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ExecutiveSummary

In 2020 arural livelihoodrapid climate risk assessment for the Southern African Development
Community (SADC)region was undertaken. The assessmamitaied the developmentof a
vulnerability index representingsocial, natural, physical, financial, and human capata used to
represent the capitals were derived froten indicators, ranging from measures of multidimensional
povertyand gender dynamicthrough togross domestic producannualsoillossesand suitabilityof

soils for crop productiotP ¢ 2 @A adzZ- £t AaS YR ARSY (i h&FwinekBlgyd a LJ2 G &
indexwasgeographicallynapped andccombinedwith future climate projectiongquating toa world
engaged irtoncerted climate actiopredicted to result ira midand end of centurynean temperature

rise of 1.4C andl.8°C respectivelfRCP4 . panda world lacking deliberate climate action with a mid
century mean temperaturéncrease of 2.0°Cand end of centurynean increasef 3.7°C (RCP8.5A
discussion of resulting climate risk hotspots, deemed to be areas where Higgratility and climate
hazardsintersect, was complemented by a systematic literature review of reseancagicultural
climate risk, adaptation and vulnerability the SADC region

Due to he scale of the SADC region, encompassing 16 of the most southern nations of the African
continent, the experimental mapping work undaken in 2020 did not alloveasy idenification of
smaller scale regionalimate riskvariations orthe nuance of vulnerabilityithin nations. As such, a
request was made by the DeutslGesellschaft fir Internationale Zusammenarb@inbH (GlZ)
supportedSADC/GIZIlimate Resilience and NatiiResource ManagemerRrojectto repeat the work

with a clear focus on the MalaviiambiaTransfrontierConservationArea MalawiZambialTFCA). This
focus was necessary to provide a platfdionthe development of climate risk mitigation and adaption
strategies withinthe MalawiZambiaTFCA region arithe management plansf the areaand its key
sectors

Given the significantly differergcales of the respective experimental mapping exerctbesuitability

of the vulnerability indicator dataised in thetwo studies varied. In the time available to conduct the
MalawiZambial FCA mapping exercise, data able to suitably represmmhmapocal governancand
financial capitatould not be identifiecbr created. Similarly, the data employed in the SADC region
study to epresent gender inequalities could not be reused in its raw for(neing only available at
the national levé), but in this case a replacement indicator was found in the form ofGleader
Development component of the UNQ &ubnationalHuman [@velopment Index.Following the
necessary modifications to trdataemployed in the SADC region study, the vulnerability assessment
of the Malawi-ZambiaTFCA was based on six of the original indicalicgs accessibilitto markes,
education, health, stndard of living, crop production suitability, and soil ero3iplus the Gender
Development Index.

Vulnerability mapping results for thdalawirZambialFCA suggested that thaeea distinct difference

in average vulnerability across the border regidalawi was, in general, seen toe less vulnerable

than the Zambian borderegion Within the TFCAsome of the most vulnerable areagre foundto

be in the western border area of North Luangwa National Park and the adjoined Musalangu Game



Management AreaAn analysis of the underlyingulnerabilitydatahighlighted thaigender inequalities
are higher than in surrounding areawith general aspects gboverty and distance to market also
regularly falling within the higher mean vulnerability scorestfer mgpped area. In contrastelatively
high gender equality scores were found in the Lukusuzi regiod partly responsible forareas
possessingnean scores in th&ational Parkindicating loweroverall vulnerability Higher average
vulnerability scoreshat do existin the north of the Lukusuzi National Park appear to be a product of
relatively high soil loss in addition to being some distance from a market.
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The mapping of projected climate hazards suggested that bycemneury, rainfall in Kasungu Natal

Park is projected to be relatively high without being extreme in bRtdP4.5 and RCP&Mkmate
scenarios. Drought is seen to be present in Kasungu National Pédtlicscenariosbut compared to
neighbouring areas the severity adroughts is relatiely low. Comparativelyglimate projections
indicate Lukusuzi National Pankay be subject to more severe drought in boghmojected climate
scenarios across all areas, with pockets of higher rainfall found in the very north and eastern border of
the park.TheNyikaregion, meanwhileis projected to be subject to some of the most extreme rainfall

in the mapped area (over 40mm/day). Only the extreme north of Nyika National Park demonstrates
potential for drought exposure in eitheslimate scenario. For théNyikaNorth Luangwa TFCA sub
component, aside from an isolated pocket of higher rainfall values in the southeast, and in the adjacent
Vwaza Marsh Wildlife Reserve, extreme rainfall is not projected for this wider area. However, drought
is prevalent acrosdNorth Luangwa and the adjoined Musalangu Game Management Area, without
being projected to reach the severe status found further west outside of the TFCA.

Combining the vulnerability and climateazardprojection data into brariateclimate riskmaps, aside

from an isolatededuction in climate riskn RCP8.5 from RCP4Sorthern Lukusuzi National Park

was found that overalthange in climate riskmanating from rainfallvas minimalbetween climate
scenariosn the mapped areaMoreover, high vulrerahility with high rainfall hazargvas not found in

the mapped area for either climate scenario in thkalawiZambiaTFCA and surrounding at€ghe

maps suggested, howevehat high rainfall hazarég may be presentthroughout Kasungu National

Park while the area to the west of Luangwa National Parthe adjoined Musalangu Game
Management Area, the transition zone to Nyika National Park and within northern Nyika National Park
itself, are all subject to medium high vulnerabilgyigh climate rainfall hazardror drought, medium

high vulnerability- high climate hazard is seen through most of Luangwa and the adjoining Game
Management Area to the north, with northern Lukusuzi National Park also possessing areas of medium
high vulnerabilityc high climate hazardClimate risk in the Musalangu Game Management Area of the
Luangwa district marginally reduces in the far north, to medium high vulnerakilitfedium high
climate hazard for the RCP8.5 scenario.

The systematic literature reviewlement of the rapid risk ssessmented to the identificationof 11
articleswith data collected in or arountthe MalawiZambial FCAand with findings specific to the area
Themajority of studies centred on arable farming systems, with precipitation hazards discussed most
frequenty followed by commentary relating toising mean temperatures and drought. Studies
emphasising vulnerability were as prevalent as those focussingliorate adaptation. Of the 11
research articles meeting theearchcriteria of the evidence review, sixgsented findings that were
relevant to the NyikaNorth Luangwa TFCA component and nine to the Kaslagusuzi component.
Collectively, the studies explored climatic impacts on cropsmized crop planting based on historic
and projected climate conditits, the adoption of climate smart agriculture and agroecology, and local
knowledge about climate impacts and adaptations. Equality aspects linked to the latter two topics,
particularly gender, were considered in six of the reviewed studies.

It was noted irseveralof the reviewedstudies thatdimate Smart Agricultural (CSA¥ystemshad the
LRGSYGALFt G2 &dzZJ2 NI GKS NBIA2yQa &Yl ftudiest RS NA
identified that CSA options combining soil and water conservationagament practices, improved

maize varieties, and cerelgume diversification were economically viable and worthfy o
implementationby smallholder farmers, but cautioned that optimal approactvidsdepend orspatial

and temporal conditions, rather thaaW2 1 8 1 S ¥ A (i & Sdvdrabt@iedhigiligi®d génded

aspects ofcSAadoption andhe potentialinadequacyof genderneutral strategies foenablingbroad

CSA uptakeOne studynotablyconcluded that climatestrategies that improve the equityf @lecision

making may strengthethe ability to select suitable CSA optioasd build climate resilienc&udies
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exploring knowledgef climate dynamicglentifiedinconsistenteesbetween local accountsf weather
patternsand meteorological datto highightthe valueof different sources of climat&nowledge and
to caution against reliance on singkources ofinformation in the development otlimate action
strategies

Given this cautionary statementhe results of thisclimate riskstudy should be ued to provide a
starting point for engagement with locMalawi-ZambiaT FCAstakeholdersprior to the development

of climate sensitive management plans for the ar&a part ofanyparticipatory activitiesand before

any climate plans aractiored, it isrecommended that the findings of the vulnerability mapping
SESNDAAS dzy RSNH2 &2 YS viRdrettEnhSfieldl dbsekvatidiPaddydiBcusSiontizii K A y :
with local communities and sector leadeSiven the focus on rural livelihoodsthis study, aclear
understandingof land tenure and specific agricultural activities, including confirming the share and
scale of smallholder and larger commercial activities in adegsned to be climate risk hotspots, is
required to determine thepotential impact of future extremeclimate eventsin these areas. Given

the omission of a governance indicator in the vulnerability index, developing an appreciation of local
governance influences on the development and implementation of climate smart management plans
is essential.Likewise, the exclusion of financial capital from the vulnerability index requires that any
climate action plan informed by this research requires an additional assessment of local financial
vulnerabilities.



1.0 Introduction

This report build®n a rapid climate risk assessmerunducted by the University of Leeds in 2080

the Southern African Development Commun{8ADC)egion (reported in: Quinn et al., 2020). The
WNF LIAR Of AYIFGS N & {suppaikd Bydaus e Getellbbiiar SrterNdidoales | a
Zusammenarbeit (G1Z) Gmland wasstructured aroundthe IntergovernmentalPanel on Climate

/ Ky 3 Stamewdilivinith entailsthe identification andassessment oflimate hazardsand the
relative exposure and vulnerabiliof individuals, communities and/or a given region to these hazards
(Fog: 1.1) Core to the assessment was experimental mapping work to idegeibgraphigiskhotspots
representing the locations of future climate hazards and social and biophysical vulngrabiin
agricultural context.Drawing on Thornton et al. (2008)ha 2020 SADGroject identified 10
vulnerability indicatorsreflecting natural, physical, financial, sociand human capital Following
normalisation ofawindicatorvaluesto a common sale, they werecombined into an index of average
vulnerability for the regiorand mapped The vulnerability index was thecomhned with future
climate projectionsto 20312059 for rainfall extremes and drought hazarflee Section 2.1)
Geographic hotspatof potentialriskwere deemed to béocated at the intersection of potentiahigh
climate hazardisk andsocial and biophysicaulnerability. Medium-high climaterisks (i.e., medium
high vulnerability and mediurhigh climate hazardsyere found to be &tensiveacrossmost areas of
the SADQCegion but most notablyto the north (particularly in terms of drough@nd the island of
Madagasca(in terms of extreme rainfall)

jfe .
CLIMATE -y ;- SOCIOECONOMIC

PROCESS

Socioeconomic s

Natural
atura pathway

Variability

Climate Change -

d ' ' Adaption and
Mitigation
@ Anthropogenic Hazards Actions

Governance

Exposure

EMISSIONS
and Land-use Change

Figure 1.1 IPCC Climate Risk Framework
(Version Source: Quinn et al., 2020igdral Source: IPCC 2014a)

Referencing de Sherbinin et al. (2018)e Quinn et al. (2020ktudy highlighted several key
considerations fo undertaking a cartographiclimate risk assessment. These included the area the
mapping exercisecovers, data avaibility at different spatial scales, and having a clear goal and
frameworkto ensuredataisfit for purpose. This final point is subject to further consideratimiated

to the selection or omission of vulnerability indicataxad climate parametersand how and when
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data ismanipulated (e.g., applying weighting to one or more aggregated indicatsdd)jtionally, a

key limitation within any mapping exercise, experimental or otherwise, is the availability of data that
can bespatiallymapped(Jensen et al 2012). For a climate mapping exercise, this limitatidariver
complicatedby a general lack of future projections amdateduncertainies(de Sherbinin et al., 2019).

It mustalsobe noted that mapping exercises such as that presented within AigCEegionstudy and
herein, which effectively depict a system of actors, activities and interactions, represaapahot in

time (or an aggregatioof snapshots in time) that do naccount for thetemporal dynamism of a
system (Jensen et al., 2012).yAnterpretation of a map, or suggested actions guided by them, should
be steeredby anawarenessof this fact and be complemented by further investigation before being
acted upon.

In the case of e experimental mapping work conducted by Quinn et al. (@0Both the risk
assessment framework and discussaddentified hotspots wereunderpinnedby in-depth literature
reviews. Given thescale of the originahapping workcoveaingall 16 member states of th8ADC, the
finer detail and nuance of risks thahay apply tospecific regions was not easy to interpret.
Representatives of theSADOBIZClimate Resilience and Natural Resource ManagemeiRKa)
Projecttherefore requested a repeat assessment focussed on the MaEambia(MalawiZambig
TransfrontierConservation Area (TFCA) with particular focus on the Kadwigisuzéub-component
reflecting the interest of the MIRM project inTFCAs

¢C/ ! & | NB &s§ Ssfradtiéintdriti®rialdbouiidirie@ne) aré a shared asset with the
potential to maningfully contribute to the conservation of biodiversity and the welfare and socio
economic development of rural communiiéEFCA 2022Respite the importance of these areas from
a range of socioeconomic, political, conservation and broader envirorahgerspectives,tiwas
noted by GCNRMthat climate change impacts are not systematically articulatethénmanagement
plans of the Malawg Zambia TFCas a wholenor in the development plans of the main sectors and
stakehotler groupsArisk informed @&velopment approackor the areawas thus deemed desirahle

The GNRMrequestto replicate the SAD€gionexperimental climate risk mapping exercise for the
Malawi-ZambiaTFCAwasintended as a first step toward providing information fora participatory
sensitisationstakeholder engagementprocessfocussed on thedevelopnent of adaptation and
mitigation action plangor the area

Theprimary objectives of th requestedstudy were threefold:

I.  To repeat the SADC rapid climate risk assessment foxiddawi-ZambiaTFCA region of
Malawi and Zambia based on the methods and indicators described in Quinn et al. (2020)
Il.  To refine theMalawiZambiaTFCA analysis and increase the climate risk assessment
mapping resolution to focus on the KasuAgukusuzi sugomponent of the Malawi
ZambiaTFCA
Ill.  To provide an interpretation of outputs from the spatial assessment and mapping exercise,
wherever possible drawing on previous and updated literature searches

In addition to the originahgriculturallivelihoodsfocus of theSADC study, a request was made to
incorporate where data allowegan appreciation otlimaterisk tothe biodiversityandtourismsectors
within the MalawiZambia TFCA.Unfortunately, the development of amethodologically robust
assessment framework fdsiodiversity and tourism vulnerabilifcommensurate with Quinn et al.
(2020),provednot to be possibledue to the limitedtime available to conduct this studynd lack of
suitable secondary dat#d\s such, the focus of the study remained on agricultundl aural livelihoods
within and surrounding thalawiZambiaTFCA.



Given the above statelimitations of complex mapping exercises and theglianceon robustdata, it
was acknowledgedt the initiation of the studythat much of the informatiorused in he assessment
of the SADCegionmay not be available ahe spatialresolutionrequiredto reveal MalawiZambia
TFCAlimate risksAn attempt was madehowever to replicate the SADC region research as close to
its original methods as possiblevhere the veracity of data was rendered questionable when
manipulated for spatial mapping and/or whertegrated within the vulnerability indext has not been
included in this studyThe detailof changesnadeto the climate risk mapping approach documented
by Quinn et al. (2020) are provided in the relevant sections &fréeport. As with the rapid climate risk
mapping of the SADC regiohetmaps and any commentary attached to thproduced for this study
shouldnot be viewed as a definitive climate risk futufiir the MalawiZambiaTFCA regiorinstead,
they may provide usefulinsight and impetudor promoting stakeholder engagemerdnd guidng
discussiosfor targeted actions

Herein, Section 2 of the report provides details on how the risk mapping exercisendartaken, the
data employed in the risk mapping assessmentfethods used to update and extdithe systematic
literature review, and a summary of changes toappingmethods employedn the original SADC
region rapidclimate riskassessmentkey resuts of the mapping exercisare then presentedn the
form of a range ofrulnerability and climate projectiomaps for theMalawi-ZambiaTFCA (Section 3).
The reportthen providesa synthesis of receriterature presenting findings about climate hazards,
vulnerability and adaptationin the context of agriculturespecific to theMalawiZambiaTFCA and
surrounding areas, drawing attention where possiblethhe hottest areas of climate hazard and
vulnerability identified in bivariatbotspot maps (Section 4)he report concludes with summaryof
study findings and recommendations for follem research (Section 5).



2.0  Approach
2.1 MappingContext

Zambia and Malawi areeighbouringcountries,situated within the interior of the SAD@gion (Fig
2.11and2.1.2) Though possessiniggional variations, @th countries largely experien@subtropical
climatewith adry seasorand distinct ainy season (November to April) thainfluenced by movement
of the InterTropical Convergence Zo(&BG, 2022a, 2022b)

Existing climatibazarddsn the regioninclude extreme rainfalland drought, which edencesuggets

are the most commorlimate hazardswithin Africain recent history (i.e., 19702020)(CRED, 2020).
This is important giverthe role smaliscale rainfed agriculture playsin YdzOK 2 F ((GKS
socioeconomicwellbeing cultivation in Malawi is largely subsistengeased and critical to the
O2dzy G NB Qa Witk [BsR than S dderdusiliEingirrigation (see Stevens & Madani, 2016)

Margindly less than a thirg32.1%) oZambianlandis engaged in agricultur@ncl. livestock rearing)
compared to almost 60% of Malawian land (World Bank, 2023} ever, entral and westerrzambian
regions arealreadyrelatively drought prone (Wolski et &020) with much of its existingagricultural
activity concentratedin the south andeast of the countryThe Eastern distrigthome to the Lukusuzi
National Park andasungu borderis alsocurrentlyhome tothe production of a range of staple crops
and sgnificant livestock rearings well as beinglentified assusceptible to changing climatic patterns
(see EEL, 2021)

SADC and National Borders
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Figure 2.1.1: Location of Malawi and Zambia within the SADC
(Data surce:MalawiZambieDistricts: GADM V4.1; TFCA Protected AreaseMearks Foundation Open Data)
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Kasungu-Lukusuzi
:l Nyika-North Luangwa
[:l Waterbodies

Figure2.1.2 District Map of MalawiZzambia and the TFCA
(Data surce: Ibid)

Based on2019 Copernicus Land Cover mappirggure 2.1.3 suggests thaignificant agricultural

activity appears to be highly prevalent adjatémthe national park®f the regionthat are home to

significant swathes gfrotected open woodland anfbrestz Ay Yl y & LJ | OS& ONBI GAY
S R3S Q. TReTliFehGuidls of communities living in these areas are heavily reliant on agrécultu

(both arable and livestock rearirigin addition tonon-timber and timber forest products and tourism.

There is concern that climate change may risk inappropriate land management practices and
expansion of agricultural lands, with impacts on biodiwgrand ecosystem services, if communities

are unable to adapt.

Based on spatial analysis of the land cowvithin the mappedTFCAoundary only3.6% ofthisland is
categorised asropland A notable proportiorof this figure ishowever,concentrateddirectly within

the relatively smal{compared to North and South Luangwaentral belt of theNyikaNational Park

and within the corridor of land between thd.ukusuzi and Kasungu national parkdany of the
NBIA2YyQad Odz2NNBy (i I 3IihNTFedwith thettzdtisnt sedibt andrthelpBtechedt atchst || NB
of the TFCAsee Fig. 4.4). For examplencreasingclimate driverdrought, combined with or without

increased wildfireand deliberate burningcannegativelyimpactthe integrity of existingvegetaton

andlead topotential deaths and/or migration of animals to new are4dEEL, 2021)

! For context, in 2012018 almost 350,00Chouseholds were engaged in agricultural activitiasluding

significant (largely male led) livestock reariimgthe Eastern district foZambia (Umar, 2021while 70% of
alflrgAQa AAIYATFAOFLY G G2d0Ft FNBF 2F F3ANROdzZ (Gdz2NIF € | yR
(with large estates mainly producing tobacco, tea and sugar and being responsible for 10% of agricultural
employment) (CCARDESA, 2022).

2 Based on spatial analysis of land cover maps for the region (Fig. 2.1.3), 10.1% of Nyika National Park is cropland,
with 14.4% of the corridor of land between Lukusuzi and Kasungu national parks being cropland.
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Figure 2.1.3MalawiZambial FCA Land Cover Categorisation
(Data sourced\ational Boundaries: GADM \.4nd Cover: © Copernicus Service Information 2019)

The Lukusuziand far South Luangwaurism sector has already beelescribed asulnerable tothe

high temperatures and 3 a2 OAl SR RNRdzAK{Ga GKIFIG FFFSOG. GKS
Similarly, Malawian forest coverhas already significantly diministhedue in part to agricultural
expansionand has been identified as at risk fromcreaseddrought (USAID, 2021)ith extreme

rainfall being another significanthazard Both ®uth (and particularly) North Luangwa tourism
activities aredeemed susceptibleotflooding and extreme rainfall (EEL, 2021)

Extreme rainfallcan lead to ladslides andsoil erosion(Chapman, et al., 2021yith floods causng
direct injury and death to people anfrom anagriculture perspectivdijvestock as well as damang
infragructure and fields€.g.,Sonwa et al. 2017 terms of the mapping exercise and resultant maps
produced for this study, is noted that extreme rainfall is a necessary but not sufficient condition for
damaging floods; land use patterns, drainage andst® management infrastructure aralso
important determinants With increasing rainfalhowever, flood risk intensity can begenerally
expected to increas€Tazen et al. 2019).
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Figure 2.14: Map of TFCA and Protected Area Designations

Note:buildingsm the TFCAnd within 10km of the national parks and other protected areas were mapghtgghttheir
proximity andpotential interaction with local communitieSor reference, the areas covered by the Malawian Game Reserve
and Zambian Game Managem@émea are collectively designated as a hunting block.

(Data source: National Boundaries: GADM V4.1; Protected Areas: Peace Parks FQpelafataBuildings©
OpenStreetMap, available under the Open Database Licence
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2.1 Climate Hazards

For this studythe RCP4.5 and RCP8.5 future climate scenarios were emasyhd reference poiist

for potential climate hazarddn broad terms, RCP4.5 and RCP8NE WwSLINBaSy il GA @GS
t Kol 2aQ YSPadzNBWR/N and 8.83Win¥Y) and encompassfuture atmospheric
greenhouse gas concentration scenarias described by the IPCC (IPCC420RCP4.5 is a scenario
linked to continued climate action and implementation of policies to promote a transition to a low
carbon futureand a stabilisation ofwecrent dimate changeln contrast,RCP8.5 is a scenario that
represents a world that lacks amlgliberate orconcerted climate actionrSummarising the impact of
the two scenariosfor both RCP4.5 and RCP8.5 therdigh confidencdghat mean global surface
temperature idikelyto exceed 1.8Cby the end of this century. Therensedium confidencéhat the
change in surface temperaturensorelikelythan notto exceed 2C in the RCP4.5 scenario. However,
for the RCP8.5 scenario, therenigh confidenceéhat warming willlikelyexceed 2C(Ibid). Relative to
temperatures witnessed from 19862005, for the relativelyearterm period of 204 - 2065, mean
temperature rise for the RCP4.5 scenaritiksly to be 1.4C, with a range of 0°€¢ 2.0°C. RCP8.5 is
likely to experience a mean 2@ rise, with a range of ’@¢ 2.6°C. By the end of this century, it is
consideed likely that theoverallmean temperature rise for the R€B and RCR5 scenariewill be
1.8°C and3.7°C, respectivelylbid).

The climatehazard dtadepicted in the maps presented in this reparere sourced from theexisting
map layers produced for th8 ADCGegionRapid Climate Risk Assessmsiudy (Quinn et al., 2020).
Notably, in reference to one key limitation of climate risk mappifgrenced in the introduction, the
climate hazard layers usdxy Quinn et al. (202000 represent future climate projectiong.o produce
these data layers Regional Climate Models (RCM) were sourced from Cdkftea (see Cordex,
2022) Extreme rainfalland droughthazarddata for the RCP4.5 scenaneas produced using
multimodal ensemble off RCMsand 9 different ®bal dimate Models (GCM) For the RCP8.5
scenariop RCMaind11 different GCMwereemployed. 1971¢ 1999wasused as thénistoricaldata
reference point and th@eriod 2031¢ 2059 as the migtentury period Extreme rainfall was assessed
by looking at the 95th percentile of daily rainfator drought, the Sandardized Precipitation
Bvapotranspirationindex (SPElyvas employed (seeVicerte-Serrano et al.2010) 1955¢ 1970was
used asthe reference periodand looked at droughts over 1 month and used the-llmgjstic
distribution. Calculationof drought and extreme droughtere performeddza A y 3 G KS W{t 9L Q
the R statistical softare Gee:Begueria and Serrano 2017; R Core Team 20h8) projeced climate
model data were embedded in netCDF files and converted to GeoTIFF format for ease of mapping.

2.2 Vulnerability Indicators

Vulnerability can be seen as the propensity or prpdsstion (for someone or somethingp be
adversely affectedby someone or something). The term is highly contextual, covering a range of
O2y OSLIia I yR S tesidityrisasEeptibiltyQd hdzi And Bick 6f capacity to cope and
adapt 0 ,12104: A28)Both this and the original climate risk mapping stadg focused on people

and were shaped by considerations of poverty and its relationship to vulnerability. As noted by the
Oxford Poverty and Human Development Initiative (No Ddteyvever, people experience poverty
much more broadly than simply lacking monéhis necessitates a consideration of a range of
indicators to characteristuman vulnerability. The same is true of biophysical vulnerabilithesst
people rely on for food, fuel anshelter and/or interact with in another wayased on thapproach

of Thornton et al. (2008)Quinn et al. (2020)eveloped a set of vulnerability indicatorsflecting
sustainablerural livelihoodshuman, physical, social, financial and nateagbitalassets(Carney, 1998).

3 A matrixdepicting the specific ensemble of RCM/GCMs can be found in Quinn et al. 2020.
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For the SAD@gionstudy atotal of 10 indicators were choseforthis study with its focuson the
Malawi-Zambiaregion and its national parkdataof a suitable spatial resolutionas found for only’
indicators Theseindicatorsare summarisedh Table Jandalong with anyomissionr additionsthat
have been made to the original indicators us@thie reader is referred to Quinn et §020 for a
detailed description of each indicator

Tablel: Description and Source of Vulndsdity Indicator Data
(Adapted from:Thornton et al., 2008Quinn et al., 2020)

Data Data '

3 g A Source: SOWC‘?-
Capital Indicator Description Quinn et Malawi-
al. 2020 Zambia

- Study

The subnational poverty headcount for h
Education 'Education’  dimension of the OPHI OPHI2019) OPHI2021)*
Multidimensional Poverty Index

Human The subnational poverty headcount forthe
'Health' dimension of the OPF
Health Multidimensional Poverty Indexigher health OPHI (209) OPHI (221)*
poverty headcounts areconsidered to be
associated with higér levels of vulnerability.

The subnational poverty headcount for the

'Sandard of Living' dimension of the OPI

Multidimensional Poverty Index A lower OPHI (2090 OPHI (221)*
standard of livingis considered to equatéo

higher levels of underlying vulnerability

Standard of
Living

Physical

A continuous index based on travel time

urban areas with populations exceeding 20,0

Being in close proximityto a market is IFPRI (2016) IFPRI (2016)
considered to beassociated with rduced

vulnerability

Accessibility
to Markets

Subnational index taken from the Hum:
Development Index (HDI), based on geni
development The GDI measures gend
Gender developrrent across 3limensions, namehtife ~ Not used
Development expectancy, Mean year of schooling anc (see pelow)
Command over economic resources Lov
scores on the GDlare considered to be
associated with higher levels of vulnerability.

GDL (2019)

Social Nationatlevel index based on gende

inequalities across 3 spect, namely: Not used
Reproductive  health, Empowerment and UNDP (2018)

Economic status, taken fromthe Human (see below)
Development Index (HDI)

Gender
Inequality

Nationatevel dda on voice and accountability World Bank Not used

Governance government effectiveness (2020) (see below)
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Data

. . -, Souree:  Source
Capital Indicator Description Quinn et Malawl-
al,2020  Zambia
’ Study
Per Capita . : . World Bank Not used
GDP Nationatlevel data for per capita GDP, in USL (2020) (see below)
Financial
Agricultural = Nationallevel data for agricultural GDP asa = World Bank Not used
GDP percentage of total GDP (2020) (see lelow)
Categorised from-B, where pixels scored 8 ai
Crop considered areas with high crop suitabili
Production (requiring intermediate inputs)lt is assumed FAO (2007) FAO (R07)
Quitability that higher cropping suitability is associatt
with lower vulnerability
Natural

An assessment of soil loss for 2012 (Rd)yr

normalised for theMalawi-Zambiaregion into

quantiles.Soil degradation canndermine ESDAC ESDAC
agricultural produdvity and reduce water (2019) (2019)
quality. Areas with higer levels of soirosion

areconsidered to be more vulnerable.

SoilEosion

* Though the 202MultidimensionalPoverty Indexdatabase was consulted and used for this study, it should be noted that
the underlyingdata employed in the Malawi and Zambia 20211 Mérive fromin-countrysurveys conducted i201516and
2018respectivelyand are the same as those used in the previous study

As shown in Table 1he indicatorsusedin the original SADC region stutty characterisehuman,
physical and natural cagitwere largely reused in their original form in the current stutipwever,
modificationsto the indicators of social and financial capiteére required

SocialCapital

Within the SADC@egionstudy (Quinn et al., 2020Xhe vulnerability indicators empyed to represent
socialcapital were based othe Gender Inequalityndex (GIIJUNDP, 2018andindicators of national
Governance relating to accountability and effectiven€ssthe current study it was not possible to
use either indicator due to ntkier being availableat the subnational level in their raw format.
Includingwhat would bebinary figures (i.e. one figure for each nation) in mppduced byallocating
regional vulnerability indicators to quartiless not advisable and any attempt to eate
methodologically robustjuartiles from these figuressingdata interpolationwould be challenging
andbeyond the resources of thiapid climate risk assessment

While asuitablesubnational measure dbcalgovernancecould not befound, a specificrequest was

madeby the project hosto incorporatean appreciation ofyenderwithin the MalawirZambiaTF@

climaterisk assessmenfs such, mextensive searcAnd appraisal ofilternative indicators to the GlI

was conductedwith the Gender Developmenhdex (GDI) ultimately chosen becaubke the Gljit

A& LINPRdzOSR Fa LI NI 27 K Sndiheédata Qerecendgvel, 0195 @St 2 LIY
publicly available at the subnational level for both Malawi and Zambia.

The GDI measures gendeequalitiesacross three dimensions, namely life expectaexypected and

mean years of schooling and command over economic resources (UNDP, I2@2@cknowledged

that the GDI haseceived criticismin terms of its ability to be used as a metric of geniherquality,
particularlywith regards to modelled assumptions about life expectancy and wage division between
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males and femalesand broader misinterpretation of what the index actually infers (Klasen, 2007;
Klasen and Seéker, 2011).However, the technical notes to the production of the GDI demonstrate
that these concerns were considered within the calculation ofiétter andcurrent version of the GDI
(UNDP 2020)t isfurther acknowledged thathere is some overlap isome of the detail included in

the GDI with theindicatorsused to represenhuman andphysicalcapital. Howeverjnclusion of the
GDlIprovides someimportantweighting toward gender development issué®r example, referrintp

the access to command ofseurces element of the Index, women generally have less access to, and
control over resources, which undermines decisimaking capabilities and ability to cope with and
adapt to climate impacts (World Bank, 2009).

Good governance creates enabling envineents for investment, job creation and effective
implementation of regulations, such as those related to climate adaptatoa it isassumel that
goodgovernance equates to lower levels of vulnerabilltieomissionof a governancandicatorfrom

the vunerability indexusedin this assessment should not be overlooked. Efforts should be made to
explore and incorporate local governance considerations acrosMtiawi-ZambiaTFCA witim any
consultations or actions related to the use of the outputs of ¢thimate risk mappingresented here

FinancialCapital

For the SADC study, the financial capital indictors used were naterell GDP and the proportion of
national GDP derived from agricultuidtivity. These data are not available at the subnatideskl
andit was not possibléo source appropriate replacement data. With the governance indicator, the
omission of financial vulnerabilitinformation from our index is important, and should not be
overlooked Every effort should be made to considecél variation in financial vulnerabilityhen
outputs ofthe mapping exercised are used.

2.3 Creating Risk Maps

To visualise theelative vulnerabilityof the MalawiZambiaTFCAegion data for all indicatorsvere
mapped usingn ArcGlSGeographic Infomation System (GISyhedata were imported into the GIS
either in its raw tabulated form (e.qg., for the Méid GDUderived indicatoryor, where available, in its
original GIS format (e.g., the Distance to Market and Soil Erosion dapublielyavaibble as raster
map layers).Publicly available map layers fothe Malawi and Zambia national borders and the
boundaries for T and 2" level districts and national parksere also imported into the mapping
environment.Using theloing Relatefunction ofthe GIS, data for thdistrict levelhuman,physical and
social capital indicata were assigned to theelevantdistrictlayers To incorporate greater resolution
into the maps and a consistent data sampling size for vulnerability point data (i.e. jlfsugability,

soil loss, distance to market, rainfall and drought), a data sampling grid layer was also praddced
employed To achieve the greatest resolution possible, the smallest practicable grid system was
createdthat would contain at least oneadum ¢ this resuled in a data sampling grid of 23km X<&8
(with a cell size of 528n?). The vulnerability data allocation process was repeated and data for all
indicators were assigned the grid layer.This resulted inhe creation ofseven map layerfor each
indicator employed in the study (as described in Table 1).

To determine the relative vulnerabilittacrossthe MalawirZambiaTFCA andhe focus regionof
KasungtlLukusuziabsoluteindicatorvalueswere normalisel to make them comparable before gy

combined into an index of average vulnerability. To achieve this, the separatgniddgyers for each

vulnerability indicator were combined into a sindéyer with combined?lF G  NA 6dzi S Gl 6f SQ=
then exported toMS Excel. Within Excel the quée range for each indicator was determined and

figures were reassigned to a quartile depending on whether they fell within thet, 39, or 4"

quartile of all values. The assignment of values to therl4" quartile was based on whether a high
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figure for a given indicator was deemed to be good or bad, and vice versa (e.g., for Soil Loss, high loss
was deemed to be bad and was consequently assigned a value of 1, i.& charfile; conversel%DI

was deemed tde good if falling within the upgr 25% of values and assigned a value of 4, i.e.'the 4
quartile). Following the raw data processing, each indicator quartile, within ealtlof the mapped

region, was summed and divided by thetal number of indicators to provide an averagtg
arithmetic mean) level of vulnerability on@ntinuousscale of 10 ¢ 4.0 (representing each quartile)
Relative to the mapped region,score ofL..0is seen asighly vulnerablewith a score ofl.0 being in

relative termsminimally vulnerable.

The normalisd indicator data for eaclgrid cel] and the combined average indicator value for each

grid cel] wereimported back into the GIS asdata table and, using thdoing Relatefunction, re

assigned to th3km x 23km grid layer created in the initial dateparation sessionThis allowed a
choroplethd 2 NJ WG KSYI G6§AOQ0 YI LI (2 inicathidihéatitySiMalawk 2 ¢ A y 3
Zambiaand the Malawi-ZambiaTFCA Following thissimple raster layers were produced for each

future climate rainfall ad drought scenaridli.e., RCP4.5 and RCP 8ibd overlain onto the
vulnerability map before being made setminsparent and edited to only show rainfall and drought

above mean predicted levels through to extreme predicted levels (as shown in S&d)ion

As with the SADC rapid climate risk mapping study, this exercise was somiasigatful and
identified areas of potentidhterestfor further exploration. Howeveit once agaimproved difficult to
identify more extreme areas of rainfall and droughs. guchpespokebivariate mapsvere produced
simultaneously depicting both average vulnerability and climate hazaalachieve thishe climate
data raster layers were converted to data points and normalised in the manner as described above for
raster kased vulnerability data. The point data for climate risksathen assigned tdéhe 23km x 23
km grid laye(and averaged where multiple points fell within oc&l). To produce the discrete figures
required to produce a bivariate map (i.e. 1, 2, 3, 4 eattihan 1.0¢ 4.0) both the average climate risk
and vulnerability data was rounded up or down to its nearest significant figure.h€hghtens the
severity, good or bad, of indicators, whishould be notedn respect ofany interpretation of maps.
Howe\er, this process alsbrings greater emphasise to potential hotspots eftreme risk (when
compared and contrasted across thalawi-Zambiaregion).

2.4 Systematic Evidence Review
Agricultural S=ctor

Building on Quinn et al., (2020), systematic literatue review was expanded temporally and
refocussed spatially teynthesise existing knowledge about climate risk, adaptation and vulnerability
in an agricultural context in thiMalawirZambiaTFCAegion. We adhered to same methodological

guidelinesforsysté G A O NB @A Sga | a 2dzift AYySR Ay vdzZAyy Si |

Items for Systematic review and Metay | £ @ a A & t NRR) 2Motef ai 4., 2609)wReyicv!
details are reported below in line with Berraf@rd et al. (2015), who tait reporting requirements
to climate research.

Review aim/questions
Explicit aim/objectives and prevailing literature/concepts:

Thereview is located in theamecontext of vulnerability, climate hazardsd risk mapping outlined
previously Quinn et &, 2020). liaimed to identifyliterature related toagricultural climate riskn and
around thetwo components of theMalawiZambiaTFCAguided by the following questiariWWhat are
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the key climate hazards linked to agricultusnd fow and where ddhey interact with vulnerability
and adaptation within and in close proximity to tMalawiZambialTFCA

Data source and document selection

Thedata was sourced and selected in three phases. Firstly, literature for the countries of Malawi and
Zambiawere extiacted from the dataset compiled by Quinn et al., (2020) during their systematic

review of literature published abodihe SADCegionbetween 2016 and 2020. Secondly, after updating

the search string to include literature published between 2020 and 2862 replaing the SADC
geographical search ternte focus on theMalawiZambiaTFCA regigrthe search was repeate@s

detailedin Table2). Finally, the original 2028020 searctwas repeatedwith geographic identifiers

replacedby those used in the second)K 8 S® ¢KA A 61 & R2yS (G2 SyadaNB
published between 2016 and 2020 but added to the database later, or literature identified only by

Nyika North Luangwa or Kasunpwz] dza dzl A A RSYGAFASNE® ¢KS TFAYyLlFf |
literature.

The initial Quinn et a(2020) systematic searstias undertaken on May's 2020 by one researcher.
The second and third phases of the search were conducted on Jtir202Q by the same researcher.
Three researchers completed subsequent saiag and codindor the first phase of the search, and
one of thoseresearchesfor the second and third phasesiterature that appeared in more than one
of the search phases was removed from the numerical results. All search phasdsniteceto peer
reviewed literaturewritten in the English language.

Literature source (justification and descriptio®)ll phases searched th€ COPUSNd Web of
Knowledge databases. They were chodegause they contain a substantial collectionrefievant
research ard because they perform precisely and reproducibly when usingxdensive Boolean
search stringGusenbauer and Haddaway, 2020)

Search terms and process anelestion criteria:Literature from all search phasewas selected,
screenedandcodedfollowing the process, criteria and search strings outlined belowiai@ble2.

During the first phase, all literature presenting studies conducted in Malawi (4&andsearticles)

and/or Zambia (39 research articlesgre selectedbefore screening each in full to ultimately select

only those studies where the findings presented were specific to the TFCA regieiglobouring areas
(sevenresearch articles)Studies @scribingdata collectionwithin or in close proximity to th& FCA
NBIA2Y & LINI 2F F ONRFRSNIRFGFaAaSd FyR GKIFG RAF
area were removed. This was because findings would add little to the interpretdtgpatal outputs.

The second phase of the search identified an additional 50 research articles published between 2020
and 2022, of which eight were rejected at the initial screettiagausehey were not about Malawi or
Zambiabecause theylid not inclue primarydata (e.g. they were reviear synthesipapers), and/or

they did not identify findings or use databout climate risk, vulnerability and adaptatidinked to
agriculture Final screening to identify studies with findings intersecting or bondethie TFCA area of
interest identified four research articles.

In total 11 research articlegpublished between 2016 and 2022 were used to consider bivariate
mapping outputs for thévlalawirZambiaTFCAegion.

Analysis and presentation of results

Methodsof analysis:The 11 research articlemere analysedo populate an Excel spreadsheet with
information about the location ofindings and their relevance geographically to tRgikaNorth
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Luangwa and the Kasundpukusuzi components of the TE@#e focal gricultural system and climate
hazards, and whether the research was vulnerability and/or adaptation orie&&ch paper was read
in full and a qualitative summary provided in relation to bivariate mapping outputs.

Information quality:only peerrevieweddata were includedin our review in an attempt to assure
information quality More rigorous controls wersot possible givetime constraints.

Summary of Literature

Of the 11 research articlameeting our criteriasix presented findings relevant to thidyikaNorth
Luangwa TFCA component and nine to the Kasduwfusuzi component. Four research articles
presented findings relevant to both components. The dataset included studies for all years covered in
our search. However, and mirroring the trend obsathby Quinn et al. (2020) for the broader SADC
region, more studies were published in recent years, with nearly three quarters published during or
after 2019. The majority of studies centred on arable farming systems, and precipitation hazards were
consideed more frequently than others, although temperaturad drought were often covered too.

More or less equal numbers of studies emphasised vulnerability and adaptation.

Tourism Sector
Data source and document selection

As a preliminary exploration of th@otential for synthesising literature summarising vulnerability and
climate risk to the tourism sector, systematic searches of titles, abstracts and keywordsS@@RUS

and Web of Knowledge databasssre conducted on June @022 for research publisiu between

2016 and 2022 by the same researcher who conducted agricultural focussed searches as outlined in
stage 3 above. Search strings were similar to those used for the agricultural sector in stage 3, but
Y2ZRAFASR 0@ NBLIX ltobry D \@)CTHeEEa@ 0 zirodwctadiwe poteritidl fesedich
FNGAOEt Sazr 2yS F20dzaaSR 2y (GKS . FNRGAS Ff22RLI I A\
Zambian side of the Victoria Falls. Thusither were relevant to the geographic area of thisdstu

This indicateshe possibility thatresearch may not have been published recently on this topic area.
However, it is recommended more time is givendevelopingsearch termsto identify relevant
literature for both the tourism and biodiversity sectas this can be explored thoroughly

Table2: Searcharings andQriteria Used toSource Literature for SystematicReview

SearchString DatabaseFields SearchDate

Phase 1| (climat*) AND (agricultur*) AND (hazard OR drought Web of Science: May 5" 2020
heat OR hot OR warm* ORmtgerature OR flood* OF Topic (Title

wet OR dry OR rain* OR precipitation OR "sea || abstract kéywords
rise” OR storm OR "extreme event* G&ini* OR ’
stress) AND ("Southern African Developm
Community” OR SADC OR Africa OR Angold gcopysTitle,
.2uagltyl hw [/ 2Y2NRa hwe| gpstract, keywords
/ 2 Yy DREBRC ORswatiniOR Swaziland OR Lesot
OR Madagascar OR Malawi OR Mauritius
az2l l YOAIljdzS hw bl YAOAL Dates: 2016020
' TNAOFE hw ¢yl FyAl hw
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SearchString

DatabaseFields

SearchDate

(vulnerab* OR adapt* Ofesilien* ORsensitiv* OR
expos*OR risk*)

Phase 2

(climat*) AND (agricultur*) AND (hazard OR drought
heat OR hot OR warm* OR temperature OR flood*
wet OR dry OR rain* OR pretgion OR "sea leve
rise” OR storm OR "extreme event*" G&ini* OR
stress) AND (Malawi OR Zambia OR "Nyika*N
[dzr y3 gl Fb hw bYl adzy 3dz [
OR adapt* OResilien* ORsensitiv* OR expos®R
risk*)

Web of Science:
Topic (Title,
abstact, keywords)

ScopusTitle,
abstract, keywords

Dates: 2022022

June 16 2022

Phase 3

(climat*) AND (agricultur*) AND (hazard OR drought
heat OR hot OR warm* OR temperature OR flood*
wet OR dry OR rain* OR precipitation OR "sea |
rise” ORstorm OR "extreme event* Osalini* OR
stress) AND (Malawi OR Zambia OR "Nyika*N
[dz y3él Fb hw bYl adzy 3dz [
OR adapt* OResilien* ORsensitiv* OR expos®R
risk*)

Web of Science:
Topic (Title,
abstract, keywords

ScopusTitle,
abstract, keywords

Dates: 20162022

June 16 2022

Tourism
sector

(climat*) AND (touris*) AND (hazard OR drought
heat OR hot OR warm* OR temperature OR flood*
wet OR dry OR rain* OR precipitation OR "sea ||
rise” OR storm OR "extreme event*'RGalini* OR
stress) AND (Malawi OR Zambia OR "Nyika*N
[dzl y3élFb hw bYl adzy 3dz |
OR adapt* OResilien* ORsensitiv OR expos®R
risk*)

Web of Science:
Topic (Title,
abstract, keywords

ScopusTitle,
abstract, keywords

Dates 20162022

June 16 2022
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3.0  MappingOutcomes

It shouldonce againbe noted that all maps and the data depicted within them represent a static
snapshot of theMalawiZambialFCA and any interpretation of these maps should be done so relative
to the limitations outlined above related to the vulnerability index and to thaamics of this area
only, and notthe broader SADC region, African continent or farther afield.

The outcome of mapping the meanartile of thechosen vulnerability indicators isgsented as Figure

3.1. Based on the mapped indicators employed in the vulnerability assessment, therdissret
difference in average vulnerability across the border region, with the 23km x 23km map cells falling
within Malawi being seen to be generathuchless vulnerable than those along the Zambian border.
Within the TFCAt is clearthat some of the most vulnerable areas are foundhe western border

area ofNorth Luangwa\ational Parkand theadjoinedMusalangu Game Management Ar&ased on

an analysis of the underlying datbor this area gender inequalities appear to be prominent
vulnerabilities, with aspects of poverty and distance to market used to charactedzean and
physical capital alseegularly falling within the lower two quartilesf all figures produced for the
mapped arealn contrast to North Luangwa National Park and the Musalangu region, relatively high
gender equality scores were found in the Lukusuzi region, which directly raised aggregate vulnerability
scores from the lowemost vulnerable range of scores (i.e., ¢.2.0) with the National Park

Conversely, areas of intermediate vulnerability in nerthNyikaNational Park are characterized by
soils that are, relative to the wider aregpor and susceptible to lossCompared to Luangwa,
measures of poverty for the area generally fall within the lower vulnerability range=2(9¢ 3.8) and
gender developmenscoresin the higher range® A @ S @ighersaverage vulnerability scores in
northern LukusuzNational Park appear to be a product of relatively high soil loss in already drought
prone areasn addition tobeing some distance from a market within an urban area possessing a
populaion of 20,000 or more. Given the nature of a national park, i.eo@urban protected area,

this is perhaps to be expected and should be a point of consideration within any interpretation of the
map. Nevertheless, in terms of physical capitad those hat live within this area dfukusuzNational

Park, it still presentsa source of/ulnerability.

4t should be noted that the mapped region is, in general, home to good soils in all areas, with regional suitability
rarely falling below 5 on the FAO (2007) scale of stitlgivith a score of 8 being most suitable).
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Figure 3.1: Average VulnerabilityMdilawiZambial FCA Regidt.0 stands for high vulnerability, 3.8
for low vulnerability)

Figures3.2¢ 3.5 present thanean vulnerability index map féalawiZambiaTFCA overlain with map
layers for the modelled climate projections for RCP4.5 and REF&dfour maps collectively suggest
that by nid-century, rainfall in Kasungtlational Parks projected to beelatively high without being
extreme in bothRCP4.5 anBCB.5 scenariogi.e.,a mean ofl6-17mm/day)®. Drought isseen to be
present in KasungNational Parkor RCP8.5, and slightly more consistently for RCBdts,ompared

to neighbouring areathe severityof the droughts iselativelylow. Comparativelyprojections indicate
LukusuzNational Parko be subject tomore severedrought in bothRCPscenariosacross all areas,
with pockets of higher rainfall found in the very north and eastern border of thk. par

For both RCP scenariddyikais projected to be subjedb some of the most extreme rainfall in the
mapped area (over 40mm/day in place@nly the extreme norttof NyikaNational Parklemonstrates
potential for drought exposurein either RCP scenariéor the NyikaNorth LuangwaTFCA sub
component aside from an isolated pockef higher rainfall values in theoutheastmap cell covering
Chipondo, Chumanganga and Chirimunganda, and in the adjacent Vwaza Marsh Wildlife ,Reserve
extreme rainfall is not mjected for thiswider area.However,drought proves prevalerdacrossNorth

5 For reference, future climate projection map layers have been mapped separately for the wider Zambia and
Malawi region ad ae presented within Appendix 1.

6 The 9% percentile mean daily rainfall for the B& region is projected to be 12.5mm for RCP4.5 and 12.9mm
for RCP8.5.
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Luangwaand the adjoinedMusalangu Game Management Ariest both RCP4.5 and RCR8asthout
being projected to reacthe severestatusfound further west outside of the TF{ite., SPEI =<-2).
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Figure 3.295th Percentile ofRainfall byMid-Century in RCR5 (2031¢ 2059)
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Figure 33: 95th Percentile ofRainfallby midcentury in RCP8.5 (2082059)
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Note: SPEI <=1 used to indicated droughts, and SPE{Xmndicates severe droughts.
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Transfrontier Conservation Area
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Figure 3: Mean tMonth Mid-century Droughts in R8B (2031¢ 2059
Note: SPEI <=1 used to indicated droughts, and SPE{Xmndicates severe droughts.
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4.0 Hotspa Analyss
4.1 Climate Risk Hotspots

To identify hotspots of climate risk, bivariate choropleth maps were produced as they facilitate the
clear identification of areas that intersect extreme hazard risk and high vulnerabilityerability is
representedrom high (red), mediumhigh (orange), mediumlow (darkgreers) and low (blug), while
climate hazards are represented by colour shadiog high @arker reds, mediumhigh Qarker
oranges)o mediumlow (ighter greens) andow (ighter blueg. For quik reference, olours at each
corner ofa bivariatemap legend provide direction to aread greatest interest and, in this case,
extreme highclimate risk (dark red)and extreme low climaterisk (dark blue) Within the bivariate
legend the normalised andbunded mean score for both vulnerability and climate hazards are also
provided. The first digit of thetwo-digit number represerd the mean vulnerability score, and the
second represents the meatimate riskscore €.g., the number34on the legencequateéd (2 WY SRA dzY
low@dzt Y SNI 0Af A(&8Qx WwWiz2g OftAYF(IS NRALQ

Bivariate maps for theMalawiZambiaTFCA are presented below (Figl ¢ 4.4) and followed by
bivariate maps for the #&ungi-Lukusuzir FCA suoomponent(Fig: 4.5 4.8, which are overlain with
abuildingsmap layer depictingopulatedareas in and within 10km of thEFCAoundary .Interpreting
the integration of vulnerability and climate hazards into the bivariate mapkerothan a small
reduction in climate riskn northem LukusuziNational Parkfrom medium high vulnerability- high
climate hazardn RCP4.,5to medium high vulnerability and climate hazandRCP8.5here is little
change in overall climate rigletween future rainfall climate scenario&cross both scenarios, there
are no high vinerability¢ high climate hazard map cells displayed for future rainfédhvever rainfall

is deemed a high hazard throughout Kasumdational Parkand map cells depicting medium high
vulnerability ¢ high climate hazard are prevalent to the west of Luaad\ational Park and the
adjoinedMusalangu Game Management Aregithin the transition zone to Nyikidational Parlkand
within northern NyikaNational Parltself.

For drought, medium high vulnerabilithigh climate hazard is seen through most of Luangaathe
adjoiningGame Management Area to the nortivith northern Lukusulational Parlalsopossessing

areas of medium high vulnerabilityhigh climate hazar¢and widespreadgnedium low vulnerability

high drought hazard Climate risk ithe Musalargu Game Management Ared the Luangwa district
marginally reduces in the far north, to medium high vulnerabiitpedium high climate hazard for

the RCP8.5 scenaridotably,however,it is clear thatsignificantareas of medium high vulnerability
highclimate hazard are projected for both RCP4.5 (i.e., a global climate action scenario) and RCP8.5
(i.e., a scenario reflecting neurrent or future climate action).Based on the mapping outcomes,
Section 4.2provides¥ dzNJi K SNJ RA & Odza & A 2 YK Bi@( S EéBplethehted by BE I A 2 ¥ C
literature review of all relevanMalawiZambiaTFCA climate risk literature identified describedn

Section 2.4.

" For referenceand comparison to figures 4-4.8, bivariate map$or the wider Zambia and Malawi regicare
presented within Appendig.
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Figure 4.3MalawiZambial FCA Bivariate Future Drought Vulnerability Map (RGR4 &}t digit of the
two-digitnumberrepresentghe mean vulnerability score, and thecead represents the mean climate risk score (e.g., the
ydzYo SNJ on 2y G(GKS t£S3SyR Sljda iSa G2 WYSRAdzY t2¢ @d
(Source data: TFCA Boundary: Peace Parks Foundation Open Data; BAidiagds and Waterbodie® OpenStreetMap,
available under the Open Database Licgnce

29



Future Drought RCP8.5

Transfrontier Conservation Area

E Kasungu-Lukusuzi
: Nyika-North Luangwa
|| Wetland and waterbodies
|| Buidigs

0 25 50
S T S E—
Kilometers

High Vulnerability

Low Vulnerability

Low Climate Hazard

piezeH sjewn|d
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4.2 LiteratureReview

In adeparture to the approach of Quinn et al (2020) who used outputs from the systematic literature
review to focus their synthesis of the state of knowledge on hotspots of climate risk and vulnerability,
this synthesidgs focussednore broadly on the TFCAgien. This is because the scale of analysis meant
most literature would have been excluded with a singular focus on the hottest spots within the TFCA
as shown on Figure&1- 4.8 In our syihesis we draw attention to hot areasvhere they overlap

with research findings. The following synthesis is structured loosely around the two StRCA
components.

KasunguLukusuzi

None of the studies meeting our search criteria focussed specifically on the areas identified as medium
high vulnerability and climate lzard towards the north of Luisuzi National Park on the Zambia side

of the KasungidLukusuzi TFCA. However, seven studies were conducted with findings presented within
or proximal to these areas and the remainifasungtLukusuzi TFCA boundawyith the exeption of

the two higher risk areas mentioned above, vulnerability was medaamoss the regionfuture
droughthazardow on the Malawian sidandhigh on the Zambian sidandfuture rainfallhazardiow

on the Zambian sidandhigh on the Malawian sidé-our studies were located on the Malawian side,
three on the Zambian side and one covered the entire area. These studies explored climatic impacts
on crops and optimized crop planting based on historic and projected climate conditions, the adoption
of climate smart agriculture and agroecology, and local knowledge about climate impacts and
adaptations. Equality aspects linked to the latter two topics, particulgelyder, were considereih
sixstudies.

Research exploring potential crop impacts under RCBAdRCB.5 emission scenarios resulted in
recommendations for optimisedplanting linked to climate suitability to support agricultural
productivityin both Zambia and MalawBased on assessed risk of maize crop failure in the near{2035
2066) and far (2082096) future across Zambia related to dry spells, heat stress, and precipitation
induced flooding or waterloggin@iatwiinda et al. (202Xponcluded that optimised planting dates and
maize varieties could have positive impacts on maize yigldmd around the Kasungwkusuzi TFCA,
including areas ideniéd as medium to high vulnerability and climate hazard risk, the use of late
maturing maize varieties and planting dates between 27th November and 17th December were
recommended, alongside improved nutrient management to boost maize production. In MZlazai,

et al.(2021)identify macadamia as one tife most important and profitable cropgndone for which
areas of climatic suitability were estimated to reduce by between 18% &l [/ the 2050sThe
nation-wide studyindicated much of the &ungu National Park and eastern bordering areas to be
optimal for macadamia production under current conditions.

Suitabilityfor macadamialong the southern bordesf the Kasungu National Parkasmore marging

and these areas were considered vulnerable under RCP4.5 emissions scenarios.RGRIBr
scenarios, vulnerabilitwas estimated to extentlurther north into currently optimal areasZuza et al.
(2021)encouraged the use of improved varieties, agroforestry, and intercropping, and recommended
that farmers adopt moisture conservation measures and develop irrigation infrastructure to meet the
water requirements for macadamia growth, particularly dgrithe hotter and drier months of the
year. Working in theKasungu Agricultural Development Divisiand underpinned byagricultural,
meteorological and hydrological indices calculated froistdric data thatidentified unpredictable
rainfall patterns andrequent mild to moderate droughtsvhich were more severe in the Kasungu
District relative to Districtstudied further south and easthikabvumbwa et a{2022)recommended

the promotion of crops that can withstand water stress (ecgssava and groundnuts), alongside
droughtadaptations, such as rainwater harvesting and drip irrigation technologies
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Factors mfluencing the adoption of climate smart agriculture (CSA) technologies or agroecological
practices were the focus of four studies covering Kasungu, Lundazi, Mambwe and Chipata Districts
(Bezner Kerr et al., 2019; Murray et al., 2016; Migeet al., 2019; Umar, 2021yhere our spatial
outputs generally identify areas of lemediumvulnerability currently bumediumthigh future rainfall

risk (Kasung@and LundaziDistricty and medium-high drought risk (Lundaznd ChipataDistricty.
Oveanll, all concluded that conservation agriculture technologies had potential for smallholders as
adaptations within climate smart agricultural systemdutenje et al.,(2019) identified that CSA
options combining soil and water conserizat management practices, improved maize varieties, and
cereatlegume diversification were economically viable and wgrtiiimplementation bysmallholder
farmers, but cautioned that optimal approached! include a range of options that meet spatial and
temporal conditiong NJ (§ KSNIBAKISY FRI®W2y $f Q | LILINR I OK

All CSAstudies highlighted gendered aspects of adoption and thus the problematic nature of gender
neutral strategies for encouraging and enabling CSA uptake. In combindtiorgy et al. (2016and
Umar (202102 0 S G KI (i esLtoA@iguliuzal tdol§) anure, transport and rural energy raises
challenges, and highlightsises linked to labour demandBased on their observations of increased
investments in interventions in householdstively headed bywomen,Mutenje et al. (2019%uggest

that better understanding intrdnousehold decisiomaking dynamics when developing interventson

is important touptake, and that including strategies that impeothe equity of decisiomakingmay
strengthen ability to seld@csuitable CSA options and build climate resilience. Turning to the potential
for adoption of agroecological practiceBezner Kerr et al. (2018howed that participation in an
action research project supporting experimentation by smallholders increased legume diversification,
intercropping and use of eopost, manure and crop residues. It alswreased food ecurity and
dietary diversityparticularly in householdaherefarming knowledgevas shared among spouses

Studies exploringokal knowledge about climate impacts and adaptatiarsd knowledge dynamics,
were undertaken in villages where vulnerability is currently-lmediumin proximity to the south
western border of the Kasunglukusuzi TFCA on the Zambian side where future rainfall hazard risk
was moderate and drought hazardkisigh(Mulenga et al., 2017jand to the east of Kasungu National
Park on the Malawi side where future drought hazard risk was low, but rainfall hazard rig igter

Kerr et al., 2019, 2018)n both locationsparticipants describé changes in climate that included a
shortening of the rainy seasp@an increase in intrdeasonal rainfall variatigrand more localised
rainfall patterns(Bezner Kerr et al., 2018; Mulenga et al., 200Mi)lenga et al(2017)draw attention

to inconsistency between local accounts and meteorological data to highlight the value of the different
knowledge sources and their complementarity, and conclude by cautioning against reliance on single
information sources in the development of cliteahangerelated strategiesBezner Kerr et al. (2018)
describe howaction research that encouraged experimentatioithragroecological farming methods
elevated participant perceptions of their own observations and informal farmer networks as
knowledge sources, despite previous emphasis placed on formal extension ddyicetantly, the

study also revealed agricultutahowledge and knowledge flow dynamics to be shaped by gender and
other social inequalities, witblearimplications for the development of adaptation strategies.

Nyika-North Luangwa
Almost the entire North Luangwa section of the NylMarth Luangwa TFCArmponent achieved
mediumthigh bivariate vulnerability and future drought risk hazard scores. However, only one study
meeting our search criteria presented agricultural climate change risk, vulnerabilityreathptation
findings specific to this locatioiven the close proximity of North Luangwa to the Kastlngkusuzi
TFCA component, the findingsS®iaitwiinda et al. (202Xpr optimizing wheat yields under RCP4.5 and
RCB.5 scenarios &the same as described above.
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Five studies conducted research with findings proximal to the Malawian side of the-Ngitta
Luangwa TFCA component, where northern parts of the Nyika National Park achieeeclarhigh
bivariate vulnerability and future drought risk hazard score, and high scores for vulnerability and future
rainfall risk. Two were previously introduced.lime with the overalltrend identified byZuza et al.
(2021)for macadamia production tehift northwards by the 2050surrently suitable areawithin and
around the North Luangwhlyika component of the TFCA werensidered likely taemain suitable
under bothemissionsscenariosWith a second study site in Mzimba District located to the south of
Nyika National Park and east of Vwaza Wildlife Reserve, the findiBgzoér Kerr et al. (2019, 2018)
presentedaboveabout agroecology and knowledge dynamics alsoaelevant to the Malawian side

of the NyikaNorth Luangwa TFCA component.

Linking to the research described previouslyMylenga et al(2017)in Central MalawiHaghtalab et

al. (2019)analyse CHIRP, CHIRPS, ARC2, and PERIIRNNidded rainfall pducts for a period
covering 19812018 at fine resolution to look for evidence of rainfall patterns reported anecdotally by
farmers, but not necessarily supported by other knowledge sources. Statistically significant changes in
rainy season dynamics weobserved for roughly onhird of Malawi, and while no significant change

was evident for any single variable for much of the country, persistent change was apparent in some
areas including that covered by and proximal to Nyika National Park and Vwalte\Réderve. These
areas showed high variability and dramatic localized shifts including around two fewer days per decade
with extreme events, an end of season around five days per decade earlier, and around five fewer dry
days per decade over the studipdriod. The authors emphasise that different trends were evident in

the different rainfall products, and ocemmended further verification.

Finally,Kamanga et al. (202@pnducted a flood and drought vulnerability assessment in Karonga
Didrict which may provide further insight about the areas identified in our analysis as being of both
mediumhigh vulnerability and future climate hazard rigkrange of exposure, susceptibility and
capacity indicators informed by the communitased disagr risk index and relevant literaturgere

used. Thewere measured based on expert opinions frtooal representatives and secondary social
and spatial datato indicatethe area to be of moderate to high vulnerability with low exposure due to
rurality, high susceptibility linked to environmental and seeimonomic factors related particularly to
low income, and moderate capacity to respond to droughts and floods, which the authoratendic
likely lower in reality.
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5. Summaryand Recommendations

The \pid risk assessment of thiglalawi-ZambiaTFCA, incorporating the North Luangwa, Nyika,
Lukusuzi and Kasungu national parks and adjoining game management areas, highlighted several areas
potentially at heightened risk of future climate impact$iough no gtreme hotspots were identified
within the focus study area, areas of medium high vulneralilitygh climate hazard were observed

for rainfallin the far north of Lukusuzi National Park and Nyika National Park, with drought projections
highlighting areasof medium high vulnerabilityg high climate risk in North Luangwa and the
Musalangu Game Management Area to the north. Generally, the maps suggest that vulnerability is
greaterin Zambiathan in Malawi, with drought and rainfall hazards being more premtia Zambia

and Malawj respectivelyCompared to Malawi, marginally greatezrgler inequalities appedn be a

key determinant of the heightenecheanvulnerabilityscores observeth Zambia, particularly ithe
Luangwa regionHowever, multidimensional qverty was more pronounced across Malawi, and
particularly within the area covered by the Nyika National Paihese findings present areas for
potential further investigation.

Concluding this reportt should be notedhat the methods used to develop theulnerability index
and bivariate climate risk mapsmain experimental, with minimal sensitivity analysis conducted in
terms of exploring the relative influence edmemethodological decisions. For example, no weighting
of vulnerability indicators was mployed in either this or the original SADC region risk mapping
exercise which depending on the specific aim and context of the statyld prove useful in the
decisive identification of climate risk hotspofdotwithstanding the experimental nature sbme
elementsof thisresearchthe greatly improvedesolution of the study in terms of mappingcale and
data sampling methodsas poduced mapghat provide a morerobust spatial representation of
potential climate risk The improved resolution of the rpa alsdacilitateda more targetedeview of
researchrelevant to the regiorand locations identified to be at heightened climate ri8k such tiis
recommended thathe results of this study should be used to provide a starting point for engagement
with local MalawiZambia TFCA stakeholders prior to the development of climate sensitive
management plans for the area

Engagement and followwn project development activities should include:

T ! WYWINRdzy R (i N&zakof ahdpartichatddyiaddivis) &hd before any climate plans
aredeveloped andictioned, it is recommended that the findings of the vulnerability mapping
SESNODA&S dzy RSNH2 a2YS RS 3NBifefiddfobsériahah dnd R (i Nzl
discussion with local communities arnehtlersof key economic sectors in the regiohhis
exercise should be used to gather and apply contextual nuance to theriglel results
provided by the climate risk maps and complementary literature review.

9 Appraisal of local agricultural activitiegiven the focus on rural livelihoods of this study, a
clear understanding of land tenure and specific agricultural activities, including confirming the
share and scale of smallholder and largemaaercial activities imreas deemed to be climate
risk hotgots, is required tanore broadlydetermine the potential impacof future extreme
climate eventsn these areas

9 Appraisal oflocalgovernance and financial variationdue to not being able to identify and
include a suitablgovernance indicator in theulnerability indexthat could be geographically
mapped, developingan understandingof localgovernance influences on tifermation and
implementation of climate smart management plans is essentiiewise, the omission of

36



agricultural and per capit@&DPfrom the vulnerability index without being replaced by
alternativesubnational mdicatorsof financial capital, means that some understanding of this
key potential vulnerability must be obtaingxtior to any climate risk management planning

Developrent of a tourism vulnerability indexhough it was not possible wiith this study to
incorporate an element of tourism livelihood vulnerability into the risk mapping exercise, such
an activity would be of significant interest and value to local stakehsidehe development

of integratedclimate action plansWith the potential to both impact and be impacted upon
by existing and future regional agricultural activitiesurism (including the land and
biodiversityit relies on)is an obvious sector of iatestwithin the studyarea Subject to the
identification of suitable data and/or the resources required to produce robust primary data,
a dedicatedlivelihood vulnerability index covering tourism should be produced for use in
future climate risk mappingThe results of such work should bemparedand contrastedo

the findings of tis report
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Appendi 1: Regional Climate Projection Maps
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FigureA.1.1: Map of Regional Future Rainfall (RCP4.5)
(Datasources: NationalBoundaries: GADM V#4 Land Gver. © Copenicus Service Information 2019)
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FigureA.1.2: Map of Regional Future Rainfall (RCP8.5)
(Datasources: NationalBoundaries: GADM V4 Land @ver. © Copernicus Service Information 2019)
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FigureA.1.3: Map of Regional Future Drought (RCP4.5)

(Datasources: NationalBoundaries: GADM V4 Land @ver. © Copernicus Service Information 2019)
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FigureA.1.4 Map of Regional Future Drought (RCP8.5)
(Datasources: NationalBoundaries: GADM V4 Land @ver. © Copernicus Service Information 2019)
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Appendix 2: Regnal Bivariate Maps
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Figure A2.1: Regional Bivariate Future Rainfall Vulnerability Map (RCP4.5)

Figure A2.2: Regional Bivariate Future Rainfall Vulnerability Map (RCP8.5)
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