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Abstract

Humanitarian crises require a quick and effectimegency response to answer the
needs of vulnerable populations. Deploying mobiltih clinics in the field is an
example of an outreach activity that can be un#ertdor this purpose. This study is
based on a real mission implemented by a meditainational aid organization (MSF
or Médecins Sans Frontieres) in Cameroon duringehent Central African Republic
humanitarian crisis (2014). All of the knowledgedamformation required for the
analysis have been collected by field observationisyviews and the experiences of
the author of this thesis during a 4-month emergemission in East Cameroon,

working as a mobile clinic manager.

The selection of the most suitable mobile cliniesiis a complicated task in such a
volatile context. One mobile team can typically eoa number of 8 sites in a two week
rotation period (1 site per day, visited every B¥g). Due to a sensitive security and
humanitarian situation, a significant number oftéas need to be considered before
making any decision. This paper shows how GIS @nded to help define the most

suitable sites and to what extent the securitytedléactors can affect the final strategy.

Using a Multi Criteria Decision Analysis (MCDA), able site areas were identified
inside the study boundary via two different anadyq® with security considerations
and (ii) with no security considerations. Throughfmalytic Hierarchy Process (AHP),
13 criteria were divided into three distinctive sdas (security related factors, human
related factors and environmental factors). AHPpéeldetermine the influence and
weight of each factor to one another with pairvdseparisons. It has the advantage of
structuring the analysis in a simple and comprefkensay for the decision makers. A
Weighted Linear Combination (WLC) completed the AHfethod to aggregate the
factors and classes together according to thepertwe weights. A final raster map
was generated for each analysis and reclassifted?ih ranges of equal intervals based
on the suitability value of each cell. Alternativegere ranked according to their

suitability range.

Vi



First, the three highest ranges of values weretiitksh as the most suitable areas given
security considerations. They cover 1714 kmz2 (3,8f%e study area) and include 19

relevant towns for mobile health activities.

Second, five of the highest ranges of values weeatified as the most suitable areas
with no security considerations. They cover 189% K % of the study area) and
include 18 relevant towns for mobile health acteat

Both analyses only share 10 sites which indicdtasthe security context significantly

affects the site selection in a humanitarian cantex

The first analysis (i) was also compared with tbeial activities implemented by MSF
in 2014 (without the use of GIS). The comparisoovehthat Qf the 12 most pertinent
sites selected by the MSF decision makers durieg2®il4 emergency (most visited
sites by the mobile clinics) were also selectedhwhe GIS analysis.

The research shows that GIS can be an added vatuselecting suitable sites for
health mobile activities in a humanitarian context.

MCDAs such as AHP proved to be an effective apgrdachelp in the prioritization
process and to limit the alternatives for decisioakers. Similar analyses can be used
in the future and we suggest keeping them simpdieveall-structured, especially when
dealing with emergency crises where influencingtdiec are subject to very rapid

change.
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1. INTRODUCTION

1.1 Background

For any international aid organization, an effestivse of time and resources is
essential when responding to a humanitarian crigés is usually achieved by the
continuous improvement of the working methods fieast experiences and by the use
of newly available technologies.

Emergencies or post-emergencies projects in huaraamt contexts are developed
based on initial field assessments carried outdmereenced teams. Swift decisions are
then required to start the activities in the beanner. This reactivity is primordial to
answer the urgent needs of the communities facirggasttous situations. The
experience gained in previous missions is defyiéeajor asset to save precious time
and to be more effective in the field. At the sam®e, humanitarian organizations try
to improve their approach by testing and applyireyvnmethods. As technologies
expand worldwide at lower costs, it is now posstiolaise new tools in the field that

were not available just a few years ago.

Geographical Information System (GIS) is a goodmgXa of a recent technology that
could be used to complete initial field assessmaémt®rder to help make better
decisions. For example, the GIS visualization fioms (e.g. base maps) are definitely
helpful to the teams on the groumndhether it be to go around uncharted regions, map
health promoters’ deployments during epidemicsioply keep a visual history of any
organization activities. On top of that, more adwehanalyses could also be beneficial
provided that reliable data is collected.

By integrating different spatial and non-spatiaformation, GIS can give a good
overview of a situation, particularly in identifigngaps (geographical, types of
activities, location of potential patients...) andtigate possible risk of overlap with
other partners’ projects.

There are more and more GIS applications relatéaimoanitarian crisis and GI1S-based
analyses offer good perspectives for decision-ngakapstly in terms of site selection
or natural disaster vulnerability areas (Verjed) D0As such, a mobile clinic project is

a relevant opportunity for a practical use of a-B#ed analysis. Mobile health clinics

1



involve daily movements of resources (human anceria} directly where the needs
are in order to provide free health care to theeheraries.

However, despite all the recent technological adean humanitarian actions will
always be challenged by the context in which thevidies are undertakenEach
country has its own specificity and each crisisiadion its own rules. The latter can
seriously affect the geographical implementatiomobile clinics thus the accessibility
of a significant number of refugees. This can mkms potential patients receiving
health care. Considering the security aspect isoolsly a major imperative for health
organizations. No patient can be treated propdrlthe staff cannot work in safe

conditions.

This research work is based on a real world cugien thousands of people from the
Central African Republic fled the civil war violemdo find asylum in neighbouring
countries (Cameroon in this case). The knowledgebatkground used to conduct this
project directly come from my work experiences wWMSF over the past years,
especially from the emergency field mission in Eaatmeroon (2014) during which |

worked as one of the mobile clinic managers.

1.2 Aim of the study

The first objective of this study is to assess WheGIS would be applicable to support
the decision making process for the implementadiooutreach health activities. To do
so, the results of the site-selection analysis vadturity considerations will be
compared with the sites actually selected by MSinduhe 2014 emergency.

The second objective of this study is to deterndinehat extent the security conditions
of the study area can affect the spatial coverdddSF mobile clinics locations. This
will be assessed by comparing two analyses: (ih wécurity considerations and (ii)
with no security considerations.

This work necessitates a detailed analysis by camgpa lot of data in order to find out
where the real needs may be and how to increasehtimeces of reaching vulnerable
populations. GIS is a convenient technology allgnmime combination of various types
of data that can be spatially localized on a maph\®IS software (ArcGIS 10.2 in this

study) data layers can be overlaid altogether aiegrto their importance.
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A lot of key information was collected during theldl work, such as improvised
settlements of refugees, existing health centréiiad refugee camps, etc. Each of
these factors can influence more or less the M&iF strategy.

In order to support the hypothesis and potentiafiiect the best sites for outreach
mobile clinics, several questions need to be arevier the first stages of the research:

- Where are the refugees? Where are they likely tilesence they cross the
border? What can influence or limit their movem@nighere do they enter the
country from? The potential spatial location ofugees must be assessed.

- Are there other health actors and where? Or angrgttaces where to host
refugees? The existing gaps in terms of healtlttstre must be clarified.

- Is there any natural or man-made structure thatlaawyact the localizations of
the MSF activities?

- What security related factors can influence MSF iheoddinics deployment? In
other words, where is it acceptable for MSF to wwithout putting in jeopardy
the staff?

These are the issues that must be considered dheranalysis.

The work will also show more practically how a nngltiteria approach based on the
analytic hierarchy process (AHP) can help to find the most suitable sites for mobile
health activities.

Finally, the results will be compared with the sitbat were actually used during the
2014 emergency mission. This will allow a bettepragiation of the added value of a
GIS-based analysis in comparison with the reality.

It is important to bear in mind that any GIS stusl{imited by the reliability of the data
collected. This statement is even truer when tlotofa are related to extreme and
volatile human situations and when sources oftea gnverifiable facts. During such a
humanitarian crisis, finding reliable data is ditfit, sometimes impossible. Gathering
up-to-date information, especially regarding seguconditions and refugee locations,
turned out to be the most challenging part of tloekw






2. CONTEXT

2.1 Reqgional Context

2.1.1 Central African Republic Civil War

The Central African Republic is a countys e T
\ -

situated in the central belt of the African
continent. It has an estimated population of 5,3

million and covers an area of 622 000 kmz2.

Surrounded by six countries, it shares a e
Bossangoa d .Bna
common border of 797 km with Cameroon in itg_ _« ‘sccoum ,  Bomban .
. Sou Bangassou  ®
. " Ban, obaye @
western part (see Figure 1). B s O "

.
Nola

After its independence from France in 1960, the

Central African Republic has known various__

m

regimes. In March 2013, a coup took plagfure 1: Central African Republic (OCHA
during which a rebel coalition known as Séler3)

(mostly Muslim) overthrew the president Francoizé (a Christian). Following on
from this coup, Michel Djotodia became the first $lm president of the country and
decided to dissolve the Séléka. The majority of rideel groups refused to go along
with this plan and dispersed all over the coun®ynce then, there has been an
escalation of violence in the capital (Bangui) adl\was in most of the cities and towns
of the Central African Republic. From October 20E3;Seleka’s troops (Muslim
rebellion) and “anti-Balakas” (village self-defenimgces, composed of Christians and
animists) fight each other in which has become\a @iar. Exactions against the
population are committed by both sides in a vicioirsle that could not be stopped
despite the intervention of international forcese(feh military operation).

The situation worsened on January"1#014 following the resignations of both the

President and Prime Minister.



2.1.2 Humanitarian Crisis

Given this context, the population from Central iédn Republic that were not
involved in fights started to flee their countrgiin the ongoing atrocities. Most of them
left their homes with very few items and therefaere short of everything. They hid in
the bush to escape from militias and walked for kgew® reach the Cameroonian
border. UNHCR sources indicate that people freduedied of “dehydration,
hypothermia or severe anaerhi@ttp://www.unhcr.org/537f19309.html).

People who managed to cross the border arrivedusidg and in poor health. Most of
the medical cases observed by the MSF teams whkatedeo malnutrition, malaria,
diarrhoea and civil war correlated traumas (gunsin@tab wounds). The vast majority
of the refugees were women and children.

To avoid paying a right of passage, they sometiemgsr Cameroon through the bush
before spreading out over the many villages altwvegbiorder, which is why there is no
accurate refugee population number. It is hard redipt future scenarios as the
population movements are strongly interconnectel thie situation in CAR. However,
official statistics (see Table 1) indicate thatthg end of May 2014, around 130 000
people reached the East region of Cameroon, amdmnchvaround 70 000 are new
refugees (UNHCR, 2014).

New Arrival (ll\lne\lljv;;rrglgia New arrival (from Jan.
. Old Cases (March To Nov. o 2014 following the
Location ; . with the ! : Total
(since 2004 2013-following implicati f resignation of the
March coup d’état) |mp_|cat|on oY transitional President)
Anti-Balaka)
East 58 071 1254 0 70 805 130 130
Adamawa 38 967 0 463 15 383 54 813
North 0 0 0 2751 2751
Centre 4076 2044 238 2248 8 606
Littoral 998 1851 286 3246 6 381
Total 102 112 5149 987 94 433 202 681

Table 1: Statistics of CAR refugees as of 31/05/2QUNHCR Cameroon, 2014)

An August 2014 Situation Report specifies that ald®b 000 people (84 percent are
women and children) have been officially registeasdrefugees by the UNHCR as of
end of August (UNICEF, 2014). This does not inclutteusands of unregistered
refugees scattered along the border, particulartité East and Adamawa regions.



When being registered by the UNHCR, the refugeesive an official card stating
their status which gives them access to humanitssigoport (free health care, food
distribution...) and the possibility to travel andspahe authorities check points.

Given the limited level of infrastructures in th@dk region, the sudden increase of
population triggered a humanitarian crisis requgstmmediate actions. The refugees
found asylum in the few UNHCR camps whenever péssiBtherwise they settled

among local communities (sometimd&

former refugees), or built traditional hutg

in areas allocated by villagers (see Figu

4

sanitation structures were obvioush

2). The access to water, hygiene

. ... (Vincent Muller 2014
(measles, cholera, pollomyelltls(, )

meningitis), especially during the rainy season.

2.1.3 Study Area: South East of Cameroon

The border between Cameroon and CAR is 797 km &myincludes several known
crossing points for refugees (21 entry points age-geferenced by the World Food
Programme as of June 2014, see Figure 4). As ggekaifthe previous section, most of
the refugees found asylum in the East region of €aon since it is the administrative
part of the country sharing the longest border WWi&AR. The East region covers an area
of 109 011 km?, which makes it the largest regibthe country. With around 800 000
inhabitants, it is also the least populated regib@ameroon (7,3 inhabitant per km?).
Apart from mining (important gold and diamond res@s) and logging activities, there
are very few industries. This is the reason whg part of the country does not offer a
high level of infrastructures. A major part of ttegion is covered by rain forest with a
limited dirt road network linking small towns toget (see Figure 3).



o AP e s =

Figure 3: Typical landscape of East Cameroon (VimgeMuller 2014)

MSF first set up in Garoua Boulai, in the Lom-e&@m department but in February
2014, exploratory missions from Batouri revealeat th high number of refugees near
Gbiti and in the most southern areas did not recaivy assistance. The local health
centres did not have enough material and resoumesipport the growing refugee
population. The government or international actdics not expect such an influx of

refugees and could not prepare accordingly.

The study area (see Figure 4) of this researchreduée regions that are reachable by
car from the main MSF base situated in Batouri &in the advanced base in
Yokadouma. These towns are respectively the capitdl the two following
departments

- Kadey (covering 15 884 km? and populated by 192iAbabitants).

- Boumba-et-Ngoko (covering 30 389 km2 and populated 116 000

inhabitants).

! In Cameroon, regions are subdivided into “depantsie
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Figure 4: Study area boundaries in East Cameroon




2.2 Humanitarian Emergency Response

2.2.1 About Médecins Sans Frontieres (MSF)

Médecins Sans Frontieres (MSF or Doctors .
Without Borders, see Figure 5) is an
international medical aid organization that wa

created in France in 1971 further to the Biaf MEDEC/NS
SANS FRONTIERES

Figure 5: MSF logo
provide emergency medicine and health care to

humanitarian crisis. Their objective is to

vulnerable populations regardless of their origialigion or political party. As
communicated in the MSF website (http://www.msflouwg-finances), more than 5,7
million individual donors around the world provideme 89 percent of MSF funding. It
iIs a fundamental concept for an organization wH@s#ions are guided by medical
ethics and the principles of independence and inmgddy” (http://www.msf.org/msf-
charter-and-principles).

Private donations give the organization the libedyact merely according to the
humanitarian principles, especially in contextsoiming multiple parties or institutions.
In addition to their neutrality and independencdiqgp MSF is well known for its
principle of advocacy, speaking out publicly whesrethey witness unbearable and

violent situations.

The organization mostly intervenes in war contextsin countries facing endemic
diseases. The official website (http://www.msf.angf-activities) summarizes perfectly
their activities. It specifies thatMSF brings humanitarian medical assistance to
victims of conflict, natural disasters, epidemias healthcare exclusion. They offer
basic healthcare, perform surgery, fight epidemretabilitate and run hospitals and
clinics, carry out vaccination campaigns, operaterition centres, and provide mental
healthcare. Their activities include the treatmehinjuries and disease, maternal care
and the provision of humanitarian aid. Where neapgsshey set up sanitation systems,

supply safe drinking water, and distribute reliefassist survival.
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To have a better understanding of the size of MSI5, good to give a few numbers
(http://Iwww.msf.org). As of 2015, the organizatioas offices in 28 countries, employs
around 30 000 staff (expatriates and local stafijd affers health care in about 70

countries.

MSF has received many awards over the last 40 ydatis existence, among which the
Nobel Prize in 1999 in recognition of its humanaaraid all over the world during the

past decades.

2.2.2 Intervention in South East Cameroon: Why?

Given the MSF principles and motives for actiorisiho surprise that the organization

has been involved in the humanitarian aid in respda this civil war.

The atrocities perpetrated by the different groapsinnocent civilians and the large
number of displaced population within CAR and te tieighbouring countries required
a significant humanitarian response from the irgg@omal community. Needs were
everywhere in the region and due to the difficautiyanticipate the events, many areas
were not prepared to handle the situation.

MSF opened several projects in CAR in the earlgesiaf the war. Several exploration
missions in Cameroon indicated that most of thegeés who fled their country had no
assistance and needed adequate medical treatment.

Given the high number of people and their bad stAtealth, an insufficient number of
medical structures and the absence of other huaramt partners at the time MSF
arrived in the field, it was decided to open a fenejects in strategic areas of the East
region. Garoua Boulai and Batouri were used as€’blagations for each project from
where further activities could be launched alorglibrder until the Yokadouma region
and surroundings.

It is important to understand that emergency ptsjace very flexible and subject to the
events in the field. Therefore strategies and waykiocations may change very
suddenly. This suppleness allows the organizatiandet the needs very effectively by

targeting the vulnerable population wherever they a
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The influx of a displaced population being verycht predict, it is impossible to have

a clear scenario of the situation and to forecastvolution.

When MSF was running initial field assessmentdekht issues had to be considered:

The number and size of official refugee camps weaglequate so unofficial
camps with poor sanitation were being improvisedhaydisplaced population.
Very few humanitarian actors were present in te&fiparticularly in terms of
health support.

The existing governmental health centres did noellhe capacity to respond to
such an emergency (limited human resources angyrug

In spite of malnutrition programs in some majoustures, more efforts were
required to reduce mortality in this sector.

Refugees did not receive any basic vaccinatiors (eeasles) due to a lack of
available vaccines, which increased the risk obattoreak.

The water supply, the hygiene and sanitation systemere limited, not
operational or simply non-existent in the vast majoof the places where
refugees settled. It was sometimes the source rifide between the local
community and new comers in the area.

Pockets of refugees without assistance needed tochézed, especially since
the UNHCR and other partners mostly concentratedr tbffort and support
inside official refugee camps.

These facts indicated what sort of strategy haletamplemented by MSF in order to

reach the vulnerable population, to cover the gaps$ to avoid overlaps with other

partners’ activities.
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2.2.3 Intervention in South East Cameroon: How?

Beneficiaries

During a humanitarian crisis, before taking actma deciding the type of intervention,
it is imperative to identify the target populatidn.this situation, the priority is to reach
and give support to the refugee population in thestEregion (Gbiti, Batouri,

Yokadouma, etc.). In accordance with the M

principles, and to mitigate inter-community cortﬂ:i,c

the host population will also benefit from the rrceaili [

support (vulnerable/indigent people). Priority |

typically given to children, women and elderly w _

are more fragile (See Figure 6). Figure 6: Children visiting the clinic
(Vincent Muller 2014)

MSF Objectives

An operational answer requires clear objectivestlier organization from which the
expected results and the activities to implementbEconceived.

As stated in the logical frame of the project (MGH; 2014a), the main goal of the
MSF mission is to reduce and stabilize the mowtaliid morbidity among the refugee
population in Gbiti and in identified pockets ofugees.

To reach this objective, it is necessary:

- To give to the refugees access to a free medicdl rartritional support of
quality (for mobile clinics and Gbiti camp).

- To give access to drinkable water and functionalitaey structures (Gbiti
camp).

- To follow-up outbreak risks and malnutrition sitioats.

- To support the CNTI (Intensive Therapeutics Nuinal Centre) of the District
Hospital of Batouri (malnutrition program) whereetimost severe cases are
transferred from the field.

- To ensure that specific emergency responses asihbfowhenever necessary.

- To communicate with the press, inform and put pressn the authorities and
other actors (especially the UNHCR) about the reéugrisis and their needs

(secure camps, outbreak surveillance, coordinatjon.
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This type of emergencies requires a short to miak-t@pproach due to the volatility of
the context. The objective is not to destabilizg eristing health system but to bring
support (human, material resources, training) anttandle the influx of vulnerable
population, especially in remote areas. Once tluatson slowly comes back to normal,
a clean exit strategy will be carried out.

The plan will depend on the security situation emtered in the field. Since a large
number of refugees are close to the border, itsgemtial to follow-up the security
situation with the help of the local authorities.

Activities

MSF started to work in the area on February 201dstiyn focusing the effort on the
Ghbiti unofficial refugee camp and supporting thetbet Hospital in Batouri.

Additional field assessments revealed new needdezhthe project to grow with the
opening of mobile health clinic activities in areabere there was not enough or no
assistance at all.

This study focuses on identifying suitable areasiobile activities using GIS. Hence,
it is important to understand what exactly mobialth clinics in an MSF mission are.
Of course, this is one overview of a mobile acyivroject. Each mission has its

specificity and what works in one country may natkvin another country.

Figure 7: Mobile clinic in Gaina, Kadey (Vincent Miler 2014)

The main goal of mobile clinics is to go treat theneficiaries where they are (See
Figure 7). As explained above, the medical suppdftmainly focus on basic health

care and malnutrition.
14



In terms of human resources, one mobile clinic waudually involve 2 supervisors and
e 8):

S

18 national staff dispatched in a convoy of 5 vigdsi¢See Figur
N

- 1logistics manager (security “focal point”) §
- 5Sdrivers + 1 logistics assistant :

- 10 medical staff + 1 medical supervisor

Local staff will also be hired from the communit§
as daily workers in order to set up the site,
the crowd, translate and promote the activity.

i

Figure 8: Mobile clinic convoy (Vincent
Muller 2014,

There are typically two separate circuits followsd the patients depending on their
diagnosis on arrival:

- Circuit 1: classic mobile clinic focusing on babealth care

- Circuit 2: specialized in malnutrition
Each circuit ends with a pharmacy where drugs erajpeutic food may be delivered as
per the patients’ prescriptions. This partitioroal a more effective work thus more
beneficiaries treated at the end of the day (Sger€i9).

AR S

Figure 9: Mobile clinic setup in Belimbam, Kadey {¥cent Muller 2014)

Depending on the site, the activities may take elacder a shelter available in town
(school, church, etc.), under a large traditionatl tovered by plastic sheeting or in
MSF tents. Each MSF employee and MSF item (temtiyshtables, drugs...) is assigned
to a specific car to ensure that openings and rayssof the sites are organized and
effective.
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Outreach Project Opening

Outreach activities are not improvised and regpioper preparation. Before going out

in the field to set up the two circuits and to tréda patients, an emergency mission

involves preliminary phases formalized by the cqtiom of a project document:

(MSF-CH, 2014c) and (MSF-CH, 2014d). In this contake different steps can be

summarized as below (MSF-CH, 2014a) for a bettdetstanding:

v' Field assessment from a reduced and experienced M8fk (medical and
logistical) to understand the type of emergency aeeds. This team can be sent
from the field (if there is already an existing w&y project), from the mission
coordination (the capital) if there is already assn in the country, or from the
MSF headquarters.

v Discussions between the field assessment team,cdleedination team and
emergency unit in the headquarters in order toddgeevhether an emergency
response is required, to what extent and what és itlitial action plan. It is
important to understand that MSF can work in anaafethe organization is
accepted by all the parties and local authorities.

v' Once the MSF objectives are clear as well as the sf a project, the different
supervisors are sent to the field (usually expeeédrexpatriates).

v' Opening of an MSF base (if not already existingpimear the humanitarian crisis
area. For the duration of the mission, a compound botel can be rented in a
strategic and safe town, from where the teams easteployed and the material can
be purchased for the activities.

v" The recruitment of the national staff can start &#mel material needed to run the
activities can be ordered. Logistics, medical addiaistrative preparations are
ongoing.

v' Parallel to these last steps, regular in-depthudisions and assessments can be
done by the supervisors to update the informatwmailable and collect as much
data as possible regarding the situation.

At this stage, a GIS analysis could be involvedcduld be used to complete and
compile the first data collection and to generhagefirst results in order to back-up the
action plan. This would usually require several slayork, possibly a week or two

given the size of the study area. Even though fadth are essential for a reliable
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analysis, preliminary dataset can be downloadenh filoe internet a few days before
arrival in the field to have an idea of the workiagea (e.g. OSM layers such as road
network, populated places, land cover, etc.).®l& officer is deployed in the country,
he/she would usually get in touch with the NatioBakeau of Statistics or National
Geographical Department to collect geographicala ddiat are sometimes more
accurate or up-to-date than the ones availablenenlEvery country and every
emergency mission has its own specific featureg goa complex task to give one
general rule. If we take the example of the missiorEast Cameroon, a first GIS
analysis with the criteria selected in this studuld be performed a couple of weeks
upon arrival in the field, once the MSF team hat t@ chance to travel and assess the
different regions of the study area for data coitec(performed by the GIS specialist

or any other team member if required).

Frequency

The goal is to implement a regular schedule sodhiédren suffering from malnutrition
can ideally be followed and receive therapeutiafaatil they are diagnosed as healthy
again. A regular visit in the same towns induces the mobile clinic team can only
work in a limited number of places. Indeed, skigpone scheduled clinic would have
negative consequences such as the loss of childtee malnutrition program or a loss
of credibility if people were to come unnecessarily

Due to a limited number of working locations ane& tlact that refugees are often
scattered in the villages and distant areas, icriscial to have an outstanding
communication with all the stakeholders (villageietf, refugee representatives,
religious and other community leaders, health eedtrectors and mobile nurses) so
that everyone is well aware of the MSF visit a fdays in advance. They can plan their
movements accordingly and pass the message around.

During the mobile clinic activities, a local inh&édmt will be hired to promote the
presence of MSF and remind the population aboubioggactivities.

The selection of the sites is a fundamental phasensure that the target population
will be effectively reached. The timing is importaand can make a significant
difference. This is why the MSF teams were deplayedng the market day whenever
possible. Refugees living farther away from a tomwould usually only come once a

week, most likely during the market time. Considgrihe aforementioned information,
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a mobile clinic requires a lot of logistics, coordiion and energy. Usually one team
would visit four places per week, followed by twayd of "office/base” work (vehicle

maintenance, stock management, preparation, ragpeic.) and usually one day off
depending on the seriousness of the situation. oo to the number of patients,
some sites may require one weekly visit while otkiégs would only be seen once
every two weeks. It is undeniable that the progeamd the teams need to be very
flexible and ready to adapt to any change of sinain the field. However certain

stability in the program would help to follow-upetievolution of the health situation in

each area covered by the clinics.

2.3 Security Context in South East Cameroon

The main objective of the study is to assess thgaanhof the security related factors
and how they may affect the site selection. To Hs, tit is important to understand

what lies beneath security management.

In such a volatile context where the people fleelerice and war, security is an

essential component to consider. The location efstady area near the CAR border is
definitely a factor to take into account before magkstrategic decisions. It is good to
support vulnerable population but it should notdome to the detriment of the MSF

employees’ safety, even if zero risk does not exgstues can arise at any time and

from different causes. Not all are consequencélseoheighbouring civil war.

Security incidents can be caused by a rebel groogsing the border to perform acts of
violence or it can simply occur from a snake biteadeavy rain storm. The danger is
not only related to its source but also to the maygemoteness of the team making a
quick evacuation extremely complex.
In general, there are three important things tosicter before starting activities in
unsecure areas, particularly for mobile activities:

» What are the risks and how vulnerable are we?

» How can a security incident be avoided?

» What is the best way to react in different situagid they occur?
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2.3.1 Security Risks in the Study Area

In the project area, the main threat identifiedthe log trucks continuous traffic
between the south eastern forest areas and théako#@®s/harbours situated in the
west of the country. Both Yokadouma and Batouri la@ated on the way. Truck
drivers’ salaries vary depending on the travel timearry the logs across the country,
making them taking more risks and less rest. Thigin number and behaviour on the
roads is the main hazard. They often drive for Baur bad conditions roads, at a strong
pace and with a limited visibility.

There is a high vulnerability when a mobile clisienvoy composed of usually five to
six fully loaded cars crosses paths with thesekru€he risks are certainly higher after
sunset or when the working site is far from theeb@enger distance to travel).
Everyday MSF cars will brush past tens of loggingcks. Therefore the accident
probability is considered as relatively high instibbntext (See Figure 10).

The impact of a serious accident involving a fubbaded log truck and one or more
MSF cars from the convoy would be extremely highthWWour to five passengers per
car, such an incident could implicate 10 to 20 pe@nd may lead to the end of the

activities for some time, if not indefinitely.

Figure 10: Logging truck accident (Vincent Muller @14)
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There are other significant risks to consider,tegldo the war context or not:

» Rebel incursions and robberies involving violensevéral deaths and attacks
were reported along the border during the mission).

» Car accident with a pedestrian or a local villagiich could lead to a violent
reaction from the local community (e.g. a truck aisdcargo were burnt down
further to a deadly accident with a local motorbike

» Roadblocks: intentional blockades may take placenight for robberies.
Unintentional roadblock can happen during the dagh as a log truck falling
into a ditch. After an accident, they can't be remwbeasily (See Figure 10).

» Lack of acceptance (previous negative history betwdlGOs and a local
community or false rumours circulating can leadtstrong suspicion towards
MSF).

» Snake bites (this region of Cameroon is also thm@tdiaof poisonous serpents),

etc.

Anticipation is primordial and if the risks are kmo in advance, it is possible to

prepare for it in the best manner.

2.3.2 Minimizing the Risks

In reality, there is no way to ensure that all #szurity incidents can be avoided.
Longer will last the activities, higher are thekasto run into a complex situation.
However, it is possible to highly decrease the dddace a security issue provided that

strict rules are followed by the teams.

For each mission, a security guideline is impleraéniby the field coordinator and
regularly updated according to the evolution of¢cbatext.

This guideline is a set of rules and recommenddthyieurs that should follow the
MSF staff at all time.

In the case of mobile clinic activities, differemieasures can be taken to lower the

impact and avoid being in an uncontrollable situati
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Some of them are:

- Briefing the MSF drivers about the hazards on thedrand ensure that they
follow approved driving rules (speed limit, respettother road users such as
pedestrian or motorbike, systematic car maintenaetce.

- Avoiding driving before sunrise or after sunsetsk®i are much higher in the
dark, especially due to the lack of artificial liglon the roads and the fact that
other users often move without any lights.

- Ensuring a good and frequent communication betwhencars and the base
radio-room so that the teams in the field can agnagy located.

- Having a precise list of the passengers and maferi@ach car of the convoy,
etc.

It is also essential to prepare the MSF deploynretdvance by informing the local
authorities according to the right communicatioarafels.
In terms of security, anticipation, experience, ommication and context knowledge

are the key aspects.

2.3.3 Anticipating a Critical Situation

On top of a security guideline, a mass casualty plah trainings is ideally organised
to prepare the staff on how to react when a sgcundident occurs. It is important to
know who does what and when beforehand. Being rdéadyhe worst is the best
strategy.

In this project and context, simple measures cataken when implementing activities
such as mobile health clinics:

- Training the staff for a mass casualty plan withkaclinstructions according to
their respective position in the team (logisticiamgdicals, coordinators...).

- Dispatching the medical staff in different cars donsure that a nurse or a
physician will always be able to provide a firstesgency treatment in case of
an accident.

- Carrying Emergency Kits in each vehicle.

- Ensuring regular radio contacts between the badé¢henconvoy.

- Knowing where are located the local authorities ahat is the key contact so

that phone calls can be given immediately shaflcusty problem occur.
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2.4 Literature Review

In the last decades, international aid organizatizaive seen their professionalism and
methods increase across all categories. It is mgelo about being in the field to
respond to a crisis but about how effective will thee response. Efficiency in
humanitarian contexts will translate into more degaved; more patients treated and
improved living conditions. In order to achieve gshgurposes, relief agencies need to
deploy trained staff and utilize any method provimgbe beneficial. Geographical
Information System (GIS) is a typical example ofteehnology that can now be
implemented in the field in order to help decisioakers to coordinate their program.
It has been widely used in various fields as asiecisupport tool. For instance, GIS
were utilized to identify landfills sites for hadaus waste in western Iran (Sharifi et
al., 2009). GIS functions were also combined withalti criteria analysis to select
potential locations for wind farm siting in Greg@degou et al., 2010). Even if GIS is
not yet a very common technique in the humanitasector, it starts emerging more
and more as aid workers become gradually familigh wts capabilities and the

potential applications.

This project also finds its origin on the increasinterest of GIS within MSF and other
humanitarian organizations. The recent MSF guiéslideveloped by the MSF Swiss
Logistics Department present a first discussioruéite opportunities using GIS in the
relief and emergency sector. In the “State of ad apportunities using Geographic
Information System” document (MSF-CH, 2013), a tecal study has been carried
out to assess the use of GIS in MSF projects. ritlcoles that the vast majority of
mapping activities enhancing MSF operations carctreducted with free mapping
tools. The authors also specify that GIS is pentiie improve reporting, handover and
emergency responses in general, particularly whkxed to epidemiological activities.
It is an added value for defining target populaton locations. However they suggest
utilizing GIS with a clear definition of the objéots.

A second project “Development of the Geographiodmfation System in MSF-CH”
(MSF-CH, 2014b) defines a strategy to implement Gi&in the organization in order

to have a more structured approach of its apptinati Based on actual GIS field
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activities during MSF missions, this study consatés the benefit of this technology

for the operations.

The dissertation “Utility of GIS Analysis in Coorditing Humanitarian Assistance”
(Verjee, 2007) outlines the perspectives of GlSetaanalyses in the humanitarian
sector and investigates whether GIS could be a gopgort to make better decision.
The researcher highlighted six major categorie& & uses that could be beneficial in
this context, giving an in-depth summary of theiation as well as some interesting
suggestions. According to this paper, site selactimlnerability estimation and gap
analyses seem to be some of the most promisingcapphs that can be developed in
the sector, on top of more basic visualization pegs. This study covers a lot of
aspects but deserves to be backed-up by furthere@d®rimentations based on real
data in order to highlight advantages, drawbackkliamits of the GIS tool in the field.

| expect my research work to be one practical exarmopsite selection using GIS in

humanitarian emergencies.

The research article “Site Selection Criteria fdnelering after Earthquakes: A
Systematic Review” (Soltani et al., 2014) also gsira valuable input. It shows how
important the criteria selection to identify the shsuitable locations for sheltering
actually is. It first highlights what the major tacs are before suggesting what could be
the most relevant tool to reach the objective. Ashs GIS turns out to be an
appropriate method to handle multi-disciplinarytenin while offering a pertinent
visual result. The authors report that a very langmber of factors may bring too much
complexity in the decision making process. Theyctate that GIS would be an

efficient tool to perform multi-criteria analysesa decision making process.

Finally, another article (Mladineo et al., 2012)sdebes how a GIS multi-criteria
analysis application can assist in coordinating iderg activities. It focuses on the
prioritization through the multi-criteria approadherforming analysis is important to
make better decisions but ranking and prioritizeigssential to have a more significant
impact without involving complex surveys or costigks. Even though involving too
many stakeholders in weighting the different vdealis not very feasible during an
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MSF emergency, it is still a good methodology tonipalate different classes of

factors and their influence on mobile clinics sitgtability.

The Multi Criteria Analysis (MCA) is a popular meith to answer spatial decision
problems. Evaluating site suitability and findingetbest alternatives are very good
examples of GIS-based MCDA (Multi Criteria Decisi@nalysis). As described in the
“Multi-criteria analysis: a manual” (Dodgson et, &009), MCA allows the handling of
“large amounts of complex information in a consisteay which facilitates the
decision makers’ work. It is particularly useful ehone needs to consider several

conflicting criteria in the decision.

Another study by (De Feo and De Gisi, 2014) demrates how MCDA can be
combined together with GIS in order to identify thest suitable locations in suburban
areas for hazardous waste disposal. GIS multir@itecision analysis can also be very
pertinent in other fields, such as natural disaptevention. Landslide susceptibility
mapping is a good example of MCDA application imoy GIS capabilities
(Feizizadeh and Blaschke, 2013).

Numerous studies showed that combining GIS anafsis MCDA methodology can
be a very effective way to help make better densio
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3. METHODOLOGY

3.1 Theoretical Concept

In order to meet our objectives, it is necessarngdi@rmine which methodology should
be used. As stated earlier, GIS can combine diffardormation to generate the best
alternatives so that better decision can be madbéerend. However there are many
ways to use GIS and every approach will produciferent result.

In addition, the humanitarian context requirestaofocommon sense in every decision
and it is primordial to understand the consequebeésre taking action.

For this reason, the identification of potentialbie clinics sites should follow realistic
rules when it comes to the factors influencing tbgults. Providing health care to the
vulnerable population cannot be improvised and afil@onstraints must be considered
before going out in the field, particularly regarglithe security of the team.

The different steps of the analysis are elaboritélde following subparts.

In this study the most suitable sites will be idgd according to each influencing
factor. A final outcome will be generated by ovegitag the initial suitability maps of

each criterion.

As discussed in the previous part, the multi-catetecision analysis (MCDA) has
proved to be effective in selecting sites accordodifferent criteria. The effectiveness
of mobile clinic activities highly depends on tloedtion chosen. It is easy to miss the
targeted population due to a wrong site selectiora dack of information. Going
through the MCDA process helps ensuring that @ldhteria available are taken into
consideration according to their influence. Duritigs multi-criteria analysis, the
analytical hierarchy process (Saaty, 1980) has hesd to conduct the weighting
process (see Section 3.3, Step 4). Commonly usettlwide, this method has the
advantage of comparing the factors in separatessetavia a hierarchical structure.
This is particularly helpful in interpreting thestdts and encouraging the discussion

between stakeholders.
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3.2 Experts’ Views

As stated in the introduction, this study is baseknowledge and data from an actual

MSF mission in Cameroon during the 2014 humaniacissis.

AHP is a knowledge-driven method, requiring inpuiani experts. Their opinions and
judgments are essential during the various steplseoprocess: data collection, criteria
selection, weighting of factors and final site séten. To appreciate the reliability of
this work, it is important to be informed about theurce of the data but also and

particularly about the opinions of experts thatasmg and classifying these data.

In this context, experts can be described as “éspesed field humanitarian workers”,
with solid knowledge of the MSF organization (ipeinciples, security rules, outreach

activities and emergency contexts).

Every mission is different and depending on the sind volume and the activities
implemented, varying numbers of people may be deduin the decision-making
process. Running mobile activities in an emergescysually discussed between the
field level, the coordination (capital) and the tigaarters (Europe) following the initial
field assessments.

On the other hand, choosing where the teams witldmoyed is usually debated in the

field (with coordination validation) as this is wkeeal-time information is found.

Given this, if a GIS analysis were performed topsrp the initial plan, the experts
involved in the process could be the Field Coortinahe Outreach Activity Manager
and sometimes other departments’ supervisors (tiogisMedical and HR). It is

important to understand that every emergency lsaswn specific attributes and each
coordinator or supervisor is welcome to bring hes/lbwn experience to obtain the
most pertinent action plan. No matter how many espare involved, they will make

their proposal following a collective discussiordamake their judgment according to
the most relevant sources available (i.e. key natistaff, local authorities, other

actors, etc.).
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This study is based on actual knowledge from tk& fiHowever, it was performed
after the mission took place as a way to apprecidtether GIS could have been
beneficial in this situation. Having worked as gistics manager myself in the MSF
mission on which this case study is based, | agpig own expertise and knowledge
of the field to this research project. | was inrgfgaof one mobile health clinic between
July and October 2014, thus | became very famiidin the context, our impact and

the limits of the activity.

During our work, | often discussed and exchange@sdabout our strategy with other
MSF coordinators, experienced colleagues from iffebackgrounds, as well as with

the national staff, who are very knowledgeable altloelcontext and local culture.

Being in the field daily as a focal liaison andiigs manager, | am well aware of the
challenges met when running outreach activitiesgtivr it be to collect reliable data
about the refugees (i.e. locations, number), contath the local authorities and
community leaders, and follow up about the secusityation to ensure that the

activities ran smoothly and without incident.

In addition to this field mission in Cameroon, Weaworked with MSF since 2010 in
seven other countries as a logistics manager ar@s officer. | had the opportunity to
experience and understand all type of context$udirg: earthquakes (Haiti), conflict
areas (DR Congo, Afghanistan, and Lebanon), mafiounr (Chad) and epidemic

outbreak (Ebola in Guinea and cholera in South Buda

My combined years of field experience in additian ibput from my experienced
humanitarian colleagues allowed me to develop aqpé€d opinion” that helped in
appreciating the influential factors and buildingealistic AHP structure such as the

one proposed in this study.

27



3.3 Implementation Process Overview

Figure 11 shows the different steps undertakemduhe process.

Step 1: Objective of the === Step 2: Criteria selection &

study classification 1

Step 3: Rasterization &
normalization of values

l

Step 5: Factors layers Step 4: Weighting
aggregation (weighted overlay) @ﬂ process (AHP method)

l

Step 6: Results review &
assessment

l

Step 7: Mbobile clinics
sites selection

Figure 11: Implementation process diagram

Step 1 description of the objective.In this case, we want to find where the most
suitable places for mobile clinic activities arelaaview the influence of the security in
the result.

Step 2 selection of the criteria. What can influence the implementation of these
activities? What are the factors and do we haveagymphical knowledge of them? Is
there any constraint? See section 3.5 for details.

Step 3 standardization of the criteria. In order to perform a good analysis and make
reasonable comparisons, the values of factors mestonverted into a predefined
common scale. This process requires the transfamaf the vector layers into their

respective raster layers depending on how we waudlefine the suitability areas for
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each dataset. The knowledge of the reality in tblel fis very important to select the

most relevant GIS algorithms. See section 3.6 ébaits.

Step 4 weighting the criteria. This is a crucial stage in the MCD analysis. P ool

suitability maps for a specific objective relies arrather complex knowledge of the
context, the goal to achieve and their influenfadtors. The reliability of resultant
maps mostly depends on the selection of the apjptepmethodology of analysis and
modelling. The process of generating suitabilitypsanvolves several qualitative
analyses that are based on the opinions of exp&hsre are a wide variety of
gualitative methods which could be used for weigtpurposes in GIS analysis.
Analytical hierarchy process (AHP) is one of thesthods and provides a flexible and
easily understood way of investigating complex peois (Yalcin, 2008). This

methodology has been utilized in many studies. &ample, in a recent research
article (Kumar et al.,, 2015), an interesting congmar was performed between
weighting assessments techniques to analyse siébidity. It indicated that AHP with

its pairwise comparison approach is more appraptimterms of accuracy than other

methods.

Other studies also demonstrated the added val#eH6f as an effective approach to
handle multiple criteria for site selection, espélgi in a multi-level structure
(Moeinaddini et al., 2010 and Mishra et al.; 20155ince this project involves 13
criteria, dividing them into classes while maintag accuracy seems to be the most
reasonable method.

Unlike other popular weighting methods such as WIAHP allows the active
participation of decision makers in finalizing wieig and gives a rational insight into
the logic beyond each set of weights (Yalcin, 2008)is can be very helpful in this
study since we need to convince all the stakehslderthe field that the results are
reliable, so that the maps can be used in thavites. In addition, it is more suited for
the typical MSF group thinking approach where aoliopeople can be involved in the

decision making process.
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AHP (Saaty 1980) also provides a test index, calledsistency Ratio which enables
the verification of experts’ opinions. This aspecignored in other popular methods
such as WLC.
As pointed out earlier, the method has the advantagdlecompose the problem into
different classes through a hierarchy structures Téchnique is particularly useful in
situations where a lot of factors can influencedperations. Due to the complexity of
the humanitarian context, it is more intuitive tongpare together the same type of
criteria instead of ranking them all in one specdider.
The AHP method involves the construction of a comspa matrix where each
criterion will be compared and ranked with othatetia from the same class, using a
scale from 1 to 9 (Saaty, 1980):

- lindicating that both criteria are of equal impoxte.

- 9 meaning that one of the criteria is extremely eniarportant than the one it is

being compared with (see Table 2).

Preference | Degree of .
Explanation
factor preference
1 Equally Two factors contribute equally to theeatjve
3 Moderately Experience and judgment slightly to moderately tavane
factor over another
5 Strongly Experience and judgment strongly or essentiallpfaone
factor over another
A factor is strongly favoured over another and its
7 Very strongly : . ) :
dominance is showed in practice
The evidence of favouring one factor over anoth@fithe
9 Extremely . : ) :
highest degree possible of an affirmation
2 4.6, 8 Intermediate Us_ed to represent compromises between the prefsémc
weights 1, 3,5, 7 and 9
Reciprocals| Opposites Used for inverse comparison

Table 2: The pairwise comparison scale (Saaty, 1980

Once the comparison matrix is complete, a Congsgtétatio (CR) is calculated to
ensure that comparisons are consistent (in othedsyaf factor A is more important
than factor B and B than C, then A should be morgartant than C). If the CR value
is lower than 0,1 the matrix is considered to besgient enough and the calculated
weight values shall be used during the criteriar@gation (the sum of all the weights

equals to 1).
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Step 5: aggregation of the criteriaOnce the weights are generated for each factor and
provided that the consistency ratio is below tHetBreshold, the different raster layers
can then be overlaid. This operation is done ugings1S Weighted Sum algorithm
which will multiply all the cells of each rasterykx by the calculated weight before
adding the resulting raster layers together. It ggherate a map where low value cells
would indicate a lower suitability and high valuells a stronger suitability. In this
research, summation is a more appropriate caloulagchnique than multiplication
between layers. Due to the large variety of cetetti is indeed not reasonable to give

too much influence to the cells having their vatiase to O.

Step 6: verification of the initial results. The resulting map from Step 5 will be
reviewed to ensure that it fits the reality of theld. Some corrections may if

necessary, for instance during the pairwise corapari

Step 7: selection of the mobile clinic site§.0 obtain a more usable outcome for the
activities, a certain number of sites should bedetl from the most suitable areas.
Considering that one mobile clinic team can visitiferent sites per week, 8 sites
should be identified as potentially most suitable.

Because we want the final proposal to be as reliablpossible, the selected sites were
based on known populated places whose geograpbidinates have been recorded by
MSF during the field assessments. These locatiomsisually large enough to have a
weekly market and/or a religious structure where skrrounding population (locals
and refugees) gather weekly. Working in the mostable sites is important but
visiting these sites at the right moment (e.g. raaday) is even more crucial.

In reality, it is wiser to avoid being too restive in terms of alternatives and to keep
some flexibility in the final list. For this reasoa higher number of sites (about the
double) will be highlighted to ease the decisiorkimg process and allow additional
discussion based on criteria that cannot be spatiab-referenced: NGO acceptance,
reality of the field, confirmed presence of refugieminimum distance between sites,

etc.
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3.4 Field Work & Data Preparation

3.4.1 Data Collection

This research work was based on data collected pi@and during my 2014 field

mission in Cameroon. Due to the volatility of thentext, it was extremely hard to
gather reliable information, particularly in termsrefugees. Sources in the field were
not always consistent and information often neettedbe double or triple-checked

during the visits.

Different types of data were initially collected:
- Data classifying the events with a lot of concreteormation: number of
refugees, their location, health status, movemeaatsyities...
- Data describing the behaviour of the refugees iatiom with their new

environment: e.g. how long does it take them tahdhe closest health centre?

The MSF data collected during the field missionaveot specifically compiled for GIS
purposes but mostly to get a better overview of $it@ation. Knowing that the
effectiveness of outreach activities relies on adgknowledge of the study area and of
the influencing factors, several key questions hade answered to have a better

understanding of the situation.

> Relative to security: What is the current contaxtthe region? Were there any
security incident and where? What is the road n&twbthe region? Where are the
borders? Where are the refugee entry points?

> Relative to human activities: Where are the “poskef refugees? Where are the
populated places and most significant towns? Wahe distance and travel time
between the towns? Where are the existing healttrezesituated and what area do
they cover? How many official refugee camps arenogped where are they? Are
there other NGOs working in the area and what tgpeactivities do they
implement?

» Relative to the environment: What type of land e¢asgetypical of the study area?
Where would the refugees tend to settle down iangsgto the land cover? Is there
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any restricted area where they would not go andrevive could not open clinics?

Do they have easy access to water? If not, wher¢hegy find water?

3.4.2 Data Sources and Contacts

Before starting field operations, MSF needs to meéh the authorities. If the

organization is not in the country yet and depegdin the policy of each country,
contacts with the Ministry of Health is normallyquered before any action can be
taken.

At the time the humanitarian crisis emerged in @dnAfrican Republic, MSF was

already running a few projects in Cameroon. Thathy the organization could follow

up the events closely and trigger a quick emergeesgonse.

Three levels of contacts typically take place dyi@nmission involving a large number
of stakeholders: the coordination level (countrpit), the project level (study area
capital or MSF base) and the field level (field).

The MSF coordination situated in the capital of ¢bentry would usually be in contact
with the higher authorities of the government (istines) and other international
organizations or NGOs working in the country. Inr aase, initial contacts were

already made due to the presence of MSF in thetophafore the crisis.

At the project level (study area), the MSF fieldbtinator will be in regular contact
with the highest local authorities (prefects, dgputefects, police force chief, military
commanding officer, MoH local representative) tddw-up the emergency situation,
inform about the MSF activities and get the lasesturity updates. He/she will also be
in touch with other NGOs or international organiaat(e.g. UNHCR) working in the
area to share and collect information (NGOs prgjectplans, their locations as well as

official refugee camps can be obtained throughdhannel).

In the field, the MSF mobile clinic focal point t#am leader will have daily contacts

with people met during the activities or while dpitme field assessments.
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Anyone encountered can potentially share intergstiformation but a few key

stakeholders should be interviewed to collect mhdata:

Village chiefs and/or refugee representatives: th#lyusually have information
about the locations of the refugees in their areanftuence. The best case
scenario is that they share an accurate list wittlear number of refugees.
Alternatively they could provide with a rough estit@ of their number. We
requested to have a list made whenever possiblete a better idea of the
refugee population.

Law enforcement authorities (army and police): thag be found at their local
offices, at their various road checkpoints or disetn the towns, especially
during the market days. They sometimes share nelaaéormation regarding
security (e.g. rebel incursions) and areas to a@sigvell as the movements of
the refugees.

MoH health centres directors: they have informatbout the refugee locations
and can also share the position of the differeaithecentres in the study area.
They are the best contacts to know about the hesdltiation in the region
(ongoing issues, risks of epidemics, vaccinatiomgagns, shortage of drugs,
etc.)

"Relais communautaires" (community relays): thegpgut their communities
in terms of health and promotion. Because theyetrguite a lot in the area,
they are very knowledgeable about the situationcamdalso inform MSF about
the refugee situation.

International and/or humanitarian organization waugk in the field (e.g.
UNHCR refugee camp manager, Red Cross field woykérey need the same
information as MSF in order to adapt their actestito the reality of the field,
therefore they will also have relevant data to stabyout the security situation,

the refugee locations, the need of official refugamps, etc.

Any movement out of the MSF base is a good oppadptuie meet any of these

stakeholders and to update the data previouslgatel.

Compiling reliable information requires lots of endctions with the aforementioned

sources. This volatile context is such that theesgoestions must be asked every day
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in order to recheck, confirm and/or update thenmiation. It is crucial to do so to make
better decisions. Our health activities will onky éffective and consistent provided that
we managed to compile trustworthy information. Inhamanitarian and sensitive

context, it is usually the most challenging parthe work.

As described above, there are many different staklelhs and they all have a piece of
information that they may or may not be willing $bare. Many aspects need to be
considered while gathering the data. Everyone halffarent role to play and an
objective. A refugee group representative tryingngprove living conditions of his
people will not have the same goal as a Cameroaiiii@age chief who does not have
enough water points for his own population. Itngportant to try to understand their
situation and purposes in order to appreciatedhahility of the data shared.

Extreme circumstances can affect reliability. ls thformant under pressure? Has the
informant any interest in biasing the informatiols? there any tension with the
refugees? Because of the complexity of the cordrdtthe need to collect a first set of
data very quickly, we had to use different appreador different informants:

- Simple conversations with authorities, villageefiiand refugee leaders (with
key questions, to gather quick data).

- Unstructured interviews when accepted/possible wikiey informant (e.g. with
a Relais Communautaire).

- During the first clinics, a Cameroonian MSF stafpesialized in
Communication & Education would meet key informaatsl other sources for
purposes such as:

= Training in hygiene promotion to open a discussiamere he will act as
moderator (sort of focus group).

= Asking the people newly trained to pass the messaglee population
and refugees and to help in detecting malnutritcases (sort of

participatory approach).

The last method is a good way to inform the comnyusibout MSF, to gain their trust

and to confirm the data initially obtained througinversations and interviews.
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The reason to involve a local staff in this taslolwiously because he knows exactly

how to behave within the communities, how to apphothem in the most suitable

manner and what language or dialect to speak. dlata collection method seems

complex but it can be a lot of work to gain truBeam work and a high flexibility in

data collection methods is crucial to access usefarmation view the large diversity

and roles of the informants (refugees, Cameroonismisliers, local politicians, other
NGOs, etc.)

On top of field data collection, additional dataseire downloaded or created using

several sources on the Internet:

MSF => refugee locations, camps locations, intéonat health NGOs,
populated places, most significant towns

The OpenStreetMap project (http://www.openstreetorg)p => roads,
populated places, built-up areas

Portal FBP (Ministry of Health in Cameroon, httpwWw.fbrcameroun.org/) =>
health centres and their district

The Food and Agriculture Organizations of the Whitdlations (FAO,
www.fao.org) => land cover

The World Database on Protected Area (WDPA,
http://www.protectedplanet.net/) => reserves arttbnal parks

Global Administrative Areas (www.gadm.org) => adisirative boundaries of
Cameroon and neighbouring countries

Digital Chart of the World (www.dcw.og) => waterurses
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3.5 Influential Factors of MSF Mobile Clinic Activities

Mobile clinic activities in such a sensitive cortexe a challenge. The administrative
and political aspect (such as the communicatiocgs® with the authorities) prior and
during the activities are not going to be discusgethis study but it is important to

understand that despite all the criteria consideredhe project, other factors can
strongly influence the MSF plans and bring therarieend from one day to another.

MSF, such as any other NGO, can only carry outthesdtivities with the authorities
and local communities consents. This acceptancendispa lot on the communication
made by the organization but also on less conbigléactors such as activities and
relationships built in the past, by previous MSFssions in nearby areas or by any
other NGO or structure perceived as such.
This “humanitarian” history can be an asset or rasomvenience and can vary a lot
from one village to another. It is important to &®&are of this but it is impossible to
consider such influence in the spatial analysiseftance is an ever changing factor
that would take a long time to map. However it ol used in the field as one of the
final aspect once the most suitable sites have toegrified.
In general, three groups of factors can be poiatédn this context:

» Security/safety related factors

» Human related factors

> Environmental factors

Mobile clinics being a very particular activity,ette is no official study or standard
indicating what should be the criteria to considEney are very dependent on the
context where it takes place, on the means availabld on the experience of the
different coordinators in charge of the projectff&ent experts would probably select
different criteria or weight them differently. TH& factors listed below are based on
common sense and on the reality of the field int Easneroon. The availability of the

dataset also played an important part in the nurobmfluencing factors.
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3.5.1 Security/Safety related Factors

These factors relate directly to the security ofetyaof the team and of the
beneficiaries. Before trying to help vulnerable plagion, it is essential that the MSF
staff can work in an environment as safe as passhbr this reason, some security
rules are implemented and must be followed at iatlet Security incidents are
exceptions that usually occur when rules are ndatgul according to the context or not
followed properly. However, despite of the exisewnt a good security guideline, there
will always be events that cannot be controllecmticipated. This being said, a good
follow-up of the situation and a professional bebaxwill highly decrease the risks of
being affected. The site suitability analysis tak#e account the security as one of the
main influences. This research work will also sHoww much this insecurity can affect
the action plan.

Four factors have been identified in this groug (Bgyure 13):

> Distance to/from the MSF base Mobile clinics should be implemented close
enough to ensure that the team is back to the tvese (Batouri) or to a secure
hotel (Yokadouma) before dark (see Figure 12). iDgwat night, especially with
five to six MSF cars in convoy, critically increasie risk of an accident with one
of the many logging trucks continuously crossing tiegion at high speed. In

addition, there is a large

risk of collision with
other road userd
(motorbikes,
pedestrians, animals
that could turn the
community against the

NGO. Finally, moving

on bumpy dirt rOadSFigure 12: Driving back to base before sunset (Verd Muller 2014)
several hours per day is

very tiring, for the drivers and the vehicles ocanfs. The team should have
enough time to rest in the evening and Camerodalaour code must be followed

for the national staff.
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> Distance to_international bordep Due to the ongoing civil war in the Central

African Republic, there have been several attaoks frebel groups crossing the
border illegally to rob the population. Most of sieeincidents took place along the
border line. Therefore, and for obvious reasonss, mhore hazardous to work very
near the border even though chances of findinggesfypopulations in the area can

be higher.

» Distance to entry point> These are places identified as the major entrgtpdo
Cameroon for the refugee population. For secugBsons, these refugees won't
stay right near the checkpoint since there is adrigisk of being attacked.
However, they won't settle down too far away eithbecause they had an
exhausting journey, sometimes arriving in very lgaddition, and also because
they are not always allowed to move farther awayhauit being officially

registered as refugees with the UNHCR.

» Distance to roads» For security reasons, MSF employees should nok voar far
away from the MSF vehicles that transported thethénfield. In the event there is
any incident requiring an evacuation of the tearny.(shootings, rumours about
oncoming fights, etc.), the mobile clinics supeovssshould be able to gather the
team quickly. Furthermore, hourly radio checks le&twone car and the MSF base
require the contact person to actually have thenteathin sight. In terms of
logistics, it is also complicated to unload all thmaterial and carry it on long

distances.
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Figure 13: Security related factors
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3.5.2 Human related Factors

This class represents the made-man structuresnénagtructures or the localizations of
populations (see Figure 14 and 15). Refugee grauilpsend to come closer to these
places to find asylum, support and work whenevessiibe. However, the MSF

objective is to reach the most vulnerable poputatishich is not necessarily the one

situated nearby human structures such as healtresear refugee camps.

» Refugee population density This factor is essential as it is directly basedie
field work. It was not possible to assess everglsimrea but the key spots where
refugee “pockets” could be found were assessedgldhie first days/weeks in the
field. Data was shared by community leaders oagél chiefs, depending on the
person centralizing the information. As expecteduch a context, there can be
important movements and the population number cary fom one week to
another. However it makes more sense to try andk wear areas where refugees
are known to be found in higher numbers. Theseeglatiould be prioritized over

unknown and possible empty zones.
> Distance to_built-up structures> Refugee population will likely settle closer to
built-up areas where they have more chances to theatbasic needs such as

food, water, work and school.

> Populated place density The concentration of towns and villages also plays

significant role in the refugee population moversedy default, they will try to
live with the rest of the population or with acquainces who settled down years
ago further to a previous humanitarian crisis. Sa®euilt-up areas, populated
places usually gather everything necessary to isugttamily (water points, food,

schools...).
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Figure 14: Human related factors (part 1)
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> Distance to governmental health facilities Whenever possible, MSF should

focus its support in areas where primary healtle e&@cess is not available or too
far away. Unregistered refugees may be blockedh®gclc points to reach these
places or simply can't afford to travel long distaa. Additionally, and unless the
health centre need some support to handle a highetber of patients, it is

recommended to mitigate medical activities oveitmtween MSF and existing

governmental structures.

> Distance to other non-governmental health acter€omparably to government
health facilities, MSF should deploy mobile cliniehere no other health actors
can be found. In humanitarian contexts, overlapsetones happen due to a lack
of communication between the different actors. Tha&y cause problems such as a
wrong use of resources (e.g. double distributiothefapeutic food) and can also
lead to medical gaps in other areas. For this reasas essential to avoid areas
where other health related NGOs work by ensuringegular communication
between actors.
MSF also provides a significant support to the gorent hospital in Batouri and
to the health centre in Gbiti. Therefore, mobilaick should focus on different

Zones.

> Distance to official refugee camps UNHCR refugee camps provide assistance to
all registered refugees. It also offers guidancg support to any new refugee in
the vicinity. Vulnerable refugee population is nasually situated right near
official refugee camps. Therefore, MSF mobile dsmshould cover other areas.
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Figure 15: Human related factors (part 2)
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3.5.3 Environmental Factors

This last class of factors are related to the laader of the studied area. Refugee
population would usually settle down in places dase the immediate surrounding
land use (See Figure 16 and 17).

» Land cover— The type of vegetation will affect the populatiomovements. Thick
and dense forest will obviously be less attracthan grassland where refugees can
bring their animal herds or agricultural areas whehere might be work

opportunity.

» Water course» The number of working water pumps being limited anfit for an
increase of population, the access to water is rtapt Population will try and
leave nearby places where they can fetch waterwitalking distance.

> Protected areas> The south eastern part of Cameroon comprisestfogesrves,
wildlife reserves and national parks. These areciaff areas protected by the
government where refugee population are not supptssettle down. The use and
access of resources in these areas are limitethtiforbidden, which makes the
close surrounding inadequate for human habitat.cldse vicinity of national parks
or reserves may be used by local ethnic groupsvoutd likely remain restricted

and act as a barrier to ensure that parks are radna@ sustainable manner.

More factors could potentially influence the sitetability of mobile clinic activities
but it is always challenging to obtain consistentl aeliable data regarding a whole
region. For example it would have been interestinigiclude illegal mining area, water

source points or ethnical data provided that adeurdormation was available.
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Figure 16: Land cover factor
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Figure 17: Environmental factors
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3.6 Standardization of the Criteria

3.6.1 Classification Process

Once the criteria have been identified, the negp g6 their reclassification into a

similar scale of values. In this project, the fastmitially represented by vector layers
(discreet geometrical objects: point, line and goly) were transformed into raster
layers (continuous surface) in which each cell@spnts an area of 100 x 100m (or 10
000 m?).

Depending on the factor, the raster cells valueicdicate:
- the distance (in meter) to the factor (e.g. distaiocthe MSF base)
- adensity value (e.g. refugee population density)

- how attractive is the area for the refugees (eutd kcover attraction)

Criteria classification is an essential part of flnecess. Decision makers can strongly
influence the results depending on how they deimdmtegorize the data.

Classification of factor layers has always been oh¢he application-based parts of
each AHP study. As mentioned before, one of thenradivantages of AHP is that the
knowledge of experts can be directly manipulatetthiwithe model and converted into
valuable information. For example (Chaudhary et2015) applied AHP for suitable
fire site selection over four different criteriativia classification of their factors based
on their own expert opinion. (Uyan, 2013) used @il AHP to determine suitable
sites for solar farms. Five criteria were considdretwo groups (environmental factors
and economic factors) before being reclassifiecethamn decision makers expertise.
Standardization of criteria was also an importardcess in an analysis aiming to
identify appropriate landfill site locations (Khand Samadder, 2015). They mentioned
the classification of the 11 criteria in a tablelatated that the application was based
on experts’ opinion and knowledge.

On the other hand, one of the main disadvantagesH#t is the subjectivity that is

associated with these opinions of experts (Nefghkliet al., 2013). Different judgments

of values will affect the weights assigned to thig,eda which may alter the results to

some extent (Mishra et al., 2015). With this in dyint is essential to consider the
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inputs from the different team members so thatdlassification illustrates the best

compromise.

In this project, the data were classified basedtoategic discussions which took place
during the mission in Cameroon (See Table 3). Diggclbehind the classification of
the considered factors comes from initial fieldesssnents and proposals made by
experienced MSF employees after consultation with MSF coordination team and
headquarters. To facilitate the discussions betwbhenMSF field experts team, the
MSF coordination and headquarters, an internategjiia MSF report was produced
based on the facts collected during the field asseat (MSF-CH, 2014e). These
internal debates at different MSF levels togethih all the information collected led
to opening the outreach health activities accordimgthe Batouri mission project
document (MSF-CH, 2014a).

However, due to the high volatility of the contetkte working strategy kept evolving to
meet the reality of the field (e.g. no mobile dirt the border). Such decisions were
made during field coordination meetings and invdlvihe head of departments
(logistics managers, medical managers, field coatdr, mobile clinic focal point,
etc.) as well as the input of knowledgeable lotaff sAfter a few weeks in the field,
the MSF field supervisors could establish certailes on where to run mobile clinic
activities as we had a better overview of our bauies. Experience from previous
missions was also an asset to support the logimth¢he reclassification of each factor

(see Section 3.2).

Different value intervals in the standardizationdifip the resulting maps but it would
have a limited impact on the edges (least or mattlde areas) unless experts were to
have a radically different judgment about one omenfactors. However, the MSF
working method always involves a group decision imgkprocess where the team
members are welcome to bring their own inputs awrgdemences to enrich the

discussion. The selection of the criteria and thnfiluence make no exception.
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The factors reclassification system is strongly ebdason MSF strategic group

discussions and MSF expert opinions. This includgs own experience as | was

compiling their knowledge and converting the logicour decisions into numerical

values during classification.

In addition to expert knowledge, a trial-and-eragproach was carried out to ensure

that the application had its optimal results gittem values and intervals selected.

Based on table 3, 13 site suitability maps (1 petdr) are generated using ArcGIS.

Values from 1 (least suitable) to 5 (most suitalsle automatically assigned to each

cell of the maps.

RECLASSIFICATION
CLASS FACTOR #
1 2 3 4 5
Distance from MSF base (km) ¢1 >11p 90-110  70-PO 5070 50 O
Security |Distance from International border (krp) €2 0-05 0,51 1-4 4-8 >8
related Distance from Entry points (km) gs 0-1 >4( 1-3 3-1p 10-f0
Distance from Roads (m) g4 >1000 600-1p00 4004600 200-4@-200
Refugee locations density ¢5 Low =======> Medium =======> High
Distance from MoH health facilities (kfn) @6 0-1 1-2 -§ 58 >8
Human Distance from Built-up areas (km) ¢7 >2( 10-30 5-10 26 20
related Distance from International NGOs (ki C8 0-2 2-4 4-9 89-1 >18
Distance from Refugee camps (km) C 0-1 1-B 3p 6-12 12
Populated places density 410 Low =======> Medium =======> High
Land cover attraction Cl1 Low =======> Medium =======> High
Environmental | Distance from Water courses (km) ¢12 >4 34 2-8 1p oj1
Distance from Protected areas (km) C13 <D 0H 5-10 10-20>20

Table 3: Factors reclassification

The figures 18 to 43 show the map of each critetiogether with its respective
function after reclassification.
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3.6.2 Security/Safety related Factors

C1: Distance from MSF Base

During the strategy discussions, the MSF field teansidered that working closer

from the MSF base is considered more suitable falvilm clinic activities:

The travel time is reduced therefore there is almower risk of accident.

The team must be back to the base before darkriSkeo be back after dark is
highly increased when working far away (less uneigx situations on the road).
The team can be gathered more quickly in the MS$e ba case of a security
situation.

Additionally, less time spent travelling resultsntore time spent treating patients.
Following the field assessments during the firsysdafter arrival (MSF-CH,
2014a), the logistics team leader noticed thabitild take one hour to travel 50km
(in average). Given this information, one of thetlfast places where the team
agreed to run a mobile clinic is situated 110km ya¥vam the base and due to the
long time spent travelling, it was decided to noted this distance. Based on this
information, an interval every 20km was used far thclassification (see Figures
18 and 19).

C1: Distance from MSF Base
5

3 .

Suitability

N
|
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Distance from MSF Base (km)

Figure 18: Suitability graph (factor 1)

51



C1: Distance fro
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Figure 19: Distance from MSF base (Euclidean distes)
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C2: Distance from International Border

Most of the security incidents and rebel attacksktplace near the Central African
Republic border. On several occasions, shootingroed right near the border (within
500m). Closer we are to this boundary line and érig the risk to be targeted directly
or indirectly by a rebel group crossing illegalhyetborder for a short period of time.
Therefore MSF decided that the mobile clinic showchain at a certain distance. In
such a context, it is rather complex to determiow Far inside Cameroon a rebel group
may enter. However during daytime they would notgieate far due to the presence of
the local authorities.

It is reasonable to say that the very close vigimith the border is to be avoided
(below 1km) whereas a 4km distance (one hour wak)be considered as suitable and

8km as very suitable (see Figures 20 and 21).

C2: Distance from International Border
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Figure 20: Suitability graph (factor 2)
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C2: Distance fro International Border
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Figure 21: Distance from international border (Eudean distance)
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C3: Distance from Entry Points

As with the previous factor (C2), the proximity tithe refugee entry points is
sensitive in terms of security. It is not recommathdor the MSF team to work right at
the entry points knowing the risks of rebel incans. For the same reasons, refugees
won't usually settle down too close from the enpgints. Therefore it makes more
sense to keep a certain distance.

However, they will not move too far away either.t&xf weeks of travels, they are
exhausted, they are usually in bad health, theye hmpmeet with some relatives
travelling the same routes and unless they areialtif recognized as refugees by the

United Nations they cannot easily pass the militdrgckpoints in Cameroon.

The buffers 3 to 40km are identified as the mostable ranges for mobile clinic
activities. The sites located within 3km from thardeer have a higher insecurity. Over
40km from the border it is unlikely to find refugsettlements due to distance and

checkpoints (see Figures 22 and 23).

C3: Distance from Entry Points

Suitability
w

0 10 20 30 40 50
Distance from Entry Points (km)

Figure 22: Suitability graph (factor 3)
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C3: Distance from Refugee Entry Points
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Figure 23: Distance from refugee entry points (Eugéan distance)
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C4: Distance from Roads

Given the security context at the time of the M®pldyment, it was decided to set up
the mobile clinics near a decent access to the noaids (see Figures 24 and 25). The
main reason is to ensure a regular radio contdetdam the team and the MSF base
(through the car radio). It is important to knowesé all the team members are situated
at any given moment. In case of an evacuationstaié should be able to reach their
car quickly. Driving off-road should be avoided amdrking next to the cars would be
ideal.

However this criterion may evolve if one or morevnefugee pockets are found away
from the roads. This criterion is not the most imiaot in terms of influence but it may
still play a significant role in the event the oexit changes. In this case, the

classification will need to be adapted to the tgalf the field.

C4: Distance from Roads
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Figure 24: Suitability graph (factor 4)
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C4: Distance frorﬁi Roads
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Figure 25: Distance from roads (Euclidean distance)
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3.6.3 Human related Factors

C5: Refugee Population Density

This is probably one of the most important factditse priority of MSF is to reach the
vulnerable refugee population therefore we showdkwhere they can be found.

This layer represents the places where refugeegt®ebere discovered by MSF during
the field assessments. The refugee population tyemess been generated from the point
density algorithm (ArcGIS) based on the numberfigees per known locations.
Obviously, MSF should prioritize locations wherdugees were found during the
assessment (unofficial camps, scattered families). éMobile clinic activities should
focus on these sites. However, some places arerkmovihave many more refugees
than others and this difference should also beidered in the analysis. Areas with a
high density of refugees are more suitable wheagaas with a very low density of

refugee will be much less suitable (see Figurearb27).

C5: Refugee Population Density

Suitability
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Figure 26: Suitability graph (factor 5)
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C5: Refugee Pop&filation Density
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C6: Distance from MoH Health Facilities

Following a physically/mentally extremely difficultisplacement, refugees will tend to
stay around places where they can get accessitd#sic needs. Access to health care
is one of them. In reality, refugees will stay mea@s where they are allowed to by the
local communities. Sometimes this can be far awaynfthe governmental health
centres. MSF should bring more support to refugkeascannot have access to health
care or can't afford travelling all the way to thealth centre.

In addition, the organization does not want to agwith the health centres activities
So it is better to cover areas that are remotkdasa medical centres.

A very low suitability is given to any area belowni from a health centre whereas a
very high suitability is assigned to areas over §about 2 hours by foot).

See Figures 28 and 29.

C6: Distance from MoH Health Facilities
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Figure 28: Suitability graph (factor 6)
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C6: Distance from MoH Health Facilities
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Figure 29: Distance from MoH health facilities (Edaean distance)
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C7: Distance from Built-up Areas

Refugees will more likely settle down near built-apeas where there is a human
activity. They may want to join members of theimi&y that fled to Cameroon in one
of the previous humanitarian crises. They will a@lsoto find a place to live, to work,
or a school for their children.

It is unlikely to find refugees more than 20km fr@ny populated area. Most of the
refugees met by the field assessment teams weaatetbin the close vicinity of existing
villages or near shelters or huts. Therefore di@zted near the built-up structures are
considered as highly suitable whereas areas ditufaie away are unsuitable (see
Figures 30 and 31).

C7: Distance from Built-up Areas
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Figure 30: Suitability graph (factor 7)
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C7: Distance from Built-up Areas
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Figure 31: Distance from built-up areas (Euclidealistance)
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C8: Distance from International NGOs

This layer highlights international health NGOsdbons whether it is another existing
MSF project (Gbiti, Batouri) or another NGO (elge Red Cross).

The objective is to avoid any overlap with othealtte projects. MSF will focus on
areas where there is no other significant healgipsu (such as the Red Cross). There
is also no point to run mobile clinics where MSkeatly gives a full support to the
Ministry of Health structures (Gbiti and Batouri).

International NGOs usually have a reliable suppisteam to answer emergency crises.
They offer a totally free health care and often éhdnealth promotions activities to
inform the vulnerable population in the area. Theethey will tend to have a larger
geographical influence than governmental facili{fa#eria 6).

For this reason, the classification is slightlyfeliént. An area will be considered as
very unsuitable for mobile clinics in a 0 to 2kmffiea zone whereas it will be highly
suitable over 18km (See Figures 32 and 33). Otitenials are 4km and 9km.

C8: Distance from International NGOs
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Figure 32: Suitability graph (factor 8)
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International NGOs
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Figure 33: Distance from international NGOs (Euclehn distance)
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C9: Distance from Refugee Camps

Same as with the international NGOs criterion siimportant to avoid working too
close from the official refugee camps. UNHCR canmpdude free health care for
registered refugees so it does not make much sergeen additional health activities
right outside the camps. However, based on fieldeggnce in this region, their
influence on the surrounding communities is mamated than the international health
NGOs. Therefore the values intervals were claskigghtly differently. An area
situated within 1km of a camp is classified as vemguitable whereas an area situated
over 12km (2-3 hours walk) is classified as higbiytable (value 5). Other intervals are
3km and 6km (see Figures 34 and 35).

C9: Distance from Refugee Camps
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Figure 34: Suitability graph (factor 9)
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C9: Distance fro Refugee Camps

Site suitability

(Distance from refugee camps)
Il 0-1 km (less suitable)
1 1-3 km

I:I 3-6 km -5 0'0"N
6-12 km

B > 12 km (more suitable)

¥ Base / Hotel
——- Study area boundary line

—==- |nternational bt:undarg.r line

47 0°0"N

Central African
Republic

Cameroon

: N A
g - “Republic of
0 15 30 60 Km COHgO

Copyright'® 2014 Esri

1 1
14 00"E 15°00"E 16°0°0"E

Figure 35: Distance from refugee camps (Euclidearsthnce)
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C10: Populated Places Density

The influence of populated places is quite sinmitathe one of built-up areas. Refugees
will very likely settle down in or near populatethges where they can find food, water,

material, school and potential work opportunities.

This factor has been reclassified according todémesity of populated places in the

study area (see Figures 36 and 37). An area isdaes as very suitable if the density

of populated places is high and unsuitable if thesity is low. Three classes were used
as this factor does not have such a high influencthe analysis (compared to the

refugee population density).

C10: Populated Places Density
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Figure 36: Suitability graph (factor 10)
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C10: Populated Places Density
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Figure 37: Populated places (Point density)
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3.6.4 Environmental Factors

C11: Land Cover Attraction

Most of the study area is covered by thick rairegdrwith poor or no infrastructure at
all. This type of land cover is not attractive the refugees. They will usually try to
settle down near agricultural lands (managed am@aspen lands where they can try
and find work opportunities, food or even bringitheerds (some refugees are herders
and managed to cross the border with their herd).

Open and cultivated lands will be classified ashhjiguitable (more chances to find
refugees) whereas thick forest or water bodies valklassified in the lower suitability
ranges (see Figures 38 and 39).

The level of attraction (see Table 4) is basedhim ltypothesis. This trend could also
be confirmed in the field when meeting and disaugsivith refugee community

leaders.

Estimated Attraction

Land Cover label (source: FAO) for Refugees

Cultivated and managed terrestrial area(s) 5

Natural And semi-natural primarily terrestrial véageon 4

Closed to open trees (40-10)%: broadleaved everdrees, semi-

deciduous trees, shrub land, woodland, herbacezgetation 3
Closed to open trees (100-40)%: broadleaved evemgrees, semi- 5
deciduous trees, shrub land

Artificial water bodies, natural water bodies, pamantly flooded lands 1

Table 4: Land cover reclassification (level of afrtion for refugees)

C11: Land Cover Attraction
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Figure 38: Suitability graph (factor 11)
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C11: Land Cover ttractlﬁ’n for Refugees

site suitability

(Land cover attraction)

I No attraction (less suitable)
[ Low attraction

[ IMedium aftracilan

[THigh astrachan

- Besf atfra,cffon (r,ﬂ ore suitable)

i BasefHatel '
—--:.-s'tudy_ area boundary line

~—== International boundary line -

Cerﬁr.al Afrlcan
A épu bln: /

oy Rep'ublllc«af
5 "- Conge

=5 00"N

400N

; o
145 00"E ﬁ“W'E 16*0°0"E

Figure 39: Land cover attraction for refugee
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C12: Distance from Water Courses

Water is a precious resource and a basic need.igovnkater points and wells are very
limited, even for the Cameroonian population. Rekgywill tend to settle down close
to water courses where they can get access to.wateass within 1km from a water

course have been classified as very suitable wheaesas farther than 4km (about 1
hour on foot) are classified as very unsuitabléeheDintervals are 2km and 3km (see
Figures 40 and 41). This factor has a limited jyobut it may still have some

influence. Field discussions with communities shaweat access to water is one of the

primary concerns.

C12: Distance from Water Courses
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Figure 40: Suitability graph (factor 12)
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C12: Distance :,;": Water Courses
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Figure 41: Distance to water course (Euclidean diste)
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C13: Distance from Protected Areas

Finally, it is very unlikely to find refugees ingidor near the boundaries of protected
areas such as national parks or reserves. Nagsaiirces in these areas are controlled
by authorities who will want to avoid any increask existing poaching or illegal
logging activities. Due to the unconfirmed exacsipon of the boundaries, buffer
zones have been utilized in the analysis. Areadernthe protected areas are obviously
very unsuitable whereas areas over a 20km buffee zoe classified as very suitable.

Intermediate intervals are 5km and 10km (see FgydBeand 43).

C13: Distance from Protected Areas
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Figure 42: Suitability graph (factor 13)

75



C13: Distance fro" Protected Areas
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Figure 43: Distance to protected area (Euclidearstiince)
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3.7 Analytical Hierarchy Process (AHP)

The Analytical Hierarchy Process has been usedeterhine the weights of each
factor. This method involves the following steps:

» Step X comparison of the criteria. Each criterion of thatrix is compared with
the other criteria belonging to the same classrderto evaluate its relative
importance. A scale of values between 1 and 9ad & this purpose.

» Step 2 completion of a comparison matrix that will shdve judgment values
determined by the expert.

» Step 3 normalization of the values to calculate thegpective weight.

» Step 4 calculation of the consistency ratio (CR) to agate how consistent is

the pairwise comparison matrix.

In this research study, the factors have been @ividto three classes: security related
factors; human related factors and environmentabfa (see Table 5).

GOAL (A) HIERARCHY (B) HIERARCHY (C)

MSF base (C1)
International border (C2)
Entry point (C3)

Roads (C4)

Security related factors

_ Refugee population (C5)
Se'eCt_'Ort‘)IOf the Health facility (C6)
most su.lta e. s_ltes Human related factors Built-up area (C7)
for mobile clinics .
activities International NGO (C8)
Refugee camp (C9)
Populated place (C10)

Land cover (C11)
Environmental factors Water course (C12)

Protected areas (C13)

Table 5: AHP hierarchy structure

The AHP structure adapted to this project requibescompletion of four comparison
matrices. The first three matrices will allow tresessment of the criteria in each of the
three classes defined (Hierarchy C: first levethaf AHP model). Three resulting raster

layers will then be generated (one for each classprding to the weights calculated
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for each factor. A last matrix will be produceddetermine the weight values for the

final aggregation of the three classes (Hierarchgdgond level of the AHP model).

3.7.1 Step 1. Factors Comparison

Table 6 to 8 show the score of the criteria to anether for the three classes. The text

in bracket indicates the winning criterion betwdes two being compared.

COMPARISON MATRIX

(Security related factors) Ll c2 C3 c4

Distance to MSF base C1 1 3(2 7(l) 3(ca
Distance to international borde€2 X 1 9(2 5(c2
Distance to entry point C3 X X 1 5(cd
Distance to road C4 X X X 1

Table 6: Factors comparison (security related factp

umen related factor) | €5 €8 C7 8 Co cio
Refugee population density C5 1 7(5) 7(5 3(c8) 3(c9) 7(cp)
Distance to health facility C6 X 1 3(6) 7(c8) 7(c9) 3(cqd
Distance to built-up area C7 X X 1 9(8) 9(9 1
Distance to international NGOC8 X X X 1 1 7(c8)
Distance to refugee camp C9 X X X X 1 7(c9
Populated place density C10| X X X X X 1

Table 7: Factors comparison (human related factors)

COMPARISON MATRIX

(Environmental factors) cil c1z c13

Landcover attraction Cl1}] 1 3(cl1) 3(c13y
Distance to water course  C12| X 1 7(c13
Distance to protected area C13| X X 1

Table 8: Factors comparison (environmental factors)
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3.7.2 Step 2 & 3: Normalization and Weights Calcul#@on

The first tables of each class represent the nestrcompleted with the comparison
value (see Table 9, Table 11 and Table 13). The &gluthe scores calculated in each
column (thus for each factor) is added in the last of the table.

The second tables represent the score values nipechdsee Table 10, Table 12 and
table 14). Each score from the first table wasdd#di by its respective column total. For
example in Table 8 (row 1, column 1): 1/ 4,48 2234, etc.

Finally, the weight is determined by extracting #nerage value of each row. For
example, first row of Table 9: (0,2234+0,2027+0,34@,3261) / 4 = 0,2676.

COMPARISON MATRIX

(Security related factors) C1 C2 C3 Ca

Distance to MSF base C1 1 1/3 7 3
Distance to international borde€2 3 1 9 5
Distance to entry point C3 17 1/9 1 1/5
Distance to road C4 1/3 1/5 5 1

SUM| 4,48 1,64 22,00 9,20

Table 9: Completed matrix 1 (security related faxgtp

COMPARISON MATRIX
(Security related factors)

Distance to MSF base Ci1 0,2234 0,2027 0,3182 0,32¢1 0,2676

cL Cc2 Cc3 cC4 Weight

Distance to international borde€2 0,6702 0,6081 0,4091 05435 0,5577

Distance to entry point C3 0,0319 0,0676 0,0455 0,0217 0,0417

Distance to road C4 0,0745 0,1216 0,2273 0,10137 0,1330

Table 10: Normalized cell values & weights (secynelated factors)
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Human relted facor) | €5 €6 €7 C8 Co co
Refugee population density C5 1 7 7 1/3 1/3 7
Distance to heatth facility C6 1/7 1 3 17 /7 3
Distance to built-up area C7 1/7 1/3 1 1/9 1/9 1
Distance to international NGOC8 3 7 9 1 1 7
Distance to refugee camp C9 3 7 9 1 1 7
Populated place density C10 1/7 1/3 1 1/7 1/7 1

SUM| 7,43 22,67 30,00 2,73 2,73 26,p0

Table 11: Completed matrix 2 (human related factprs

Cahtfrz:nereslgtl(\el de;‘: -It-srls); C5 C6 C7 Ccs8 Cc9 C10 Weight
Refugee population density C5 |0,1346 0,3088 0,2333 0,1221 0,1221 0,3692 0,1984
Distance to health facilty C6 ]0,0192 0,0441 0,1000 0,0523 0,0523 0,14154 0,0639
Distance to buitt-up area C7 10,0192 0,0147 0,0333 0,0407 0,0407 0,385 0,0312
Distance to international NGOC8 | 0,4038 0,3088 0,3000 0,3663 0,3663 0,2692 0,3357
Distance to refugee camp C9 [0,4038 0,3088 0,3000 0,3663 0,3663 0,692 0,3357
Populated place density C10 |0,0192 0,0147 0,0333 0,0523 0,0523 0,385 0,0351

Table 12: Normalized cell values & weights (humaglated factors)

COMPARISON MATRIX

(Environmental factors) cil c1z ci3
Landcover attraction Cl1 1 3 1/3
Distance to water course  C12 1/3 1 1/7
Distance to protected area C13 3 7 1

SUM| 4,33 11,00 1,48

Table 13: Completed matrix 3 (environmental factprs

80




COMPARISON MATRIX
(Environme ntal factors)

Landcover attraction C11 |0,2308 0,2727 0,2248 00,2431

Cl1 Ci12 Ci13 Weight

Distance to water course  C12 |0,0769 0,0909 0,098 0,0882

Distance to protected area C13 |0,6923 0,6364 0,6744 0,6687

Table 14: Normalized cell values & weights (envimental factors)

3.7.3 Step 4: Consistency Ratio (CR)

Before applying the weights to their respectivedes; it is necessary to assess whether
each matrix is consistent. For this purpose, aistarey ratio is calculated according

to the following formula:

CR = Consistency Index (Cl) / Random Consistency tex (RI)

Where Cl = Q00 —N) / (n = 1)

n being the number of factors ang,,, the sum of the products between each weight
and column totals.

The RI value comes from the method developed hy $E280) and depends on the

number of criteria in use.

In this work, all the CR values generated by thespective matrices have a value
below 0,1 therefore they are considered consistaough. The weights generated
through these matrices can then be used duringagter layers aggregation.

Once three new raster layers (one for each clagactdrs) have been obtained as a
result of the three different additions, it is nesary to evaluate the influence of each

class to one another.
This requires a second AHP process in order tayasseights for each of the three

resulting rasters (one weight per class). Tablardd 16 show the comparison process

between classes (Cl).
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COMPARISON MATRIX Cl1 cCl2 CI3
Security class Cl1 1 1 5
Human class Cl2 1 1 7
Environmental class Cl3 1/5 17 1

SUM| 2,20 2,14 13,00

Table 15: Completed comparison matrix

COMPARISON MATRIX Cl1 cCl2 cCI3 Weight
Security class Cl1 |0,4545 0,4667 0,384p 0,4353
Human class Cl2 |0,4545 0,4667 0,538p 0,4866
Environmental class Cl 3 |0,0009 0,0667 0,076p 0,0782

Table 16: Normalized cell values & weights

3.8 Aggregation of the Results

Boolean overlay is the simplest method to aggregateeral criteria, particularly if
there are areas that can be eliminated in the statye of the analysis. However it does
not offer a lot of flexibility since it is based d@mnary operations with only two possible

outcomes: true or false (all the factors end uprigathe same influence).

For this reason, a weighted overlay approach has bsed in this project as it is much
more adequate in a human related context whergyreahnot be divided in only two
categories with very sharp edges. Many factors mfluence the site suitability but
they don’'t have the same importance in regards uhth objective. Therefore a

weighted linear combination has been used to agtgethe different raster layers

obtained after each AHP step.
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The weighted sum can be represented by the follp¥amula:

S = ZW,-fix l_lc]-

Where S is the suitability, w the weight of thedac and f the criterion score of the
same factor i. The letter ¢ represents the scor¢hefconstraint j if some Boolean

constraints need to be applied to the analysis.

A multiplication is performed between each rassgrel and its respective weight by
using the weights allocated during the AHP. Theultesof each multiplication are

summed up together in order to generate a suitahiap.

Two Analytic Hierarchy Processes induce two weighteerlay (one for each level,
see Table 5). The first weighted overlay resultedhree suitability maps (one per
class). The second weighted overlay resulted ititia suitability map.

The operation has been performed using a tool oG8 (“Weighted Sum”) allowing

us to combine the addition between the raster $agkthe same class according to their
respective weights.

The final suitability map obtained at the end & grocess gives an overview of the

most strategic areas to run mobile clinic actigitie
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4. RESULTS

4.1 Analysis 1 (with Security Considerations)

4.1.1 Suitability Maps

By following the methodology described in the poais chapter, three suitability maps
have been produced. They feature the most stradegas according to the influence of

the 13 factors in each of their respective class @Egures 44 to 46).
The areas showing a higher suitability appear nkefegreen on the maps.
These three maps will be overlaid together (secmadjhted overlay) based on the

weights calculation from the second Analytic Hietey Process. The most suitable

areas they share will be highlighted accordingh&rtrespective influence.
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Figure 44: Site suitability (security related faats)
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Figure 45: Site suitability (human related factors)
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Class 3: Environm
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Figure 46: Site suitability (environmental factors)
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Figure 47 shows the outcome of the second AHP psoE®Ee weights in Table 16).

Final suitability
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Figure 47: Final suitability map (Analysis 1)
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This map illustrates where the most suitable asrassituated according to the 13
factors taken into consideration. Three zones showery high suitability: an area
surrounding and including Yokadouma, and two arezex Batouri, in the North and
particularly in the East of the town. The mobilends should focus on these areas to
increase the chances to reach the refugee pomsatio

On the other hand, the southern part of the studs aeems clearly inappropriate to
implement health activities. This is mostly relatedhe distance from the MSF bases,
the presence of national parks and forest resawvegll as the land cover type (closed

forest area).

4.1.2 Most Suitable Areas and Towns

To keep a mobile clinic team fully active, a numbéreight sites should be selected
(four sites per week, visited every two weeks). ldegr, no algorithm can anticipate
the reality and possible challenges of the fielderefore the analysis should not be too
restrictive and a higher number of alternativesusthdoe suggested with a priority

order.

Considerations

There are certain facts to keep in mind when plagnrutreach activities as not all
influential factors can be spatially localized.

For example, MSF teams cannot show up in villages start the activities without

prior visits and discussions with the communitydies and “chefs coutumiers” (village
chiefs).

These key stakeholders confirm and update the w@a@on about the refugee

movements and known localizations. They will alsgegheir authorization to have the
NGO work in their village. It is rare but possilileat due to a sensitive history with
NGOs (or for any other reasons) a community maybeonterested to be a focal point

for mobile clinics.

On the other hand, if the MSF activities are weleaand desirable by the population,
some support may be requested from the communitctease the effectiveness of the

mobile clinics. Their leaders should be passingitf@mation about the MSF arrivals
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among the refugees; they should identify daily veoskin advance (crowd controllers,
sensitizer...) and identify/prepare a place lamygugh where MSF can properly run the

activities.

The main goal is to treat as many patients as Iplesdf the villagers or refugees do not
show any interest or motivation to facilitate the&SMaid, the mobile clinic may be
relocated to a more active town.

For all these reasons, it is important to be flexith the final site selection. The most
reasonable approach would be to list a limited nremdd suitable places from which

the decision makers can pick according to the ctrated the reality of the field.

In addition to obvious criteria (the 13 factors dise the analysis), other aspects are
considered as decisive:
» Selecting sites distant from each other, in stiategcentralized locations (e.g.
positioned at roads intersections). As a result:

- Wider areas can be covered if the activities areapout in a logical
manner (thus more patients potentially treated).

- Risk of overlap is reduced (if MSF works in two gig@bouring towns,
beneficiaries may decide to visit the clinics twicetry and get more
drugs or therapeutic food).

- Covering distant places help to do some kind oWeillance of the
situation.

» Prioritizing towns with a significant size and aeké/ market.

» Prioritizing towns where the access to clean watet sanitation is difficult
(with a higher risk of disease).

> Prioritizing places where the local health centi@ymot be very operational, is

overwhelmed, runs out of human and material regsuoc requires training.
GIS has helped to perform a first screening of shedy area to identify the most

suitable areas. However the first action plan pseplowill only serve as a start plan. It

will require further adaptation according to thestiifeedbacks from the field.
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Results

In order to simplify the interpretation and to offdear indications to the final users, it
was necessary to extract the most suitable areastfie maps. However, there are no
standard rules to categorize continuous data il su@roject. The division of the
resulting data is left to the field experts ownguotents. Each expert has his/her own
appreciation of the context and of the factors.

To ensure that the results will be practical ariddithe reality of the field, it was
decided to use existing towns and places whose rgpgbigal coordinates were
recorded directly by the MSF team during the fiilltd assessments.

To offer a better perspective in the decision mglpnocess, the final suitability map
(see Figure 47) is reclassified and divided intor&@ges of values (of equal interval)
according to each raster cell value (1 cell = 10QL00 m?). This step allows
highlighting the most suitable areas (top rangesvalties), identifying their most

strategic towns and selecting the ones that coatieiially hold the MSF activities.

But to what extent can we say that an area islsaitar not? How many km2 should
cover suitable areas to offer a well-defined tavgétout being too restrictive?
After considering different scenarios to strike aog balance when selecting the
highest ranges of values, it has been determirgcetisuring a minimum of 8 working
sites would initially necessitate:

> A total "most suitable area” below 2000 km?2 (to gdecus on the best areas)

» A number of potential sites of at least 16 townskeal by priority group (to

facilitate the decision making)

At this stage, the field constraint areas (whefagees would not realistically settle)
must also be eliminated. Two types of constraiaigehbeen considered in the analysis:
> National parks (the most restrictive of the pratechreas)

» Permanently flooded areas

The restricted areas (constraint) appear in dak (ffigure 48).
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Figure 48: Most suitable areas (1714 km?)
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Based on the reclassification and known constraihtsthree most suitable ranges are

selected as well as their respective number of sofable 17).

L Area covered % of the total Number of noticeable
Suitability value o
(km2) study area towns within
20
(Highest suitability) 268 0.57 10
19 625 1,34
18 821 1,75
Total 1714 3,66 19

Table 17: Suitable areas and number of potentigksi

As can be seen in Table 17, the most suitable (Arghest range of values) cover 268
km2 and includes 10 towns. The yellow dots displlapa the map (see Figure 48)
represent the noticeable towns located in the thmest suitable areas (dark green).

Larger is the dot and more suitable is the aresghich they are situated.

Number of
Suitability value noticeable | Noticeable towns names

towns within

20 10 Belita, Belimbam, Boma, Gaina, Ndong Doube, Kdgigbi,
(Highest suitability) Ngarissingo, Yokadouma, Vale
19 3 Garua Sambe, Pandi, Yoko
18 6 Dja, Lala, Mang, Ngbakine, Mboumama, Taparé
Total 19

Table 18: Relevant towns per suitability class

Table 18 shows the noticeable towns of the thrghdst ranges of values (considered
as “most suitable area”). Experts and field workeas then make their decision by
strategically selecting the sites/towns accordmghe suitability areas they belong to.

The final decision relies on a good experiencelaraviedge of the field.
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4.2 Analysis 2 (with no Security Considerations)

4.2.1 Factors Classification and Weighting

Among the different criteria taken into considevatio conduct the first analysis (with
security considerations), some of them were cdedldo the security management
based on the East Cameroon context (see Sectipn 2.3

If security was not an aspect to take into consitil@n, most of the security class
criteria would have no influence on the site suiigb

Therefore in this second analysis, the three faligwactors have been removed from

the analytical hierarchy process structure:

> Distance to MSF base No security risk means that chances to have aaadent
with a logging truck or to run into a roadblock @mght are very low. In this
hypothesis, there is no obligation to drive onlyidg daylight or to be back in the
base every night. The MSF team could be deploygdlaere in the study area and
spend the night in any village. This factor becometevant.

» Distance to International bordes No security risk means that no rebel groups are
going to cross the border for robberies or attatkghis hypothesis, MSF teams
could be deployed anywhere close to the borderowttlany buffer distance. This

factor also becomes irrelevant.

> Distance to Roads> No security risk means that the staff does notlrieestay and
work within sight of the MSF cars. They could pdialty hike or move to any
point in the study area. Therefore, there is nadrteestay along the roads. This

factor becomes irrelevant.
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However, the fourth factor of the security classt@hce to entry point) needs to be
kept and adapted. Indeed, the number of refugelefikely be higher near these entry
points than in other places along the border. TaBlshows the reclassification of the
criteria if the security did not need to be taketo iconsideration.

RECLASSIFICATION
CLASS FACTOR #
1 2 3 4 5
Distance-from-MSFbase{km) Ci| =110 | 90110 | #7090 | 5670 | ©-50
Security |Bistance-frominternationatberder{tking2| 6-65 051 14 4-8 =8
related Distance from Entry points (km) g3 >30 20-3p 10-20 510 50
Bistance-from-Reads{m) G4 | >1000 [600-1000400-600|200-400 0-200
Refugee locations density ¢5 Low =======> Medium =======> High
Distance from MoH health facilties (kn]) @6 0-1 1-2 2§ 58 >8
Human Distance from Built-up areas (km) ¢7 >2( 10-20 5-10 26 20
related Distance from International NGOs (km) C8 0-2 2-4 4-9 8-1 >18
Distance from Refugee camps (km) C9 0-1 1-8 36 6-[L2 >2
Populated places density 410 Low =======> Medium =======> High
Land cover attraction Cl1 Low =======> Medium =======> High
Environmental | Distance from Water courses (km) ¢12 >/ 34 2-B 1p Ooj1
Distance from Protected areas (km) C13 <P 0-p 5-10 10-20>20

Table 19: Factors reclassification (if the securitpnstraints are not considered in the analysis)

As explained above, three factors previously relate the security class have been
removed from the analysis (see strikethrough aellsable 19).
The “distance to entry point” factor has been updaand transferred to the human

related factors class (as it is not related to isgcanymore but to human activities).

The change in the reclassification to perform asdanalysis requires new analytical
hierarchy processes. Comparison matrices shouldpoated according to the new
criterion of the human related factors (refugeeyepoint). This will alter the weight of

each factor. Instead of three classes, only twbbeilconsidered in the analysis.
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The environmental class structure remains the sesme the first analysis. The human
related class is updated and includes the newrfé€C®Refugee entry points). Table 20

and 21 show the comparison matrix modified acc@igiin

COMPARISON MATRIX
(Human related factors)

Distance to entry point C3 1 1/3 5 7 1/5 1/5

C3 C5 C6 C7 C8 C9 Ci0

Refugee population density C5 3 1 7 7 1/3 1/3

w N~

Distance to health facility C6 1/5 17 1 3 17 17
Distance to built-up area C7 17 17 1/3 1 1/9 1/9 1

Distance to international NGOCS8 5 3 7 9 1 1 7
Distance to refugee camp C9 5 3 7 9 1 1 7

Populated place density C10 17 17 1/3 1 7 7 1

SUM| 14,49 7,76 27,67 37,00 2,93 2,93 3300

Table 20: Factors comparison (human related factprs

In Table 21 new weights were calculated for eacdofaof this class according to the
same AHP methodology previously used.

C(cl)—||\L?rE:nereSI(a)tl: dwmlz':t\:-[(?rls); C3 C5 cé6 C7 Ccs8 C9 C10| Weight
Distance to entry point C3 10,0690 0,0429 0,1807 0,1892 0,0683 0,0683 0,p021184
Refugee population density C5 |0,2071 0,1288 0,2530 0,1892 0,1138 0,1138 0,p021740
Distance to health facility C6 10,0138 0,0184 0,0361 0,0811 0,0488 0,0488 0,0900483
Distance to buit-up area C7 10,0099 0,0184 0,0120 0,0270 0,0379 0,0379 0,0808248
Distance to international NGOC8 | 0,3452 0,3865 0,2530 0,2432 0,3413 0,3413 0,p023032
Distance to refugee camp C9 |0,3452 0,3865 0,2530 0,2432 0,3413 0,3413 0,p023032
Populated place density C10 [0,0099 0,0184 0,0120 0,0270 0,0488 0,0488 0,0803279

Table 21: Normalized cell values & weights (humaglated factors)
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The consistency ratio CR (see Section 3.7.3) whslleded and equals 0,080367. Since
the value is below 0,1 the matrix is consideredsgiant enough.

The aggregation of the two raster layers (humaated| factors + environmental
factors) will be performed after a new comparisoatnm determined the weights of

each class. It will be a more basic process aslytlvandles two classes (see Table 22).

In order to remain consistent with the first anaslyé&ee Section 3.7.3), the same
judgment value is assigned to the Human relatessaldhen being compared with the
Environmental class. The Human related factorsansidered 7 times more important

(see Table 22). Table 23 reflects the modificatbthe final AHP comparison matrix.

Human class Cl2 1 7
Environmental classCl 3 1/7 1
SUM 1,14 8,00

Table 22: Completed comparison matrix

COMPARISON

MATRIX Cl2 CI3 Weight

Human class Cl2 |0,8750 0,875( 0,8750

Environmental classCI 3 | 0,1250 0,125( 0,1250

Table 23: Normalized cell values & weights
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4.2.2 Suitability Map

Finally, a map can be generated by using the WeiyBum algorithm with the new
calculated weights (see Figure 49). This map hgitdi the most suitable places where
mobile clinic activities could be implemented ifetk was no security issue in the

region.
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Figure 49: Final suitability map (Analysis 2)
As can be seen on the resulting map, the absensecoirity risk has a significant
impact on the suitable areas suggested by the sasalyhis second map strongly

suggests focusing on areas situated near and #lerigternational border. The results

are reasonable given the modification of the nunobéactors and their new weights.
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4.2.3 Most Suitable Areas and Towns

By using the same method as in the previous se¢tea 4.1.2), noticeable towns
located within the most suitable areas are couatetidentified (see Table 24 and 25).
Working in or near a town with people eager tolfate the activities remains the most
effective method to pass the information and gatk&rgee population living in the
vicinity.

In the first analysis, the three most suitable singare used. Due to a lower area extent
(thus a limited number of towns) in the second ysig] it has been decided to include
the fifth most suitable ranges of values to coveniaimal area and to ensure that

decision makers would have enough alternativesndutieir final discussions (see
Figure 50).

Suitability value Area covered % of the total Number of n_otif:eable
(km?) study area towns within

(Highest2 souitability) 33 0,07 0
19 225 0,48 5

18 437 0,93 3

17 586 1,25 4

16 612 1,31 6

Total 1893 4,04 18

Table 24: Suitable areas and number of potentigksi

Number of
Suitability value noticeable | Noticeable towns names

towns within

20 0 /
(Highest suitability)
19 5 Gaina, Libongo, Ndong Doube, Weissambo, Bella
18 3 Mbombete, Vale, Gari Gombo
17 4 Belita 2, Boma, Nyabi, Ngarissingo
16 6 Belimbam, Chéateau, Djalingou, Mboy 1, Koele, Yokexia
Total 18

Table 25: Relevant towns per suitability class
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Figure 50: Most suitable areas (1893 km?)
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5. DISCUSSION

5.1 Objective 1: GIS and Outreach Health Activities

To give a better perspective and appreciation efsiudy objectives, the results were
compared with data from the actual 2014 MSF emengenCameroon.

The first comparison (see Figure 51) illustrates dlutcome of the first analysis (see
Section 3.7 and Section 4.1) with the MSF mobileics that were carried out in the
field in 2014 (without the use of the GIS tool).

MSF Mobile C|InI/CS in 2014 vs GIS
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Figure 51: Real MSF clinics vs GIS analysis
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The map displays where the MSF mobile clinics tplaice during the 2014 emergency

(cross symbols). That includes all the sites uisdace or more.

It also shows that the GIS analysis allowed thatifleation of 10 out of 16 sites that
were also selected during the 2014 emergency. Sdnlee MSF sites used in 2014
proved to be very strategic, receiving a signiftcanmber of beneficiaries while other

sites were a bit less successful.

In order to highlight these “most pertinent” worgirsites, they were compiled and
listed (see Table 26). The table shows the sitgiged with regularity during the last 2
months of the mobile clinics program with the retpe number of visits. The decision
to work in these locations was discussed in weéd&ym meetings involving all the
MSF coordinators and supervisors related to thereaah activities (i.e. field

coordinator, outreach focal point, medical teandéza and logistics team leaders).

. GIS analysis
ISR S 70 S B (with security considerations)
- . Number of visits .
2
ViiEzel S (last 2 months of the mission: Sept-Oct 2014 falzrihinen 2y s
Ndong Doube 8 yes
Ngarissingo 8 yes
Boma 5 yes
Koele 5 yes
Gari Gombo 4 no
Mbombete 4 no
Nyabi 4 yes
Belimbam 3 yes
Gaina 3 yes
Mboumama 3 yes
Sanji 2 3 no
Taparé 3 yes
Chéateau 2 no
Kentzou 2 no
Mboy 2 no

Table 26: Sites visited during the 2014 emergendggion (MSF, 2014) vs GIS Analysis
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When comparing the results of the GIS analysis il MSF Outreach schedule

(Table 26), we can observe that:

v' The GIS analysis identified 9 sites in common wiite 2014 MSF mission. These
common sites turned out to be among the 12 mosédibcations by MSF in 2014
which indicates that they were seen as the mosinpat working sites by the team.

v' The GIS analysis clearly identified the 4 mosttedisites. They are located in the
highest site suitability range of the GIS analysee Table 18).

v" The sites that are not identified by the GIS as® éhe ones with fewer visits (less
“success”). MSF ended the activities there earentzou, Chateau and Mboy.

v" Two sites were not identified by the GIS even thHotgey were actually visited
regularly (Gari Gombo and Mbombete). They are I®thated very close to the
international border with CAR but the presence afrf@éroonian authorities in this
area increased security. MSF took advantage ofpliscular situation to maintain

the mobile clinic project in these places a bigenthan otherwise expected.

Based on this comparison, the analysis turned @utave identified sites that were
actually some of the most pertinent places wheeeMBF teams worked in 2014 (i.e.
Ndong Doube Ngarissingo, Koele, Boma, Nyabi, Beamb Gaina, Taparé and
Mboumama). Furthermore, it ruled out sites wheeeNtSF presence happened to be a
bit less effective or strategic (i.e. Kentzou, @aét and Mboy).

GIS can be an added value to support the decisaking process provided that up-to-
date dataset are available and can be directlyded in the analysis. It is however
limited to some degree if the reality in the fidlddppens to involve very localized
influence (e.g. presence of authorities, high nundfeefugees coming to the clinics

due to a more effective health promotion from theal community, etc.).
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5.2 Objective 2: Impact of Security on Site Sele@n

The second and main objective of the study ainghtowv whether the security context
has a significant impact on a final action plan.other words, would MSF decision
makers focus the effort of the mobile clinic teamsdifferent locations if security

related factors were taken into consideration dutineir strategy discussions?

The comparison between Figure 48 (analysis withirstgcrelated factors) and Figure
50 (analysis without security related factors)sthates the security impact towards the
MSF activities.

In order to select the most suitable areas belo®d 20n2 while including at least twice

more noticeable towns than the eight required fag mobile clinic, it has been

necessary to pick:

- The three higher ranges of values (or higher silitjabanges) in the analysis 1. It
represents an area of 1714 km2 and contains 1@argléowns.

- The five higher ranges of values (or higher suiiybianges) in the analysis 2. It

represents an area of 1893 km? and contains 1\ardléowns.

Both maps have only 10 selected towns in commois ddmparison confirms that the

security has a significant impact. It influencemast up to 50 percent of the result: 9
out of the 19 sites selected by analysis 1 (witbusty considerations) were not

selected when performing analysis 2 (with no séggeonsiderations).

These are mostly the sites located along the boedpecially near the refugee entry

points.
It is important to bear in mind that this companiss strongly related to the

humanitarian situation of this particular conteRecurity will likely have higher or

lower influences in other circumstances and coesitri
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6. CONCLUSION

6.1 GIS and Humanitarian Health Activities

Through this practical example, the study demotedréhat GIS offers an added value
in the selection of the most suitable sites for aoitarian outreach health activities
such as mobile clinics. It helps clarify where teams should focus their initial efforts
which allows for a significant savings of time aedergy. In this particular context,
saving time means treating more people. It alsoliespmore funds saved to either

lengthen the activities or open new initiative®ther places.

Objectives

As discussed in the previous section, pertinemssitere highlighted with the GIS

analysis compared to the MSF emergency responsacdheally took place in 2014: 9

of the 12 most visited sites in reality were alstested with the GIS analysis. In

addition, it ruled out the sites that were lessvaht, thus less visited during the 2014
emergency.

The study also showed that the security aspeaidh a humanitarian context will have
a significant impact in the action plan if the sdgurelated factors are taken into

consideration. Security appears to influence upQaopercent of the results (the two

analyses only share 10 sites in common).

On top of the study objectives, GIS revealed o#ftvantages:

- It centralizes the information in the form of geaginical data, which can be very
useful for the different departments and stakehsléte their daily work.

- Itis a practical visualization and decision suppool to back-up a first action plan.

- It provides a clear and visual track of the MSF kirg locations and/or future
plans. This is a very useful asset in MSF missiwhere the work conditions and
contexts logically implicate a high turn-over ofethinternational workers’

supervisors. GIS helps mitigate the loss of infdramaduring the transitions.
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Methodology

In terms of methodology, this project showed trahg MCDA to include and compare
knowledge from different sources is effective amdves pertinent results. Selecting
the appropriate MCD method is an important stefh@process. While none of all the
known method outclasses the others in all circuntets, the idea was to use the most
appropriate one according to the type of analysidetaken, the objectives, the
available information and the background of th&eftalders involved. In our case, the
real added value of MCDA, and particularly of thedRA methodology, was the
possibility of including the knowledge directly intthe weighting process. This
approach proved to be very practical for our sulitgbanalysis. The AHP multi-class
structure is straightforward to comprehend for be#tperts and non-experts. Any
change occurring in the field could easily be addpihto the weighting process as soon
as data is collected. This flexibility is a crucieset in volatile humanitarian contexts.
In addition, and considering the high number oftecia involved, the AHP
classification process turned out to be the moasaeable. It organizes the research
guestion into several levels, which allows for atéreunderstanding of the whole
situation for decision makers. Comparing the fadtopairs and per class is indeed
much more judicious in this project than for instarirying to rank all these factors
together in a one-step operation (e.g. ranking aththAs an expert, it is not an easy
task to directly assign weight to many factors #relpairwise comparison is a simple
and effective tool for this purpose. It also impbse carefully consider each criterion
during the analysis and significantly helped torapmte how much each class or factor
really influences the final result. At last, thensstency ratio results ensured an
accurate weighting of the different factors invalvand validated the pairwise
comparisons process. With the help of two par#lldP analyses, this research clearly
showed that the security constraints related t® llnimanitarian context has an impact
on the results and would significantly affect theaf action plan.

Compared to other dangerous environments wherkl8fe organization tends to work,
the South-Eastern Cameroonian context is relatigalie. Despite the neighbouring
civil war, most of the initiatives can usually meglemented. Knowing this, it is easy to
understand that the security situation in morelehglng contexts has an even higher
impact on the NGO activities, often preventing atype of mobile strategy or

deployment in the field.
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6.2 Limits and Suggestions

In spite of a positive usage of the GIS in thidg{ut is important to take into account
the limits of its application. No matter how powsérthe technology, it will never
overcome erratic data. It is easy to forget thimpaspecially for field workers who
may base their decision according to the sole tiagulmap. For this reason,

communication is essential between the analysti@decision makers.

Data Reliability

The results of the research are only as reliabkh@aslataset that has been used during
the analysis. Most of the data incorporated inghacess has been collected from the
field but it is hard to collect complete and cotei$ data. It is sometimes not yet
accessible or it is simply based on rumours or liainle sources. Datasets from the
internet such as the built-up areas or the roaglor&tfrom the OpenStreetMap project
sometimes show some discrepancies in the studyvdreee it has not yet been fully
digitalized (e.g. unfinished secondary or tertiagads). During a humanitarian
emergency, this is usually fixed with special resijsanade by MSF to the very active
OSM volunteers’ community. In a matter of hourdays, they are able to finalize the
digitalization of satellite data into geographidaltaset that can be directly used by the

GIS officer working in the field.

Data concerning structures are usually very redigblg. refugee camps, health centres
and health organizations) and comes from trustwosiburces (i.e. United Nations,
local authorities and NGOs). On the other handa datolving refugees’ locations are
as important to gather as they are more diffiaulotate. They have a high influence in
the MSF strategy but they can be subject to chamges movements due to this
unstable humanitarian context. It requires a caonigtg€formation follow-up from the
mobile clinic coordinators. Data must be constamthecked and rechecked when
meeting different sources who sometimes have difiterobjectives (i.e. refugee
representative vs. village chiefs, etc.). The imfation can eventually be cross-checked
and offer some reliability but in certain cases ameas, it is highly labour and time
intensive for the MSF team.
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The refugee location density is directly based ddRMield work but due to a lack of
time it was not possible to assess every singley"groné of the study area. A new
refugee pocket of a few hundred people could eadipct the results once it is added
to the existing dataset. Since this study was ccteduafter the field mission, it has not
been possible to verify the reliability of all theyers with ground truth information,
especially with data coming from internet souraeag.(land cover or water courses). A
check against the “real world” is probably neceg$arimprove the consistency of the
analysis.

No matter how much data can be collected, thetyeali this context will always
change faster than the information can spreadholtilsl not bring the analysis to an end
but a high flexibility must be kept during the wlagbrocess so that updates can be
made on a short notice to adapt the decisionsetéi¢td requirements.

Humanitarian Emergencies and Volatility

As in most humanitarian contexts, the characteristi this environment is the high
level of instability due to the neighbouring ciwar. Any mid-term to long-term
projections are extremely difficult to make. Dalbattis accurate in the first week can
be completely out of date two weeks later. Undeséhcircumstances, one must be
constantly aware of the changes and ready to upldésets and analyses as soon as
possible. The GIS use for outreach activities mayldss decisive in very volatile
contexts involving daily changes compared to a nsbable situation requiring mid-
term deployment plans based on steady data antbement (e.g. malnutrition mobile
activities according to reliable monthly statisjicBespite a meticulous analysis, it is
hard to predict how successful a mobile clinic widl before actually experimenting it
on site. No one can truly forecast how many refage#l come and if they have been

informed properly.

2 A “grey” zone is an area that has not been fudlyessed by the MSF team.
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Other Influences

Experts and decision makers should also be awavéhaf is missing in the analysis.
What information out there in the real world coaldo influence mobile health clinic

movements? What additional factor would be wortdiagl? For example, knowing

that the study area has significant gold and diameasources, it could be relevant to
avoid working near illegal mining activities wheresecurity may increase, provided
that such locations are known. Depending on the bifrthe year, it is also pertinent to
identify the roads becoming inaccessible during ridiey season. ldentifying water
accessibility in different areas may also help efidng priorities to respond to

emergencies. Focus can be given to overpopula@eceplwith a limited number of

access points available.

Subjectivity of the method

The methodology and weighting process used in tiadysis have a substantial effect
on the results as well. Since reclassificatiorysdally based on a judgment of values
from experts, it has a limited objectivity. The baigal hierarchy process (AHP)

requires the comparison of each factor from theesalass to one another. Different
comparison scores between factors logically indiifferent outcomes.

Field experts’ experiences and common sense usdgltgte their decisions but the
conversion from verbal appreciations to numericafles would always remain

subjective. This subjectivity may cause significaintergences in the appreciations,
especially in the humanitarian world where decisinakers come from distinctive

backgrounds and have experienced all types of amssiConverting the security
context of a whole region into numbers is a verypptex task. In reality, based on

similar rules, two theoretically comparable sitestl{ the same suitability value) can

during this humanitarian crisis, my knowledge aftbontext was very beneficial to

appreciate the reliability of this study.

Suggestions
Considering that a GIS analysis should be quick asalistic measure to offer
immediate and usable solutions for the field sthafiyould suggest utilizing simple

methods according to the number of criteria avélaBanking or rating methods may
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be sufficient if the number of factors is limitethe AHP is very suitable for a larger
number of factors or to anticipate the accumulatdbmew criteria. While the AHP
methodology proved to be effective in this studywould also be interesting to
combine it with fuzzy logic in order to handle imeprse situations and bring more
objectivity to the analysis.

Finally, aiming for very restrictive results should avoided. Having a highly limited
number of alternatives might be counterproductRa@sed on this study, it seems more
appropriate to use the GIS method as a first stementify priority targets while
affording some flexibility to the decision makelts. applications should not be the core
method to make strategic decisions but it shouldaie an instrument to help highlight
the most evident solutions and eventually providekp to an initial plan of action. A
map is often worth a thousand words.
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