI® Shapefile®, is implemented into 

ESRI® Geodatabase®.  

Vector data coming from the TDb can be integrated to other 

vector data (road networks, geo-Db at regional level, features 

directly recorded by GPS data-loggers), by raster maps and 

DTMs, if available. So far these components of GI has been 

dealt with in a separate way with respect to the TDb, due to 

problems due to georeferencing and data integration. The “Geo-

Db” can be fully analysed, visualised and queried by using the 

basic and advanced GIS functions included in EPM. In Figure 4 

a 3-D visualization of a portion of the TDb of the study area in 

Lecco is reported as example. 

 

 

 
 

Fig. 4. 3-D visualization of a portion of a TDb of the study area 

in Lecco, Italy 

 

 

The 4 ThSs “Hazards”, “Risk Scenarios”, “Intervention 

models”, and “Hazard maps” contain information about all 

sources of possible hazardous events and their characteristics, 

complemented by existing response plans. These are retrieved 

from existing digital and analogue documents and they are 

linked to spatial features of the “Geo-Db”. The category 

“Hazards” allows to identify in the “Geo-Db” where the 

incident is located. From this source, if the event has been 

accurately analysed during the EP time, a corresponding 

“Hazard Map” can be displayed on the “Geo-Db”, where 

interactions with the full context and vulnerable sites are 

displayed. At the same time related documentation on the 

analysis (“Risk Scenarios”) carried out on the specific hazard 

can be easily retrieved to better focus on the problem, and 

intervention models can be used to coordinate response of 

public rescue forces. In EPM a set of predefined queries has 

been implemented in order to make easier access the full 

information and documentation flow. 

The next group of ThSs collects the “Address book” and 

“Resources”. The former collects in a common Db information 

needed to contact people involved in emergency response, 

either if they belong to public forces or if they are responsible 

of a structure which has to be evacuated. The latter is the core 

emergency response organization, because here all resources 

(vehicles, instrumentations, tools, public forces, recovery areas, 

hotels, etc.) needed to implement an emergency plan are 

structured so that they can be selected on the basis of a 

geographic criteria and on their content. In Figure 5 a scheme of 

the logic relationships of the DBMS is reported.  

Eventually, “Annexes” and “Legislations” groups contain 

further information. “Annexes” is a ThS where objects and 

documents which cannot be classified elsewhere could be stored 

and catalogued. “Legislations” collects laws and technical 

specifications governing emergency management issues. Both 

ThSs are structured on documents and attribute tables, that can 

be used to recognize what terms of reference must be followed 

and respected in the disaster area.  

 

3.2 SDI and software architecture 

The current desktop release of EPM is based on two main 

modules: the desktop GIS software ESRI® ArcMap® 9.1 

(adopted as graphical interface to access GI), and the 

Dynaform® module (Intercad, 2009), that allows one to register 



 

 

a set of predefined queries on the SDI. Dynaform® might run 

within ArcMap® if a geographic query is needed, but it might 

operate also as a stand-alone program to directly access the 

database; in this case no geographic queries are possible. 

Dynaform® generates a browser running under ArcMap®, which 

allows one to deal separately with input, processing and output 

data of different ThSs before that an emergency strikes; 

moreover, EPM allows one to detect interactive information, 

maps and scheme of an advised information flow in case of an 

emergency. The database has been setup in MS Assess® 

environment, then imported in ESRI® ArcCatalog® and linked 

to the spatial Db.  

EPM is currently structured in four different main functions. 

 

Data input. This function includes masks for entering 

information coming from multiple sources which are related to 

spatial objects; furthermore, documents such as maps, DEMs, 

images and videos, Dbs, models for risk analysis, and others can 

be included in the SDI through standard function of ArcMap®.  

Data processing. This function allows one to collect and 

process data within an organized structure, devoted to highlight 

hazards, vulnerability factors, targets, accidental scenarios and 

available material and human resources. 

Data retrieval. Some dedicated query masks are arranged in 

this area to retrieve data during emergencies, in order to: (i) 

bring back the current emergency situation to a pre-defined risk 

scenario; (ii) bring back the pre-defined risk scenarios to a 

model for emergency response; (iii) act by using a guide 

including available procedures and resources. 

Data output. Here masks for interactive and static queries are 

arranged to produce: maps, leaflets, and outprints in general. 

 

 

 
 

Fig. 5. Scheme of the relationships in the DBMS of ThS 

“Resources”. 

 

 

3.3 Analysis of a real industrial risk scenario in urban 

area 

Lecco is a middle size town in northern Italy, characterized by 

the presence of high risk scenarios arising from several natural 

and industrial sources. In addition, the urban area is under-

crossed by a high-way tunnel where thousand vehicles transit 

each day. On the other hand, the GI dataset that is currently 

available for the surrounding area is really huge and several 

activities of emergency analysis have been carried out in recent 

years by local governments. After setting up the SDI and 

implementing the most queries, a relevant risk scenario has been 

analyzed, this concerning a case of EP in the nearby of a high-

hazard chemical industry. 

The analysis presented and discussed here has been focused to 

assess the usefulness of EPM in case of a typical industrial 

accident occurring in urban area. EPM has been adopted to 

check out and to improve the existing emergency procedures, 

which are based on the municipality official Civil Protection 

Plan. This has been previously transformed into digital form 

and can be easily accessed through the GIS interface. The 

industry stricken by the accident is well know in the area, so 

that the effects of a possible accident have been already 

analysed; what cannot be immediately recognized at the 

moment the failure would occur is its magnitude. Actions to be 

taken have to account for the worst planned situation.  

As described in Figure 6 through EPM is possible to have an 

overview on the scenario involved in the crisis under analysis. 

The knowledge of the “Risk Map” and of possible vulnerable 

sites allows one to establish either effective and fast alerting 

systems, and to improve the infrastructures needed to tackle the 

crisis. For example, the analysis of the escape routes or that of 

roads to allow public forces to reach the industry could results 

in the need to build up new ways.  

  

 

 

 
 

Fig. 6. The analysis of EP in case of an industrial accident in a 

chemical industry in Lecco town; on the top, the 

window of EPM which allows to display the 

localization of the main hazard, the risk map, the 

most vulnerable sites and the routes to enter the 

area. On the bottom is reported the information 

workflow that can be applied to this analysis.  



 

 

All the analyses are focused on improving the existing 

“Intervention Model”, to be catalogued in EPM and to be 

delivered to Civil Protection actors and authorities.  

Considering the “Risk Scenario” which is more similar to the 

one actually occurred, here EPM can help to retrieve 

information on temporary and long-term residences to host 

inhabitants, to contact all responsibles of these structures 

through the “Address” Db, to organize recovery areas by 

providing missing or not adequate facilities. In case the Spatial 

Db would be linked to the municipality register, a list of all 

people that can be involved at a such extent in the crisis can be 

drawn. This list can be used to give preliminary instructions on 

what everybody must do in case of emergency, and to alert them 

in case an accident would really occur. 

Further details about the presented case study, as well as 

another one concerning a the use of EPM during emergency 

response can be found in Scaioni et al. (2009b). 

 

 

4. CONCLUSIONS 

The content of this paper shows how GI might support risk 

analysis when dealing with dangerous materials hazards. Two 

different issues have been discussed here. 

The first has concerned a methodology for risk assessment 

related to the dispersion of toxic gas in geometrically complex 

environments using a 3-D model A realistic scenario involving 

a possible accidental event, selected in relation to the 

geographical location (the Lecco municipality) has been 

investigated as a case study. A simple and fast technique has 

been developed to import 3-D geometries into a CFD 

simulation tool from topographic Dbs, allowing for a simple but 

detailed analysis of the geometry of all the buildings present in 

a real urban environment. It has been demonstrated that the use 

of 3-D models in environments with complex geometries to 

assess consequences of a major accident in terms of hazardous 

distance or concentration of toxic compounds can lead to a 

better estimation of measures of interest for safety  

The second issue has concerned the development of a software 

to help Emergency Preparedness Management (EPM). This has 

been presented as an intermediate technical tool for selecting 

useful data within a bunch of information, as well as to meta-

connections among them. It allows to get punctual information 

regarding the hazardous, vulnerable and exposure factors that 

characterize the area involved in a current emergency. This 

local factors can refer both quantitative and qualitative 

characteristics on which possible immediate and delayed 

damages might depend. For this reason, EPM could be of 

support for risk prevention, especially for land use planning in 

risky areas; in fact, it allows one to collect graphic 

representations and digital DBs including information about 

both industrial plant, natural environment, and society.  

Furthermore, the use of technological tools highlights which 

level of emergency preparedness is needed to facilitate the 

technical and organizational activities during the emergency 

response. While a considerable effort is required initially for 

collecting data, the information can be used repeatedly, once it 

has been discovered and catalogued. In fact, information 

management through GIS-based softwares can improve 

emergency preparedness by sharing and integrating available 

knowledge. 
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