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ExecutiveSummary

Context

The semiarid areas of southern Africa are culturally and ecologically diverse characterised
by a high proportion of poor people with limited access to services, high unemployment
levels, high levels of inequality, and high lew&idHlV and AIDS. In addition to agriculture,
the people living in these areas are reliant on a variety of natural resources, employment
and remittances for their livelihoods due to the relatively low agricultural productivity of
land.

Climatechange trends and projections

Semiarid areas in southern africa are characterised by seasonal and highly variable rainfall
(inter-annually and intraseasonally), frequent droughts and flash floods. Temperatures are
predicted to increase in serairid areas in souther Africa by between 1 and 4 degrees
Celsius by 2050 and substantial midléicadal variability in rainfall is predicted to continue
into the future, without certainty in the direction of change in rainfall in any area.

Risks,impactsand vulnerability

The main impacts of climate change are expected to include: reduced water availability,
increased occurrence of vector and watssrne diseases, reduced crop and livestock
productivity and damage to transportation infrastructure and buildings. Vulnerabilitigan
semtarid areas of southern Africa is a function of the existing environmental and climatic
conditions coupled with governance, so@oonomic, health, education, culture and human
demography issues. Communities in samid regions are characterised:bi) dependence

on primary production and natural resources; ii) reliance on rain fed agriculture; iii) a low
diversity of livelihoods; iv) dependence on activities that are sensitive to the impacts of
climate change; v) limited infrastructure and sergcei) limited institutional capacity; vii)
high levels of poverty; and viii) cultural beliefs and superstition. The climatic and- socio
economic environment in serairid areas in southern Africa makes communities vulnerable
to food insecurity and unstabldivelihoods as well as leading to unsustainable agro
ecological systems. Some of the key vulnerabilities in seithiareas include: i) people
settling in floodplains, ii) the lack of marketing of livestock driven in part by cultural beliefs,
economic faadrs and lack of institutional support in terms of available markets; iii) the
degradation of natural resources; iv) livestock not coping with heat and not having well
adapted crop varieties; v) not having information on adaptation options; vi) not having
integrated policies and programmes across different ministries; vii) lack of parental care of
the youth and lack of opportunities for the youth; viii) lack of institutional capacity at the
local scale; and ix) conflicting government programmes and programtinat increase
dependence. Women are particularly vulnerable to the impacts of climate change as in
many areas they are responsible for the provision of food, water and firewood and these
commodities become difficult to obtain during times of droughtsbme places there are
conflicts between national and customary institutions which impedes the implementation of
activities locally.



Adaptation

Numerous coping and adaptation interventions have been implemented and suggested for
semtarid areas in SoutherAfrica. The main coping mechanisms include relying on social
networks for assistance, reducing the size of livestock herds and supplementing livestock
with food and water. Adaptation interventions include those related to forecasting, storage
of food, wate efficiency, water management and water harvesting, environmental
improvement interventions such as soil and water conservation, tree planting, wind breaks
and conservation agriculture, and the diversification of livelihoods, crops and livestock,
spatialand temporal changes e.g. moving livestock, changing planting dates of crops and
accessing other land and water. At the national level, adaptation plans and processes are
occurring to different degrees across the region. The issue is on the national dgyeniat

a high priority for most governments.

Barriersto adaptation

There are a number of barriers to adaptation that have been reported in the literature.
These include a number of governance related issues including a lack of coordination,
technical cpacity and availability of resources. At the local level factors such as a lack of
access to information, natural and financial resources, technical Kmmw and incentives

play a role.

Keyknowledgegaps

Key knowledge gaps identified during the RDS phiaskeide limited information on the
impacts of climate change on individual households and community needs during drought,
measures of adaptation, appropriate crop varieties and other adaptation options, costing of
adaptation measures and soeémonomic impcts and the effectiveness of existing policy
and practice with regards to the implementation of adaptation measures.

Conclusions

The adaptation measures that are currently being implemented in southern Africa are
unlikely to help communities adapt to clate change into the future. Despite the lack of
knowledge regarding the effectiveness of current measures in reducing vulnerability and
how to measure adaptation, the nature of climate into the future is likely to require
transformation and not merely adagtion. Limited mainstreaming of adaptation currently
and plethora of barriers that already exist to the implementation of adaptation require that
an evidence base is built to influence policy and practice towards enabling widespread and
sustained adaptain.
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CHAPTER 1

Introducing the Regional Diagnostic Studies Report
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Introducing theRegional Diagnostic Study

The main objectives of the RDS phase are to: i) develop a systematic understanding of
existing knowledge and perceptions of climate changendse impacts, vulnerability,
adaptation strategies, and barriers and enablers to effective adaptation in SARSs; ii) provide a
system scale perspective from which ASSAR researchers can undertake research in the
Regional Research Programme (RRP); and ip)ihfglrm the more detailed sets of specific

research foci for the RRP.

Figurel

The Role of Regional Diagnostic Studies within the ASSAR project
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1.1 Expected outcomes

The RDS phase provides:

1 A synthesis and set of information proca that capture the current state of affairs
from a regional and national perspective in SARs, and allow us to understand
common and divergent systestale climatechange adaptation issues across SARs

1 Clarity on gaps in information in the literature, whiwill shed light on what should
be addressed through the RRP

1 Input to develop specific, more narrowed down questions that stem from the 7
research questions

9 Identification of societal determinants of vulnerability, adaptive capacity, and
barriers/ enables to successful adaptation.

Inventory of priority stakeholders for engagement.
Research and knowledge gaps, informing the focus of the next phase of the research.
Inform the research design and methodology development for RRP.

Identification of intermediaies/boundary organisations.

=A =4 =4 =4 =4

Increased understanding of current risk management and adaptation practices and
their effectiveness within the regions. at the regional scale.

1.2 Audience for the report

This report will form the foundation for further work of tH&SSAR research project including

the synthesis of work across the four ASSAR regions. The primary audience for this report
therefore is the ASSAR researchers across all four regions. The second audience for this
report is the ASSAR stakeholders includimdicy makers and practitioners in different
national and local government departments and rgovernmental organisations. The
report provides a status quo on research knowledge on vulnerability, impacts and
adaptation in SARs. In particular, the report slibbe communicated to those stakeholders
who have provided information for inclusion in the report as key informants. Summary fact
sheets of the report will be developed for some stakeholders e.g. policy makers, government
authorities and community member The relevant summary documents will be translated
into the local language where relevant. The RDS report peerreview papers resulting

from it could also be an important contribution to the next IPCC report and other reports,
such as national comnmications and regional strategy documents.
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Box1

CollaborativeAdaptation Researchn Africaand Asia(CARIAA)
¢CKS FTAYa 2F GKS /! wL!! LIN2E NI YYS | NB G2
climate change impact vulnerable to climate cbean ii) what works and does not work
adaptation; and iii) what are the barriers to and enablers of adaptation.

The three hotspots of impact to climate change that CARIAA is working in are:-gregngigions,
i) deltas and lowying coastal areas; dniii) glacieffed river basins. The ASSAR (Adaptatior
Scale in SeArid Regions) project is one of 2 projects working in samali regions and is focuse
on southern Africa, west Africa, east Africa and India.

Adaptation at Scalein SemiArid RegiongASSAR)

The ASSAR research project aims to examine and understand the barriers and enab
effective mediumterm (up to 2030) adaptation as well as what responses enable n
widespread sustained (up to 2050) adaptation. The five objectives ouiling@ ASSAR propos
are to: i) undertake higlguality, innovative, transdisciplinary research to generate n
stakeholderdriven knowledge on vulnerability and adaptation to climate change in SARs, V)
specific focus on understanding what enables @iffee, longterm and sustainable adaptation; i
develop and trial relevant and actionable strategies for adaptation that inform and influence
stakeholders within, across and beyond CARIAA SAR hotspots; iii) create inng
communication approacheif effective knowledge sharing on climate change vulnerability

adaptation in SARs; iv) enable systemic capacity strengthening for adaptation in SARS, in re
policy and practice domains, and create a new cadre of Southern adaptation speciabistam
take on leadership positions in these domains; and v) ensure that the ASSAR research
during ¢ and well beyond¢ CARIAA so as to shape policies and practices that enabl|
widespread scales, vulnerable populations or sectors adapt to clioheege.

Within  ASSAR, researchers are investigating: i) the drivers of vulnerability of diff|
demographic groups in serarid regions; ii) the effective communication of useful and relev
information on climate change; iii) the effectiveness ofatifint adaptation strategies at differen|
scales; iv) the availability and utility of climate projections for determining potential impac
climate change and potential adaptation options; v) the role of social, political, economic
governance factorén driving vulnerability into the future; vi) adaptation planning in the face
biophysical and socieconomic uncertainties; and vii) the barriers and enablers of effective |
term adaptation.
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1.3 Approach for the RDS phase

¢KS w5{ NBLEZNI& LINBLINBR F2NI ! {{!w I NB I
hotspots:

1 BerrangFord, L., Pearce, T. & Ford, J.D. 2015. Swdte review approaches for
climate change adaptation researchRegional Environmental ChangBOl:
10.1007/s1011314-07087

9 Bizikova, L., ParryEl, Karami, J. & Echeverria, D. 2015. Review of key initiatives and
approaches to adaptation and planning #ite national level in serrid areas.
Regional Environmental Chan®©l: 10.1007/s1011814-07100

1 Ford, J.D., Berrargord, L., Bunce, A., McKay, C., lIrwin, M. & Pearce, T. 2014. The
status of climate change adaptation policy and practice in Africafesia Regional
Environmental ChandeOl: 10.1007/s1011814-06482

1 Tucker, J., Daoud, M., Oates, N., Few, R., Conway, D., Mitsi, S. & Matheson, S. 2014.

Social vulnerability in the high poverty climate change hotspots: what does climate
change literature ¢ll us? Regional Environmental Change DOI: 10.1007/simn4t3
07416

1 Kilroy, G. 2015. A review of the biophysical impacts of climate change in three
hotspot regions in Africa and Asia. Regional Environmental Change DOI:
10.1007/s101131407096

Where as hese reviews took a more general broad scale perspective in their analysis this
RDS report provides more specific information.

The RDS includes four main approaches to obtain an understanding of the adaptation
landscape. These are: i) a literature reviefvexisting documents including peesviewed
articles, reports and policy documents; ii) stakeholder mapping including relevant
organisations that ASSAR researchers want to influence, collaborate and share information
with; iii) key informant interviewswith a representative spread of regional, national, and
local actors who will contribute insights from different knowledge and poligcainomic
systems; and iv) a new generation of regional clirEtange projections arising from the
Coordinated RegionaClimate Downscaling Experiment (CORDEX) initiative, which will be
refined into credible and actionable regional climate messages early in the research phase of
the project.

1.3.1 Key informant interviews

The key informant interviews with a combination of nabndistrict and local stakeholders
are critical to obtain information on multiple perspectives on threats, opportunities and
barriers in the biophysical and politieatonomiesocial domains, and to gauge the range of
understanding and capacities of diféat actors across these systems.

1.3.2 Regional climate messages

The nextgeneration climate messages will fill a critical gap in climate information with SARs,
where there has been very little systematic provision of higher resolution scenarios at

15
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relevant sgce and time scales, and with clear communication of confidence in different
aspects of the scenarios.

1.4 Data gathering methods

A literature review was conducted with a focus on climate change vulnerability and

adaptation in semarid areas (following Kotte&t al. 2006) in Botswana, Namibia and South

Africa for the time period 2005 to 2014. Both grey and pemstiewed literature was

obtained. Searches were conducted using Web of Science, Google Scholar and Google. Key
g2NRa dzASR TF2N) aS-hBNWRESA GAbyrOfAdaRAS R Za a0S Y2Ad a g | y I €
G.20a6lyl ¢x Gaz2l | YOAIljdzS¢ X G a2dzi KSNYy I TNROF € :
G@dzf YSNIOAfAGRET ARNEEFYRE DblFraGA2yFE O2YYdzyA Ol (
gStf a4 NBTSNByOSa (krobdgeioftde literitiBe wasSalsyused®yY 6 S ND a
terms of identifying important reports and papers.

¢tKS ARSYUGAFTASR R20dzrSyia 6SNB NBOGASHSR SEGNIC
research questions as outlined in the project proposal. Information wasredtinto a

database in excel for use in writing the RDS report.

1.5 Framing of SociaEcological Systems

In the ASSAR project the importance of vulnerability and particularlybe#lp is foremost
within a broader development context. The focus on vbeling takes a broader more
holistic view of vulnerability and is used to frame what is considered as effective adaptation
i.e. adaptation measures are not considered effective if dvelhg is reduced. Welleing

will be defined for the different communities whe research is conducted. The focus of this
report is the impact of climate change on people and how people can adapt to the impacts
of climate change. Having said that, the importance of ecological systems in providing
ecosystem services to people is ogoised, as is the importance of intact ecosystems for
increasing resilience to the impacts of climate change.

ASSAR researchers are following the framework of Tschekatt(2013). In line with the
proposed framework of Tschakest al. (2013) ASSARSsearch and the RDS report aims to
consider barriers, multiple spatial scales and the linkages between scales and structural
sources of vulnerability including issues of governance, gender and develojapiation
fAY1lFr3Sad Ly | RRdparfichafory! { { ! wQad NBaASIH NOK

Following the characteristics reviewed by Bindeal. (2013) the way ASSAR Southern Africa

is framing Socigkcological Systems includes the following: i) All hierarchical levels are being
studied and duality between the macro and naiclevel is being considered i.e. social
structure influences individual behaviour and individual behaviour perpetuates or changes
social structure) e.g. in the Soektological System Framework (SESF) (Ostrom 2007) social
and governance structures affettie way in which actors behave and actors might be part of
the governance system and shape it; ii) the ecological system is being defined based on its
utility for humans i.e. the ecological system is seen as a provider of services that increase
humanwelo SAYy3Id ¢KSNB AayQild | F20dza 2y lylfteairy3a i
scales will be studied; iv) Changes to the ecological system that are relevant to the social
system will be studied; and v) The reciprocity between the social systertharetological

16



system is considered, including feedback loops and learning processes in the social system in
response to changes in the ecological system. There is more of a focus on how the ecological
system influences the social system. Similar to thendgement and Transition Framework
(MTF) (PakWostl 2009) the ecological system influences the social system through the
provision of ecosystem services and environmental hazards that threaten the social system.
The social system influences the ecologgseitem by interventions related to using services

and preventing hazards.

Following the above the RDS report focuses on the impacts of climate change on people,
their vulnerability, welbeing and adaptation responses they have made. It does not focus
on the impact of climate change on ecosystems or biodiversity nor how biodiversity is, or
ecosystems are vulnerable or adapting.
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CHAPTER
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The Regional to Subational Context

2.1 Geographical locatin of the semiarid regions of southern Africa

While the Southern Africa subregion of the UN is restricted to South Africa, Namibia,
Botswana, Swaziland and Lesotho, the region is more commonly defined to also include
Zimbabwe, Mozambique, Zambia and Amgdurther, the Southern African Development
Community (SADC) also includes countries as far north as Tanzania and the Democratic
republic of Congo. In southern Africa the ASSAR project focusses osargkrareas in
Botswana, Namibia and South Africa.Rigure 1 the broad coverage of seanid climatic

zone can be seen. This includes

1 most of Botswang particularly the north and south east

1 the north-central and nortkeastern regions of Namibiaspecific regions include: i)
Oshana, Oshikoto, Kavango, @apnd Ohangwena; ii) most of Otjozondjupa (east),
Omusati (north), and Omaheke (northeast); and iii) some of Khomas (aasih)
and Kunene (nortieast and soutkeast)

1 parts of South Africa including: i) most of North West and Limpopo Provinces; ii)
about half of the Free State Province (west); and iii) less than half of the Western
and Eastern Cape Provinces

1 south, west and soutlwestern Angola

1 south and west Zimbabwe

I south west Mozambique

Figure 22

SemiArid regions of Souther Africa following Kotteket al. (2006) with primary
administrative boundaries. Mapped using the shape file frbttp://koeppen-geiger.vu
wien.ac.at/present.htm
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2.2 Socieeconomic context

2.2.1 Povety

People in semarid areas in southern Africa are generally poor with limited access to
services. For example in Dr Ruth Segomotsi Mompati district, North West Province, South
Africa less than 50% of households had piped water inside their dwellingrdrity 2011
(Lehohla 2011a), in Kavango and Ohangwena regions 25% had piped water inside their
dwelling or yard in 2011 (Statistics Namibia 2012) and in rural villages in Botswana 22% of
households had piped water in 2011 (Statistics Botswana 2014)). i@suim southern

Africa are classified as having medium (Botswana, Namibia, South Africa) and low
(Mozambique, Zimbabwe) human development (Table 1, UNDP 2014) and the region
includes some of the poorest countries in the world. Mozambique has a very lowaiu
Development Index HDI (178 out of 187) and Zimbabwe (175 out of 187) has a very low
gross national income per capita with most of the population (72% in 2010/2011) living
below the income poverty line (Table 6, UNDP 2014). In-agthregions in Sahern Africa
poverty is more pronounced than in other climatic zones. For example in Dr Ruth Segomotsi
Mompati district, North West Province average household income was less than R50,000 in
2011 (Lehohla 2011a) compared to a national average of over, RiDEStatistics South
Africa 2012), most households in Bobonong census district were categorised in the poorer
wealth categories in 2011 (Statistics Botswana 2014) and Kavango was the poorest region in
Namibia with 24% of households being classified agersdy poor and 43% of the
households being classified as poor (Namibia Statistics Agency 2012).

Poverty rates are often higher or incomes lower for women than men (Namibia Statistics
Agency 2012, Statistics South Africa 2012) although in Botswana fesaded households

are not poorer than male headed households (Statistics Botswana 2014). Despite efforts to
reduce poverty and inequality in Namibia and South Africa there is still substantial inequality
in income reported for these countries (GINI cagéiint of 63,9 and 63,1 respectively: Table

3, UNDP). However, the majority of the richer nationals live in large cities outside of semi

arid regions (Namibia Statistics Agency 2012, Statistics South Africa 2012).

2.2.2 Economies and development

The economies dBotswana, Namibia and South Africa have been based largely on primary
sectors including mining, agriculture and tourism. Although South Africa has an abundance
of natural resources as well developed financial, legal, transport, energy and
communications setors unsustainable and unreliable electricity supplies restrict
development. Economic policies focus on controlling inflation however budget deficits limit
the delivery of basic services to lemcome areas and the creation of employment
opportunities (Catral Intelligence Agency / L ! HaMmnl O® bl YAOAI Qa
dependent on the mining sector (CIA 2014a; United Nation Development Programme 2010;
United Nations Country TeaiNamibia, 2013). The country imports about half of its cereal
requirementsmaking food shortages a major problem during drought years. The Namibian
economy is closely linked to the South African economy and the Namibian dollar has the
aryYS @rtdzS a GKS {2dziK ! FNAOFY NIYR o0/ L! HAaMR
econanic growth rates after independence in 1966 with the economy being fueled largely

by diamond mining (CIA 2014b) and the country has been rated as having the best credit risk

(s}
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N
<
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democracy and political stability, significant capital investment and progressive social

policies. While the economies of Angola, Botswana, Mozambique, Namibia and South Africa

have been growing during the period 2000 to 2008 that of Zimbabwe wasciind (World

Bank 2014).

In terms of development in serairid areas in Namibia there is ongoing work in water,
sanitation, drought relief, road infrastructure, health, education, flood warning & response
and agriculture development. Development in the wmasector has seen increases in the
number of households with access to water and sanitation (Namibia: Namibia Statistics
Agency 2013; South Africa: Statistics South Africa 2013b). However, in South Africa there
have been reductions in access to electyidit Western Cape which is linked to the high
influx of migrants and and creation of informal dwelling (Statistics South Africa 2013b).
Household incomes have also increased (Namibia: Namibia Statistics Agency 2013; South
Africa: Statistics South Africa2®). In Namibia this is related to employment in construction
related to post flood rehabilitation and through the Targeted Intervention for Employment
and Economic Growth initiative. In addition the Commubigsed Natural Resource
Management Programme Baimproved livelihoods. The country is also committed to
FOKAS@AYy3a GKS ! yAGSR bl A2y Qa aAftftSyAidzy 5S@St
National Development plans every 4 years. Other policies geared towardsesoriomic
development include the Nainal Land Policy, the National Drought Policy and Strategy, the
Agriculture Policy, the Poverty Reduction Strategy and Action Plan of Namibia and a
Desertification and Biodiversity Policy.

In Botswana there is ongoing work in poverty reduction, dam caostn, road

infrastructure, power generation, communication, drought relief, health, food aid, food for

work, water transfer, glass manufacturing, health, education, waste management and the
Government helps the youth especially those who are unemployidid fimances to start up

avyltft odzarySaasSa (G2 (GNB |RRNBaa dzySyLxX z2evySyidao
helps the youth to improve their livelihoods but with the pressure that the natural
environment already have, problems like overgrazing mightiocc

2.2.3 Unemployment

Unemployment levels are high in searid areas in southern Africa. For example in semi
arid areas unemployment rates in Namibia vary from 30 to 50% (Namibia Statistics Agency
2013a), in Botswana reach 27% (Statistics Botswana 2014),beaveen 29 and 52% in
Limpopo Province (Lehohla 2011b) and vary between 30 and 36% in North West Province
(Lehohla 2011a) of South Africa. Unemployment rates are higher for women than for men
(Namibia Statistics Agency 2013b, Statistics South Africea20RE8r example in South Africa

the unemployment rate for women in formal rural employment is 19 % versus 7 % for men
(Statistics South Africa 2013a), and in Central Bobonong, Botswana the unemployment rate
for women is 29.5 for women versus 22.5% for n{8tatistics Botswana 2014). Although
women often have higher rates of enrolment in education (Namibia Statistics Agency 2013b,
Statistics Botswana 2014) more men with the same level of qualification are employed and
they are often paid more (Statistics SbuAfrica 2013). Employment in sesmid areas in
southern Africa is mainly in agriculture with little reliance on subsistence farming for
generating income (Namibia Statistics Agency 2013c).
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2.2.4 Population dynamics

Populations in serarid areas in southernfAca are growing (e.g. 0.6% in Omusati region,
Namibia and 0.9% in the Limpopo river basin in Botswana where the population density is
about 17 people/km2) this follows trends in southern Africa where a large proportion of
children are under the age ofveé in southern Africa (Table 15, UNDP 2014). Whereas in
Namibia a large proportion of the sesarid population is classified as rural (94%) in
Botswana most of the population is classified as urban with only about 38% classified as
rural. However, these atistics do not accurately reflect reliance and connections to rural
areas. Urbanisation is increasing in semd areas. In Botswana there is a 2% increase in
urbanisation per year and villages such as Mahalapye, Palapye, Bobonong are becoming
urban centes. In Nambia, Outapi in Omusati Region is an emerging urban centre.

Namibia is the second least densely populated country in the world after Mongolia (World

.yl HamnO AGK GKS O2dzyiNBQa LIRLJzZ FGA2Y 0SAY.

with an estimated population density of 2.6 people per km2 (National Statistics Agency
2013c). However, the population is not evenly distributed geographically and much higher
population densities are found in the sewnid areas in Namibia with about 60% of the
population living in North Central Namibia where the population density is about double the
national mean. In Omusati region the population density is about 9 people/km2. The total
population of Botswana was estimated as 2024904 in the 2011 census witmaycwide
population density of 3.5 people per km2 (Statistics Botswana 2014). Population density
varies from 0.4 in the Western Region to 13.8 in the South East, with a population density of
5.4 people per km2 in the Eastern Region of Botswana (StatBtiswana 2014).

2.2.5 Gender issues

In comparison to other countries globally countries in southern Africa are ranked better for
gender development and gender inequality than they are for human development (Tables 4
& 5, UNDP 2014). In sediid areas in sougrn Africa women have historically been
NEalLR2yaArofS F2N) odzAif RAYy3I K2dzaSa FyR OF NAy3
allocated land (Angula & Menjono 2014, Statistics Botswana 2014). Although in Botswana
land started being allocated to womely kocal authorities towards the end of the twentieth
century and a national policy on women in development was adopted in 1996 to promote
women in leadership and decision making (Statistics Botswana 2014). However in 2010 the
representation of women in pdament in Botswana was only 8% compared to 43% in South
Africa (Statistics Botswana 2014). In Namibia women are also underrepresented in policy
and decision making organs (United Nations Country Team Namibia 2013) and in South

T2

Africa even though women aB LINBa Sy i SR Ay LRftAGAOA 62YSyQa

represented (Goetz 1998). Likewise some policies and laws adopted in Botswana since
independence have been discriminatory against women (Statistics Botswana 2014). At the
local level, a high nunds of households in serarid southern Africa are women headed and
these households are mostly poorer than other households (Statistics Botswana 2014). For
example, 55% of households are women headed in Omusati region in Namibia (Namibia
Statistics Agencf013) and 47.5% of households in Botswana are female headed (Statistics
Botswana 2014)
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2.2.6 Land tenure

Land tenure is an important issue in seanid areas in southern Africa. Land ownership in
Namibia and South Africa in general remains skewed in favousmoi&d number of
predominantly white households despite past land redistribution efforts. In South Africa the
land claims process continues whereby people that were moved from their land during
apartheid can apply for compensation. Although a large praporof Namibia is still

occupied by large commercial white owned farms the sard areas of Namibia are mainly
communal areas. In the communal areas in Botswana land is largely under customary tenure
without the provision of title deeds. In serarid areas in northern Namibia, where the

majority of the population is found the availability of productive land is becoming a problem.
Issues include: i) the division of plots as families divide properties between family members;
i) the fencing of plots reducgncommunal access; and iii) the limited availability of

productive land both due to the nature of the area and high pressure on resources (Kuvare
et al.2008, Newsham & Thomas 2011, Wilhelm 2012, Academics, University of Namibia,
November 2014). In bothaxnibia and Botswana, with increased pressure on land and low
productivity in low rainfall years cattle are moved to more productive areas.

2.2.7 Crime

In Botswana, Namibia and South Africa there is a low perception of personal safety
compared to other countrieglobally (Table 16, UNDP 201Mpwever, this is more of an
urban issue.

2.2.8 Governmen

Namibia, Botswana and South Africa are constitutional democracies that have linked
KAalu2NARSad . 20aé¢lyl 3IFLAYSR AGQa AYRSWBYRSYOS
Africa is one of the most democratic (The Economic Intelligence Unit 2013) and least corrupt
countries in Africa (Transparency International 2014). Where as Zimbabwe is one of the least
democratic and most corrupt countries in the world. Namibia becantependent and
democratic in 1990 and South Africa in 1994 after both of these countries were previously
ruled under the apartheid regime after being colonised previously. Although governments in
Southern Africa have made efforts towards decentralizat{®lamibia: Decentralization
Policy, 1997 (Ministry of Regional Local Government and Housing 1997); Botswana: Ministry
of Local Government and Rural Development 2014) decentralisation has not been
particularly effective as yet (Botswana: Dipholo & Moth2805; Namibia: Larsen 2003,
Sibolile 2005; South Africa: Koelble & Siddle 2013, Stanton 2009) particularly for some some
key ministries. This restricts the capacity at the local scale to implement adaptation.

2.2.9 Environment

With low levels of employment andidh levels of poverty there is high reliance on natural
resources. Serarid areas in southern africa are characterised by very seasonal and highly
variable rainfall (intelannually and intreseasonally), frequent droughts and flash floods
(South Africa: stter 2009). In addition, Namibia is considered as one of the driest countries
south of the Sahara (Ministry of Environment and Tourism 2011; Tetpa. 2010). In
Namibia, the mean annual rainfall ranges from just above 700 mm in the northeast (semi
arid) to less than 25 mm in the southwest and west (hyperarid) of the country. Characteristic
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2008). Due to the prevalent climatic conditions in these saridgi areas there is a reliance on
groundwater.

Semiarid areas in southern Africa support high biological diversity and biodiversity hotspots

are recognised in South Africa (Rossa & Willert 1999), Namibia and Botswana. These
countries support a variety of esgstems and are home to high numbers of endemic species.

Protection of the environment is also a high priority in these countries e.g. in Namibia the
SY@ANRYYSYyli Aa AyOfdzRSR Ay (GKS O2dzyiNBEQa O0O2y3
country is protectedCIA 2014a).

Semiarid areas in southern Africa are water deficient as would be expected and increasing

population sizes place increased pressure on water resources. In addition limited water
availability limits development (Namibia: United Nations Copfiteam Namibia 2013).

2.2.10 Culture

Southern Africa is culturally diverse. The largest ethnic group in Namibia is the Ovambo tribe
which comprises about half of the total population (CIA 2014a, Ministry of Environment and
Tourism, 2011) and the majority of theeople in this group live in the north central and
semtarid regions of the country, specifically in Oshana, Ohangwena, Omusati and Oshikoto
region. Other ethnic groups in Namibia include: the Kavangos (9%), Damara (7%), Herero
(7%), Nama (5%), Capriviéincl. Lozi, Subiya, Yei, Mafwe, Mbukushu) (4%), Bushmen/San
(3%), Baster (2%), Tswana (0.5%), mixed race (6.5%) and citizens of European descent (6%)
with Afrikaans, English and/or German as their mother tongue (CIA 2014a). Of these groups
the Herero andKavango also live in semiid areas of Namibia and the san are a
marginalised group in serarid areas. In Botswana the dominant ethnic group is the
Batswana (79%), Kalanga (11%), Basarwa (3%) and other groups including Kgalagadi and
white (CIA 2014b). Isouth Africa the ethnic groups reported are black african (79.2%),
white (8.9%), Indian/Asian (2.5%) and other 0.5% (CIA 2014c) . Languages spoken include
isiZulu, isiXhosa, Afrikaans, English, Sepedi, Setswana, Sesotho, Xitsonga, siSwati, Tshivenda
and siNdebele (CIA 2014c).

2.2.11 Health

HIV and Aids are an important factor in seanid areas in southern Africa. The prevalence of
AIDS in Botswana is second highest in the world. In Botswana Foot and mouth disease is a
threat to livestock and the transportatioof livestock. Access to healthcare in sarid

areas in Southern Africa is limited. There were 0.336 physicians and 2,844 nurses and
midwives per 1000 people in 2010 in Botswana, 0,758 physicians in 2011 and 4,902 nurses
and midwives per 1000 people inBin South Africa and 0,374 physicians and 2,775 nurses
and midwives per 1000 people in 2010 in Namibia compared to global averages of 1,5
physicians and 3.3 nurses and midwives per 1000 people (The World Bank Group 2015).
Likewise life expectancy is lom#nan global averagesin 2012 it was 47 years for Botswana,

63 years in Namibia, 56 years in South Africa compared to a global average of 70 years (The
World Bank Group 2015).
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2.3 Socieecological systems and livelihoods

Livelihoods in semarid regions inSouthern Africa need to be varied as conditions for crop
production are marginal. For example in Namibia livelihoods include agriculture, livestock,
employment, remittances and the use of natural resources (Ashley 2000) and irasémi
areas in Botswanaosirces of income include formal employment, pension, government
support, household activities such as traditional beer and agricultural activities such as crop
farming, mopane worms, melons, sweet reeds, firewood, poultry, sorghum, millet, goats,
sheep anctattle (Statistics Botswana 2014).

For the people living in communal areas of necgmtral Namibia (Oshikoto, Ohangwena,
Omusati and Oshana region), subsistence agriculture remains the main means of livelihood.
However, the irregular rainfall and the untable terrain pose serious threats to food
security and to livelihoods (Wilhelm, 2012). In Omusati region, the trade and service sectors
in the urban areas provide employment outside the agricultural sector while manufacturing
also occurs on a small seglOmusati Regional Council 2010). Werner (2012) reported that
subsistence farming is main source of income for between 41.3% of households in Oshikoto
and 59.6% in Omusati regions. The north central part of Namibia mainly covering north
eastern Omusati, dithern Oshana, North West Oshikoto and Western Ohangwena regions
mainly grow crops such as millet (mahangu) and sorghum. Many households in the area own
cattle and small stock such as goats. Due to the high population density, livelihoods have
been diverffied particularly into nodarm income sources, such as trading, self
employment activities (crafts and sell of labour) (Kiataal. 2012). Another source of
livelihoods is from remittances (Namibia: Eriksgral. 2008; Oshana and Erongo, Namibia:
Anguh 2010; Kalahari, Botswana: Twyreral. 2004).
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Climate change, trends and projectioms Southern Africa

3.1 Observed Variability and Trends

The climate across southern Africa varies from arid condition the west to humid
subtropical conditions in the north and east, while much of the central part of southern
Africa is classified as seanid. The primary factors affecting the climates experienced in
southern Africa include altitude, the warm Indiamdacool South Atlantic Oceans, the
migration of the IntefTropical Convergence Zone (ITCZ) and the location of dominant
atmospheric high and low pressure systems. The semi arid regions extend over southern
African belt, centred on the greater Kalahari imy extending from northern Namibia
through Botswana, into parts of South Africa, Zimbabwe and Mozambique.

Most of the region, with the exception of southwest South Africa, receives the majority of its
rainfall in the summer months, between November anarivh. However, there is a large
difference in the amount of rainfall experienced in the eastern and western parts of
southern Africa, primarily due to the influence of the ocean on the atmosphere and the
direction of prevailing winds. The warm Agulhas €ntrin the Indian Ocean provides a
source of additional moisture, which leads to higher rainfall in eastern parts of the region,
while the cool waters of the Benguela Current in the South Atlantic Ocean corresponds to
much lower rainfall in the west.

The hghest temperatures are experienced in the Kalahari Desert which spans southwest
Botswana, southeast Namibia and northwest South Africa. Here the diurnal cycle can be
large (>20°C), with extremely high daytime maximum temperatures (>40°C) and much lower
temperatures at night. In addition, some of the highest average temperatures are
experienced in coastal regions, such as Mozambique where the warm Indian Ocean
maintains warm temperatures at night. The lowest temperatures are found in the high
altitude regians of Lesotho, South Africa and Zimbabwe.

Throughout the year, the timing and magnitude of the summer rains is largely dictated by
the seasonal migration of the ITCZ and the related Congo Air Boundary (Tyson & -Preston
Whyte 2000) This largecale atmosphec feature represents an area of intense convective
activity associated with low pressure. The ITCZ is found near the equator during late March
and late September (the equinoxes) but moves south during the southern hemisphere
summer bringing rains to muabf the region. However, each year the amount of summer
rainfall experienced varies as the ITCZ interacts with other dominant global and regional
atmospheric patterns.

The best studied and arguably most important of these patterns is the El Nifio Southern
Ogillation (ENSQQ a cyclical variation in the surface temperature of the tropical eastern
Pacific Ocean. When the ocean surface in this region is warmer than average an El Nifio
event occurs and when the ocean surface is cooler than average a La Nifiaoeverg
(Zarouget al. 2014a). The timing (Zarowy al. 2014b) between ENSO events varies but
typically an El Nifio or La Nifia occurs once every few years. El Nifio is associated with drier
and warmer than normal conditions in Southern Africa from Decamtd February while La

Nifia is associated with wetter and cooler conditions. However, these associations vary at
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finer scales and they are not always apparent. The mechanisms that link ENSO and the
southern African climate are still not fully understood.

Yearto-year variability in the weather is a result of variability in these large scale processes
and variability in regional and local scale processes, such as the location of storm tracks
(particularly relevant for rainfall associated with tropical opes in the east of the region)

and feedbacks between the atmosphere and land surface.

Figure3

Summer (December to February) mean, maximum and minimum temperatures at each grid
cell over the period 1963 to 2010; data taken frtme CRU TS3.22 and UDEL dataset.
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Figured

Winter (June to August) mean, maximum and minimum temperatures at each grid cell over
the period 1963 to 2010; data taken from the CRU TS3.22 and UDEL dataset.
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Figure 3 shows the avage summer and Figure 4 shows winter temperatures across the
region (upper panel), as well as the warmest (lower panel) and coolest (middle panel) years
over the 48 year period from 1963 to 2010 for a particular location; the year of the warmest
summer inone grid cell may differ for an adjacent grid cell. The figure shows that the oceans
moderate temperatures along much of the coastline, except in Mozambique where the
warm waters of the Mozambique Channel maintain high temperatures throughout the year.
High summer temperatures are experienced in Mozambique as well as in the Kalahari and
throughout Botswana. The coldest winter temperatures occur in the interior regions of
South Africa, and especially in the high altitude regions of Lesotho. The greatestrdiés
between the averagesummer and winter temperatures in the warmest and coolest years
are also found in the interior of the region.
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Rainfall is more variable than temperature, both in space and time. Figure 5 shows the
average summer and winter {fire 6) in the upper panel along with the wettest in the
middle panel and driest years in the lowest panel at each grid cell. In summer there is a clear
eastto-west gradient, with very dry conditions experienced on the Namibian coast and
western parts ofSouth Africa while there is much higher rainfall in the north and east. The
difference between the wettest and driest summers is substantial in many locations. In the
semtarid regions of northern Botswana the summer rainfall varies from less than 2 mm/day
to more than 10 mm/day between the driest and wettest year. In winter, a norths@st
southeast gradient is observed with Namibia and Botswana typically receiving little to no
rainfall. The coast of South Africa and Mozambique receives some winter lainfal
particularly in the winter rainfall region of southwest South Africa. There is also a very large
difference between the wettest and driest winters. Some regions experience no rainfall in
the driest year and received 4 mm/day of rainfall in the wettessry
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Figure5

Summer (December to February) mean, maximum and minimum rainfall at each grid cell
over the period 1963 to 2010; data taken from the CRU TS3.1, GPCC, and UDEL dataset.
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Figure6

Summer (Bcember to February) mean, maximum and minimum rainfall at each grid cell
over the period 1963 to 2011, data taken from the CRU TS3.1, GPCC, and UDEL dataset.
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Figure 7 shows the difference between the mean decadal (ten year) temperature and the

mean temperature over the 1963 to 2010 period at each grid cell. We can clearly detect a

warming signal as all locations in southern Africa were warmer, on average, in the 2000s
than in the 1970s. However, it is also apparent that in some locations, more recaadetec

are cooler than preceding decades; for example, the northeast of Namibia was warmer in
the 1990s than the 2000s, and the southern coast of South Africa was warmer in the 1980s

than in the 1990s.
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Figure7

Difference between deadal mean temperatures and 1963 to 2010 mean temperatures at
each grid cell. Data taken from the CRU TS3.22 and UDEL dataset
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Figure 8 shows the difference between the mean annual rainfall total for each decade and
the mean annual rainfall total over ¢h1963 to 2010 period at each grid cell, illustrating
considerable variability in rainfall on muttecadal time scales. The 1970s were, in most
locations across southern Africa, much wetter than average, while the 1990s were much
drier. The CRU rainfalath is consistent with a number of related recent studies, such as the
Mmopelwa (2011) study that identifies a significant difference between the wet 1970s and
the dry 1990s in the Okavango and Boteti basins in Botswana.
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Figure8

Difference between decadal mean annual rainfall totals and 1963 to 2010 mean annual
rainfall totals for each grid cell. Data taken from the CRU TS3.22, UDEL and GPCC dataset.
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On much longer time scales, the climate can vary dramatically due tonextefluences o

the climate system. Over timscales of thousands of years, it is well established that the
glacialinterglacial cycle is primarily driven by variations in the orbit, tilt and precession of
the Earth and the resultant impact on incomirgas radiation.

To determine whether or not, and by how much, the climate has changdut recent past,

trends in temperature and rainfall are calculated from the available observed data. Figures 5

and 6 show the seasonally averaged spatial and tempdrahges in temperature over

southern Africa during the period 1963 to 2012. Despite annual and decadal variability,

across all seasons and locations temperatures have increased over this period; the region

west of Lesotho in summer is an exception. Tempemincreases were generally higher
(approximately 1.6 to 2°C) in the interior regions, particularly in northeastern and central

parts of Botswana, and lower (approximately 0.4 to 1.4°C) along the coasts and parts of

central and southern South Africa. Wtithere has been an increase in temperatures in all

seasons, the lowest increases are found in the summer months, with the exception of
southwest South Africa. This implies that, in general, temperature increases have been more
pronounced inthedryseadsy ® Ly | RRAGAZ2Y X GKS Lt/ / ! wp NBLRZN
of cold days and nights has decreased and the number of warm days and nights has
AYONBFASR Ay a2dziKSNY ! FNA OletabRMEAK O2y FARSYy OSSO
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Figure9

The change in temperature between 1963 and 2012 at each grid cell, according to a linear
trend, for the four seasons: Summer (DJF), Autumn (MAM), Winter (JJA) and Spring (SON).
Data taken from the CRU TS3.22 datasste technical reference dament.
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Figurel0

Time series of the land area averaged seasonal temperature changes between 1963 and
2012, corresponding to figure 5. Data taken from the CRU TS3.22 dataset technical
reference document.

Figure 11 show how the total rainfall has changed for each season from 1963 to 2012. In
winter and spring the observed trends over much of the region are close to zero across the
region, meaning that there has not been any substantial drying or wetting over this period
In the summer and autumn, however, we observe larger magnitude trends. In autumn, there
has been a decrease in rainfall (in the order of tens of millimeters) across much of the region,
with the exception of southwest South Africa (small increase, < 20 amd in northern
central regions where rainfall has increased by up to 60 or 70 mm. The changes in summer
are more dramatic, which might be expected given that the region receives most of its
rainfall in the summer months. The spatial pattern of changdn®st the exact opposite of

the pattern observed in autumn. Much of South Africa and Namibia has become wetter,
especially in the region near Lesotho, while elsewhere we observe decreases in summer
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