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ABSTRACT 

Volunteered Geographic Information (VGI) integrated with Disaster Information Management Systems (DIMS) 

has great potential to assist managers and the community in times of emergency. However, there is a lack of use 

of standards of interoperability and emergency, which can impair interoperability and the quality of the 

information contained in these systems. This work presents a fully interoperable framework aimed at the 

construction of DIMS, which integrates official data and VGI through International Organization for 

Standardization (ISO) and Open Geospatial Consortium (OGC) standards, allowing managers and the community 

to work with official data and VGI to assist managers in decision making. To show the viability of the framework, 

a case study using data from the risk situation of dams located in the municipality of Barão de Cocais in Brazil 

was carried out. 
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INTRODUCTION 

According to Löscher et al. (2016), “disasters are emergencies with a high potential for negative impact, causing 

widespread losses as victims and material damage so that the affected community, region or country cannot 

respond and recover effectively on its own". According to Ritchie and Roser (2019), natural disasters kill 60,000 

people a year on average, which represents around 0.1% of global deaths. Apart from causing 520 billion dollars 

loss and have arrested 26 million people a year to poverty (World Bank, 2016). In Brazil, 59.4% out of 5,570 

Towns do not have any kind of risk management plan for disasters, and 15% have already been affected by 

landslides (IBGE, 2018). 

According to Baharin et al. (2009), the impact and losses that a natural disaster can cause can be reduced by 

disaster effective management. For Giardino et al. (2012), wide and easy access to geographic information is 

crucial for decision-making in humanitarian operations. Therefore, the use of resources that can reduce life losses 

and material damage is indispensable, aside from supporting managers in taking decisions and assisting the 

community in emergency moments. Web systems that collect User-Generated Content (UGC), in special 

Volunteered Geographical Information (VGI), have a great potential to contribute to emergency times (Ostermann 

and Spinsanti, 2011). 

Other resources that can be used as support in emergencies are the Disaster Information Management Systems 

(DIMS) that, according to Ryoo and Choi (2006), are systems used to support the integration of actions from 

different bodies and institutions whenever there is a disaster. Therefore, the use of standards is necessary since 

interoperability is one of the important requirements in these systems. Besides this, according to Ostermann and 

Spinsanti (2011), decisions based on incorrect data can take to several consequences, such as non-preservation of 

lives. In this way, the use of standards in collaborative systems is important once standards and rules can help in 
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obtaining quality data and systems, apart from facilitating the interoperability between collaboratives that follow 

these rules. 

According to a survey conducted by Tavares et al. (2018), in three years eleven collaborative systems aimed at 

emergency action management were identified, but only two systems covered the three steps of an emergency 

(pre-event, during the event, and post-event). However, these two have not followed international standards in 

their architecture, being not able to guarantee the interoperability and quality of data used on these platforms. 

This paper aims to propose a framework to assist in building DIMS in an agile way so that managers and the 

community do not waste time during emergencies, such framework is based on international standards aimed at 

emergency and interoperability situations, aside from the requirements specified by Ryoo and Choi (2006), 

allowing that managers and community being able to work with official data and VGI aiming to assist managers 

in taking decisions, apart from helping the community in emergency times. 

The article is organized in the following way: Section 2 describes some related papers.; Section 3 presents the 

international standards used in this project, which are aimed at interoperability and emergencies. Section 4 

describes the main characteristics of the LapsusVGI framework and its integration with the standards described 

in Section 3; Section 5 presents the Lapsus Terrae SGID, which is an implementation of LapsusVGI framework, 

together with a case study of Barão de Corais Town; and finally, Section 6 has the conclusions of the paper and 

possible future works. 

RELATED WORK 

AGORA is an open geospatial collaborative architecture to build resiliency against disasters and extreme events, 

being divided into five components: Agora-OSM – OpenStreetMap; Agora-VOS - Volunteer As Sensor; Agora-

SM - Sensor Management; Agora-IDM - Information Fusion and Management; e Agora-DS - Decision Support. 

AGORA adopts an approach that involves citizens, specialists, researchers, and government agencies, allowing 

managers and community to work with VGI data, as crowdsourcing and social networks, aside from sensors, both 

static and mobile, aiming to support the decision taking in risk management (AGORA, 2020). 

The framework described in this paper is different from the ones previously mentioned because it is not only a 

collaborative VGI system, although collecting VGI, a DIMS focus specifically on disaster management. On the 

other hand, despite the AGORA project incorporates VGI, physical sensors, and patterns of interoperability among 

systems, like WMS, it focuses on events like floods, while the LapsusVGI focuses on landslides. Another 

characteristic that differs the AGORA from the LapsusVGI project is the integration of LapsusVGI with a specific 

standard for disaster and emergencies, published by standardization agencies. 

STANDARDS FOR EMERGENCY AND INTEROPERABILITY MANAGEMENT 

This section describes the main patterns published by standard-setting institutions that are specific for use in 

emergencies and mentions some standards warranting interoperability of data and geospatial services. 

The ISO 22327 standard - Guidelines for implementation of a community-based landslide early warning system 

(ISO, 2018) defines methods and procedures to be implemented in previous warning systems focusing on 

communities that are vulnerable to landslides. On this rule, a previous warning system for landslides is specified, 

which is composed of seven other subsystems, among them, the definition of the disaster assistance team, apart 

from the preparation of the local authorities. However, due to this paper's scope, only components that could 

directly act VGI were selected, in this way, the development of route maps and evacuation subsystem was 

incorporated.  

Other ISO 22327 specification is the definition of color and symbol for specified spatial features, on the other 

hand, in ISO 7001 standard, Graphical symbols – Public information symbols, and in ISO 7010 – Graphical 

symbols – Safety colors and safety signs – Registered safety signs. The ISO 7001 is a symbology standard 

applicable to public information symbols that can be used at any location or sector with open access (ISO, 2007). 

On the other side, the ISO 7010 standard describes safety signs aiming to prevent accidents, fire protection, and 

emergency evacuation, which is especially applicable to people's safety issues (ISO, 2011). 

On the other hand, the ISO 22351 standard - Message structure for the exchange of information (ISO, 2015), 

describes the structure of the message for being used among organizations involved in emergencies, aiming to 

facilitate the interoperability among information systems; this structure is called Emergency Management Shared 

Information (EMSI). Besides defining the attributes that each disaster notification must-have, it specifies a module 

that must be able to export such information in XML. This module must follow a model, which can be consulted 

into the ISO. Another characteristic of ISO 22351 is the specification of the use of codes instead of descriptive 

texts for filling most of the fields, which makes it possible to translate each code according to each culture or 
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language, assuring the interoperability among several systems from distinct countries. 

The adoption of standards defined by the OGC is fundamental for DIMS development. For example, the Web 

Map Service (WMS) specifies a service performance that produces special data dynamically. The OGC specifies 

several standards related to the access and processing of geospatial data, such as operations to recover maps under 

JPEG and PNG format which can be displayed on WEB applications. The Web Feature Service (WFS) standard 

allows every content to be handled at a venue level, specifying operations of content discovering, consultation, 

locking operations, and transactions. The Style Layer Descriptor (SLD) standard is an extension of the WMS 

standard for allowing the spatial venues coloring and symbolization using the Symbology Encoding (SE) 

language, aside from defining operations to the standardized access to legend symbols on the map (OGC, 2020). 

THE LAPSUSVGI FRAMEWORK 

In software engineering, a framework is an artifact that reuses solutions present in several software projects 

providing generic functionality, that is, an unfinished software that requires customization through programming 

(Cwalina, 2020). 

LapsusVGI (Lapsus, means slide/slip in Latin) is a framework directed to events related to landslide, it was 

developed aiming to assist managers in decision-making and the community in emergencies. The building of this 

framework had the Ryoo and Choi (2006) requirements gathering as the basis and international standards directed 

to emergencies and interoperability, which were presented in the previous section. 

Ryoo and Choi (2006), apart from proposing a framework to classify DIMS, also identified the essential 

requirements that every DIMS must-have. Such requirements can be divided into four categories: data collecting; 

data distribution; data processing for an effective presentation; and data processing for effective handling; 

however, each requirement can have several sub-requirements.  

According to Ryoo and Choi (2006), is desirable to incorporate the components of greatest importance at the first 

moment and add the rest of them incrementally. Thus, at the LapsusVGI framework, not all the requirements were 

incorporated due to the time limit for the system development and for the fact that this paper explores most of the 

integration of DIMS with VGI. In this way, only the requirements directly related to VGI were selected. The other 

requirements can be incorporated in future studies.  

On data distribution, Ryoo and Choi (2006) recommend the use of data transmission/reception protocols that are 

known; therefore, the ISO 22351 - Message structure for the exchange of information was chosen. In this standard, 

the attributes that each EMSI notification can have are specified. Figure 1 shows a Unified Modeling Language 

(UML) class diagram, which has all the categories and attributes that an official emergency notification can have. 

An EMSI can be divided into four main elements: Context; Event; Resource; and Mission. However, for 

emergency notification, only Context and Events are mandatory, while Mission and Resource are optional. 

For the first phase of this project, it was defined that an emergency notification will use only the Context and 

Event, which are responsible for the EMSI identification and description, respectively, once that such elements, 

besides being mandatory on an EMSI, can also suffer more influence from VGI, according to previous examples 

on this article. The elements Mission and Resource are responsible for information registering about the necessary 

resources and missions to obtain or eliminate damage in emergencies, as to provide resources available on supply 

chains in emergencies. These elements will be incorporated into the LapsusVGI framework, on a later project 

phase. 

As can be seen from Figure 1, the Event element has a relation to several secondary categories. The Etype category 

describes the type of event, while the Casualties category keeps the information about the victims, on both injured 

and disappeared, besides this, the Event category has a relation with the Evac category, which regards the 

evacuees. The Egeo category contains information about the incident location such as the type of location and the 

weather at the moment of the notification, it’s also possible to observe that the Egeo category has a relation to the 

Position category, which is responsible for saving information about the spatial component – the spatial location 

together with its coordinates system.  

The Context category is also related to the complementary categories. The Origin category is responsible for 

saving information about the one in charge of EMSI development, containing data about the organization and user 

from where has been originated. The External info category is responsible for presenting the attachments inside 

the system. 
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Figure 1. UML class diagram of EMSI notifications (Source: ISO 22351 Standard (ISO 2015)) 

The EMSI will only be available for managers' manipulation because it contains data that can be confidential and 

carried as official among institutions. Apart from its complexity for ordinary users, and EMSI notification has a 

great number of attributes to be filled, which can demotivate the VGI collaborators' contribution. Thus, according 

to what can be seen in Figure 2, a short form, based on EMSI, was created. It contains a few attributes, that are 

easy and fast for being filled by the collaborators, however, it can work as a guide for managers at the moment of 

the incident and afterward on the formalization of data through the EMSI, besides working as a guideline for the 

community in emergency moments. 

The field “Event Type” presented in Figure 2, is related to the type of events that can occur in landslide situations, 

such values were taken from government agencies, United States Geological Survey (USGS) (2020), besides this, 

the firm also counts on fields which are referred to the occurrence moment, event description, apart from allowing 

the user to provide as many attachments as necessary. Finally, the form has other two EMSI attributes, the first of 

them informs if the mentioned event has any damage risk to humans or materials, indicating to the managers that 

may be necessary to make evacuations. Besides this, there is another attribute that informs if there were victims 

or missing during such event, working as an indication for managers due to the necessity of activating the rescue 

team. 

At the collecting data requisite, Ryoo and Choi (2006) highlight as important, the ability to recognize and process 

disaster data derived from different sources, apart from the system capacity to process data at any possible format, 

or adopt standards directed to disaster information storing. Therefore, it was identified that the data capture can 

happen from four different sources, being possible to contemplate data from official agencies and VGI. 

VGI is used in two ways, the first is through data extracting coming from VGI platforms like the OpenStreetMap 

(OSM), to work as a cartographic basis of the LapsusVGI framework. For example, the features extracting such 

as routes, buildings, and water resources to be used as the basis in applications that use the LapsusVGI. The second 

way of using the VGI would be to collect data and information about events related to landslides, through the 

voluntary contribution of users who have access to the Internet and availability to contribute to the system. 
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Figure 2. Form for VGI collecting 

Official data can also use both ways, the framework supports the use of shapefiles that contain landslides risk 

areas, such files can be found in government platforms. For example, the Geological Service of Brazil - CPRM 

provides maps of landslide risk areas in Towns, around all over the country. Besides this, managers can collaborate 

on registering EMSI incidents using official data to describe events related to landslides, according to what was 

previously detailed. 

Another requisite specified by Ryoo and Choi (2006) is the standardization for data presenting. To fulfill this 

requirement the standard ISO 22327 - Guidelines for implementation of a community-based landslide early 

warning system was selected, however, according to what was previously mentioned, this standard defines the 

main elements that must be in maps of landslides early warnings systems. Figure 3 illustrates a map that follows 

the ISO 22327 guidelines. At the top, there is a component that shows the title and a descriptive text referring to 

the presented location. At the right corner of the image, there is a subtitle containing symbols presented on the 

map. The bottom of the image can be divided into two parts, the first is located to the left, where is shown the 

name of the head of the household for each domicile, while to the right, there is the contact information that can 

be useful for people who need support in emergency times and, finally, at the central part there is a map containing 

information which may be necessary during a landslide event, for example, temporary shelters, schools, and the 

village guardian.  

LapsusVGI was implemented to present a layout similar to Figure 3, however, since the VGI is the focus of the 

system, the component of the left bottom, in other words, information about the head of households weren’t 

included, once such information is private and not being available for free access, for any member of the 

population. Besides this, for any structures from LapsusVGI to ISO 22327, was created a filter in the levels, at the 

moment of OSM data extraction, to show the community only elements that help in the locomotor system, or 

instructions that help in the community assistance, like hospitals, fire department, and shelters. 

At the fourth requisite, Ryoo and Choi (2006) highlight methods for information recovery. To understand this 

requisite, three more OGC standards were incorporated into the LapsusVGI architecture: WMS, WFS, and SLD. 

In this way, it was specified at the framework that, after the stylization of the elements according to the ISO 7001 

and ISO 7010 rules, using the rules described in the standard SLD, the data are available in three levels from the 

standards WMS and WFS. The first level is the only level that doesn’t represent official data, in other words, that 

refers to VGI data, being the responsible level for providing the contributions made by the collaborators. The 

other two are levels of the system's official data, which refers to the risk area maps obtained from government 

agencies, and the other level refers to the EMSI managed by the system managers.  The only spatial data that are 

not available by the system are the data from the OSM platform, once such data can also be obtained through 

WMS and WFS from other sources. 
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Figure 3. The layout of Route and Evacuation Map. Source: Fathani, Karnawati e Wilopo (2016) 

Figure 4 illustrates a UML class diagram containing the categories and associations present in the LapsusVGI, 

representing the power that each type of user has in the application, taking into consideration that the system has 

three types of collaborators and two types of managers. In Figure 4, the EMSI agency refers to a simplified version 

of the UML class presented in Figure 2. 

The types of collaborators are registered, anonymous, and moderator. Any collaborator can contribute to the 

system; however, the anonymous collaborator is the only one who can contribute without logging in to the system. 

The moderating collaborator can accept or deny the contribution, once that when a collaborator contributes to the 

system, for safety issues (e. g.: vandalism risk), this one is not immediately available for the community. 

According to what is shown in the diagram, only the manager or the moderating collaborator can accept or deny 

a contribution to be seen by the community. 
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Figure 4.  Part of LapsusVGI conceptual scheme. 

The LapsusVGI framework specifies that the system can be managed at an agency level. The system can have an 

administrating institution and other several institutions, but one of them would be responsible for the whole 

system, while the others could only collaborate on the system management. For example, if the institution Civil 

Defense is the administrator, its managers can determine which other institutions (e. g.: Fire department and Civil 

police) can take part in the landslides’ management. In other words, normal institutions only can have technical 

managers, while the administrating institutions can be associated with administrating managers. Both types of 

managers can evaluate collaborators, determine new moderators to the system, besides being able to register new 

EMSI messages to be sent as official data. Finally, any type of system user can extract data from it through the 

data exporting option. However, this option is not represented in the model, due to the non-necessity of saving 

information about who exported data. 

According to what was previously mentioned, the system supports data exporting using the OGC and ISO 

standards. The exporting through OGC allows that the data to be exported through WFS and WMS, following the 

collaboration and symbolization rules from the SLD standard. In this way, the data can be exported through 

requirements sent to the server. The exporting through ISO follows the specifications of ISO 22351. On this 

standard is determined that the data must be exported through eXtensible Markup Language (XML), is specified 

the attributes and how they must be formatted to be sent, for each category. 

EXPERIMENT: THE DIMS-LAPSUSTERRAE SYSTEM 

The DIMS-LapsusTerrae System is an implementation of the LapsusVGI framework, which aims to assist 

managers on action management as a response to disasters like landslides and dam failures. Its function is to assist 

the community in emergency times, using VGI and adopting standards that ensure interoperability and good 

practice on emergency management. The system interface was built using technologies like HTML, Bootstrap, 

and Javascript, besides the library Leaflet, which allows the viewing and extracting of OSM features. 

At the backend, it was used the PHP language, together with the MySQL DBMS, that has structures to the 

geospatial data management. Besides this, it was used the Model-View-Controller (MVC) architecture to ensure 
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maintainability and portability, allowing that afterward the system can be adapted to mobile platforms, like 

Android and IOS, without the necessity of changing the project backend structure. The Geoserver software was 

used to make spatial features under WMS and WFS format available, besides allowing the collaboration and 

symbolization through SLD standard. 

Figure 5 presents a flux that represents part of the steps of the registers done in the system, from the initial one 

until the moment that they are available for viewing in the system. The first step represents any of the registers 

that can be persisted in the system: the volunteers’ contributions (VGI); the EMSI notifications that were 

registered by the managers; and the risk areas maps managed by the administrators. Afterward, the values are 

persisted at the DBMS according to their types: the EMSI notifications are converted on a format specified by the 

ISO 22351 to be able to be exported through XML afterward; the VGI contributions are stored containing the 

attributes presented in Figure 2; the shapefiles can be added or removed through the interface of the system 

management. 

Figure 5. The flux of the register steps of the system 

In the third step, it is done a connection between the Geoserver and the application database. At this moment, the 

data, besides being colored and symbolized using the SE language specified on SLD standard, together with the 

symbols specified on ISO 7701 and ISO 7010 standards, occurs other configuration at the Geoserver, aiming to 

separate the data into three levels, one for each type of data that is treated in the system: EMSI; VGI contributions; 

and shapefile. This separation is done to make it easier to differentiate such data at the moment that other servers 

import them, according to their respective level. Afterward, on the two last steps, the DIMS-LapsusTerrae itself, 

imports such data using WMS and WFS aiming to be shown for users through the library Leaflet. It is important 

to note that this importation process through WMS and WFS can be required for any user or institution, it is 

enough just to follow the importation guidelines specified on the respective standards. 

Case Study: Barão de Cocais-MG 

In Brazil, 15% of the towns have already been reached by landslides (IBGE, 2018), apart from the count on the 

history of dam failures, as in Mariana and Brumadinho cases, in the state of Minas Gerais. Another case that has 

been constantly monitored by the ore industry Vale S.A., is one of the Barão de Cocais towns, which is also in 

Minas Gerais state, which is constantly threatened by a barrier rupture. In this town (Figure 6), there is the mine 

of Gongo Soco together with its slope, which is around 1500 meters far from the Superior South barrier, which is 

represented by the biggest polygon highlighted in Figure 6. The Superior South barrier stores 6 billion liters of 

mine residues, apart from already presenting problems, there is a risk that a slope, which is located in the mine, 

falls and it can provoke a shock wave that may affect its stability. Besides this, there is another barrier which is 

called Inferior South, represented by the smallest polygon highlighted in Figure 6, that besides having a smaller 

rupture risk, it can be destroyed if there is a rupture in the Superior South barrier. Figure 7 presents a timeline 

containing the main events related to Barão de Cocais barriers, since 2019. These events were obtained from a 

collection of data done through Internet research, newspaper sources, and the Vale S.A. website. 

The barriers can be classified into three emergency levels. According to the classification of the Emergency Action 

Plan of Mine Barriers (PAEBM - Plano de Ação de Emergência de Barragens de Mineração), as smaller the 

level, consequently smaller is the risk of the barrier rupture, the level 3 is attributed to situations where the barrier 

rupture is happening or there is the risk of imminent rupture. According to what can be observed in Figure 7, on 

February 8th, 2019; in a preventive way, emergency level 2 was attributed to the Superior South barrier. According 

to Vale (2019), around 500 people from the communities of Socorro, Tabuleiro, and Piteiras, all of them in Barão 

de Cocais town, were evacuated from their houses. After an analysis done by an independent audit, informing 

about the critical condition of the barrier stability, the situation of the Superior South barrier was increased to 

level 3. Afterward, a judicial block around R$ 2,9 billion was done, to ensure the eventual damage redress, that 

can be caused by the barriers rupture. 
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Figure 6. Barão de Cocais town and its barriers. 

Two simulations of emergencies were done in Barão dos Cocais between March 25th and May 18th, 2019, besides 

this, from May 16th on, the construction of a concrete wall was started, aiming to hold the barriers residues. On 

May 31st, 2019, a fragment with 600 m2, around 1% of the structure seize in all, tumbled down the slope. 

According to Vale (2020), there was an erosion inside the water tank of the Inferior South barrier, due to the heavy 

rain in the region, which increased to level 2 of emergency in this barrier, and on Mach 3rd, 2020, it was informed 

that construction of the wall for containing residues was concluded, until the moment of this paper written, no 

relevant information from Vale was found neither in News websites. 

In this way, to assist in the viability verification of the DIMS-LapsusTerrae system, a case study was elaborated 

based on the information mentioned in the previous paragraphs, aiming to demonstrate the system interoperability. 

Apart from the information previously mentioned, it was found that alarms and signs were installed in places that 

can be affected by the barrier rupture, aiming to alert and assist the population in case of evacuation necessity. 

However, due to the non-availability of the exact location of such elements, these alarms and signs couldn’t be 

used in this case study. Firstly, the location of the barriers and the Gongo Soco mine was registered as VGI 

contributions, besides the emergency simulations that happened in the neighborhoods of Barão de Cocais. Apart 

from this, the construction of the wall together with its estimated location to contain the barrier residues was 

registered. Each contribution was elaborated according to the fields presented in Figure 2. 

Figure 7. Barão de Cocais barriers timeline. 

Afterward, EMSI notifications were registered, informing the emergency level changes in each barrier, besides 

this, due to the ISO 22351 specifications, information about the barriers’ states was registered, apart from risk 

information for living beings, constructions, and environment. Information about the event's urgency and status 
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was registered, for example, if the event has already been started, in other words, if the barrier rupture has already 

happened, and if the rupture risk has been increasing, declining, or if it is stable. Aside from this, the notifications 

were registered as the accidental cause instead of natural one, due to the barrier construction has been provoked 

by an anthropic action, the resources were registered as level 4. In other words, the event will be treated with 

resources coming from the affected company (Vale S.A), with the support of organizations from all over the 

country, once that the federal government will intervene with necessary resources in case of occurring the barriers 

rupture.  

The ISO 22351 standard also determines the specification of the place's physical characteristics, in the example 

of the barriers, the location was identified as a mine and mountainous place. Another aspect that was informed on 

the EMSI notifications are the agencies in danger, for example, people, animals, and houses constructions, besides 

this, there is a text field aiming to save a description of the event which supports until 500 characters. Attachments 

containing photos of the barriers and the Barão de Cocais town were also used, apart from a description for each 

provided attachment with information about the event victims, however, as the barrier rupture, fortunately, did 

not happen, and once that the agencies in danger have already been informed on this same notification, the field 

of victims was not filled. Besides this, according to what was informed on the timeline, there was an evacuation 

at the moment that the Superior South barrier emergency degree increased, in this way, the number of people that 

were evacuated during such period was informed. It is important to remember that after the register of 

contributions and EMSI notifications in the system, this information is available to be exported under XML format 

or through the levels WMS and WFS. 

Finally, to verify the interoperability of the system data, the registers mentioned above were exported through 

mechanisms that were informed in previous sections of this paper. Firstly, the EMSI notifications were exported 

through XML, according to what can be seen on the left part of Figure 8, the attributes are transported through 

tags, however, most of its attributes cannot be comprehended, once that for specifications from ISO 22351, these 

attributes are transported through codes. For ensuring the multilingual characteristic, in other words, to allow that 

the message can be comprehended in distinct regions. The other verification of interoperability was done through 

exporting using WMS and WFS. For this, according to what can be verified on the right side of Figure 8, the 

software QGIS was used, which allows the WMS and WFS levels importation, it was noticed that all the 

contributions together with their attributes could be successfully exported to the QGIS. 

In this way, it is possible to exchange information about landslides and VGI contributions among any 

organizations that use the previously mentioned standards like EMSI, WMS, and WFS. It is important to highlight 

that to adequately the DIMS-LapsusTerrae structure to the ISO 22327 standard, the OSM level filter was done 

using the OSM2Diagram tool (Sperandio et al., 2018). After the extraction of the important levels according to 

the ISO 22327, these levels can be manipulated to be shown using a small guide, according to what can be seen 

in Figure 6. Once that such levels were imported from the OSM, these same levels were not exported through the 

DIMS-LapsusTerrae, because the LapsusVGI aiming is not to duplicate the information provided by OSM, but 

yes, to provide interoperability and quality about the information related to landslides. 

Figure 8. XML exporting of EMSI notifications and imported data by QGIS software. 
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CONCLUSION 

This paper describes the LapsusVGI framework, which aims to work as a basis for the planning of the DIMS 

directed to landslides and to enable the interoperability of data among institutions. The working of DIMS-

LapsusTerrae can be resumed into two steps, data feeding and providing in an interoperable way. On data feeding, 

there are four main data sources: basis map exported from VGI sources as OSM; VGI contributions; EMSI 

notifications, with attributes specified on ISO 22351 standard; and risk areas maps on shapefile format. The data 

providing in an interoperable form can occur in two ways, the first is through the XML format specified on ISO 

22351 standard, another way is the provision of EMSI notifications, VGI contributions, and risk areas maps under 

the WMS and WFS formats. 

With the results achieved on the case study, it was found that the system is interoperable with systems that follow 

certain standards of interoperability and emergency, besides being possible to use the official data, while making 

the most of the VGI potential. This project shows that is viable to promote the use of official information together 

with VGI, aiming to assist managers in decision-making and also the community in emergency times. Future 

works include the following challenges: to expand the framework to work with the other specifications mentioned 

by Ryoo and Choi (2006); to adapt the framework for the resources range management, to assist on disasters 

holding; to expand the use of VGI, as the user of sensors for helping on predicting the possible catastrophes. 

ACKNOWLEDGMENTS 

This study was financed in part by CAPES – Brasil – Finance Code 001 and by Fapemig. 

REFERENCES 

AGORA. (2020). A Geospatial Open collaborative Architecture for Building Resilience against Disasters and 

Extreme Events. http://www.agora.icmc.usp.br/site/language/pt/ 

Baharin, S. S. K., Shibghatullah, A. S. and Othman, Z. (2009). Disaster management in malaysia: An application 

framework of integrated routing application for emergency response management system, Proceeding of the 
first International Conference of Soft Computing and Pattern Recognition, Malacca. 

Cwalina, K., Barton, J. and Abrams, B. (2020). Framework Design Guidelines: Conventions, Idioms, and Patterns 

for Reusable .NET Libraries, 3rd Edition, Addison-Wesley. 

Fathani, T. F., Karnawati, D. Wilopo, W. (2016). An Integrated methodology to develop a standard for landslide 

early warning systems, Natural Hazards Earth Syst. Sci., 16, 2123-2135, https://doi.org/10.5194/nhess-16-

2123-2016  

Giardino, M. et al. (2012). GIS and geomatics for disaster management and emergency relief: a proactive response 

to natural hazards, Applied Geomatics, 4, 33-46. https://link.springer.com/article/10.1007/s12518-011-0071-

z.  

Goodchild, M. F. (2007.) Citizens as sensors: the world of volunteered geography, GeoJournal, 69, 211-221. 

https://link.springer.com/article/10.1007/s10708-007-9111-y. 

Instituto Brasileiro de Geográfica e Estatística - IBGE. MUNIC 2017: 48,6 dos municípios do país foram afetados 

por secas nos últimos 4 anos. https://agenciadenoticias.ibge.gov.br/agencia-sala-de-imprensa/2013-agencia-

de-noticias/releases/21636-munic-2017-48-6-dos-municipios-do-pais-foram-afetados-por-secas-nos-ultimos-

4-anos

ISO .(2007).  ISO 7001:2007 Graphical symbols — Public information symbols. International Organization for 

Standardization (ISO).  https://www.iso.org/standard/41081.html 

ISO .(2011).  ISO 7010:2011 Graphical symbols — Safety colors and safety signs —Registered safety signs. 

International Organization for Standardization (ISO). https://www.iso.org/standard/54432.html 

ISO .(2018).  ISO 22327:2018 Security and resilience — Emergency management — Guidelines for 

implementation of a community-based landslide early warning system. International Organization for 

Standardization (ISO). https://www.iso.org/standard/50064.html 

ISO .(2015). ISO/TR 22351:2015 Societal security — Emergency management — Message structure for 

exchange of information. International Organization for Standardization (ISO). 

https://www.iso.org/standard/57384.html 

525

http://www.agora.icmc.usp.br/site/language/pt/
https://link.springer.com/article/10.1007/s12518-011-0071-z
https://link.springer.com/article/10.1007/s12518-011-0071-z
https://link.springer.com/article/10.1007/s10708-007-9111-y
https://agenciadenoticias.ibge.gov.br/agencia-sala-de-imprensa/2013-agencia-de-noticias/releases/21636-munic-2017-48-6-dos-municipios-do-pais-foram-afetados-por-secas-nos-ultimos-4-anos
https://agenciadenoticias.ibge.gov.br/agencia-sala-de-imprensa/2013-agencia-de-noticias/releases/21636-munic-2017-48-6-dos-municipios-do-pais-foram-afetados-por-secas-nos-ultimos-4-anos
https://agenciadenoticias.ibge.gov.br/agencia-sala-de-imprensa/2013-agencia-de-noticias/releases/21636-munic-2017-48-6-dos-municipios-do-pais-foram-afetados-por-secas-nos-ultimos-4-anos
https://www.iso.org/standard/41081.html
https://www.iso.org/standard/54432.html
https://www.iso.org/standard/50064.html
https://www.iso.org/standard/57384.html


Dorigueto et al. A Framework for Landslide Information Management Systems Development 

WiP Paper – Geospatial Technologies and Geographic Information Science for Crisis Management 
Proceedings of the 18th ISCRAM Conference – Blacksburg, VA, USA May 2021 

Anouck Adrot, Rob Grace, Kathleen Moore and Christopher Zobel, eds.  

Lösher, M. et al. ResiStand Handbook. 

http://www.resistand.eu/sites/default/files/resistand/public/contentfiles/deliverables/ResiStand_D1.1_Project

_Handbook_v02_final.pdf. 

OGC .(2020). Web Map Service. https://www.ogc.org/standards/wms 

Ostermann, F. O. and Spinsanti, L. (2011). A conceptual workflow for automatically assessing the quality of 

volunteered geographic information for crisis management, Proceedings of the AGILE International 
Conference on Geographic Information Science, 14, 1-6. 

Ritche, H. and Roser, M. (2019). Natural Disasters. https://ourworldindata.org/natural-disasters. 

Ryoo, J. and Choi, Y. B. (2006). A comparison and classification framework for disaster information management 

systems, International Journal of Emergency Management, 3, 264-279. 

http://dx.doi.org/10.1504/IJEM.2006.011296 

Sperandio, V. G. et al. (2018). Creating Municipal Databases from OpenStreetMap: The Conceptual Schema, 

Proceedings of Simpósio Brasileiro de Geoinformática (GEOINFO), 1-11. 

United States Geological Service. (2020). Landslide Preparedness. https://www.usgs.gov/natural-

hazards/landslide-hazards/science/landslide-preparedness?qt-science_center_objects=0#qt-

science_center_objects 

Tavares, J. F. et al. (2018). A systematic review on the use of groupware technologies in emergency management, 

Proceedings of the Third IFIP TC 5 DCITDRR - International Conference on Information Technology in 
Disaster Risk Reduction, Poznan, Poland , 22-25. https://link.springer.com/book/10.1007/978-3-030-32169-

7  

Serviço Geológico do Brasil – CPRM. (2020). http://www.cprm.gov.br/publique/Gestao-Territorial/Prevencao-

de-Desastres/Produtos-por-Estado---Setorizacao-de-Risco-Geologico-5390.html 

World Bank. (2019). Natural Disaster Force 26 Million People into Poverty and Cost 520bn in Losses Every Year, 

New World Bank Analysis Finds. https://www.worldbank.org/en/news/press-release/2016/11/14/natural-

disasters-force-26-million-people-into-poverty-and-cost-520bn-in-losses-every-year-new-world-bank-

analysis-finds. 

526

http://www.resistand.eu/sites/default/files/resistand/public/contentfiles/deliverables/ResiStand_D1.1_Project_Handbook_v02_final.pdf
http://www.resistand.eu/sites/default/files/resistand/public/contentfiles/deliverables/ResiStand_D1.1_Project_Handbook_v02_final.pdf
https://www.ogc.org/standards/wms
https://ourworldindata.org/natural-disasters
http://dx.doi.org/10.1504/IJEM.2006.011296
https://www.usgs.gov/natural-hazards/landslide-hazards/science/landslide-preparedness?qt-science_center_objects=0#qt-science_center_objects
https://www.usgs.gov/natural-hazards/landslide-hazards/science/landslide-preparedness?qt-science_center_objects=0#qt-science_center_objects
https://www.usgs.gov/natural-hazards/landslide-hazards/science/landslide-preparedness?qt-science_center_objects=0#qt-science_center_objects
https://link.springer.com/book/10.1007/978-3-030-32169-7
https://link.springer.com/book/10.1007/978-3-030-32169-7
http://www.cprm.gov.br/publique/Gestao-Territorial/Prevencao-de-Desastres/Produtos-por-Estado---Setorizacao-de-Risco-Geologico-5390.html
http://www.cprm.gov.br/publique/Gestao-Territorial/Prevencao-de-Desastres/Produtos-por-Estado---Setorizacao-de-Risco-Geologico-5390.html
https://www.worldbank.org/en/news/press-release/2016/11/14/natural-disasters-force-26-million-people-into-poverty-and-cost-520bn-in-losses-every-year-new-world-bank-analysis-finds
https://www.worldbank.org/en/news/press-release/2016/11/14/natural-disasters-force-26-million-people-into-poverty-and-cost-520bn-in-losses-every-year-new-world-bank-analysis-finds
https://www.worldbank.org/en/news/press-release/2016/11/14/natural-disasters-force-26-million-people-into-poverty-and-cost-520bn-in-losses-every-year-new-world-bank-analysis-finds



