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Key Messages

� This paper explores whether traditional crisis mapping systems can be used to tackle the perennial
livelihood problem of elephant raiding around Kibale National Park, Uganda.

� The goal of the system described in this paper is to streamline the process of reporting elephant
raiding to forest officials so that park services can be effectively deployed.

� The challenges and considerations of deploying such a system in an environment where ICT
resources are sparse are described.

Dwindling animal habitat and burgeoning human settlements have made managing human-animal conflict a
critical problem in conservation of protected areas, particularly in the biodiversity-rich tropics. In this paper,
we present a system aimed at leveraging public participation from affected communities to help effectively
manage the conflict in both the short and long term. However, deploying a system that depends on
volunteered information has its challenges in the unique settings of a national park where Information
Communication Technologies infrastructure is sparse. The specific requirements of the system being easy to
use and having automatic geocoding, coupled with the lack of internet access, made it impossible to deploy
traditional crisis mapping software such as Ushahidi. We highlight the unique challenges of deploying a
system that relies on volunteered information for managing human-animal conflict in a technology resource
sparse environment and how the challenges were surpassed. Our system aims at streamlining the process of
reporting cases of elephant raiding to the forest officials so as to elicit quick support. The long-term aim is to
use the data collected through the system for spatio-temporal analysis to better understand elephant raiding
patterns so that the parks services can be effectively deployed.
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La lutte contre le braconnage d’�el�ephant �a l’aide du service de messagerie SMS : les d�efis du
d�eploiement de syst�emes bas�es sur la participation publique dans un milieu disposant de peu de
ressources en technologies de l’information et de la communication

La perte de l’habitat faunique et l’expansion des �etablissements humains aggravent les enjeux de gestion des
conflits entre les humains et les animaux pour la sauvegarde des aires prot�eg�ees, notamment en zone
tropicale de forte biodiversit�e. Dans cet article, nous pr�esentons un syst�eme visant �a tirer parti de la
participation du public provenant des communaut�es touch�ees afin d’�elaborer un mode de gestion plus
efficace du conflit �a court et �a long terme. Cependant, l’exploitation d’un syst�eme qui d�epend d’informations
fournies sur une base volontaire soul�eve des d�efis dans le contexte particulier d’un parc national disposant
de peu d’infrastructures en technologies de l’information et de la communication. Consid�erant que le syst�eme
recherch�e devait être convivial et permettre le g�eocodage automatique, et que l’Internet n’�etait pas
disponible, les logiciels traditionnels de cartographie des crises tels que Ushahidi ne pouvaient pas être
utilis�es. Nous soulignons les d�efis �a relever dans l’exploitation d’un syst�eme reposant sur des informations
fournies sur une base volontaire pour assurer la gestion des conflits entre les humains et les animaux dans
un contexte marqu�e par la p�enurie de ressources technologiques, et la mani�ere dont ces d�efis ont �et�e
surmont�es. Notre syst�eme vise �a simplifier le processus de d�eclaration des incidents de braconnage
d’�el�ephant aux agents forestiers en vue d’obtenir un soutien rapide. L’objectif �a long terme est d’utiliser les
donn�ees recueillies par le syst�eme d’analyse spatio-temporelle pour mieux comprendre les profils de
braconnage d’�el�ephant, permettant ainsi aux directions des parcs de r�ealiser leur plein potentiel.

Mots cl�es : cartographie des crises, conflits entre les humains et les animaux, informations g�eographiques
volontaires, technologies de l’information et de la communication, d�eveloppement communautaire

Introduction

Despite the excitement surrounding ubiquitous
data availability, internet access is primarily
restricted to the developed world and some regions
of the developing world. As of 2014, internet
penetration globally stands at 40% (Acharya 2014).
In these regions, the use of internet as the only
medium of digital empowerment excludes large
proportions of the world population from the
benefits of the instant availability of information
facilitated by internet access. Even though the
global landscape of geospatial data has been
significantly altered by satellites, sensors, and
Information Communication Technologies (ICT) in
general (Craglia and Shanley 2015), challenges are
abundant in environments where ICT technologies
are not well developed. Use of traditional crisis
mapping platforms like Ushahidi become problem-
atic for deployment in the absence of good internet
infrastructure due to Ushahidi’s reliance on online
mapping platforms such as OpenStreetMap (OSM).

Despite lack of universal internet penetration,
the ICT revolution has left very few corners of the
world untouched. Although high-speed broadband
connectivity may not be widely available in
many developing countries, mobile phones have

successfully penetrated 78% of the world population
(Acharya 2014). Thus, taking a step back from the
internet and relying on basic mobile communication
infrastructure, including voice calls and Short Mes-
saging Service (SMS), opens uppossibilities to deploy
systems that enable the public to participate in the
provision of volunteered geographic information
in places where internet access is sparse.

In this paper, we present a systembuilt for villages
around Kibale National Park in Uganda that facili-
tates reporting of elephant raiding around the
park to the Uganda Wildlife Authority (UWA).
The UWA was the partner organization during the
development and deployment stages of this project,
and provided initial consultation on system needs.
Deploying a system for public participation using
SMS at the fringes of the forest presents a unique set
of challenges in today’s world where access to high-
speed internet is taken for granted in the developed
world. With the cost of SMS being relatively low
(e.g., MTN Uganda—a major mobile provider charges
100––130 Ugandan shillings or approximately $0.03
Cdn. per SMS), this offers a unique opportunity for
digital empowerment to address areas of concern
without major infrastructure constraints.

Even though our application scenario falls under
the purview of crisis mapping software, the sparse
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availability of ICT infrastructure and the singular
aim with which the system is developed makes
using existing crisis mapping software non-viable
for mapping people-parks conflict.

First, we elaborate on the problems with human-
animal conflict that motivated the development
of the system, followed by an overview of the ICT
infrastructure. Second, we highlight why existing
crisis mapping systems could not be viable for
our application scenario. Third, we present the
systemwe developed for reporting elephant raiding
and how the challenges mentioned in the previous
section were overcome. Finally, we conclude by
highlighting the lessons learned from developing
this system with its unique requirements.

Background

The study area, Kibale National Park (KNP) is a
795-km2 mid-altitude moist evergreen forest
located approximately 24km east of the Rwenzori
Mountains in Western Uganda (Struhsaker 1999;
Chapman and Lambert 2000) (Figure 1). Regional
records from the 19th century suggest that it was a
large forest inhabited by relatively few (approxi-
mately 40) households of agriculturists (Naughton-
Treves 1998). In the mid-20th century the Ugandan
Game Department sought to confine wild animals
to parks, to enable growth of agricultural land
(Naughton-Treves 1998). Humanpopulation around
KNP grew by 300% between the years 1959 to 1990
due to growth in the native Toro population and
because of the immigration of the Bakiga people
(Naughton-Treves 1998). KNP received the protec-
tion status of a National Park in 1993. Today, it is
known for its diversity and density of non-human
primate populations (Struhsaker 1999), particularly
chimpanzees (Pan troglodytes). Nearly all the forest
outside the officially protected areas has been
cleared for agriculture and grazing—rendering the
forest almost an island surrounded by farms, tea
plantations, and dwindling fragments of forests
(Hartter and Southworth 2009; Chapman et al.
2013). Except for a portion along the southern
boundary of the park that is contiguous with Queen
Elizabeth National Park, the remainder of KNP is
surrounded by agricultural farms or grazing lands
(Chiyo and Cochrane 2005). The population density
around KNP’s edges reached 300 people per
square km in 2006 (Hartter and Southworth 2009).

Human-animal conflict

Human-animal conflict is one of the most serious
challenges facing conservation biologists today. Two
of the primary costs associated with human-animal
conflict involve crop raiding and destruction of
stored food (Naughton-Treves 1998; P�erez and
Pacheco 2006), and attacks on humans (L€oe and
R€oskaft 2004; Packer et al. 2005). Indirect costs of
living alongside animals involve opportunity costs
with people being forced to make economic and
lifestyle alterations to accommodate the presence of
wild animals and conservationprograms (Woodroffe
et al. 2005;Naughton-Treves et al. 2011). Thehuman-
animal conflicts pose a threat not only to humans—
they are also detrimental to the animals involved.

Incidents linked to human-animal conflict have
been on the rise in many places in the world that are
adjoining protected areas. Human-wildlife proxim-
ity and contacts are increasing due to the growing
encroachment of human settlement and agricul-
tural lands on previously uninhabited places
(Woodroffe et al. 2005). Managing, mitigating, and
reducing the conflicts have thus become one of the
primary focuses in conservation biology. However,
conflict management is a multi-dimensional and
complex process involving not only wildlife man-
agement, but also the management of people’s
attitude and behaviour towards conflict and con-
servation (Dickman 2010). For example, one of the
primary challenges in the human aspect of conser-
vation is how humans perceive the risk of threat
posed by wild animals, which can influence how
people deal with the conflict, and if overlooked,
may lead to a disproportionate response. In KNP,
although domestic livestock inflicted twice asmuch
damage to crops as wild animals, local people’s
resentment was far greater towards wild animals
because the state imposed bans on killing
wildlife making people perceive these animals as
the property of the state (Naughton-Treves 1998;
Naughton-Treves and Treves 2005). Moreover, stud-
ies in Uganda have shown that people’s perception
of elephants is unaltered by prior encounters and
that in general they were considered dangerous,
capable of injuring and even killing humans (Hill
1998). The perceived high levels of threat, however,
bolster a positive attitude towards conservation in
the belief that it “should help ensure protection of
people and their crops from marauding elephants
and other animals” (Hill 1998, 244).
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Figure 1
Map of Kibale National Park (KNP) and its surrounding areas.
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The elephant population in KNP had been declin-
ing until 2000 (Chiyo and Cochrane 2005); however,
recent census counts in the park show that the
population is on an exponential rise, perhaps
because of the possible migration of elephants
from neighbouring Congo, where elephants face
increased poaching pressures due to political
instability (Omeja et al., forthcoming). Elephant
crop raiding is infrequent, but highly localized
and temporally clustered, and capable of causing
much more damage in a single raid than that of any
other animal (Naughton-Treves 1997, 1998). House-
holds employ various methods to deal with animal
raiding, such as fences and having male members
guarding crops, but few have a significant impact
against elephants (Mackenzie and Ahabyona 2012).
Elephants raid crops throughout the year and cause
catastrophic damage to the perennial banana
plantations as well as other crops such as maize
and millet (Chiyo and Cochrane 2005). Elephants
raid crops exclusively at night, and human guarding
is costly, dangerous, and relatively ineffective.
Though fences built of the invasive thorn species
Mauritius are perceived to be useful, studies have
found that households with and without them
experience the same number of raiding incidents
and this invasive plant is invading the park and
competing with native vegetation (Mackenzie and
Ahabyona 2012). Help from KNP guards is often
required to chase elephants into the forest using
noise from rifle shots, although as animals get
habituated to such “scare-shooting” it becomes a
less effective deterrent. The most effective form of
defense is thought to be trenches, but these are
expensive to dig and maintain and numbers of
raiding incidents have not been found to be
significantly different between villages with and
without trenches (Mackenzie and Ahabyona 2012).

Long-term reports of elephant raiding may help
trigger funding for the excavation and maintenance
of more trenches where they are most needed.
As the elephant population in KNP continues to
grow, coupled with the isolation of the park from
other forest fragments due to agricultural land use,
incidents of crop raiding are becoming more
common. Therefore, this is an opportune moment
to not only gather information about crop raiding by
elephants, but also to develop innovative ways to
report, respond to, and analyze the events. Also,
the locals living in proximity to the park perceive
this interaction as a useful way to engage with the

UWA in addition to the current practice of scare-
shooting, which—while decreasing in effectiveness—
is still perceivedtobe themostuseful technique.Over
time, a historical and spatially explicit record of
information about elephant crop raiding will help in
thedevelopmentofholisticmanagementstrategies to
dealwithconflictsand improvepeople-parkrelations.

Information Communication Technologies (ICT)
infrastructure

The internet has broken barriers with regards to
transmitting a variety of information farther, faster,
and cheaper than any other means used in the
history of communication. Consequently, the inter-
net has transformed myriad aspects of our lives.
From healthcare to shopping, from self-expression
to campaigning, from searching information
to gaining public perceptions, from learning to
entertainment—the internet has revolutionized the
traditional ways of doing things. Even though we
take the internet revolution for granted, according
to the 2014 report of the International Telecommu-
nication Union (ITU), internet penetration is only
about 40% globally for all countries, including
developing and developed (Acharya 2014). In fact,
90% of the world’s population who do not use the
internet are from the developing world (Acharya
2014). Thus, the benefits of the internet are not
enjoyed equally. This gap between those with
internet-connected devices and internet access
and those without is generally referred to as the
“digital divide.” The key barriers to internet access
in the developing world, that give rise to this divide,
are recognized as (1) poverty, high cost of devices,
and high telecommunications fees; (2) poor infra-
structure, digital illiteracy, and lack of digital trust;
and (3) policy, taxes, and operational barriers
(West 2015). Bridging the digital divide is often
seen by scholars, policymakers, and the public as an
opportunity to achieve greater social equity and
empowerment; studies have thus focused on the use
of internet by marginalized users and minorities to
bring about constructive changes (Mehra et al. 2004).

The non-uniform access to the internet globally is
further exemplified by countries in Africa where the
internet penetration may be as low as less than 10%
in many countries (Broadband Commission 2013).
These countries’ sparse internet infrastructure
can pose challenges for software developers,
making Africa a “living laboratory” (Tilley 2011)
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for software and technology too. But ICT is being
developed at a rapid pace in most African countries.
Africa is currently leading in mobile broadband
growth with penetration reaching 20% in 2014
compared to only 2% in 2010 (ITU 2014). However,
if developers are willing to take a step back and use
the telecommunication infrastructure instead of the
internet, the number of mobile-cellular subscrip-
tionsglobally isalmostequal to thenumberofpeople
onearth (ITU2014). Consequently, even inAfrica, the
penetration of mobile-cellular service is at 69% (ITU
2014). When developing software systems for Afri-
can countries, it is imperative that these challenges
regarding sparse ICT infrastructure arekept inmind.

In Uganda, internet penetration as of 2014 was at
29.5%, with an estimated 10,813,000 internet users
(Uganda Bureau of Statistics 2015). With a total
bandwidth available of 25,678.82 mbps (Broadband
Commission 2013), the total bandwidth available
to an individual (assuming that a quarter of the
country’s population is online at the same time) is
only about 0.003 mbps. However, mobile subscrip-
tions in Uganda are increasing, with year-to-year
growth.At the endof 2014, the teledensity inUganda
was 56.5% and with the teledensity growth rate
outpacing the population growth rate, Uganda may
soon achieve 100% telecoverage (Uganda Communi-
cations Commission 2014; Uganda Bureau of Statis-
tics 2015). AroundKNP, cell phone signal coverage is
available but weak and erratic, with many pockets
having no network coverage. 2G internet is available
on the network but the inconsistent signal makes
it extremely difficult to use. The signal coverage
gets worse in inclement weather. Further, access to
electric supply to charge the phones remains a
challenge. While Uganda has embarked on an
electrification program for rural villages, it is not
ubiquitous. In villages without electricity, it is a
business to own a large battery and charge people to
recharge their phones. However, even with the
challenges of spotty signal coverage and recharge
costs, cell phones remain a very attractive proposi-
tion for enablingpublic participation in ICT-resource
sparse settings, and their SMS functionality has been
effectively used in earlier crisis mapping scenarios
(Meier and Munro 2010).

Crisis mapping systems

Crisis mapping systems, such as Ushahidi, have
proven to be useful tools for empowering citizens

during emergencies (Meier and Munro 2010). The
simple interfaces (compared to traditional GISys-
tems), coupled with high levels of interactivities,
aim at eliminating the need for experts and thereby
expediting response in emergencies by marshalling
the efforts of volunteers. Ushahidi has been suc-
cessfully used in several crisis situations including
the post-election violence of 2008 in Kenya
(Goldstein and Rotich 2008; Okolloh 2009; Meier
and Munro 2010) and the aftermath of the 2010
Haiti earthquake (Forrest 2010; Meier and Munro
2010; Zook et al. 2010; Roche et al. 2013) to name
two of the most famous cases. In the Haiti
earthquake, a team set up a system that allowed
Haitians to text their location andmost urgent need;
these messages were translated by a team of
volunteers from Creole to English and displayed
on Ushahidi (Meier and Munro 2010). Systems such
as Ushahidi are very comprehensive, with many
settings and steps to help ensure the veracity of
reports. For example, when a report is received by
either SMS, email, phone, or Twitter, it is up to
system administrators to approve them before it
can be shown on the map. Despite the promise of
automation, reports are not automatically geolo-
cated and it is up to the curator to derive location
from the text and put the reports in the appropriate
places on the map. Miyazaki et al. (2015) provide an
extensive review of the recent use of geospatial
technologies for disaster response, including the
use of the open-source FrontlineSMS software for
crowdsourcing information via SMS during crisis
mapping.

However, the fact that automatic geolocation of
SMS is not supported in Ushahidi is not readily
apparent from thewrite-ups on thismapping system
(Brandusescu et al. 2013). Such systems may not be
particularly suitable for ongoing events over a long
time period, as these type of events do not tend to
elicit the same response asmore acute incidents and
as a consequence may not result in a sufficient
level of reporting or adequate volunteer response
required for curation (Brandusescu et al. 2015).

Whereas high levels of curation make sense in a
disaster scenario that is typically temporally con-
strained to a few days or a few weeks, it would be
difficult to sustain in our application scenario,
which is perennial in nature—and particularly so
in developing countries where trained labour is not
readily available and is expensive relative to the
budgets of agencies like national parks. The large
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number of customization and curation options also
makes a system like Ushahidi a cumbersome choice
for our system, which is squarely aimed at collecting
reports for the singular purpose of elephant raids.
Our system is also not designed to be a large-scale
crowdsourcing system to be used by volunteers
potentially located anywhereon the globe, but rather
only by the communities around KNP, in order to
submit reports to the UWA. UWAofficials act as both
the respondent to the crisis as well as the adminis-
trator and have to manage the few options available
in the system. Knowing the locations and names of
the villages makes it possible in our system to
automatically geolocate elephant-crop raiding event.

Crisis management systems strive for a large
number of responses in order to be able to piece
together a realistic image of the ground truth so as
to be able to streamline rescue and relief activities.
As a result, the system tries to make the most of the
available ICT infrastructure in maximizing the
avenues through which reports can be gathered.
These options include SMS, phone calls, and emails
as well as social networking sites, such as Twitter.
The lack of stable ICT infrastructure around KNP
makes most of the reporting avenues unviable. In
the sparse connectivity environment, SMS is the only
viable option to gather reports. Ushahidi also relies
on the internet to display maps from either Google
or OpenStreetMap. As use of the internet is not an
option, our system uses its own simple map to
visualize the information. Also, the non-reliance on
the internet to gather reports and display maps
means that the system can be hosted completely
offline on the UWA’s internal servers. Though the
data about elephant raiding may seem harmless, it
can potentially be exploited by poachers for spatio-
temporal patterns that would reveal the where-
abouts of the elephants. Hosting the database on
internal servers that are inaccessible through the
internet puts to rest the concerns about data privacy
pertaining to crisis mapping and geoweb in general
(Elwood and Leszczynski 2011; Young and Gilmore
2014). To completely protect the data however,
careful consideration needs to be given to who has
physical access to the UWA computers.

System design

Until recently, villagers used to make phone calls to
theUWAoffice to report an elephant raid and ask for

help. However, there are specific challenges to the
existing system. Elephant raiding happensmostly at
night, making it difficult for forest officials to be
informed and able to respond. Sporadic network
availability means that several tries are often
required before a call can be put through. To be
able to respond to a call means a UWA employee
must always be present to answer the phone. It is
further complicated during harvesting season,
when multiple requests for intervention are made,
as handling multiple calls at the same time is also a
challenge. Further, sometimes a response from the
UWA is slow due to inadequate equipment (e.g., lack
of fuel for motorcycles) or inaccessibility of non-
paved roads during rains. These issues increase the
tension between local residents and the UWA as
elephants can cause catastrophic damages in a
single raid. A system was required so that UWA
officials could be informed quickly in case of a raid
so that when a ranger post is close enough, forest
guards can be immediately dispatched to scare-
shoot the elephants back to the forests. SMS is better
suited for an erratic network, as once an SMS is sent
it stays in the outbox and is delivered as soon as
some signal is found, hence eliminating the effort of
continuous retries to get a phone call through. The
UWA also lacks sufficient resources to respond to
every call, especially if the village is far away. Getting
reports through SMS ensures that there is a record
of how many calls are made, and from where they
weremade. This information gathered over a period
of time will enable understanding of the spatio-
temporal patterns of elephant raiding, thus indi-
rectly helping to understand where the next raid
may occur and assisting in a more streamlined
management of efforts. Anecdotally, the UWA
has noted that having a record of locations and
the volume of incoming complaints would help
the agency to acquire more funding and resources
(e.g., money to dig trenches and people and vehicles
to respond) to support the management of the
elephant incursion problem.

Although the system ismeant for exclusive offline
use and does not rely on the internet for any
services, it is built using Linux, Apache, MySQL, and
PHP (LAMP). The use of LAMP ensures that once the
system is deployed on an internal server, it can be
accessed from any computer on the UWA network.
The user interface of the system is developed using
HTML and Javascript. The data are stored in MySQL
databases. PHP handles the interaction with the
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database and dynamic content generation. Apache
is the server on which the system is hosted, on a
Linux machine.

The reports about elephant raiding are sent via
SMS by the UWA-appointed “community scouts” in
each village, or by the people manning the guard
stations (Figure 2). Since the system is aimed at
getting reports exclusively for elephant raiding, the
content of the SMS is kept simple and the only
information required in the text is the location of the
raid. We have used the open-source FrontlineSMS
software to receive the SMS and store them in
the MySQL database. As an SMS is received, location
information is extracted from the text of the
message and matched against an internal database
to get coordinate information. If the <x, y>
coordinates are found in the database, the informa-
tion is automatically geolocated and displayed on
the map as a new report. However, if the <x, y>
coordinates are not found, curation is required for
geolocation (e.g., a village name is misspelt).

The map on which the reports are geolocated and
displayed is completely stored offline as a geoJSON
file and is rendered on the page as a Scalable
Vector Graphic (SVG). D3.js also allows the canvas
displaying the SVG to have geographic projections
(Mercator in our case) enabling the use of latitude

and longitude to reference locations. Figure 3 shows
the page displaying the map, along with the
reports shown as red circles. All the reports from
the same location are aggregated and displayed by a
red circle with a number indicating the number of
reports from a particular location. Clicking on the
red dots displays the individual reports in the table
on the right-hand side. The user can respond via SMS
to each individual report by clicking on the
corresponding row in the table. To streamline the
response process, the user can choose the reply
from a set of templates.

The geolocation of SMS reports is done by
maintaining look-up tables that contain place
names and their corresponding latitude and longi-
tude. The UWA administrator can decide the
locations fromwhich to receive reports. Registering
a place for receiving reports is done by going to
the Add/Delete Place tab and entering the name of
the place and the corresponding coordinates. The
village names around KNP are in local dialects and
phonetically translating the names to English often
results in ambiguous spellings. The system, there-
fore, provides means to refer to the same locations
with multiple names and spellings. Multiple names
for a given location can be added by the administra-
tor by going to the Add/Delete Names tab. It is

Figure 2
Schematic showing the operational structure of the system.
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preferable that multiple names for a location are
available in the system, instead of having to
resort to automatic resolution techniques such as
percentagematching or Levenshtein distance-based
techniques. Many of the villages have names that
have very close spellings in English. For example
Kaburanda and Kaburara only differ by two charac-
ters, making automatic resolution techniques cum-
bersome to implement when spellingmistakes need
to be considered.While theUWAofficials were being
trained to use the system, they considered whether
reporting locations as Place A, Place B, Place C, etc.
might be easier than using village names. However,
even though they had previously used codes to refer
to locations in other projects, the officials’ experi-
ence suggested that often the actual place names are
more convenient to remember and use instead of
codes. Hence, the system is currently using both
codes and place/village names simultaneously to
ensure that most SMSs are geolocated automati-
cally. Moreover, if a community scout sends an SMS
from a registered mobile number, then the location
from which the SMS was sent is known and the
content of the SMS is ignored and not used for
geolocation. Adding a registered mobile number is
done by going to the Create User tab and filling out

the person’s contact details including phone num-
ber and place from which the community scout is
supposed to send a report. However, this method is
not encouraged because changing providers and
phone numbers is common in the region. Moreover,
exclusive use of reporting from registered numbers
may, over time, lead to increased reliance on
community scouts and create an impression that
only community scouts can send reports, which is
detrimental for a system which relies on general
public participation.

Even though the SMSs are automatically geo-
located and multiple spellings and place names
can be handled by the system, some SMSs do fall
through the automatic geolocation process (due to,
for example, incorrect SMS format or misspellings).
These cannot be automatically geolocated and
placed on the map. This failure is principally due
to the use of spellings that were not accounted for
and, in some cases, due to the use of alternate names
that are used locally to refer to a place or a village.
These messages are maintained in the system as
unresolved SMS texts and users of the system can
review them and either manually geolocate them to
an existing place that is set to receive reports, or
contact the person fromwhom the SMSwas received

Figure 3
Map showing locations with reports of elephant raids. The map supports navigation and zooming using mouse gestures. Phone numbers and
reporting locations have been masked in the table for privacy reasons. Screenshot reproduced with consent from the UWA.
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for further clarification, or delete the SMS in case it
was sent to the number by mistake. If the UWA
officials notice consistent spelling mistakes or use
of an alternate name to refer to a place, they can add
this new spelling or name to the list of “alternate
names” for a place so that henceforth SMSmessages
can be automatically geolocated. Allowing multiple
names to refer to the same place breaks from the
traditional modernist practice of gazetteers of
associating only a single, officially recognized
name to each place (Goodchild 2011); however,
multiple names referring to a single place are a
reality in this region of Uganda. This list of names
gathered over time will be helpful for mapping
projects done in this location in the future.

For the resolution of reporting, the village level
was considered appropriate. The size of a village is
50––70 households and spans a relatively small area
(Kavuma 2009). Moreover, around KNP the road
network is sparse, with usually not more than one
motorable road leading to each village. Thus, even if
the reported location of the elephant raid within the
village was more accurate (like, west of village X),
the response from the UWA will usually have only
one possible approach leading to the exact spot.

Discussion and conclusion

This paper demonstrates the unique challenges of
building systems to be used in an ICT-resource
sparse setting. Even in today’s world where we
take the availability of internet for granted, it is
important to take a step back when building
systems for the developing world and look to
relatively older technologies like SMS if communi-
cation is to be a core part of the application.
Moreover, even though crisis mapping software
(e.g., Ushahidi) has proven successful in handling
emergency situations, the multiple options and
high level of customization are meant to support
large-scale deployments aimed at handling great
numbers of reports from many people stranded on
the ground via any communication means possible.
Sizable manpower is also required to sift through
the messages, and then interpret and create geo-
located reports out of them. Also, systems like
Ushahidi rely on the internet to provide mapping
functionalities. These characteristics can act as
barriers to successful repurposing of existing crisis
mapping software to handle chronic problems like

elephant raiding in an environment where telecom-
munication resources are scarce and reporting is
sporadic and limited. The system needs to have
streamlined workflows with automations to create
geolocated reports. With a singular aim, the system
can be developed with a reduced number of user
options, thereby simplifying and minimizing the
requirements for user engagement (e.g., many
people in the developing world do not have easy
access to computers and the internet). Since the
communities from which the elephant raid reports
are expected are dependent on the UWA for
handling human-animal conflicts, false reports are
rare and can be easily identified and dealt with, thus
mitigating the task of manually verifying each SMS
before creating reports. Also, having reports issued
from a known community scout reduces the likeli-
hood of false reporting. The contact number for the
SMS reports is, however, advertised in the villages to
avoid relying solely on the community scouts.

The short-term goal of the system is to provide an
easier way for the UWA to get reports of elephant
raiding in the villages so park rangers can be sent to
scare-shoot them back into the forests, thereby
potentially minimizing the impacts of human-
animal conflicts in which either man or animal can
be hurt or even killed. Over the longer term, the data
gathered by the system can be exported to spatial
databases (GIS) for analysis to identify the spatio-
temporal properties of elephant raids. Better
understanding of raiding patterns will assist in
bettermanagement of the conflict byunderstanding
where and when to deploy resources in a pre-
emptive manner rather than waiting for reports to
come in before acting. The responses gathered over
time will also allow the UWA to negotiate with
the Ugandan government for more resources to be
dedicated to managing elephant excursions outside
the park via elephant trenches and scare-shooting.
The system is currently deployed and we will be
reporting the spatio-temporal patterns of elephant
raiding around KNP captured by the system after it
has been deployed for at least a couple of years.
This is an appropriate time period to reflect on the
uptake of the system, the quality and quantity of
gazetteer place names collected, as well as the
system’s success in terms of both identifying
patterns of elephant raids and affecting policy.

As with any project that requires participa-
tion from the community, motivation is an
important determinant of long-term success
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(Craig 2002; Coleman et al. 2009; Budhathoki and
Haythornthwaite 2012). KNP is a relatively large park
spanning795km2with villages and cultivation fields
in abundance around its perimeter. The large spatial
extent makes it a very difficult task for the UWA
to always respond to reports of elephant raids.
The major motivation for communities to report
raids is the presumption of receiving guaranteed
quick assistance from the UWA to scare-shoot the
elephants. The UWA’s constrained resources and
consequent inability to respond to every raid every
timeduemaycause interest to dwindle over time.We
plan to partially overcome this limitation by using
the UWA-appointed community scouts to report the
raids instead of relying solely on the villagers. The
long-term goal of the system is to gather sufficient
data over time that will allow for a better under-
standing of raiding patterns so that the UWA can
marshal its resourcesmore effectively.As long as the
community scouts continue to report raids, both the
long- and short-term goals of the system can bemet.
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