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ABSTRACT

Pastoralistsin Somalilandare su ering the impactsof climate
changeandneedrelevant,timely, and practicalinformation about
water resourcesand pastures. However,thesecommunitiesare
sparselydistributed and distant from decision-makingcentres,
which impedesrapid disseminatiorof climate-relatednformation
that could allow them to build resilienceto climateimpacts.Al-
though smartphoneadoptionratesare low, mobile servicesare
widespreadacrossSomalilandpresentingopportunitiesfor support-
ing communitiesthrough mobiletechnologies. We interviewe80
Somali pastoralists to understand their climate information needs,
accesso technology,andthe potential for technologysupport.We
alsoconductedafocusgroupwith four Somalidevelopmenexperts
to explorethe cultural contextand possibleimpactsof di erent
design choiceOur resultshighlight andexplore tensions around
di erent designdirections,andsuggespossiblewaysto mitigate
these.Designingsystemsthat navigatesuchconsiderationscan
contributeto much-needeclimateresiliencefor pastoralistcom-
munities in Somaliland and beyond.
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1 INTRODUCTION

Climatechangepresentgyreatchallengedor drylandregions,espe-
cially in communitieswherelivelihoodsaretied to the consistency
of seasonalainfall. In the drylandsof EastAfrica, droughtis amajor
threatto rainfedagricultureandavailablepasturelandor livestock.
Climate changeis projectedto increasedrought frequencyand
severityin the region[19 33 35, causingnot only humanitarian
emergencieshut ongoingdisruption to lives andlivelihoods,in-
creasedisk of con ict [25 40 64, andeventhe displacemenbf
local communities[2(. The resilienceof suchcommunitiescan
be improved through proactive adaptationto the changesthey
face.Centralto climateadaptationare climateservicesroviding
timely information aboutupcomingseasonatainfall. However,
rural dryland communities tend to bsparsely distributed andis-
tant from decision-makingcentres this canimpedesystematic
disseminatiorof climateinformation, and makesuchcommunities
di cult to accesdor thosedesigningand planning systemso sup-
port this. Among communities in East Africa, those in Somaliland
areoneof the mostdi cult to accesandhencehavetheir needs
underrepresented in the literature on climate services.
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Somalilandis an autonomousstatewithin Somalialocatedin
the Horn of Africa, with a population of approximately5.7 mil-
lion. Somalipeopleare highly dependenbn the land: about60%
arenomadicor semi-nomadigastoralistsvho raiseand herd live-
stock[52], which accountsfor 23%of the GDP[60. Froma climate
impactsperspectiveSomaliland hasu ered multiple episodeof
drought,food shortageandfaminein recentdecade$19. Dueto
thedirectrelianceonthe consistencyf seasonatainfall, pastoralist
livelihoodsin Somalilandare facingtremendouschallengesunder
frequent droughtsand climatechange B4, such as limitechccess
to grazinglands,longerand moredistantjourneysto nd pasture,
decliningherds,and uctuating marketprices[20, 25. Somaliland
presentsa valuablesocio-environmentalandscapédor exploring
the possibilitieso ered by technology-basedlimateservicesal-
though livelihoodsare predominantlyrural, dueto the socalled
leapfrog e ect (i.e.the adoptionof the latestversionof atechnol-
ogy without goingthrough its earlier stages)telecommunication
services are rapidly growing [6].

In Somalilandthere isa con uence ofremote rurallivelihoods
closelydependanbn climate,devastatingconsequencesf drought
andthe needfor adaptation the importanceof timely climatein-
formation, and possibilitieso ered by mobiletechnologiesThere-
fore, in this paperwe explorethe information needsanddecision
making processesf Somalilandpastoralistsn relation to climate
adaptation andthe potential for digital technologyto play arole
in supportingthis. We presenttwo studiesconductedby aninter-
disciplinary teamof researchergrom the UK and SomaliaFirst,
we describea qualitativestudy basedon interviewswith pastoral-
ists within Somalilandwhich focusedprimarily on the existing
waysin which they acceslimateandweatherinformation, avail-
ability of digital technology,andbarriersand opportunitieswith
regardto its use.Next, we presenta focusgroup discussionwith
four Somalidevelopmenprofessionalsvhich further exploredhow
decision-makingakesplacein pastoralistcommunities,o ered a
more detailedand nuancedunderstandingof how thesecommu-
nities arechanging,andexploredtensionsthat designerseedto

negotiate when developing digital services for such communities.

Our resultshighlight severalconsiderationgor designersvhen
developingclimate changeadaptationservicesfor rural popula-
tions. First, new servicesshouldbe compatiblewith community
decisionmaking practicesrather than purely individualistic ones.
Seconddesignersshouldpromoteinclusivity andsharingto ensure
the equitableprovision of information, evenamongthosewho may
not havedirect accesgo technology.Third, designersshouldbe
mindful of existing power structureswithin communities,and how
new systemsamight reinforce or challengethese.Fourth, design-
ersshouldbemindful of the enormousvalueplacedon trust, and
how they canbuild this trust in a new systemto ensureuptake.
Finally, designersshouldbe cognisantof the many changeghat
rural communitiesare currentlyexperiencing, and hokhese may
a ect ongoinguserneedsWe discusgheseconsiderationsn detail
and provide suggestion®n how designerscould work with pas-
toralist communitiesin Somalilandandbeyondto developclimate

adaptation serviceand other tools that supportlimate resilience.

We make severalcontributions to HCI that will supportthe
designof technology-basedtlimate adaptationservices.To the
bestof our knowledge this paperpresentsthe rst study of the
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availability, useof, andattitudesto technology(andother means)o
gatherclimateinformation in Somalilandpastoralistcommunities.

It alsoprovidesinsight into how decision-makingakesplacein
thesecommunities,andhow technologycould beintegratedinto
this processFinally,it identi es opportunitiesandtensionshatface
the designers of digital services working with such communities.

2 BACKGROUND

Currently thereis alack of literature on Somalilandclimateadap-
tation, despite theregionsu ering from regulardroughtsandthe

seriousconsequencethat canfollow [1]. Overthe lastdecadepo-
litical instability and con ict in the region haveimpededtravel

and researchactivitiesin Somaliland(and Somalia) and the cli-
mate information needsin this drought-impactedstate are not

well understood As mobilephoneadoptionratesare high in the

region[45 47,53 7€, mobile-basedervicegpresentan opportu-
nity to developapplicationsfor information disseminatiorto the

whole population,including communitiesfrom remoteareasin

the following sectionswe discussacces$o mobile phonesin rural

communities climateservicesn EastAfrica, andresourcesavail-
ablefor pastoralistsWhere possiblewe provide detailsfocused
on Somaliland, but where this information is not available we use
information from neighbouringcountriesto provide contextwhile
being mindful of the di erences.

2.1 Mobile phones in rural communities

Mobile phonesarewidely usedin rural EastAfrica [69 andthusare
asuitabletool for sharingclimaterelatedinformation. In Somalia,
aboutnine in ten Somalisaged16or over own a mobilephone[45
52, althoughsmartphonesiavebeenbannedin areascontrolled
by Al-Shabaalmilitants [27, 30. Thereareno publicly available
smartphoneusagestatisticsfor Somalilandput it is known that
the Internet andtelephonecoveragaeachesapproximately95%of
the country [6].

Despitethe popularity of phonesandwidespreadiseof micro
paymentsin Africa (e.g.Zaadin Somaliland[6, 45 and M-Pesa
in Kenya[47), the quality of devicesor availableservicess low.
Forexamplea study conductedwith smallholderfarmersin Kenya
and Zambiashowedthat dueto frequentunsolicitedadvertising,
peoplesawmobileservicesasunreliable[ 74. Moreover|ow-quality
counterfeithandsetaneantthat peoplefound older mobile phones
morereliable, anewermodels werdess durablehad low-capacity
batteries,and were rarely xableby mobile phonerepairers[74].
Peoplein rural areasalsoexperiencessueswith lack of airtime
credit, worn-out or cheapreplacemenphonebatteriesthat do not
retain charge,and limited accesgo chargingpoints [75. To be
ableto usethe phonesthey developseveralbattery preservation
approacheswhich meansthat the devicesare not alwaysavailable.
Forexamplemany peopleavoidusingtheir phonesfor activities
that drain the battery (e.g.gamesalarms)[79 or keepphones
switched o to preserve battery [74].

Another issuethat limits accesso mobilephonesin rural East
Africaisliteracy,includingbasiditeracy (readingandwriting skills),
Englishlanguagdliteracy, and technologyskills [13. In general,
peoplemostly usetheir phonesto makecalls[13 assendinga
text messageequiresa steeplearning curve [73. For example,
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somelanguagesn Kenya(e.g.Swahili, Bukusu,and Luo) do not
lendthemselvego texting asthey are characterisedy imprecise
spellingsandlong words[73. Thelow levelsof literacy arealsoan
issuein Somaliland 46 54 andSomaligd 61, wheremainlanguages
are Somaliand Arabic. Moreover,navigatingmenusin Englishand
switching betweenlettersandother symbolson featurephonescan
beconfusingandoften detersusers[73. All this makesdissemina-
tion of climate information challenging.

2.2 Climate services in East Africa

To improve the resilienceof communitiesto the impactsof cli-
mate change climate servicesare usedacrossAfrica to provide
information aboutupcoming seasonaonditions 5. Dueto the
relianceon rainfed agricultureand pastoralismin EastAfrica, rain-
fall projectionsare extremelyimportant for informing agricultural
decisionmaking,suchastiming of crop planting, moving animals
to pasture,andgeneraldrought preparednes§lf. A key part of
climate servicesprovision in EastAfrica is the GreaterHorn of
Africa ClimateOutlook Forum(GHACOF)pneof the World Meteo-
rological Organisation'syWMO) RegionalClimate Outlook Forums
[48 which produces objectivand user-relevantlimate outlooks.
In many EastAfrican countries,nationalmeteorologicakervices
provide seasonatainfall forecastsor their regionand sharewith
their governments and other organisations [28].

In Somaliaand Somalilandthe implementationof climateser-
vicesdi ers from other countriesdueto a lack of formalisedMete-
orologicalServiceg17. However,capacitybuilding continuesto
strengthenavailableclimate and weatherinformation provision,
suchasthrough the Foodand Agriculture Organisation'sSoma-
lia WaterandLandInformationManagemen(FAO SWALIM)pro-
gramme[67]. In Somalilandthe governmentelies heavilyon FAO
SWALIM'supdateg 67, who work with the DisasterManagement

Authority and Ministry of Agricultureto provideclimate services.

To reachcommunity-levelusersthe information is shared viarl'Vv,
radio andcommunity representatives-orinstance during drought
or ood seasonsSWALIM partnerswith RadioErgowhich reaches
more than 4 million peopleacrossSomaliaand Somaliland[17.
FAO SWALIMalsohasa SMSearly warning servicecalledDigniin
(Somalifor warning ) [15, usedto warn vulnerablecommunities
about oods andother eventghrough registereccommunity rep-
resentativesvho inform othersuponreceiptof information [17).
However, the scale and coverage of this system is not known.
Although thereis an existing provision of climateservicesthere
are barriers taheir uptake §4. In the context of agricultural end
users,there is often a disconnectbetweenthe information pro-
videdandthe information farmersand pastoralistsneed[39. This
mismatchhasbeenrecognisedn climateinformation servicege-
searchandhasbeentermeda usability gap [34. Thisis often
the result ofsimply attemptingto Il aknowledge de citwithout
fully understandingthe recipients'needswhich ultimately may
not leadto e ective action[66. Furthermoreo cial information
(e.g.from the government)is often very generaland not relevant
at alocallevel[39, while localcommunitiesrequire more detailed
information and often rely on indigenousknowledge(e.g.lunar
cycles,behaviourof animals,appearancef plantsor clouds)to
inform their decisiong 4, 39. Theseissuesanleadto low adoption
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ratesof existingservicesandinterventionsaimedat farmersand
pastoralists.

2.3 Resources for pastoralists

PastoralistsacrossEastAfrica needto makedecisionson where
to grazeanimalsin responseo climateimpacts,suchas ooded
rivers or drought-strickenpastures[1(. Thesedecisionsa ect
livestock health,with knock-on consequencefor food security,
andlonger-termsustainabldivelihoods.As such,many pastoralists
arewilling to pay to accesselevantinformation [76. Machado
et al. [36] found that providing pastoralcommunitieswith maps
showingthe condition of vegetationandwater sourceds positively
received anctan lead tdmproved animal conditionthough must
be provided consistently and reliably to maintain uptake.

Assmartphonedbecomeavidespreadservicesaimedatrangeland
livelihoodshaveappeared 6. However,thesearefew in number,
andfewer still aredevelopedor EastAfrican pastoralistsA par-
ticular example ighe AfriScout mobileapp,developed byroject
Concerninternational[51] and co-designedvith pastoralistsThe
serviceprovidesgeospatiainformation aboutpasturestatus(sim-
ilar to the papermapsin Machadoet al. [36]), helpsto estimate
the distanceto new grazinglocations,andallows peopleto share
information (e.g.addinginformation aboutwild animals,con icts
or diseasdo the maps)[14 31]. Another availablemobileappis
MyAnga, aweatherappthat alsoprovidesexpectedmoistureand
droughtconditions[21, 71]. At the time of writing, MyAngawas
beingpilotedin Kenya[71]. While the AfriScoutand MyAnga apps
appearto havebeensuccessfulthere are no appsdesignedspeci -
cally for pastoralcommunitiesin Somaliland perhapsdueto the
lack of research in the area and limited access to smartphones.

Thoughthere aremechanismdor deliveringinformation and
serviceso rural communities there are barrierspreventingaccess.
While webservicesandappsaimedat pastoralistexist,they arenot
widely available Furthermore when rural communitiesdo have
accessthey may not possesshe literacy skills to understandand
usethe advice[55 and,asdiscussectarlier,low levelsof literacy
are common.Theselimitations meanthat if pastoralistsdo use
technology commonlyfeaturephones it isnotto accesspeci ¢
serviceshut to exchangeclimate-relatednformation with each
other[10. Thereforethe mosttrustworthy andreliableinformation
is sharedbetween family memberand friends. Othestudies also
highlight similar issueswith trust, e.g.amongSamburupastoralists
in Northern Kenya [5].

Moreover,despitetechnologicaladvancementggesearchfrom
poorerregionsin Kenyashowsthat poor andultra-poor pastoralist
communitiesdo not bene t from thesenew developmentg$3], even
thoughthesearethe communitiesthat needreliableinformation
the mostasthey do not haveresourcedo bouncebackafter dis-
asters(e.g.after losingtheir livestockdueto droughts).Therefore,
a serviceaimedat the poor communitiescould provide bene cial
information to the mostremote,disconnectedgndvulnerableparts
of the population.

To betterunderstandhow suchasservicecouldbe designeda
teamof UK and Somaliresearcherand developmenprofessionals
co-designednd conductedwo studies We conducted30face-to-
faceinterviewswith pastoralistfrom Somalilandandaworkshop
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with four Somalidevelopmenexperts We describeboth studiesin
the following sections.

3 LOCAL AND CULTURAL CONTEXT

In Somaliaand Somalilandthe clan systemof patrilineageis a
major featureof societythat a ects local decisionmaking[5€, and
though Somalilanchasmovedtowardsa morecontemporaryparty-
political system clan-basedjovernancestill featuresheavily [23
56. Leadershipandgovernancds dominatedby men,andwomen
aremarginalised familiesaretypically headedoy men,andelder
malesarerespectedasleaders)aw enforcersanddecisionmakers
[23. In rural areas,allegiancedo a clan, sub-clan,and further
groupsubdivisionamajorly in uence relationshipsandinteractions
with di erent pastoralist groupsandareused togovernaccesso
resourcesuchaswater andpasture. Furthermore governanceand
law enforcementis usually in the context of the xeersystemof
customarylaws, which is particularly importantin rural areasfor
resolving grievances [22].

In additionto exclusionfrom decisionmaking, women'saccess
to technologyalsoappeargo belimited in Somalilandjn turn lim-
iting accesso important climateandweatherinformation. UNICEF
Somalig 67 reportthat only 3.4%of womenaged16-24from ru-
ral areasreported ever usingInternet ; only 2.5%eportedusing
it in the last 12 months.However,the surveywas conductedin
2011anddid not include questionsaboutmobile devicesandthere
areno newerdataavailable Similarly, literacy amongstwomenin
EastAfrica is lower than men[18. In Somaliland]essthan half of
primary schoolagechildrenreceiveprimary careeducationand
girls are lesdikely than boys toattend school$46 54, 61]. School
systemsarealsoill-suited for nomadiclifestyles,which further im-
pedes access to primary education [46, 34js lack of education
may meanthat manywomenwould not beableto e ectively make
useof technologyand climateinformation, evenif they hadbetter
access it.

3.1 Researcher positionality

This projectis a collaborationbetweenUK and Somaliresearchers,
led andfundedby UK researchinstitutions. We thereforeacknowl-
edgethedi erent authors'positionality in this researchThe Somali
authors areemployees offransparency Solutiong Somalsocial
enterprisethat is committedto Somali-ledsocialchangeandacts
asaninterlocutor betweeninternational organisationsandlocal
people.The UK-basedesearchergare Europeanand basedat well-
resourceduniversities.While they approachedhis project with
an openmind and an appetiteto learn more aboutrural Somali
communitiesthey likely bring their unconsciousiasesandtypical
Westernperspective®n how researchshouldbe performed Biases
may alsoarisefrom holding Westernseculariberal values when
the communitiesbeing engagedwith are religious and socially
conservative Furthermore the UK's historical role asa colonial
andmilitary powerin EastAfrica mayin uence powerimbalances
wheninteractingwith collaboratorsandresearchparticipants.The
Somaliauthorsthereforeprovidedimportant guidanceand knowl-
edgeon how to countertheseaswell asin-depthdomainexpertise
that helpedco-creataesearchappropriateto the localcontext. They
alsoperformedthe datacollectionin Study1, meaningthat they
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hadthe only face-to-facecontactwith participantsin that study.
Study2 wasconductedonline andwhile it wasfacilitatedby an UK
researchernthe Somalico-authorswereinvolvedin the planning,
participant recruitment and the workshop discussions.

4 STUDY 1: INTERVIEWS WITH
PASTORALISTS

The pastoralistway of life, genderrolesandaccesso technology
needto be consideredvhen developingservicesfor thesecommu-
nities. The 20million pastoralistan the Horn of Africa arefrom
arangeof cultural and ethnic backgroundswith particularneeds
basedon their locationandspeci c livelihoods.Thesefactorsin u-
encehow they accessand useinformation. Therefore,in this study,
we soughtto better understandthe climate changeinformation
needsof pastoralistsin Somalilandandto explorethe potential
for technologyto supporttheir decisionmakingwithin the context
of their cultural and societalnorms. The study was co-designed
by Somaliresearcherand UK researchersand conductedby two
Somali researchers.

4.1 Method

4.1.1 Site selection and ethical considerations. \We selectedhe pas-
toralist regionsBalligubadle Sallaxleyand BandarwanaagseerFig-
ure 1) dueto their proximity to Hargeisawhere our researchers
arebasedallowing return travel within oneday. The selectectural
communitieswere extremelypoor andthe pastoralistanterviewed
hadvery little food. Pastoralisthouseholdsare often moving, but
individualstravel to smallcommunity or village centresto trade
goods, foodor water;we conductedhe interviews atthose small
gatheringcentres.In Somaliculture, gift giving is customarywhen
meeting whether it involvesformal interviewsor informal con-
versationsTherefore jntervieweeseceivedrice andwater supplies
worth around$15for participating,which coverssubsistencéor
approximately 10 days.

Performingresearchin Somaliaand Somalilandpresentschal-
lengesespeciallyfor foreign researchersPolitical instability and
the presenceof terrorist groupshasresultedin many governments
warning againsttravelling to the regionfor securityreasonsFur-
thermore,ethicalissuesrelatedto power andauthority arisewhen
foreign researchersvork in developingregions[11, 59. To miti-
gatetheseissuesthe interviews were conductedby two Somali
researchersvho live in Somalilandand haveexperiencen work-
ing with local communitieson topicsrelatedto climate change.
Their organisationmaintainsan internal ethicscommitteewhich
reviewed thisproject, andwe alsoobtained ethicahpproval from
the leadauthor'sinstitution. Furthermoredecisionamadearound
appropriateresearchmethods compensatingarticipants,partner-
ing with localentities,andgenerallybeingcognisantof the cultural
contextcomplywith the Minimum ethicalstandard$or ICTD/ICT4D
researcifil2].

4.1.2 Data collection. As Somalilands a clan-basedociety,clan
eldersare a usefulmechanisnfor contactingpotential participants
asthey often liaise with the headsof villageswho can nd par-
ticipants.We discussedur study with clan eldersn Balligubadle,
Sallaxleyand Bandarwanaagyho gaveus detailsof potential par-
ticipants. Participantswere recruitedamongstthosewho would be
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® ® Bandarwanaag
@ Sallaxley

Figure 1: The location of research sites (Balligubadle, Sallaxley, Bandarwanaag and Hargeisa) where the interviews were conducted.

travelling to the selectedsitesto attendmarketandthereforecould
beinterviewedwhile there.To increasethe numberof participants,
afterinitial interviewsin Bandarwanaagwe alsointerviewedpas-
toralistswho travelledfrom acrossSomalilando selltheir livestock
at the marketin SayladdaHargeisaParticipantsinterviewedin
Hargeisawverefrom SallexleyGumburahaandIna Guuxaaln total,
we conducted 30 individual interviews.

Participantswere interviewed at community centreslocated
closeto the marketin the selected sitesThe interviewswere con-
ductedindividually in a designatedspaceat eachcentre.As men
tendto beresponsibleor livestockandwomenfor water andfarm-
ing, and thus may require di erent types of climate and weather
information to supportdi erent typesof decisionswe aimedto
interview an equalnumberof menandwomen.In addition, we
interviewedmemberf the samehouseholdseparatelyto ensure
that women were abléo speak freely, which might ndtave been
possible in the presena their husband. For this reason, \aéso
ensured that women were interviewed by a female researcher.

At the beginningof eachmeeting,the researchedescribed the
study andobtainedinformed (written or verbal)consent.Theinter-
viewswere structuredandincludedboth closedand open-ended
questionsQuestionscoveredpastoraliststechnologyuseand own-
ership,accesgo information sourcesjnformation needs(whatis
availableversuswhat they need) barriersto accessandconcerns
(seeTablel for the full list of non-demographicquestions) We
alsoshowedthem examplesof existing appsfor pastoralistge.g.
MyAnga; sed-igure 2) tocollect feedbaclbout the potentialise-
fulnessandrelevanceof availableinformation andits presentation.
The screenshotsverein English(no Somaliversionwasavailable)
andtranslatedfor participantsby the researchersQuestionswvere
tightly focused, and interviews lasted around 20 minutes.

Theinterviewswere conductedn October2019 Eachsite was
visited 1 2 times,aiming to interview 5 10 participantsper site.
For participants'conveniencethe interviews were conductedn
Somaliand wereaudio-recordedvith consent.Therice andwater
supplieswere distributecto all participants simultaneously ahe
end of each day.
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4.1.3 Data analysis. The Somaliinterview recordingsweretran-
scribedandtranslatedinto English(or paraphrasedvherethere
wasno directtranslation)by the researchersvho collectedthe data
to ensure data integrity. Due to the use of a structured interview
format, participants' answerswere short and to the point, with
very little additionalinformation. The transcriptswere analysed
thematicallyusingan approach basedn frameworkanalysis[5§.
To do so,interview extractswere summarisedn aframeworktable
whererows indicatedindividual participants,while columnsrepre-
sentedinterview questionsThis madet possibleto compareand
contrastdataacrossparticipantsand questionsandto identify key
trendsandthemes After the tablewascompletedpneresearcher
prepareda summaryof demographics&ndbackgrounddata,while
anotheridenti ed key trendsand potential wider themesThese
ndings werethen discussedavith the researchteam,resultingin
two key areasof interest(technologyaccessndownership,climate
change andnformation needs) antivo themesunderpinning the
data(the needfor visualandaudioformats,andthe importanceof
community membersassourceof information). The ndings are
reported in the next section and summarised in Tables 2 and 3.

4.2 Study 1 Results

4.2.1 Participants’ background. We recruited 16 womenand 14
men.Ten participantswereinterviewedin Balligubadle10in Sal-
laxley, four in Bandarwanaagndfour in HargeisaAgesranged
from 40to 73years(mean = 54, SD = 9; n = 26 asfour participants
did notwish to discloseheir age). Allidenti ed as pastoralists, the
majority statingthat all or mostof their householdincomewas
from the saleof milk from their livestock,which they bring to com-
munity centresto sell. Fifteenparticipantswere householdprimary
providers;oneof themwasawoman.Theremainingparticipants,
all women,alsocontributedto the householdncomebut to alesser
degree and reported having less input on major decisions.
No participantsspokeEnglish,and they either did not know
written Somali(nine participants)or their writing skills were poor
(20participants);only one personreportedgood Somaliwriting
skills. Therewere no stark genderdi erencesrelatedto literacy:
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Table 1: Interview questions from Study 1 (excluding demographic questions).

#  Question
1. Are you worried about climate change and its impact on your livestock?
2. If so, what information do you use to mitigate this?
3. What other information is relevant to you? (e.g. droughts, oods, etc.)
4. How do you use that information to make decisions? (e.g. related to livestock or water)
5. How do you access climate and weather information? (e.g. community extension workers, mobile apps, SMS, radio, etc)
6. How often do you access this information?
7. Isthe information you access reliable?
8. What are the reasons you choose these information sources?
9.  What information would be useful to you, but is not available?
10. What are the barriers to accessing the information you need?
11. What mobile technologies are available to you? (e.g. phones, smartphones)
12. What technologies do you have available at home? (e.g. radio, TV, internet)
13. Who in the household has access to these technologies?
14. How frequently do you use these technologies?
15. Do you use any phone apps?
16. Who in your family uses phone apps? (e.g. wife, husband, sister, children, etc.)
17. Have you heard of AfriScout or myAnga apps? (interviewer demonstrates app to participant)
18. If so, do you use this app (AfriScout, myAnga) or a similar app to make decisions?
19. Would an app giving information about di erent water stores (e.g. soil moisture, ground water) be helpful for you?
20. What information would you want from the app?
21. How would you want that information presented? (e.g. visually, audio, etc.)
22. Over what period would like to see that information? (e.g. monthly, seasonally, yearly)
23. How would you use that information to make decisions?
24. Can you give examples of kinds of decisions you would make to adapt to events such as droughts?
25. What would prevent you from using the app? (e.g. lack of phone, internet, etc.)
< Back Weather Advisory . )
Isiolo County, Kinna Ward Isiolo County, Kinna Ward
Expected Maoisture Conditions "
_ __4 HORMAL i WERY DEFICIENT MOISTURE
et - i
Expected Drought Conditions
Pasture conditions are expected to improve for both Pasture conditions ars expected to be poor
iy grazers and browser due to ample rainfall !
Farmers are advised to move livestock to areas with
e e s || o s oo :

points should have their dykes strengthened where it
has not been done

Herders are advised to buy drugs for diseases which - 4
aceampany high rainfall o

Avoid crossing livestock over flooded rivers as they
may be swept -

Figure 2: Screenshotsof MyAnga app that were shown and explained to participants during the interviews. As MyAnga doesnot provide
information for Hargeisa, we used locations in Kenya for illustrative purposes.

10womenreported poor skills and six reported none, while
10menreported poor, onereported good andthreereported
none . See Table 2 for more detail.

4.2.2  Technology access and ownership. We rst askedparticipants
aboutthe technologieghey hadaccesgo (e.g.they were available
in the householdor afamily memberownedit, but the participant
coulduseit if neededpndthen separatelyabouttechnologieghey
personallyowned.Whenaskedabouttechnologiesvailablen their
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Table 2: Summary of attitudes towards climate change, general trends related to technology use and accessto information,
barriers to accessand language pro ciency. All answers except language pro ciency were extracted from transcripts from
responses to open-ended questions.

Topic Description N (%)
. . Concerned about climate change 30 (100%)
Attitudes towards climate change Aware or already experiencing its negative impact 26 (85%)
Availability of water 23 (70%)
Dry season and droughts 16 (53)
Availability of grass and pastures 15 (50%)
Types of information currently received Upcoming rains and their intensity 13 (43%)
Upcoming storms and oods 5 (17%)
Location of recent rainfall 3 (10%)
Seasonal changes 3 (10%)
Perceived accuraoyf climate information currently Accurate information 25 (83%)
. Depends on the source 3 (10%)
received Not sure 2 (7%)
Daily 16 (53%)
Currentfrequencyof receivingclimateinfor- Few times per week 4 (13%)
mation Weekly 3 (10%)
Depends on the season 7 (23%)
Rain and storm predictions 12 (40%)
Amount of water available/changes in water supply8 (27)
Size of grazing land available 8 (27%)
Typesof information that is currently unavailablebut ~ Rain density 4 (13%)
would be useful Upcoming droughts 4 (13%)
Peace/con ict in the area 2 (7%)
Seasonal changes 2 (7%)
Not applicable: receive all information they need 8 (27%)
Literacy skills or education 12 (40%)
Cost 9 (30%)
Network connectivity issues 6 (13%)
Barriers to accessing relevant information Lack of phone 5 (17%)
Limited access to information sources 3 (10%)
Limited technical skills 2 (7%)
Clan con icts 1 (3%)
No barriers 2 (7%)
Radio 21 (70%)
Accesgo technology(i.e.technologyavailablein the  Zaad/SMS enabled phone 21 (70%)
household) Smartphone 8 (27%)
Internet 1 (3%)
s Smartphone 5 (17%)
\Iji:z;]eownershlp(l.e.usesthe phoneaspersonalde- Zaad/SMS enabled phone 14 (47%)
No phone 6 (20%)
Cost 10 (22%)
Barriers to technology access Connectivity 6 (13%)
Literacy skills or education 9 (20%)
Other reasons 7 (15%)
Spoken English skills 0 (0%)
Language pro ciency Good written Somali 1 (3%)
Poor written Somali 20 (7%)
No written Somali skills 9 (30%)
household21 participants(70%})eportedhaving accesso aradio, launchedin 2009[6]) and8 hadaccesdo a smartphoneHowever,
21(70%)mentionedaccesdo afeaturephonewith SMS/Zaadunc- a smallemumber actuallyowned thedevice: 14articipants(47%)

tionality (Zaadis amobilemoneyservicewidely usedin Somaliland,
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reportedowning aregularmobilephoneand5 (17%Yeportedown-
ing a smartphone Amongstparticipantswho usedsmartphones,
only 2 mentionedusingapps,mostly WhatsAppand YouTubeno
onereportedusing appsto accesslimatechangeor weatherin-
formation. Three participantsreportedthat their children hada

smartphone but used it mainly for communication (WhatsApp).

4.2.3 Climate change and information needs. All participantsre-
portedbeingworried aboutclimatechange Themajority (26partic-
ipants)reportedbeingacutelyawareof it, or alreadyexperiencing
its negativeimpacts(e.g.extensivedroughts,unpredictablerain, in-
creasinglack of reliablewater and pasture)on their livestock. They
alsobelievedit in uenced the wellbeingof their familiesandcom-
munities.Almost all participantsmentionedthe possibility of their
livestock dyingbecause ofiroughts, while severahentioned that
they hadalreadylost livestockdueto starvationand malnutrition:

Forthelastdroughtl usedo cookfoodfor my livestock
three times aay like human being becaukere was
nograsslt wassohardandchallengingpecauswedid
notgetrain in therainy seasorMostof the livestock
weredeaddueto the lack of grassandwater,andthe
hotweatherAt themomentll of ourlivestockaredead
because of drought.Participant 1 (P1), woman

All participantsthought that accesgo relevantandtimely infor-
mation wasimportant, especiallyrelatedto availability of water
andpasture.This appliedto information they currently haveaccess
to, considerhighly relevant,or information that couldbe available
via a hypotheticalapplike MyAnga (seeTable2). Participantsalso
highlightedthe importanceof di erent aspectof rain-relatedin-
formation: upcomingrains and their intensity, potential storms
and oods, locationsof recentrainfall, and seasonathangesin
particular, participantswere interestedin predictionsrelatedto
water andgrazingland size,asthis determinesvhetherit would
be worth moving animals to the new area:

We alsoneedo knowmoreaboutchange# thewater
availability, and sometimdsis costly tocall thecity
for this kind of information. It hashappenednany
timeswherewetravelto a distantplaceandlaterrealise
that thereis notenoughpastureandwater. Thesareas
easilypecomeverpopulatedhishappenedh times
wherewewereunableto sendmy husbando verify the
information. P1, woman

Whenaskedhow they currently accessnformation, participants
citedarangeof sourcesalthoughmostcouldbesimply summarised
asdi erent typesof word of mouth, either deliveredthrough mo-
bile phonesor in person(seeTable3). Theyreportedrelying mostly
onphonecalls(63%)nspeci edword of mouth (43%andsendinga
scout(asahanthe literal meaningin Somaliis to search )to check
the location (20%)Dueto the limited time available researchers
werenot ableto follow-up or unpackthe responseso this question,
which resultedin ambiguousand overlappinganswersNeverthe-
less there seemedo bean agreementhat other peoplewerethe
main sourceof information. Eight participants(27%yJeportedbeing
satis ed with the typesandreliability of the weather,water and
pastureinformation they currently receive Despitedi erent roles
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in the householdwe did not nd any genderdi erencesrelatedto
information needs.

While mostparticipantsreportedcheckingweatherinformation
daily (n=16 53%)whenaskedaboutthe useof ahypotheticalmobile
appto provideinformation, the majority expressedn interestin
doing solessoften (n=10,0r 33%few timesper weekandn=7,or
23%yweekly),possiblybecausef limited accesso smartphones
andnetwork infrastructure.Regardlessegularand semi-regular
accessvasseenasnecessaryor decision-makingHowever,not
everyonehadaccess tdhe information they neededmostly dueto
lack of or limited literacy, cost,andunreliablenetwork connections.

4.2.4  The need for climate information in visual and audio formats.
During the interviews we showedparticipantsscreenshotsf ex-
isting appsand,where possibleresearchershowedthem on their
phones.Twenty-six participantswere happyto discusghese and
nonewere awareof AfriScoutor MyAnga, or similar apps.They
generallyagreedthat an appcouldbeusefulfor easilycheckingthe
information they needn one placewithout requiring muche ort
or resourcesHowever,often unprompted participantsmentioned
factorsthat would likely preventthem from usingsuchapp.These
echoedhe barriersthat were alreadypreventingthem from using
technologyto accesglimateinformation, including no accesso
smartphones, lack of technical knowledge and low literacy:

| am quitesurethat [an app] will makemy life easy
andwewill notlosesomuchenergyandcostin infor-

mation gathering [But] thereis a skills gapwhenit

comedgo technologyseandwehavea limited ability

to read and write as well.P5, woman

Dueto literacy issuesyisualinformation wasdeemechecessary
to conveyinformation providedvia mobilephones Although the
lack of spokenEnglishreportedby all participantsmay play a
limited role, the lack of written Somalilanguageskills is likely
to be of far greatersigni cance. For example,when discussing
AfriScoutand MyAnga, 18 participantsindicatedthat they would
preferinformation to be presentedvisually. Seventeerparticipants
alsoindicatedthat an audio format would be preferable which
echoeghe generalpreferenceo accessnformation via word-of-
mouth ortelephone. Using audiand visual informatiortogether
would potentially bethe moste ective, andcouldhelpto overcome
the literacy barrier.

[An appshouldshow]informationonrain, climate
forecastingstorms,oods andwateravailability. Both
visualand audicon allnecessary informatiomhen it
comes to weather change®5, woman

Fourparticipantsexpressedho interestin usingor looking at an
appandthereforewe did not discussthis with them. They were
all womenwho reportedonly having accesgo a radio in their
household, with no phones of any kind.

4.2.5 Community members as trustworthy sources of information.
Onekey themeunderpinnedall responsesthe important role of
community asatrustworthy sourceof information. As mentioned
earlier,participantsreportedthat their primary sourcesof informa-
tion were other people either through word-of-mouthin person
or phonecalls.Contactingothersdirectly wasalsoa way to en-
suretrustworthinessof information. This trust increasedwhen
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Table 3: Sources of climate information as reported by participants (note that some participants provided multiple answers).

Category Information sources provided by participants N (%)

Word of mouth Mobile phones/phone calls 19 (63%)
Word of mouth (unspeci ed) 13 (43%)
Other community members (in person) 6 (20%)

Communal places and gatherings outside of immediate communfy(17%)

Drivers passing through 1 (3%)

Researchers in town 1 (3%)
Other Sahan/community member who goes check the location 6 (20%)

Observing the weather 1 (3%)

They get no information and instead wait to see what happens 1 (3%)

information wasdirectly sourcedor con rmed by clanleadersand
older (presumablyseenasmore knowledgeablejnembersof the
community:
Thetrustworthinessf theinformationdependsnthe
messengeaf theinformation.If the persorwhogave
informationis a responsiblendividual suchasan elder,
| considetheinformationto bereliable. P1,woman
In caseswhere the collectedinformation was consideredun-
reliableor not trusted,community elderswould senda sahanto
visit the areaof interestto collector verify the information about
the availablewater and pasturesThis information would then be
sharedwith the community. However,severalparticipantsmen-
tioned that this was expensive and time consuming:

[I accessnformation] Ona daily basisby usingmy
mobilephong...] Asa matteroffact,themobilephones
makelife easiemndwedid not senda sahanmostof
thetimeif we have enougtnustin thesourceSaharis
morecostlyin termsoftimeandenergy. P2,woman

Therelianceon otherswasalsore ected in the accesso tech-
nology: itwas oftenthe (male) headf the householdvho owned
aphoneor children (who often had smartphones)This meantthat
while in theory the participants (mostly women)had accesdo
mobile phonesand smartphonesin practiceit wassomeoneelse
(mostlytheir husband)who usedthe deviceto accesshe informa-
tion and makedecisionswhile the womenhadto usetheir own
sources:

My husbandhas a mobilg@hone and fothe most part
heistheone thatacquiregheinformation.Sometimes
| getinformationfrom the otherfemalepastoralist®r
my family members. P12, woman

5 STUDY2: FOLLOW-UP FOCUSGROUPWITH
SOMALI DEVELOPMENT EXPERTS

Study1 aimedto betterunderstandnformation needsandbarriers
to acces®f membersof pastoralisthouseholdsn SomalilandThe
resultsshowedthat participantsmostly usedword-of-mouthand
phone callgo access information about potentiphstures, as this
helpedto assesghe trustworthinessof the information. In par-
ticular, community elderswere cited asthe mostreliablesources
of information. Participantsalsoreportedthat sendinga sahanto
assess new locationwasa common.albeitexpensivemethodof
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verifying information. However,while this shedssomelight on
information sourcesit wasstill unclearhow decisionsare actually
madeonceinformation areavailable Therefore to help usbetter
understandhow existingdecision-makingstructuresand processes
coulda ect designchoicesfor potential future interventions,and
how they could be usedto disseminateclimate adaptationinfor-
mation,we decidedto conducta follow-up focusgroup study with
expertsworking with pastoralistcommunities.To do so,two addi-
tional Somaliresearchersiot involvedin Study1 joinedthe team
aprogrammanageioverseeingrojectswith rural communitiesand
aresearchemwith experiencén community engagemenin Soma-
liland; both co-authorsof this paper.Togetherthe teamreviewed
the earlierresultsandplannedthe study describedelow.The study
received ethical approval from the lead author's institution.

5.1 Method

5.1.1 Participants. Throughour contactswe recruitedfour Somali
developmengexpertswith experiencavorking with pastoralisttom-
munities in Somaliland We decidedto focuson expertsasthey
would be ableto sharetheir experience®n engagingwith local
communities and developing interventions, and therefore were fa-
miliar with localdecision-makingorocesseshat a ect their work.
Our participantsincluded:a maleresearchefrom alocal organisa-
tion with 20yearsof experiencevorking on humanitarianprojects
(E1l);amaledirectorof planningandresearchof anationalauthority
(E2);afemalesta memberfrom aninternational NGOwith experi-
encein monitoring andplanning (E3);andafemaleresearchefrom
the departmentof health scienceswith agricultural background
(E4).As all participantsworked and frequently collaboratedwith
researchers from abroathey all could speaknglish uently. All
participants were based in Somaliland, but were not co-located.

5.1.2  Procedure. Thefocusgroupdiscussiortook placein January
2023usinganonlinevideoconferencingsystemandwasconducted

in English.It wasfacilitated by two of the authorswho were based

in the UK (but not co-located)Also presentwere two other au-
thors, both of whom are Somaliand haveextensiveexperiencen
conductingresearchin this area(aprogrammanageroverseeing
projects with local communities and a researcher with experience
in community engagementn Somaliland)Their role wasto to
provideclari cations andsupportthe discussionsandthey were
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Table 4: Some example questions from the Study 2 focus group.

Question

Shouldwe targetspeci c individualswith information,
or the entire community?

Who speci cally should be targettedwith informa-
tion?

Do you think therewould beadi erence betweenthe
way we would target women versus men?

You mentionedcon ict within the community.Canyou
give an example of what that might look like?

If we wereto designsometechnologyor aninterven-
tion, how shouldwe try andbalancehe indigenousand
scienti ¢ knowledge?

locatedin Somalilandbut not co-located)The focusgroup lasted
60 minutes and was recorded to support the analysis.

The sessiorstartedwith the introduction of the projectanda
summaryof our resultsto date.To better understandhe decision-
making processesnd how they could be a ected by a new in-
tervention,we identi ed some tensions highlighting potential
con icting approachesAs aresult,we talkedaboutdi erent ap-
proachego information dissemination(e.g.through individuals
versusaimedat the community aswhole), the needfor support-
ing traditional valuesaspart of the intervention versuspotential
impact of challengingthem, and providing advicebasedon sci-
enti ¢ knowledgeversusindigenousand traditional knowledge.
We discussecachtopic separatelyto collectparticipants'views,
in particular focusingon pros and consof di erent approaches
andtheir impacton the pastoralistcommunities The focusgroup

nished with a generaldiscussionTable4 showsa smallselection
of some of the questions asked.

5.1.3 Data analysis. We usedRe exive ThematicAnalysis[8, 9] to
analysethe focusgroup data.Firstly, the sessiorwastranscribed,
andthe transcript and recordingwere sharedwith the research
teamto allow for familiarisation with the data.The leadauthor,
oneof the focusgroup facilitators, then codedthe transcriptusing
qualitative analysissoftware.Codingwas performedinductively,
and multiple passesvere performed.This resultedin 51 codesthat
weremainly semantidn nature.Thesewerethencopiedontovirtual
sticky notesusingan online whiteboardsystem.Through a nity
mapping[ 26, threeresearchershenindependentlygroupedthe
codesnto potentialthemes Theresearchershen cametogether
to discussthe di erent interpretationsof the thematicstructure,
which werereviewedand developedo movetowardsan agreed
setof four themes.The themeswere sharedwith the restof the
research team tgather their feedback. Finally, thegreed themes
were re ned and named, and are described below.

5.2 Study 2 Results

Thethematicanalysisresultedin the following four themesfocused
on therole of traditional structures,community decision-making,
the fact that pastoralistcommunitiesare undergoingseveraltransi-

tions, and opportunities for technology-based solutions.
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5.2.1 Importance of traditional structures and practices. Echoing
the resultsof Study1, the focusgroup con rmed that eldersnot
only were seenastrusted sourcesof information, but alsoplayeda
centralrole in the community decisionmaking. Pastoraliscommu-
nities weredescribedasconformingto well-establishedommunity
structureswith eldersseenasuniquely placedto contributetheir
own experience and knowledge to decision-making processes.

[The pastoralistslhavegottheir owncommunityel-
ders[who] canmanageanddiscusg...] the existing
situation.Whetherit is drought,whetherit is the out-
breakof livestocldiseasesyhatever. thosecommunity
eldersthey havetheir own knowledgehat they can
[apply] in the local environment. E1

The knowledgss still [with] theold peopleWeneed
their knowledge. E3

In particular, participantshighlightedthat the governanceand
decisionmakingwasoverseerby committeesof eldersand other
community representativesand suchleadershipwas seenasan
important way of implementinguni ed actions.Therefore they
arguedthat any new interventionsshouldengagewith thesestruc-
tures.This wasfor multiple reasons for example E4explained
in detail that community representativesvere gatekeepershat
couldallow accesto communities,and could thereforemakeor
breakany project.As such,endorsemenby theserepresentatives
couldincreaseuptakeamonga community,aspeoplelook to them
for adviceand guidance Finally, E4alsohighlighted that it was
importantto showrespect tathose whooversee variouglements
of community life andkeeptheminformed,asbypassinghis could
cause disharmony and negatively a ect the community.

Community leadersare the oneswho alwaysmake
the decisiongjthe ones]whowill let you to gointo
thecommunity][...] Wehaveto startfrom community
rules.Therwecandemonstratthroughthattotheother
partsof the community.That couldbevery productive
andverye ective.[...] If wegodirectly,withouttelling
andinforming andalsogettingthe allowancdrom the
communityleaders if wegodirectlyto thewomenpr
maybeto youngboysandgirls  that couldleadto a
con ict of ‘why did youpassme?', whydidn't youtell
me', 'why didn't you takemy opinions?';why didn't
you obey me?'. [...] So it could lead to con id4

Furthermore aseveryonemay interpret the sameinformation
di erently (especiallydueto limited literacy levels),suchwide
disseminationcould makedecision-makingharderand leado the
lackofuni ed action.Ourexpertsthereforerecommendedargeting
information at respected individuals in the community:

Focusonthe [speci ¢ target] individuals,becausd
wetry to disseminatelimateinformationacrosgli er-
entcommunitiegndacrossli erent pastoralistit may
just createsensitivity[...] Everypersorcaninterpret
his ownway of understandingyou know?[...] Thisis
determinedby thelevelof hisconsciousneasdalsode-
terminedby thelevelof his knowledger illiteracy.]...]
And san order toensure thathe climate information
that is beingdisseminatetb the pastoralistss uni ed,
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wemusttarget[speci c] individualsin eachparticular
location. E2

The expertsalsospokeabouta strong culture of information
sharingwithin andbetweencommunities Thesenetworkshavethe
potentialto beutilisedto enablewider disseminatiorof information,
evenwherepeopledonot havethe resourcedo receiveit rst-hand:

If theyarepastoralistshat aremovingfrom certain
locationto another,andthey nd a family that are
living in a certainlocation hejust...hechats]...] He
askshowthesituationis, wherethereis a rain, where
thereis pasturd...]. Theynormally chatonthe basisof
their concerngarticularly with the focusof their most
pressing needs.E2

Most decision-makersand trusted community memberswho
canin uence maindecisionarestill oldermen,andthereis still the
expectationghat menandwomenhavedi erent roles.However,
things are slowly changing.

5.2.2  Community decision-making and the role of community rep-
resentatives as facilitators. Despitethe importanceof traditional

approacheslescribedabove the expertsalsohighlighted the in-

creasinglycollaborativedecision-makingstructures While elders
andcommitteesplay animportant part, they do not dominatedeci-
sionmaking.It may appearthey haveultimate responsibility,but

they often guide,facilitate,and broker this processhrough com-
mitteesand other community memberswith the necessargkills

and knowledge:

Everymembeiof the communitywill beincludedbut
thedecisioris alwaysonly onthe communityleaders.
Theycanguideus,they candirectus,they canleadus.
Like, theseaarethe right peopleyou want [for] this',
“thesaretheright peopldor the communitysowecan
dothis'. Especiallyf we arehavingsomething techno-
logical [...] younger people are good, are better than
olderonesSotherewon't besomeoné the oldercom-
munity whowill say’I'm the bestat it', sothey will
leadyouto the youth andsayto you “thisis the com-
munity who canunderstandnoreto that, socanyou
pleasecommunicatend teachthemsowe canlearn
from them'. E4

As such,communityrepresentativegouldbesuitabletargetsfor
climate information, actingas a community entry point. This can
then bedisseminatedo the restof the community through trusted
community members, e.g. teachers, or informal networks:

In eachparticularlocationthereisacommitteeln each
particularlocationin eachparticularvillage,andthere

is a headof village.And sowhenwearetrying to dis-

seminatelimateinformationin a particularlocation,
we canjust[seethem as] targetindividualswhichwe

canprovideor conveytheinformationto.[...] Themem-
bersof that committeéncludethe traditional leaders
and the elders. E2

The expertsin particular highlighted the role womenandtheir
networks play in sharinginformation, and suggestedhat these
networkscouldbealsousedto supportthe disseminatiorof climate
adaptation information:
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We wantthat informationto gothroughall thecom-
munity. [...] Sothe main reasor speci callyselected
womenis sothat informationcangoveryfar. Somali
womancommunityareverytalkativeandtheyknow
howto receivenewsfrom eachother,sothey canbe
good messengersE4

The quote aboveechoescommentsfrom a femalepastoralist
from Study 1, who con rmed that shewas getting information
from other female pastoralists(seeSection4.2.5).Furthermore,
the expertsmentionedthat womenwere increasinglyinvolvedin
committeespartly dueto female-lechouseholdsandpartly because
Westernaid agencieoperatingin the arearequire a presenceof
womenaspart of decision-makingstructures They sawthis asvery
important:

In our community therés what we call “female-head
houseWwhere]...] thefemaleis responsibléor all [of
the] family. [...] Forexamplewhenwewantto createa
communitygroup themaximumtheminimumnumber
of femalego bein is threeor four. Sothe representa-
tion of females [...]Jwilbe veryimportant.Becausthe
impact|[...] also a ects the females. E3

5.2.3 The impact of changes and ongoing transitions. The increas-
ing role of womenwasnot the only changethe participantsmen-
tioned. They alsohighlighted the shifts with the communitieswho
areexperiencingtransition away from indigenousknowledgeasa
sourceof information. ELremarkedthat many peoplevhohavethis
kind of knowledgdavealreadydied . This knowledgeis not only
losttogetherwith eldermembersof communities but quite often
it losesaccuracyAs climate change ects vegetationwater levels
andmigration patterns,thesenatural signspastoralistsare usedto

rely on are becoming less reliable as a guide to future conditions:

The indigenouknowledge of pastoralist communities
[with] whichtheyhavebeenforecasting nowit is
interrupted due to the climate changé&l
However,this transition is not complete:.while somecommu-
nities aremoving away from indigenousknowledge they do not

fully embrace scienti c knowledge, often because they do not have

accesso it yet. This hasledto somecommunitiesbeingleft without
important information to guide their decisions:

Someof thecommunitiehaveshiftedfrom theindige-
nousknowledgefbut] theyhavenotfully adoptedhe

scienti capproach oflimate informationSothey are
in aiin a cross-bordesituationwherebythey are not

fully underthe indigenoussystemsand they are not

fully underthescienti ¢ systemsAnd this hascaused
thecommunitynotto nd or notto gatherrelevantcli-

mateinformation,increasingheir vulnerability dueto

climateshocksandthe unpredictablelimateimpacts
in Somaliland. E2

Furthermore pur expertsmentionedthat many pastoralistghey
work with were becominglessnomadic,with many becoming
residentdue to developmentprogrammesproviding them with
reliable resources.

Beforethe pastoralisthavebeermovingin searctof
fodderandwaterandsomething likehat. But mostof
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the pastoralists at this time, they agsident. They do
not move. They have got a water poinEl

Havingamoresettledlocationwith reliableutilities would make
servicingthesecommunitieswith climateinformation andother
resourcesnuch easierfor developmentplanners,aspermanent
or semi-permaneninfrastructure could be used.In the caseof
technologyinterventions,reliablepowerandinternet connections
would beespeciallybene cial, andour participantsreportedthat
settled pastoralists were more likely to have access to both.

5.2.4 Opportunities for technology in a changing world. Moving
away from traditional practicesalso presentsopportunities.As
demonstratedn the Backgroundsection technologyandtelecom-
munications are growing quicklyn Somalia and Somaliland]
this wasalsocon rmed by our expertswho alsohighlighted how
young people are drivers of technology use:

[There] areyoungpeopleTheyhaveaccesto every
kind of technologyand telecommunicatiorelecom-
munication is the main factor.E1

At the sametime, our participantstold us of the desperatesneed
for climateinformation in pastoralcommunitiesto combatongoing
drought.To this end,thesecommunitiesarereadyandwilling to
welcomenew sourcesof information, particularly through technol-
ogy:

They haveexperiencedonsecutivdroughtswhich
arenon-stopdroughtsthat a ecting the livelihoodof
pastoralistsSotheywill welcomevhateveiinitiatives
andinterventionghat support...] thetechnologyand
alsoandtheinformationsharingmechanismg...] Pas-
toralistsare[giving] the mostpriority to howto getthe
livestockkodderandlivestockwvater,livestockmedicine,
whatever[will improve] their lives.Sofor all those
things theyneednformation.Theyneedmprovedech-
nology.If thereis an interventionsupportingall those
areas..Pastoralistommunitiestheyarereally ready
to support and welcome everythinds1

This opensup opportunitiesfor new interventions,asthereis a
clearneedand opennesgo technologicalksolutions.Furthermore,
despitesomecommunitiesapparentlymoving away from using
indigenousknowledge this is not true for every community. As
such,our expertssawvaluein traditional knowledgesystemsand
suggestedhat we neededo understandhemmore,andadvocated
for a combinedapproachusing both knowledgesystemsto bet-
ter servethe needsof communities.One participant speci cally
referencedhe United Nations' SendaiFrameworkDisasterRisk
Reduction [63] as a motivator for this:

| recommenat leastto integratetogethetthe scien-
ti ¢ andtheindigenouspproachy...]. Whenyouare
lookingat the Sendaframework theinternational
frameworkfor disasterisk reduction it alsoempha-
sisego considethe indigenouknowledgeBut for the
time being [we need]to havethoroughlystudiedthe
potentialof havingindigenouknowledgénerein So-
maliland.What canbeimprovedwith the existingin-
digenouknowledgeandhowbestthis canserveor the
informationthat werequirefromtheprevailingclimate
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changeSoit needsor usto crystallisethe applicability
of thisindigenous knowleddge the changing environ-
ment|...] Butthenwecannotustignorethescienti ¢
[knowledge] E2

Thus,expandingour understandingof indigenousknowledge
and combiningit with scienti ¢ knowledgecould presentaddi-
tional opportunitiesto reachsomecommunitiesin a way that is
bothfamiliar andtrusted.To somedegreethis couldalsohelpto ad-
dressthe issuewith decreasingaccuracyof indigenousknowledge
mentioned earlier.

6 DISCUSSION

Climatechangecanhaveadevastatingmpacton pastoralistsvhose
livesdependon accesso water storesandgrazingland[10. How-
ever,with appropriateclimateinformation andadvice communities
canbemoreproactivein their responseandthereforemoreresilient,
at leastto someextent.With the widespreadand growing accesso
mobile phones acrodsast Africa b2 69, technologyhas a poten-
tial to supportpastoralisttommunitiesandaidin the dissemination
of climateadaptationinformation. However,the mostvulnerable
rural communitieswho would bene t mostfrom this information
havelimited accesso technology,live outsidethe reachof mobile
networks,and often lack languageandtechnicalskills necessary
to take advantageof technologicaladvancement§3]. Our results
havehighlighted the importanceof community and widespread
trust in traditional structures, asvell aspointed towardsongoing
changeghat a ect Somalipastoralistsalongsideclimatechange,
including the reducedaccuracyof indigenousknowledge We have
alsoidenti ed the opennesgowardstechnology-basedolutions,
providedthey takeinto accountpastoralistsneedstheir limited
literacy and preferenceowardsaudioandvisualinformation. In
the following sectionswe explorethesefactorsin more depth,with
the aim to highlight considerationglesignershouldbearin mind
when developing digital climate change adaptation services.

6.1 Designing for community decision making

Most smartphoneappsaim to provide a serviceto an individual
user who interactsdirectly with a systemfor their own bene-
t, subscribingto the Westernliberal conceptof prioritising the
autonomousndividual [2, 70. In the contextof pastoralismthis
would correspondto getting information (e.g.through a mobile
app)to eachfamily unit andthemmakinganindividual decisionas
to how to respondto this  suchaschoosingto movetheir herd,
or reduceits sizethrough destockingin anticipationof adrought.
However,our research suggests thaitich an approacts unlikely
to besuitedto pastoralistcommunitiesin SomalilandMutual infor-
mation sharing,collectivedecisionmaking (particularly by elders
andothercommunityrepresentativesjandcollectiveactionall play
an important role in pastoralist communitied,[5, 10, which was
re ected in our ndings. The needto coordinateactionbetween
householdgo bee ective, andto makecollectivedecisionsegard-
ing the allocationof preciouscommunityresources suchasthe
time and/or nancial commitmentof sendinga scoutto investigate
anarea meansndividual actionscanunderminethe overall co-
herenceandresilienceof the community (asre ected by P1who
highlightedissueswith movingto overpopulatedareasin Study1;
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seeSectiord.2.3)This community-basedpproachandthe relative

lackof accesso smartphoneechnologysuggestst would beappro-
priate to considerthe wider community ascollectivebene ciaries
andindirect usersof any technologicalintervention, rather than

individual communitymembersasusersForthat reasondesigners
working with suchcommunitiesmustadopta di erent mindset
and ask themselves the following questions:

How bestcouldtechnologyfeedinformation (andpotentially
advice) into a collective decision-making process?
Who are the most e ective “conduits' into this?

How could these conduits'be encouragedo ensurethe
information reacheshe groupsof peoplewho needit, when
it is needed?

As noted abovethe decision-makingprocess isoordinatedoy
the eldersand community committeesIn somecasesan eldermay
haveaccesso technologybut our ndings suggesthat younger
membersof the community tend to be the earlier adoptersand
sohavepotentialto actin this role. In somecasessuchyounger
memberamay hold positionsof respectwithin the community,such
asthe teacherAn essentiabspectof the designof a digital service,
therefore,will bethe useof "collectiveusecaseswhich identify
who will conveyinformation into the communityandhow. As with
all suchdesigns, thiss best identi edin a participatory waywith
the community.

6.2 Designing for inclusivity and sharing

Any digital intervention shouldrecognisethe relatively low levels
of smartphoneownershipand literacy levelsin pastoralistcom-
munities, and designwith this in mind. Thereis a potential for
usingvisualinformation to supportunderstandingand communi-
cation.However,implementingit practicallyin away that re ects
existing cultural normswould bechallenging.Sendinga sahanto
scouta new areaor to verify information receivedabouta speci ¢
region highlightedthe need tasshowthe current status ofpastures
and accesgo water, and so any visual information would need
to be of high enoughresolutionand level of detailto be seenas
equallyreliable.Forthosewith multimedia-enablegphonesand
simplerhandsetghat canhandlegraphics this couldbeachieved
by allowing eldersto forward imagesfrom a potential serviceto
help people visually asse#ise drought levels. To save bandwidth,
alibrary of pre-existingpicturesthat could be used(andreused)
would reducethe needto transferthe imagesvia limited networks
while still conveyingthe key information. The useof imageswould
also addresthe literacy issuewhich our participants highlighted,
and which is in line with wider trends in the region [13, 46, 54].
Another approachwould beto usepre-recorded/oicemessages
describingthe environmentakonditions, suctaswater levelsand
rainfall (e.g. no rain expectedor X days ),which hasbeensug-
gestedby prior research(e.g.[4]). To accesghe service,people
couldcallaphonenumberassociatedvith their regionto listento
latestpre-recordedorecastHowever,the servicewould not haveto
beone-way.Giventhe proliferation of featurephonesavoice-based
forum servicesimilar to AvaajOtalo[5( couldbedevelopedAvaaj
Otalo was createdto disseminatedfarming information amongst
rural farmersfrom Guijarat,India. Usinga simplefeaturephone,
userswere ableto record questionsand answerspostedon the
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forum, listen to announcement$rom the DevelopmentSupport
Centerwho providedaregularradio serviceaimedat farmers,and
accesgheir archiveof recordings.The evaluationof the service
showedhigh userengagementThis approachcould potentially
work within pastoralistcommunitiesalthoughmay not befeasible
on a larger scale due to the cost.

Our resultscon rmed that the sharingof information  both
within andbetweencommunities is acorepracticeamongSomali
pastoralistd24]. At presentthis is primarily verbal,andtakesplace
face-to-faceand over the phone.Any digital serviceshouldtake
into accountthis practice,andencouragesharingboth to promote
inclusivity andto t with existingcommunity practicesHence,
servicedesignersshouldconsiderthe di erent waysin which it
may besharedaspart of the designprocessincluding considering
the following questions:

How doesinformation currently ow through communities?
Whatarethe formal andinformal information networks,and
do they overlap?

What devicesare prevalentwithin communitiesand could
be used?

Are there any hubsor activities where community mem-
bersgatherand shareinformation? Could technologybe
integrated with them in any way?

Thesequestionsshouldideally be exploredwith community
membersin a participatory way. For example,in a community
meetinga digital devicecould be usedasa sharedobject,passed
betweenparticipantsto view an image.A voice messagdrom
a servicemay be playedby the phone owner to othersin their
community who don't havea phone astakesplacewith the
Avaaj Otalo servicedescribedabove.lmagesand messagesay
beforwardedto othersbothin this community,andin others.To
encouragenclusivity, thought shouldbe given both to designof
servicego facilitate this sharing,andalsoapproacheso actively
encouragesharingwithin the community, particularly with more
marginalised members.

6.3 Designing with power structures in mind

Our ndings, particularly from Study2,emphasisethe importance
of working within the traditional power structuresand potential
issueswith bypassinghem.Forexampleyoungercommunitymem-
bershavingdirectaccesdo aclimateadaptationservicethrough
phones pypassingcommunity leadersWhile not an explicitly nd-
ing of the study,we hypothesisehis is aconsequencef apotential
serviceproviding o cial informationfrom governmentabindnon-
governmental organisationst may be that,for examplea young
personaccessingveatherinformation from a genericweatherapp
would not causeconcern but if ayoung personis receivingo cial
information this could underminethe statusof the elders.Alter-
natively, it couldbeaconcernaboutindividualisedserviceaccess

resulting in fragmentation of the community. Research conducted

in rural Chinashowedthat introduction of technologyto support
decision-makingamongfarmersdid not t within existingprac-
ticesandhighlighted a generationaldivide, with youngerfarmers
trusting online sourcesand older farmerspreferring to maintain
the statusquo[49, which couldleadto con ict andquestioning
older members' advice.
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However,our ndings alsoshowthat the eldersoften do respect
andvaluethe technicalexpertiseof youngermembersof the com-
munity, and are happyto encouragets use.Hence,onepossible
approachwould beto work with communitiesto allow themto
decideon anumberof people(likely younger)to actasinformation
conduitsto the decisionmakingprocesss technologychampions .
By being chosenby the community,and by having an explicitly
acknowledgedole in the processthis would belesslikely to un-
derminethe status(andthereforesupport)of the elders,andwould
t in with their existing practices.

By aligning with (andthereforenot challenging)existing power
structuresand practicesa new digital servicewould requirerel-
atively little changein practicewithin communitiesandso may
encourageacceptancefFurthermore,it could potentially bene t
entire communities including those withlimited accesso tech-
nology because of the culturef collective decisiomakingand
information sharing.However,technologycan amplify existing
inequalitiesand disadvantageulnerablemembersof the commu-
nity [72], andexplicitly targetingthosewith mostpowerasusers
increaseghat risk. An alternativeapproachadoptedfor example
by socialtechnologycompanyGramVaaniin India, is to explicitly
empowermarginalisedvoicesin communitiesto challengelocal
power structures[41]. In suchsituations,asKarusalaet al. [29]
re ect, it may not beappropriatefor designto disruptin waysthat
challengestatusquo by imposingunwelcomevalues but it may

still support women in the struggles they choose to engage in .

While ampli cation of inequalitiesmay belessened itommu-
nities with a culture of egalitarianinformation sharing,our data
show thatwomen hadimited accesso information andrelied on
othersourcessuchaspersonalor communitynetworks despitea
culture of information sharingaboutthe environmentalconditions
in pastoralistcommunitiesin Somaliland(asdiscussedy E2in
Study 2). Becausavomen are expectedto prioritise taking care
of the household children and animals,they are not considered
decisionmakersand soit is unlikely this information is shared
with them.However,oncea decisionis madebasedon somein-
formation, it is expectedthat womenwill becomeaware of the
information naturally through family or socialnetworks (asillus-
trated E4who describednformation sharingthrough women's
personalnetworks).As aresult,aiming the serviceat community
eldersin patriarchalpastoralistsocietiescould potentially further
disadvantagevomenwho alreadyhavelimited accesgo technol-
ogy. Therefore designersmeedto considerquestiongthat will help
to think aboutboth positive and negativeimpactsof the systems
they are developing:

How doesthe systemintegratewith existing power struc-

tures (if at all)?

Doesthe systemchallengeexisting power structures either

overtly or covertly?

How caninformation be share@quitably throughoutcom-

munities?

Which groupsmay be unfairly privilegedr disadvantaged
by the proposed system?

Re ectionon suchquestionsmusttake placealongsidea nuanced
andculturally sensitiveconsiderationof what aspectf existing
practices are static, and thus should be conformed with.
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In summary,considerationof the impactof power structuresis
essentialwhen designinga digital servicefor Somalipastoralist
communities.Understandingpower structurescanboth support
acceptancef suchservicesandalsohighlight (andthereforepo-
tentially mitigate)exclusionfrom information anddecisionmaking,
particularly exclusion of women.

6.4 Designing to build trust

Somalipastoralistsocietytypically valuescommunicationof in-
formation through spokenword andbetweentrustedindividuals.
Written words, particularly from an abstractor unknown source,
may belesstrustedandvaluedandthereforedisregarded5]. This
wasevidentin the resultsfrom Study1: eventhough participants
hadlimited accesgo timely information, they were satis ed with
the information they receivedasthey consideredt to bereliable
enoughto makegooddecisionsThis wasbecausehey deemed
their sourcestrustworthy, who were mainly family, friends and
other community membersTherefore trustworthinessof any new
serviceandthe information it provides(andhow to build this trust)
shouldbecarefully consideredby designersfrom the outset,asthis
is an important predictor of uptake amongst Somali pastoralists.
Endorsemenby trustedcommunity memberssuchaseldersis
alsoimportant to ensurethe uptakeof new information, especially
when community membershavenot receivedit directly. As ap-
proval from other communitymembersleterminesvhetherpeople
will trusttheinformation[4], designingaservicethatintegratesthis
approachcould help build long-termtrust in the information ow-
ing throughit. Regulausageby elderscouldincreasethe perceived
trustworthinessof the source,andwould work asendorsemenfor
other pastoralistswho are consideringusing it themselvesFur-
thermore,clearly showing the sourceof information or speci c
individualswho haveveri ed it couldactasfurther reassurances.
Gainingthe endorsemenbf a new systemby key community mem-
bersis similar to the Village Phoneprojectfrom Bangladesltj7]
whereindividualswith mobile phonesactedaslocalinformation
sourcesfor communities.They servedthe role of early adopters
andtechnologyevangelistshelping peopleunderstandhe phone's
capabilities,which encouragedthersto buy their own devices
oncethe network coverageémprovedand pricesstartedto decline.
Furthertaking advantageof the trust givento the spokenword,
new servicescould go beyondphonesandbedeliveredby, or in-
tegratedwith, radio broadcasts anapproachwhich hasalready
beenconsideredhsa potential solution for disseminatingo cial
weatherforecastsfor farmersin WesternKenya[39. However,
trust in the radio servicewould rst haveto bebuilt amongpas-
toralist communitieswhich could againbe achievedvia regular
use andendorsement by elderss pastoralists tendb trust voice
communication includingradio morethan written sourceq4],
this could expediteuptakeassuminghe information is reliable[4].
The useof establishedadio sourcesogetherwith smartphones
could be usedto engendertrust in a hitherto unfamiliar mobile
service asradiois atechnologyfamiliar to many pastoralists
(oftenwith few barriersto use,assumingaccesdo areceiver),t
could be usedto encourageauseof the mobile service which can
o er hyper-localinformation that radio typically doesnot. The
bene ts of suchamobileservicecouldbeclearlycommunicatedas
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well asthe ultimate sourceof the information to demonstratehat it
is reliable.This kind of hybrid approachwould ensurethe greatest
numberof peoplehaveaccesgo important climateinformation, as
it would serve both phone and radio users.

Therefore when designingservicesaimedat pastoralistcommu-
nities, it is necessaryo identify and considerfactorsthat canhelp
to build and maintain trust:

What arethe trusted sourcesof information, and couldthey
be usedor adaptedto supportthe disseminationof new
information?

Doesthe community have preferencetowards sourcesof
information, i.e.are somesourcesseenasmoretrustworthy
than others?

What local practicesor community memberscould helpto
increase and maintain trust?

How couldthis trust belost or damagedandwhat typesof
interventionsor sourcef information shouldbeavoided
to prevent this?

Thesequestionsprovide a starting point andaim to help design-
ersthink aboutthe contextin which a new systemor intervention
shouldbeintroduced.Trustis necessaryor the long-terme ective-
nessof anyintervention,andthereforethe designanddevelopment
processrequiresa thorough understandingof factorsthat a ect
trust, trustedsourcesandindividuals,and any actionsor informa-
tion sources that may impact it negatively.

6.5 Designing in the face of change
Finally,the ndings from Study2 emphasisethat Somalipastoralist

communities are undergoing change in a number of ways. Firstly,

the impactsof climatechangemeanthat the seasonsre changing,
andthat traditional andindigenousknowledge suchasplant and
animalbehaviour.arelessreliablethan in the past thus,some
communitiesareabandoningheseknowledgesystemsSecondly,
womenareplaying more of arole in decision-makinghanin the
past. Thisis throughtheir increased presenaa committees, and
through female-ledhouseholdsvhere women have becomethe
main decisionmaker. Thirdly, educationand literacy levelsare
increasing Fourthly, ownershipand accesgo digital technology,
aswell asability to useit, is increasingparticularly amongthe
youngermembersf the community  including thosewho will
be elders in the future.

Any digital service to support climate adaptation shold de-
signedwith changein mind to beresponsiveto the fact that
currentusecasesnay changeand exible to the needsand oppor-
tunities of the future. Forexample assmartphonesecomemore
widespreadn the community,anda new generationof technically
literate elders(includingwomen)becomeesponsibldor coordinat-
ing community decisionmaking,a new approachmay be needed.
It is likely that suchcommunitieswill still valuecommunication
and trust betweenindividuals and groups,but be happyto use
online chatservicegsuchasTelegramor WhatsApp)to support
thesediscussionsSharingof relevantinformation andimagesover
suchserviceswill then provide new usecasesand any service
designwhich met current needsbut could not adaptto suchanew
environment would become obsolete.
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As communitiesare constantlychanging aspart of ongoing
processesr forcedby circumstances thereareno speci ¢ ques-
tions we canrecommendo designersln practice beingresponsive
to changemeanstaking a strongly user-centrecand community-
centredapproachthat regularly re-engagesvith usersto ensure
their needs continu¢o be metandimplementing thesystemin a
way that allowsfor modi cation within the constraintsof the rural
Somalilandcontextandits associatedarriers.Forexampleacom-
munity may currently valueandmakeuseof indigenousknowledge
in the form of markersin the naturalworld (suchthe appearance
of plantsand animals[39), and soit would makesenseto make
useof thesefamiliar analogiessuchasanimal or plantimagery,to
conveyinformation in a service Lateron, by onceagainengaging
with the community the designeranight assesshat the usersno
longerengagewith indigenousknowledge,andthus their needs
havechangedThis changecouldthen bere ected in anupdated
versionof the system.Suchresponsivenessanonly beachieved
by iterative engagementvith the users,and a well-plannedand
resourced maintenance strategy.

6.6 Re ections and Limitations

Engagindn this study providedimportantinsightsto the UK-based
researcherénto the importanceof suchresearcho beco-created
with partners whohave adeep understandingf the cultures and
communities being engageddith. In the early stages afesigning
the researchthe Somaliteam membersmadethe UK members
aware of naive assumptiongregardingwhat is possibleand ap-
propriate whenconducting interviewswith community members
visiting markettowns. This resultedin the designof the interviews
beingsigni cantly streamlinedandsimpli ed comparedwith the
Westernacademicemi-structurednterview, butin away which
preserveghe ability to capturethe essential insightsCollectively,
we alsobecameawareof di erent priorities andstrengths.n partic-
ular, the Somaliteamarelessexperiencedn presentingresearchn
away that would beacceptablé¢o a high-statusacademiwvenue
but alsovaluethis signi cantly lessthanthe UK academicsnstead
prioritising insightsthat canbeembodiedn their ongoingpractice
andfurther their priorities to supportSomali-ledtransformative
change in the region.

Inevitably,the constraintsin which this researchtook placehave
shapedhe outcomesand provide limitations to our ndings. The
di culty andexpenseof travelin Somalilandmeantthat we opted
to conductStudy 1 interviews in village marketsnear Hargeisa,
the capital of Somalilandwhere membersof other communities
would visit. This meansour participantscould be biasediowards
thosewho hadthe resourceso makethe journey to the selected
villages,andwho were recruitedby the community leaderslt is
thereforepossiblethat there may be more marginalisedmembers
of the communitywho the leadersdo not shareinformation with,
andwe may bereceivingan overly positive picture of the benign
way in which information ows in the communities Nevertheless,
the communitytrust and sharingpracticesarein line with existing
researchfocusingon rural communitiesin the region[4, 5, 10 and
were corroborated by the experts interviewed for Study 2.

Theclosedocationto the capitalalsomeantthat the languagedata
from Study1 couldbebiased Somaliis aprimarily spokenlanguage



DIS 23, July 10-14, 2023, Pittsburgh, PA, USA

andthus not many peoplecanreador write; however,morepeople
may beableto do sonearHargeisaversusthosefrom moreremote
regions.Neverthelessathird of our participantsreportedhaving
poor written Somalilanguageskills. Their responseselpedto
understand information needs of those with limited literacy.

Thefeedbackrom participantsin Study1 aboutexistingapps
andtheir potentialuse( | would nd it useful )wasbasedn screen-
shotsand often camefrom peoplewho did not usesmartphones,
andassuchthese ndings shouldbeconsideredvith care.However,
the explanationgrelatedto barriersto useand potential formats
that thesescreenshotpromptedwerein line with commentsabout
existingsourcesof information that pastoralistsuse,which makes
these ndings more reliable.

In Study2,wetried to recruit participantswith acollectiveexper-
tisethat coveredanumberof areasHowever,it is possiblethat their
responseslio not re ect the entire rangeof issuegthat pastoralists
in Somalilandmay facedueto their particular specialism®r focus
on particular geographicabreas Furthermore they were experts
working with communities and not necessarilypartsof them. This
is alimitation, althoughinvolving expertshelpedus understand
the decision-makingprocessesind how they a ect externalcol-
laborationsandinterventions.Futurework shouldinvolve more
direct contact with pastoralists.

Finally, we havenot built anything at this point. Our goalwas
to understandthe information needsand decision-makingprac-
ticesof pastoralistsgspeciallythat researchin Somalilands scarce
and primary sourcesare lacking. Neverthelessthe tensionsand
considerationsve haveidenti ed andunpickedprovidevaluablein-
sightsto developfurther interventionsaimingto supportpastoralist
communities in Somaliland and beyond.

7 FUTURE WORK

Thisstudywasonly the rst stepin thewider line of researchaiming
to provide climate adaptatiotechnologies for rural communities
a ected by the climatechange Recentwork hashighlightedthe
opportunitiesfor HCI in delivering climateserviceghat is relevant
to the work detailedin this paper[57]), speci cally aroundinte-
grating scienti ¢ andindigenousknowledgesystemsgdeveloping
decisionsupporttoolsfor di erent users,anddeliveringservicesn
away that servescommunitiesrather than individuals. Therefore,
next stepsto expandon this work couldtaketheselines of enquiry,
while alsobearingin mind the questionswe posein our discussion.
Forexampleamorethorough investigationinto information ows
and power structureswithin rural Somalicommunitiescould be
developedy againinteracting with the communitieshemselves,
ideally led by Somaliresearchpartnerswho understandthe local
culture. This would then allow us to better understandwhere a
technologicalintervention could be placedwithin a community
structure. The di erent valuegivento scienti ¢ andindigenous
knowledgeby communitiescould alsobeinvestigatedto ascertain
the most trustedroute for conveyinginformation. Basean these
insights,andworking with local communities personasanduse
scenariocould bedevelopedn a participatoryway [38 43. Note
that, in contrastwith typical usecasedevelopmentit is important
to ensurethat the personasandscenariosnclude community mem-
berswho do not havedirect accesso the technology.Usingthese,
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prototype mobilesystemsouldbedevelopedindtestedin the eld,
perhaps taking advantage ofcent developments in hydrological
modelling and climate science in the region (e.g. [37]).

8 CONCLUSIONS

With climate changeseverelya ecting rural agropastorapopu-
lationsin the dryland regionsof EastAfrica, thereis a pressing
needfor relevant timely, andpracticalinformation aboutwaterand
vegetationresourcesparticularly with aview to climatechange
adaptation.However,pastoralistcommunitiesin Somalilandare
often distantfrom decision-makingcentresmakingit hugely chal-
lengingto disseminateusableinformation in atimely manner.The
importanceof face-to-facecontactanddirect communication)im-
ited accesdo technology,and low smartphoneownership,have
implicationsfor the developmenbf information servicesaimed
at rural communitiesthat presentsigni cant di culties for de-
signers.It maybedi cult to adaptexisting solutionsfrom other
EastAfrican countries  solutionsthat rely on a reliablemobile
network, cheaperconnectionsandincreasingsmartphoneusage

in Somalilandand other rural partsof the region.As such,the
servicesaimedat pastoralistscould be designedor communities
rather than individuals or individual householdsEldersor trusted
memberof the community couldactaspart of awider systemthat
distributesandveri es climatechangeadaptationinformation. The
technologywould haveto accountfor thesesocialdynamicsand
the needfor information, but it would haveto bedesignedwith care
to avoid perpetuatinginequalitiesand further limiting women's
access tanformation. It wouldalso have tde designedvith lim-
ited technicalandlanguageskills in mind, which the presenceof
ahumanservingasthe main nodefor disseminatingnformation
couldhelpto addressNewtechnologyservicesshouldalsobede-
velopedin away that is responsiveto the changingneedsof the
userswhich canbeachievedhrough repeateduserengagement
and a sustainable maintenance strategy.
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