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Abstract. As the amount of spatial data is growing, there scientists co-producing common knowledge and “boundary
is increased interest in developing tools to explore, visualizeobjects” (Cash et al., 2003). Risk is a measure of the expected
and interpret them, with the final aim of informing decision probability of damage induced by adverse events. Risk there-
making efficiently. Within the European MIAVITA project, fore combines the multiple relevant hazards in a given area,
we examined this issue in the case of volcanic areas, wheref the exposed assets, their vulnerability and of the capacity
existing geospatial databases are particularly complex due tof societies to cope with these hazards (e.g. Marzocchi and
the number of threats to be considered, including volcanicWoo, 2009; Alberico et al., 2011). Boundary objects in vol-
(e.g. lava flows, ash fall) and non-volcanic hazards, such asanic risk management include, for example, scenarios and
landslides or tsunamis. We involved a group of hazard anchazard and risk maps (e.g. Thierry et al., 2008; Felpeto et
risk analysts and managers, civil security officers, GIS anaal., 2007), as well as tools such as geographical information
lysts and system developers to design a Web-based geograpsystems (GISs) to disseminate this material (Pareschi et al.,
ical information system (WebGIS). We tested the system a2000).
the Mount Cameroon volcano, taking advantage of a com- Owing to recent technological developments, Web-based
plex hazard and risk geographical database. This study ercartography has now reached maturity for disseminating
abled identifying key requirements for such tools in volcanic the heterogeneous hazard and risk geographical informa-
areas, such as the need to manage user privileges differenttion (e.g. Muller et al., 2006; Douglas et al., 2008). Con-
according to their profile and the status of the volcano. Thissequently, numerous WebGIS tools have been developed for
work also highlights that, in addition to the development of disseminating data and information relevant for volcanic haz-
large geoinformation clearinghouses, there is a need for siteard assessment. For example, the Globvolcéitip:{/www.
specific information systems focused on working proceduregylobvolcano.org/and EVOSS tools (Tait and Ferrucci, 2013)
of users, in order to fill the last gap between data producergrovide Earth-observation-based services aimed at monitor-
and users. ing volcanic natural phenomena. The tool developed within
the HOTVOLC project disseminates remote-sensing infor-
mation on volcanic ash clouds in near real time (Labazuy et
al., 2012). One important application of this tool is the man-
1 Introduction agement of volcanic ash crises and the associated threats for
aircraft navigation. Finally, the Lav@hazard tool (Vicari et
An important challenge to deal with disaster risk reduction isal., 2011) is focused on the production of services based on
to connect management and decision-making practices witliemote sensing products and lava-flow scenarios. Such tools
scientific and technical knowledge in an efficient way. To have considered the needs of the users and have proven useful
achieve this aim, one of the strategies consists in users and

Published by Copernicus Publications on behalf of the European Geosciences Union.


http://www.globvolcano.org/
http://www.globvolcano.org/

1592 G. Le Cozannet et al.: WebGIS as boundary tools

Prevention and

L Preparedness Response Recovery
mitigation
critieal need Reducing hazard, Getting prepared to Crisis and emergency Reconstruction and
ritical needs
vulnerability, exposure response & recovery management restauration of services

Relevance of Low (priority should be given to
hazard and risk Very high High existing robust procedures or High
WebGIS system systems)

Figure 1. Disaster management cycle and the potential use of a Web-based GIS information system throughout the different phases of
the cycle. In the case of the MIAVITA volcanoes (Mt Cameroon in Cameroon; Fogo in Cape Verde; Merapi in Indonesia and Kanlaon in
the Philippines), it was agreed that such a system would be most relevant in support of the prevention and mitigation phases (long-term
anticipation of a potential crisis). However, provided information on critical infrastructures and their utility during the crisis, response and
recovery phases is made available (e.g. potential for a recreational area to serve for sheltering displaced people). Therefore, the relevance c
the system for preparedness (shorter-term anticipation of the crisis), the response and recovery has also been considered as high.

to assess the threats induced by volcanic processes and B User-workflow-oriented WebGIS: principles,
take appropriate measures to prevent or manage a crisis. requirements and tool developed
All these tools share a common feature: their design was

organized around key modelling tools or Earth observation der to take int th kil ft ted
systems. This can be explained by the fact that their inceptio n order o take into account tneé workflows of targeted users
Culshaw et al., 2006), we gathered a group of stakeholders

either started from the researchers’ knowledge or from th
experience of leading users who had an early understandinﬁ

of the potential benefits from technological solutions. In their .~ . . .
b 9 ivil security officers) as well as GIS specialists and sys-

analysis of user involvement methods, Steen et al. (2007 devel Thi b ht togeth bout 12
recognize that this approach is efficient in achieving rapid em developers. This group brought together about L= per-
NS involved in prevention, preparedness and crisis man-

results. However, they also suggest that an approach base i o
on the analysis of user knowledge and workflows can alsoagement of volcanoes in Cameroon, Cape Verde, Philippines
nd Italy. Our method for designing the tool is a combina-

stimulate new practices in the long term. Here, we analysed”.1 bet desi q hatic desi St t al
existing and potential use cases of geographical informatio '887 .ewec?n co- efS|gn tan empnatic i?'?]n (Steen cei a,
with a group of stakeholders involved in risk management ): co-design reters 1o a process in w 'C_ USETS anc sys-
in volcanic areas, and we designed a Web-based GIS syé?m designers elaborate a system together; emphatic design

tem for the management and visualization of volcanic hazard €quIres system developers to share the experience of end

and risk information accordingly (Sect. 2). We tested the Sys_users to create a system adapted to their workflows. We first

tem at Mount Cameroon using an existing set of hazard an(§>rgan|zed workshops to envision idealized geospatial infor-

: ; . : : o tion dissemination and management practices. Then, fol-
risk geographical data. This experience provides insights fol &t
integrating such hazard and risk geospatial tools within cur—loWlng the approach of Darke and Shanks (1997), we for-

rent risk management practices in volcanic areas (Sect. 3), a@allzed progressively the data and workflows to finally de-

well as for linking the development of large geoinformation sign an evolving prototype, which was |mpr0v§d, testeq and
infrastructures and services with users (Sect. 4). validated by a broad range of potential users involved in the
MIAVITA project.

Through this method, the group identified key require-
ments for a risk and hazard GIS data repository. A territorial
GIS risk repository should contain, at least, a multi-hazard
map (e.g. Kappes et al., 2012; Neri et al., 2013), an inventory

omposed of users of geoinformation (volcanoes observato-
es scientists, hazard and risk analysts and managers and
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of exposed elements together with attributes such as theiered to be a priority here. There are however no technical bar-
physical vulnerability or theirimportance during disaster cri- riers to developing such editing tools: for example, Huang et
sis or recovery, and the associated risk maps. From the riskl. (2013) provide an example of a landslide database and
management perspective, the completeness of data is evallebGIS that incorporates the possibility of updating and
more important than the detailed accuracy of a particular dataditing the landslide inventory.
set. Therefore, all hazards and types of assets at risk in a As no solution incorporating all the features listed above
given territory should be addressed. The tool should also conwas available at the time of the project, we developed a new
sider the most critical aspects of hazard and risk informationtool using open source libraries such as OpenLayers, GeoExt
dissemination across the different phases of disaster managand ExtJS. The final tool incorporates two user interfaces
ment (Fig. 1): for example, during the prevention and mitiga- (Fig. 3): (1) the browsing component, which is commonly
tion phases, critical needs are to reduce the vulnerability andeferred to as a WebGIS; and (2) the database and user pro-
exposure of populations and assets. In some cases, the haddle management interface. The WebGIS architecture itself
ard can be reduced as well (e.g. some landslide-prone argacludes four interdependent subsystems. This subsystems
can be stabilized). Here, the critical needs for informationare the following: (1) a Web server; (2) an authentication,
are hazard and risk maps: the first can support decision makauthorization and audit server, which provides security ser-
ing regarding new settlement or land use policies; the secongdices aimed at applying the access and control rules; (3) a
enable to evaluate the expected damages for maximizing th&1S publisher enabling the final data provisioning and dis-
impacts of risk reduction actions. Similar information needstribution; and (4) repositories that includes applications re-
can be identified for the preparedness, response and recovequested to configure the GIS repository and the authentica-
phases, in particular regarding the identification of critical as-tion, authorization and audit server. For reinforcing reliabil-
sets for evaluation and sheltering, as well as updated hazaritly, each component can be hosted on an independent plat-
maps to enable reconstruction. All these products representfarm and repositories can be hosted on high-availability in-
large number of geographical layers and of possible relevanfrastructure that goes from a redundant array of independent
combinations. Therefore, flexible data management optionslisks (RAID) of type 1 (mirroring without parity or striping)
and data models, as well as clear roles and responsibilities inp to a RAID of type 5 (block-level striping with distributed
data-flow management procedures, are needed. Finally, difparity) architecture.
ferent versions of each data set can exist, such as for example
a preliminary version of a hazard map, not yet approved by
authorities. Here, a generic procedure to manage the differ3 Lessons learnt from the Mount Cameroon: usefulness
ent levels of maturity of the various data sets has been elabo- and transportability of the WebGIS
rated. We developed the procedure provided in Fig. 2, which
is flexible enough to apply to any of the MIAVITA volcanoes. The volcanic site for testing the capabilities of the system is
Thereafter, the group identified key situations where aMount Cameroon (Fig. 4). The different volcanic, ground in-
WebGIS has an added value to disseminate this geospatial irstability and tectonic hazard and risk associated with Mount
formation compared to other existing solutions. Firstly, a pa-Cameroon have been extensively described by Thierry et
per atlas is not an appropriate option to provide and exhausal. (2008). This work was based on a regional-scale geologi-
tive view of all relevant hazard and risk maps, simply becausecal mapping, including on the slopes and summit of the vol-
there are too many possible combinations of data layerscano. Moreover, an inventory of exposed elements was un-
Secondly, while a stand-alone GIS application may resolvedertaken. This study highlighted the multiplicity of hazards
the previous difficulty, existing GIS tools remain specialized affecting this area. In addition to hazards directly linked with
tools and many potential users are unfamiliar with them. Fi-eruptions such as lava flows, tephra fall, gas, lahars, ground
nally, as a growing amount of geographical resources is bemotions and tsunamis, they showed that the risks associated
ing made available from multiple sources (see e.g. the Earthwvith landslides were as important as those due to eruptions.
observation data disseminated through the Global Earth Obin particular, the area east of Limbe is under very high haz-
servation System of Systems (GEOSS), which is under deard. An important finding of this study was the significant
velopment, Percivall et al., 2013), the group envisioned thatexposure of the towns of Limbe and, to a lesser extent, Buea
incorporating interoperability features in the system shouldto geological hazards. In the context of our study, the main
reinforce its ability to manage new data, thus increasing itspoint is that all the findings of Thierry et al. (2008) have
sustainability. This supported the idea that, beside more speseen incorporated into a GIS database, which we used to test
cialized tools for managing geo-information databases or deand validate our tool. The GIS database contains geograph-
signing eruption scenarios (e.g. Gehl et al., 2013), an interical layers describing the exposure and elements at risks as
operable Web-based tool is required to facilitate the visu-well as their strategic importance, single-hazard and multi-
alization, by non-GIS experts, of complex hazard and riskhazard maps, “risk maps” (which actually consist of hazard
databases (Salvi et al., 1999). Functionalities for updating thenaps superimposed with the assets vulnerable to these as-
data layers through the WebGIS application were not considsets), topographic maps, other background information such
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Figure 2. Use-case scheme of information flows between the database management system, data providers and users. This scheme shows t
different possibilities for data insertion, validation and access. All data providers are also considered as potential users of the system. Here,
a key role is given to the National Volcano Laboratory in managing the information flow.

as optical satellite data and the geological map. Owing to theages made available by Google. Figure 6 shows screenshots
extensiveness of this database, we could use this case study the two Web interfaces (visualization and data manage-
to develop a controlled vocabulary describing the content ofment). The WebGIS application was found rather easy to use
the hazard and risk geographical database and organized loy a board of users who tested the tool. This testing con-
a hierarchical form (i.e. a taxonomy; see Fig. 5). This tax-firmed that the tool is able to manage any kind of hazard and
onomy was reviewed by users and provided to the systenmisk information in an organized way, to display it simply
developer as an example for the first implementation of theand to manage priorities among the different users during the
system. It covers all geographical data sets presently used iprevention, preparedness and crisis phases.
risk management practices in the MIAVITA volcanoes, and The potential of using the WebGIS during the different
adjustments to this taxonomy can be incorporated as whisheghases of disasters was discussed with the initial group of
by the users through the data management interface. Thigsers. It was found that the system is able to display the key
demonstrates the potential transportability of the system tanticipated scientific and regulatory information in support to
other volcanoes. prevention and recovery (maps of elements at risks and reg-
Once data have been uploaded to the system, the applicadatory hazard and risk maps), preparedness (pre-determined
tion enables the visualization of hazard maps together witthazards or risk scenarios aiming at testing the response capa-
stake at risk (e.g. water supply network, strategic buildings,bilities), crisis management and response (maps of strategic
roads, etc.) and, owing to interoperability features, other geinfrastructures for the evacuation of people and for sustain-
ographical resources located elsewhere such as satellite ining life in non-evacuated areas and possibly near-real-time
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Figure 3. Scheme of the WebGIS application and architecture de- — .
veloped within this study. The GIS database can be visualized ] Breees e
through the WebGIS interface. GIS data can be uploaded and man ‘ﬂ HiREske |‘___|—|_A,,po,. iy p—
aged through the data management interface, through which eact — : E / - —
. . s . — rinkable water su — ort lon georeferenced data
user receives privileges that are a function of the status of the vol- ﬂ - | ‘I Harbour ‘ e
. . .. . -strategic importance
cano (here: inactive, moderate activity and eruption). The WebGIS ﬂ c | _| S ceests
) ) e ) C nergy supply — Air corridors - vulnerability curves
itself is divided in several components: one Web server manages the

exchanges of information through the Web; one authentication au-

thorization & audit server provides security services (e.g. ensuringrigyre 5. Extract of the taxonomy (i.e. controlled vocabulary orga-

that each user receives the relevant privileges according to the stasized in a hierarchical form) describing the content of the hazard
tus of the volcano); the GIS publisher is the component that finally gnq risk geographical database.

supplies the data; finally, the GIS database and the rules are stored

in the database management system, which is the repository of au-

thentication, aythorization and audit rules defined through the data \pje acknowledge that there are barriers to the operational
management interface. use of such a tool. First, the database and user profile man-
agement interface still requires GIS and IT skills to be man-
aged, in particular on open source development environment
for building spatial internet applications (here: MapServer),

e G on relational database management system (here: MySQL)
Munyenge E¥N and on cartographic projections libraries (here: ExtJS, Open-
Layers and QuantumGIS). Furthermore, in socially, econom-
ically and/or technologically disadvantaged volcanic areas,
the range of potential users remains limited. This is espe-
cially true in the case of Mount Cameroon. In this context

\)

of strong social vulnerability (Apa et al., 2012), the WebGIS
has less potential to be useful for people at risk than for na-
tional and local authorities concerned with risk management.
N For local communities at risk, other tools are more appropri-
Buildings A ate such as participatory 3-D maps (P3DM) for local com-
f‘__]hf"iv'v':ins“ munities (Cadag and Gaillard, 2012). In fact, while there are
, High densnyy examples of WebGIS serving as collaborative decision sup-
Hazard (1omThery ta. 2009 port tool mvolvn_"ng a wide range qf users (e.g._ Boro_ushqkl
st and Malczewski, 2010), our application remains primarily
B vion [ [townezad targeted to an audience of decision makers, scientists and
Dgse ® ® & 0 vecium || Negigivle civil security already familiar with IT, although not neces-

sarily with GIS. For this use case, the application was judged
Figure 4. Map of Mount Cameroon Showing the multi-hazard map beneficial during the validation phase, and other members of
(Thierry et al., 2008), topographical isolines (bins of 250 m) and thethe stakeholder’s group requested copies of the system for
location of main towns. This hazard maps combines threats due téheir own implementation plans at volcanoes in the Philip-
lava flows, ground instability, ash fall, tsunamis and earthquakespines and at Fogo (Cape Verde).

The map highlights that besides volcanic hazards, the hilly areas in Fina”y' this app”cation at Mount Cameroon confirms that
the east of Limbe are subject to very high hazard of landslides.  {he approach focused on users’ existing and potential work-
flows, although recognized a long process (Steen et al., 2007,
Nies and Pelayo, 2010), is necessary to improve existing
hazard and risk geoinformation management practices. It
demonstrates that this type of boundary object is potentially
efficient in facilitating mutual exchange of knowledge be-
tween science and disaster risk reduction (Cash et al., 2003).

information provided by field civil security agents or scien-
tists informing about the ongoing volcanic activity and secu-
rity operations).
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Figure 6. (A) represents the end user’s Web interface running on a standard Web browser. Different areas of the screen can be folded to give
more space to the GIS central visualization area. The users can search the GIS database using the meta-information stored along with th
geographical data — screen bottom three panels. The selected GIS layers can be saved as independent scenarios and later retrieved from |
server, as well as user’s vector features (polygons, lines and points) can be added to the visualization area, saved on the server for further us
and shared with the other WebGIS uséB).shows the server GIS layer manager component. This module allows the management of all the
GIS data contained in the database, including the promotion/demotion of the “validation level” associated with each GIS layer. On the left
side the system shows all the management modules that allow the management and configuration of the whole system, including the switck
from one alert level to another. Each alert level can be independently configured giving GIS data access priority to the more appropriate users
in case of emergency.

copies of the tool. Importantly, current interoperability fea-
tures make it possible to visualize locally owned data layers
Many efforts are currently focusing on developing large together with the remote geoinformation provided through
geoinformation architectures and services based on modarge geoinformation infrastructures. This practical example
elling tools or Earth observation instruments, in particular shows that there is a high complementarity between tech-
through GEOSS (e.g. Hollingsworth et al., 2005; Percivall nologically based geoinformation architectures and services
et al., 2013; Plag et al., 2012). The development of thesesuch as GEOSS and systems based on user workflows. The
systems remains fundamentally driven by new scientific andirst requires shorter development cycles and provides access
technological developments. Here, we started from the proto generic services applicable for a large range of users, and
cedures that use spatial information in risk management tahe second stimulates the integration of a large range of spa-
design a Web-based application for managing and displaytial information and data within existing and potential users’
ing a complex geographical database dedicated to hazard amqgtocedures in the long term. This study therefore encourages
risks in volcanic areas. We applied and tested the applicatiothe development of spatial information systems dedicated
for Mount Cameroon; other volcano observatories requested

4 Conclusions
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to specific sites, sectors or procedures, to complement th&ehl, P., Quinet, C., Le Cozannet, G., Kouokam, E., and Thierry,

GEOSS architecture and ensure its connection with users. P.: Potential and limitations of risk scenario tools in volcanic
areas through an example at Mount Cameroon, Nat. Hazards
Earth Syst. Sci., 13, 2409-2424, ddi:5194/nhess-13-2409-
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