CHAPTER 1
INTRODUCTION

1.1. Overview

Large scaleglobal shifts in climate are manifesting locally inr3 T OO E  tedeSiialfaAd O
marine ecosystems, shiftingamiliar weather patterns and altering valuable food supply
chains (Watermeyer et al., 2016; Masipa, 2017)This, compounded with economic
uncertainty and political unease, is changingocial and ecological systems iSouth Africa

and there is an urgent need for society teespond and adapt accordingly.

The impacts of timate variability on local environments in Saith Africa, have been
demonstrated across many metropolitanand rural areas inthe country. In 2015, five
provinces (KwaZulu-Natal, Mpumalanga, North West, Limpopo and Free Statejere
declared drought disaster areas, whereountry-wide maize production declined by 31 %
between 2013 and 2014due tothis drought (Ngoepe, 2015) The Western Cape Province
followed suit in 2017 and was also declared a disaster zone in response to one of the most
severe droughts experienced since 1904Dentlinger, 2017). It is projected by officials
that 17mmnt ET AO AT O1T A AA 1100 ET OEEO bDOI OET AA,
drought, as well as an estimatedR3.2 billion loss for the South African economylue to a
possible drop inOE A 7 A O O Aadricultdfah éuthuisqEvans, 2017) Severe multk
year droughtssuch as the below average rainfall yearsf 2015-2017 in the Western Cape
are rare; however,compounded with a sprawling urban populaceincreased demand for
(irrigated) agricultural production and difficulty to predict highly variable rainfall
patterns, it is expected thatthis province couldrun out of water during the course of 2018
(Wolski et al., 2017) It appears that theseunfavourable changes in the local climatenay
persistAO OEA OT1(Wolskij2010)] Al 8

Similarly in marine environmentsh 317 OOE | £#OEAA6 O AEAEOEAOEAO E/
challenges over the past two decades, ranging from both anthropogenic and biophysical
spheres of this system(van Sittert et al., 2006; Hutchings et al., 2012; Mead et al., 2013)
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From the fishery perspective, lalf of commercial fish stocks for the contry are
considered to be overexploited, with over 20 percent of these exploited stocks
considered to be depleted or heavily ovefished (DAFF, 2014) For example, n 2000, the
Minister of Environmental Affairs and Tourism declared an emergency in the linefish
sector in an effort to protect severely depleted stocks (Government Gazette, 200Q)
Environmental changes in theSouth Africanmarine environment have also exacerbated
rapidly depleting stocks andcompromised commercial industry, such as the shiftin
distribution of various commercially-significant fish stocks (Blamey et al., 2012)and
increased variability of wind and temperature in marine systemgJarre et al., 2015)
31T A POEIi AOU OEOAAOO O1 31 OOE ! Z#OEAAGO | AOET
invasive species, habitat destruction and climate chang@lamey et al., 2015; James,
2015). Negative impacts on the fishery sector due to over exploitatiorand/or
environmental variability will be most acutely felt in the Westen Cape, as fisheries make
an important economic contribution (five percent) towards the localregional economy
(DAFF, 2015)

Understanding how important sectors such as agriculture and fisheries respond to
climate variability is crucial to build a comprehensive pictureof how these systems can
respond to change, particularly at local scales whemaultiple stressorscan playdifferent
roesAADPAT AET ¢ T 1 epeiiencéstaid pa@ptiéhETAidintroduction looks
at the changing climate of South Africaalong with OEA AUT AT EAO 1T £ OEA
agriculture and fishery sectors to provide an overview before examiningthe nuanced
local example of climate variability as experienced by farmersral fishers in a specific
area of South Africaz the southern Cape.Therefore, this introduction of climate
variability , which focuses on agriculture and fishery sectorfoks atthree nestedspatial
scales (refer to Figure 1.1).
1 national scale constituting terrestrial South Africa andthe Benguela Current
Large Marine Ecosystem
1 regional scale constituting the Western Province and theSouthern Benguela
South Coast subsystepand
1 local scale constituting the southern Cape(area between Witsand and Mossel

Bay) and the Agulhas Bank
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Bank) isthe focus of this thesis
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1.2. South Africad © AEAT CET ¢ Al Ei AOA

South Africa has aubtropical climate moderated by ocean on three sides of the country
and, as detailed abovechanges in local climate could have significant implications for
communities reliant on weather, such as farmers and fishers. Local climate impacts have
numerous implications for the future development of South Africa, and require a deeper

understanding into the dynamics around such environmental changes within the

complex realm of socialecological systemsThis sectionexplores3 1 OOE ! £AFOEAAG O
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climate through a terrestrial and marine lensin turn, to gain a better understanding of

complexities associated with sociakcological systems fronboth perspectives.

1.2.1. dimate through a terrestrial lens

For South Africa as a whole, mean annual temperatures have generally increased 1.5
times more than the observed 0.65 degrees Celsius global average over the past five
decades and warming trends are likely to be observed predominately in the interior of
the country (DEA, 2013; Ziervogel et al., 2014)Generally, minimum and maximum
temperatures have displayed significant increases every year, across almost all seasons
(DEA, 2013) Rainfall has always shown high inteannual variability and predictions of
precipitation changes are less certain in terms of both direction and magnitude than air
temperature (DEA, 2013; MacKellar et al., 2014; Ziervogel et al., 2018puth Africa,like
other developing countries, is particularly vulnerable to climate change impacts. With
terrestrial temperatures projected to increase even under optimistic scenaricsccording

to the Long Term Adaptation Scenarios (LTAS) programm@®EA, 2013) parts of South
Africa are predicted to become much drier with decreased water availability. Extreme
environmental events such as fires, storms, floods and droughts are projected to increase

in frequency and severiy.

The Western Cape is one of the South African regions most likely to be highly vulnerable
to projected climate changeinduced warming and rainfall change(Midgley et al., 2005;
Wiid and Ziervogel, 2012) This region has a highly diverse production environmentiat
supports a diverse local agricultural economy However, it is prone to warming
conditions and stressed water supplies(Midgley et al., 2016) Work carried out by
MacKellar et al. (2014)on observed and modelled trends in rainfall ad temperature for
South Africa from 1960 b 2010 found that maximum temperatures had significantly
increased for allseasons in the Western Capevith strong warming occurring over the
last ten years. The study also noted that while trends in rainfall indices were generally
not significant and were inconsistent across the Western Cape region, the number of rain
days indicated drier conditions along the southern coastal region8Vhen scaling further
down to the southern Cape area within the Western Cape region, model outputs from the

LTAS programmeindicate a significant increase in flooding risk for the future(DEA,



2013) and Midgley et al. (2016) note that current warming trends are expected to

continue in this area.

1.2.2. dimate through a marine lens

The South African coastline, considered one of the most naturally variable in the world,
is approximately 3100 km long and incorporates ecoregions rangig from coot
temperate on the west coast, warmtemperate on the south coast to subtropical on the
east coast(Mead et al., 2013)The oceans offSouth Africa hold a prominent position in
the global ocean conveyor belt. The Benguela Current Large Marine Ecosystem (BCLME)
is a large marine eastern boundary current system dominated by coastal upwelling that
is a very productive region in terms of comrarcially-exploited fisheries (Jarre et al.,
2015). The BCLME consists of fowlongshoresubsystemsz the (1) Angolan Subtropical
subsystem and the(2) Northern Benguela upwelling off the westcoasts of Angola and
Namibia; the (3) Suthern BenguelaWest Coast off South Africavith an upwelling
subsystem comprised of the west coasind Western Agulhas Bankandthe (4) Southern
Benguela South Coastbsystem which consists of the&Central and EastermAgulhas Bank
until East London (Jarre et al., 2015) These upwelling systems display substantial
variability in both oceanographic and biologi@l components (Hutchings et al., 2009;
Hutchings et al., 2012)

On a global scale, environmental drivers of change in marine systems include ocean
surface warming, increased wind stress, expanding lowxygen zones, increased surface
stratification and nutrient distributi on changeqJarre et al., 2015) These chages within

the BCLMEwould be compounded by heavy fishing pressure that has been taking place
since the 19509 Hutchings et al., 2009; Jarre et al., 2013; 2013)lacing highpressure on
this ecosystem in the face of climate changes. The southern Benguela system has seen
shifts in climate drivers such as wind patterns, upwelling and oceatemperature (Jarre

et al., 2015) and environmental variability has beenrecorded in the Agulhas Bank
subsystem(Blamey et al., 2012) In terms of wind variation in the Aguhas Bank, a decline

in easterly (upwelling favourable) winds was observed during the 1980s for over a
decade, but then strong south easterly winddominated most of the 1990gBlamey et al.,
2015).



Understanding changes in the ocean around South Africa is important as ocean currents
and water masses have a profound influence on the weather and climate of the continent
(Zietsman, 2011) For example, air moving over the Agulhas Current picks up heat and
moisture that can enhance rainfall events when tils water mass moves over land, which
can result in flood events along the southern coast of South Afri¢@ietsman, 2011).
Understanding how these different terrestrial and marine systems overlap at local scales
and how natural resource users, such as farmers and fishers, experience change within
these natural systems can reduce uncertainties associated withese complex systems.
The role of healthy ecosystems, that can provideroductive and sustainable ecosystem
services,are advocated as aiable means to respond tarisks associated with climate
variability through managing anthropogenic activitiesn natural ecos/stems on land and

at seato improve resilience to climate change impact¢Driver et al., 2012; Biggs et al.,
2015).

1.3. Farming and fishing in changing environments

Healthy, functioning systems are vital to ensure theustainability of food production
where food security can be providedwithout compromising ecological integrity, and in
turn social well-being and economic stabilityFood production systems are fundamental
to human survival, particularly in South Africa where approximately 11.5 million people
(approximately 20 percent of the population) experience insufficient to severe
inadequate access to foodDAFF, 2012) The future of agricultural and fishery sectorsin
South Africa are strongly influenced by multiple pressures such as climate and
environmental variability, population growth, skill gaps, consumer demands, national
market performance and global economy shiftdn the cas of this thesis, mderstanding
how complex drivers sut as climate variability affectthese sectors is important,
particularly at the local scale of the southern Cape and Agulhas Bank, as mismatches
between different scales can result ilknowledge gapsand increase uncertainty in these

complex systems.



1.3.1. Agriculture

South Africa has a dual agricultural economy that consists of a wastablished
commercial farming sector, as well as the less formalised subsisterbased production
sector. Over the last 20 years, the contribution of the agricultural sector to the coudtU 8 O
gross domestic product (GDP) has decreased to approximately 2.8 percédAFF, 2015)
While primary agriculture does not make a large contribution to the overall South African
GDP, the broader agrdood complex contributes up to 14 percent towards the GDP as
this sector is one & the most employmentintensive sectors within the South African
economy (DAFF, 2015) Since the 1950s, the number of commercial farms involved in
primary agriculture have decreased by abouf0 percent, in parallel with acommensurate
increase in average farm size and change in teablogy mix on farms (DAFF, 2015)
Present challengesas highlighted by the South African governmengssociated with the
agricultural industry include job losses due to increased capital and industrial inputs,
unequal wealth distribution due to former homeland policies, and high inpucosts that

erode the competitiveness of agriculturg DAFF, 2015)

Unsurprisingly, the South African agriculture sector is considered to be one of the more
vulnerable sectors to changing natural system@Vidgley et al., 2005) On a national scale,
increasing temperatures, uncertainty around water availability due to inér- and intra-
seasonal variation and an increase in extreme weather events such as severe droughts or
heavy floods are some of the possible challenges farmers will face in the futfosin et

al., 2012) Climate change may also propagate invasive species, pests and disease that can
constrain and impact agricultural productivity (Rosin et al., 2012) There is a need for
more research into the complex relationship between temperature, rainfall and water
availability for agriculture to better understand the impacts of these multifaceted

dynamics within agricultural contexts (Midgley et al., 2005)

In the Western Capespecifically, climate change effects are predicted to have negative
impacts on regional agricultural productivity (Midgley et al., 2005; Wiid and Ziervogel,
2012; Midgley et al., 2016)7 EE1 A OE E QgrieuiuralsEctoAifviebdeveloped

the future development of this sector could be compromised due to changing climatic



conditions (Midgley et al., 2016) Although the region is generally regarded as climatically
stable, it is prone to extreme climatic events and observed climate trends overed past
five decades indicate an increased frequency of hot extremeand more frequent and
intense rainfall eventsare projected for the Western Cap€DEA, 2013; Midgley et al.,
2016).0nthe local scalefarmers residing in the Little Brak River area, adjacent to Mossel
Bay to the east have noted changes in their natural terrestrial systerthat are generally
in agreement with local scientific weather datgWiid, 2009). Climatevariability observed
by participating farmers in this community included decreased winter rainfall and
increased summer rainfallfrom the early 1990s to late 2000s; increased flooding events
and frequent drought conditions over the last decade greater presence of northerly
winds between the mid-2000s to late 2000s; and arincrease in temperature extremes

over the pastthree decades

1.3.2. Fisheries

While the national formal fisheries sector makes acomparatively small contribution of
0.1 percent to the South African GDP, it is particularly important for economic
development in the Western Cape as the majority (11 outfd3) proclaimed fishing
harbours are situated in this province (DAFF, 2015) Here, thke importance of local
fisheries is demonstratedby the fact that thissector contributes five percent to the gross
provincial domestic product. An estimated 27000 people are employed directly by the
fishing industry, while there are an additional 81000 jobs in industries that are partially
dependent on fisheries(DAFF, 2015)

As in the case of agriculture, changes within the natural marine environment of South
Africa can compromise the fishing sector and its contribution to the local economy and

human well-being. Examples of chargs in commercially valuable fish stocks can be

AOAxT A£O0TI1 31 O0OE ! A0 Epetadng withinh tAd sbuth&@mBedy@ia A A£E OF

system. Anchovy Engraulis encrasiolus and sardine Sardinops sagax both
economically and ecologically important specig, have shifted eastwards in recent years
due to environmental changes and anthropogenic forcing through fishing. The changed

distribution patterns of these commercially significant species have had fareaching



adverse consequences for both # South Afrcan fishery and theecosystem(Coetzee et
al., 2008; Jarre et al., 2013; Watermeyer et al., IX).

While environmental changes have been documented ithe southern Benguela system
and specificallythe Agulhas Bank subsystem such as increased ini@nnual variability
(Blamey et al., 2012) shifts in this marine environment whether due to environmental
forcing or fishing pressuresor both, remain poorly understood due to scientific data
discrepancies(Lamont et al., 2017) Changes in the natural marine environmenbf the
Agulhas Bankhave been noted bylinefishers in the southern Cape, as reflected by
research carried out byDuggan (2012)and Gammage (2015) Observed variability in the
natural system was identified as a key stressor for #se fishersandwas largely described
in terms of warmer air and sea temperaturesas well as increased intraseasonal
variability in prevailing wind conditions over the past three decadegGammage et al.,
2017a).

When examiningagriculture and fishery sectors it is very important to understand how
thesenatural systemsmay bechanging as well as how natural resource users respond to
perceived changes,so that human activities can be managed to maintairvaluable
ecosystem services accordingly, with the aim of avoidingnvironmental degradation or
(fish) stock collapse.Shifts in natural terrestrial or marine environments can have far
reaching consequences fordod production if prevailing climate and biotic conditions
alter into different states or become progressively unstable through increased variability.
It is also important to gain a more holistic understanding ofwhere these local social

ecological system®verlap, as terrestrial and marine systems do not function in isolation.

1.4. Connecting knowledge systems

Climate variability and change can affectocal sociatecological on a number of temporal
and spatial scales, with complexityarising out of these systems due to possible scale
mismatches andproblematic translation between different bodies ofknowledge, where
uncertainty is increased as a result of gaps in understandingn local sociatecological
systems such as the southern Cape and the AgulhBank, knowledge gaps are created

due to inconsistent or unavailable scientific dataalong with limited understanding of
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interacting climate variables with key resouces (as discussed in Section 1)3Given the
high uncertainty in predicting impacts of gldal environmental change(such asclimate
variability) on local ecological gstems, as well as associatddhown and unknown shocks
in socialecological systems due to multscalar social and ecological chang€gvalker et
al., 2004) it is important to draw on diverse knowledge systems to better understand

complex systemgqTengo et al., 2014)

Comparing local climate experiencesof farmers and fishers can be useful in gaining a
better understanding of socialecological systems under changeparticularly where
uncertainty persists in complex systems due to possibl&nowledge gaps and scale
mismatches. As introduced above, temporal and spatial changes occurring in natural
marine and terrestrial systems do notnecessarilyact in isolationand through overlaying
different strands of knowledge, a more comprehensive understanding of local systems
can be createdTherefore, tis thesis brings together different bodies oknowledge from
both terrestrial and marine perspectives to addressunderlying uncertainties on how
climate variability is playing out in the southern Capeand Agulhas Bank drawing
together climate experiences ofarming and linefishery communities residing in this local

area, as well as relevanscientific weather datafor both systems.

Furthermore, it is essentialto understand why and how farmers and fishers respond to
environmental challenges associated with climate variability Rerceptions of risk that
include environmental, social, economic and political driversare important as that may
affect D AT D pekcéived or actual ability to respond (Grothmann and Patt, 2005)
Generally, adaptive actions within agricultural and fishing sectors are shaped by
perceptions of risk, direct climate change effects on productivity, as well as complex
changes in markets, policies and government institutions. Opportunities for adaptation
are presented within the operating context of decision making, access to effective
adaptation options and the capacity of individuals and institutions to adapt within
changing climatic conditions (Smit and Wandel, 2006) Structured climate change
adaptation management in the Western Cape will require identifying how weather
fluctuates, the implications ofclimate variability and how these impacts may evolvever
time (Midgley et al., 2005)
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1.5. Situating this thesis

This thesis was initiated to examine links between terrestrial and marinesociat
ecological systems under the common theme of climate variability, specifically at the local
scale of the southern Cape and Agulhas Barurrently, knowledge gapsin the marine
systemhave been highlightedat this local scale through research condued by the South
Coast Interdisciplinary Research Project (SCIFR) project, whidpecifically focuses on
the southern Cape fisherieqJarre et al., 2018) Scientific data sets for the Agulhas Bank
have larger discrepancies compared to the rest of the soudhn Benguela system,
resulting in limited understanding on how environmental changes are playing out in this
subsystem (Lamont et al., 2017%; however, there are warning signals associated with
possible shifts on the Agulhas Bank such as increased int@nnual variability and biotic
changes(Blamey et al., 2015; Watermeyer et al., 2016Additionally, limited scientific
data are available forclimate-related variablesat bay scals in which the southern Cape
linefishery operates on the Agulhas Bank, resulting inscale mismatchesof climate
changes observed by local linefisher§Gammage et al., 2017a)Gaps in understanding
also persist in local terrestrial systems, such as the southern Cape, largdiye to high
uncertainty associated with regional climate forecasting modelsand limited, locally

available, longterm weather data(A. Jarre University of Cape Town pers. comm)).

The overlay of terrestrial and marine socialecological systems has not beeformally
researched in the southern Cape, butitial work carried out by Duggan (2012) and
Gammage (2015)on the local lindishery has pointed to the complexity of this marine
socialecological system andits adjacent terrestrial system For example, one fisher

j ¢ mpt q Oit ha@foArdlie @atuur. In 1969 hetulle die meeste kabeljou gevang wat
hulle al ooit gevang het. 1969 was die droogste jaar wat hulle ooit op land gehad het. Daai
OEAPA OA1T AET CS8 111 A0 OPAAIT &l goed bldng with * U
nature. In 1969 they (fishers)caught the most silver kob that they had ever caught. 1969
was also the driest year they (farmers) had ever had on land. That sort of thing.
Everything plays a role. You need to look to nature and you need to Idokhrough linking
farmer and fisher experences around climate variability to scientific weather data in the
southern Cape, a more comprehensive understandingf ow local communities are

perceiving and reacting topossible climatic shifts can be established.
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1.5.1. Objective

The objective of this thesisis separated into two parts:

Firstly, to examineclimate variability over time in terrestrial and marine sociatecological
systems ofthe southern Capeand its associated Agulhas Bankhrough overlaying
knowledge systems from farmers, linefishers and localscientific weather data; with a

focus on bringing local perspectives into conversation with scientific data outputs.

Secondly, to look at responses to changesith a focus on climate variabilityjn terrestrial
and marine socialecological systems through farmer and fisher perspectives

contextualised through a resilience lens.

1.5.2. Key Questions

Key questions were divided up to examine different components of terrestrial and marine
socialecological systems separately, under the theme of climate variability, before
bringing together these components and overlaying the different systems, perceptions

and responses to change.

The first component of thisthesis explores the relationshp between climate variability
and local perspectives from southern Cape farming communitie€hanges irnterrestrial
weather systemsare examined based ojfirstly, the local perceptions of farmergesiding
in the southern Capeand, secondly, integrating loal climate data
1. How is climate variability perceived by farmers and are they responding to
changes in climate (weather)?

2. How haveterrestrial climate (weather) patterns changed in the southern Cape?

The second component of this thesis explores the relationship between climate
variability and local perspectives from southern Cape linefishery communitieBrawing

iIT DPOAOEI OO OAOAAOAE Ai1T AOCAOGAA O1T AAO OEA
experiences and responses to changehanges inmarine weather systemsfor the near-

shore area of the Agulhas Bank are examined based on the perceptions of local fishers

12
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3. How have marine climate (weather) patterns changedfrom the perspective of

fisher communities locatedin the southern Cape?

The third component overlays terrestrial and marine components throughcomparing
FAOI AOOGG AT A EEOEAOOS DPAOAAPOEITO 1T &£ AIlEIAOD
from scientific weather data sets,and contrasts howOE A OA AT [ resPpdnE® E A O 6
changein the southern Cape and on the Agulhas Bank
4. Are local knowledge of climate variability (i.e. weather patterns) by farmers and
fishers in agreementand how do these compare to scientific observationgndare
there synergies or mismatches acrossocal and scientific knowledge stands
examined?
5. How are farmersresponding to change within the context of climate variability

compared tofishersin the southern Capé&

1.6. Thesis structure

Chapters 1 and 2 provide an introduction to agriculture and fisheries within the context
of dimate change and variability at national, regional and local scales tBouth Africa,
where key objectives and questions are set. Pressing challenges in the context of the
Anthropocene are discussed, followed by conceptual framing of socktological
systems,resilience and connectingknowledge systems. An overviews then provided on

overarching research approaches, design and methodsthis thesis.

Chapter 3 addresses Key Question 1 and describes local climak@mowledge within
southern Cape farming communities. The local study area, methods and results are
examined and dscussed in detail. This chapter explores local climataowledge of, and
strategies employed bythese communities within the terrestrial climate context of the

southern Cape.

Chapter 4 examines terrestrial weather patterns within the southern Cape fronthe
farming perspective, addressing Key Question 2. Coupled with farmer sdrvations,
weather analysis has beercarried out on terrestrial rainfall and temperature data to

examine how weather patterns have changed in the southern Cape.
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Chapter 5 addresses Key Question 3and examineswind patterns on the Agulhas Bank.
This chapter incorporates a marine perspective to weather patterns in the southern Cape
by drawing onlocal knowledge from fishing communitiesand subsequent(near- and off-
shore) wind data products to better understand complexities inlocal marine climate

systems.

Chapter 6 addresses Key Questions 4 and btegrating different perspectives responses
and data ses from previous chapters. Locaknowledge of climate variability by farmers
and fishersare brought into dialogueand linked to scientific weather observations across
multiple scales S/nergies and mismatches across the differerknowledge systemsare
discussed Responses to changes within the southern ape, specifically to climate

variability, are also examined from both farming and fishing experiences
Chapter 7 reflects on broad academic discourses underpinning the Anthropocene in

relation to this thesis and further reflects on the sociatecological faming used to

examine southern Cape communitiewithin a resilience perspective.
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CHAPTER 2
LITERATURE REVIEW AND RESEARCH APPROACH

This chapter providesan overview of relevant literature to addressthe objectives and
key questions of this study,contextualising research within global change in the
Anthropocene and unpacking literature on sociakcological systems thinking, resilience

framings and connectingknowledge systems

2.1. (hange in the Anthropocene

People and the natural environmentare intricately linked z people and societies form
integrated parts of the biosphere, where global environmental changes interplay with

rapidly globalising human societiegFolke et al., 2011)

To better situate this thesis, a wider scopein literature is initially explored to
contextualise current global changeswithin local areas, thus placing present day
challenges faced bycologial and social systems in this contexiThe biosphere refers to
the sphere of lifez it is the global ecological system that includes all living beings as well
as their interactions with each other and elements of the lithosphere, hydrosphere,
atmosphere and cyosphere (Folke et al., 2011)Humanity is embedded in the biosphere,
where people and societies depend on the functioning and life supg the biosphere
provides. The early existence oHomo sapien$iad a low impact on the environment as
people subsisted largely as hunter-gatherers. However, in the early stages of the
Holocene (approximately 10000 years ago) agriculture developed and subsequently led
to the development of complex human civilizationg largely dueto climate stability that

lasted longerthan in the previousthree interglacial periods.

Since the 1% century, the industrial era ushered in an age of humadominated
landscapes and activities within natural environments and, coupled with the rapid
expansion of the global population, scientists have suggestedatithe Holocene Epoch
has come to an endrad moved into the Anthropocene Ea (Crutzen, 2002; Steffen et al.,
2011). While there is currently noformal consensus amongst scientists fowhen the

Anthropocene began, there is little doubt that recent global environmental changes
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suggest the onset of aew human-dominated geological @och (Lewis and Maslin, 2015)
Anthropogenic forces are having an increasingly largecale impact on the earth, such as
impacting biogeochemical or element cycles (carbon, nitrogen, phosphorus and sulphur);
altering the terrestrial water cycle; and possibly contributing to a major species
extinction event (Steffen et al., 2011; Westley et al., 2011)

Worldwide, ecosystem structures have changed more drastically in the second half of the
20th century than any other time recorded in human history and today, human actions
EAOA 1 AEZO0 A OECTIEZEAAT O A1 OPOETO 11T AliTOAoC
Ecosystem Asessment, 2005)A pressing 2Ft century challenge is to ensure that there
will be adequate and reliable ecosystem services available to meet the needs of the
rapidly expanding population across the globe(Millennium Ecosystem Assessment,
2005), having jumpedfrom 1.6 billion people in 1900 to over 7 billion in 2011. Meeting
global food security demands hasiready resulted in problems such as land degradation
and natural resource exploitation, for example the largescale conversion of natural
ecosystems to copland and intensification of fishing practices(Hutchings and Myers,
1994; Biggs et al., 2012)Extensive anthropogenic alteratiors to ecosystems have
potential impacts of large, nonlinear and irreversible changes, which in turn will harm

the environment and people alikg(Collie et al., 2004; Biggs et al., 2015)

This thesis emphasises the importance of uilding understanding around how
environments are changing from both ecological and social perspectivasterrestrial and
marine systems Some ley environmental challengesassociated with the Anthropocene
include climate variability, ecological regime shifts and changes in langse z which are

examined in detail at the local scale of the southern Cape and Agulhas B&mkthis thesis.

2.1.1. Climate variability and change

Variability and change within climate systems, from local to global scales, is arguably one

of the most pressing environmental issues today. While climate variability and change

have formed an integral part of natural systems and their ability to adapt tlwmughout the
AAOOEGO EEOOT Ouh AT OEOT i CATEA ET &£ OAT AAO E,

(Salinger, 2005) Major anthropogenic influences on climate are associated with
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greenhouse gas emissions such as carbon dioxiageethane and nitrous oxide(Salinger,
2005; IPCC, 2014)Since the prendustrial era, greenhouse gas emissions have increased
and today are at the highest levels in history. As the contributing result of anthpogenic
disruptions, inputs and drivers, warming of the climate system has become a clear trend
on a global scale and observed changes since the 1950s are unparalleled to previous
decades or millennia(IPCC, 2014) To date on this global scale, warming has occurred in
the atmosphere and ocean; snow and ice cover have decreased globally; sea levels have
risen and global land precipitation has increaseq to highlight some majorchallenges

related to climate variability associated with anthropogenic influenceglPCC, 2014)

Over the next century, climate change is projected to directly and indirdg affect all
aspects of ecosystem service provision, which may negatively affect human weding
(Millennium Ecosystem Assessment, 2005)Some impacts already reflected in both
terrestrial and marine ecosystems as the result of anthropogenic climate variability
include changes inspecies distributions, population sizes, timing of reproduction and
migration events, as well as more frequent pest and disease outbreakislillennium
Ecosystem Assessment, 2005; Cheung et al., 2009; Bellard et al., 20Bg)the end othe
century, changes in climateand its consequences may be the dominant driver of marine
and terrestrial biodiversity loss across the world (Millennium Ecosystem Assessment,
2005; Cheung et al., 2009; Bellard et al., 2012)

Increased population pressures from rapidly expanding societies over the last century
have also highlighted the impacts of extreme weather and climate events, due to the large
loss of human life and massive economic costs associated with th€Basterling et al.,
2000). Since the 1950s, changes in extreme whar and climate events have been
observed, particularly those associated with anthropogenic influence¢$lPCC, 2014)
Decreased cold temperature extremes, increased warm temgure extremes, increased
heavy precipitation events, and an increase in unusually high sea levels have been
observed in several systems, and will continue to evolve out of the presently changing
climate (IPCC, 2014) Climate and weather extremes are expected to increase, likely

compromising the functionality of human and ecological systemalinger, 2005)
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2.1.2. Ecological regime shifts

Ecological regime shifts characterise large, sudden changes in ecosystems that last for an
extensive period of time(deYoung et al., 2004; Biggs et al., 20Q9Regime shifts involve
the alteration of internal dynamics and feedbacks of an ecosystem, resulting in the
systems to shift to adifferent state that cannot necessarily be reversed, even when the
driver is reduced or removed(Collie et al., 2004; Biggs et al., 2009%enerally, regime
shifts are considered as undesirable as they can negatively impact human weding and
may be extremely costly or impossible to reverse. Rising human impacts on the
environment are increasing the likelihoal of ecological regime shifts from local to global
levels and can occur in diverse ecological systengsfrom oceans, freshwaters, forests,

woodlands, drylands, rangelands and agrecosystemgBiggs et al., 2009)

Examples where ecological regime shifts are prevalent can be drawn from marine
systems. Marine environments are systems in serious decline, largely the result of over
exploitation, pollution and climate change impactg¢Jackson et al., 2001; Srinivasan et al.,

2010; Poloczanska et al.,, 201® &1 O A GAiI pi Ah OEA Ai 11 APOA T £
Newfoundland and Labrador coast in 1992, where oveexploitation of this species was

a major contributor to the commercial extinction of northern cod Gadus morhua
(Hutchings and Myers, 19948 4 EEO AT 11 APOA 1T &£ #AT AAAGO AT A
livelihoods of 35 000 fishers and fishplant workers, resulting in the decline of 200

million dollars per annum inrevenue from cod landings, which in turn negatively affected

the local economy and societyOmmer, 2007). This collapse was also persistent, as the

fishery showed little sign of recovery despite a moratorium placed on the Canadian cod

fishery for over 15 years(Schrank and Roy, 2013)

In many marine locations, ecosystem regime shifts have been the consequence of a
complex interplay between environmental and anthropogenic drivers. For example,
spatial and temporal changes have been documented in the southern Benguela marine
ecosystems oer the last 40 years(Hutchings et al., 2012; Blamey et gl 2015). In the
southern Benguela upwelling system, which supports economically important
commercial fishery activities for South Africa, a number of commerciallgxploited fish

species have undergone distributional shift¢for example Blamey et al., 2012)Two major
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ecosystem regime shifts in the southern Benguela were identified/ftHoward et al. (2007)

Z the first was mainly attributed to overfishing activities with some environmental
influence that occurred in the late 1950s. The second regime shift occurred from the
1990s to 2000s andfound to be primarily the result of environmental shifts (Howard et
al., 2007), but aggravated by fishing activitiegCoetzee et al., 2008; Blamey et al., 2012)
The implications of commercially important marine species shifting in this system are
significant as it has social, economic and ecological ramifications for South African
fisheries and other sectors, including livelihoods, which directly or indirectly rely on

these praductive ecosystem servicegJarre et al., 2015; Watermeyer et al., 2016)

2.1.3. Changing land-use patterns

Land-use activities associated with human use, from converting natural landscapes to
changing management practices, have drastically changed the fac&dE A xT O A6 O DPEL
landscape. Intensifying land use practices ranging from deforestation, farmland
expansion to urban sprawl usually have the same outcongethe use of natural resources

to meet human demands which results in environmental degradatio(oley et al., 2005)
Environmental impacts of land use acrosghe world have been linked to shifts in
atmospheric composition and the extensive alteration of ecosystems. Changes in the

global carbon cycle have been partly attributed to human activities, for example land use
practices have contributed to 35 percent b anthropogenic carbon dioxide emissions

since 1850 (Foley et al.,, 2005) Biodiversity has also been extensively affected by
anthropogenic land use through the loss of species; modification and fragmentation of
habitats; and degradation and ovesexploitation of natural resources(Foley et al., 2005)

As such, degraded AT A AAT AA A A &f# ladd Avhioh GesulisGrEnd theO O A O A
persistent decline or loss inbiodiversity and ecosystem funtions and services that

cannotfully recover unaided within decadal timescaled j ) 0" %3 h c¢mpwd pwds

Desertification and land degradation are concerns that dominate rural communities
reliant on agricultural activities and natural resource use; however, issues linked to land
degradation such as food security, poverty and urban migration have a wide impaah
social systemsz affecting both rural and urban areas(Hoffman and Ashwell, 2001)

Globally, croplands and pastures combined have become one of the largest terrestrial
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biomes in an effort of modern agriculture to increase food productioiiFoley et al., 2005)

Agricultural land use occupies approximately 40 percentoftheworld © 1 AT A OOOA&AAA
changing land use practices have resulted in the doubling of global grain harvests over

the last four decades, largely due to Green Revolution technologies and (to a lesser

extent) an increase in cropland aregFoley et al., 2005; Foley et al., 2011)

Modern agricultural activities are respnsible for large-scale ecosystem degradation as

they disrupt and exploit ecosystem services associated with freshwater resources,

habitat biodiversity, regional climate and air quality, and infectious disease management

(Foley et al., 20058 O) 1T OET OOh 1 1 Ads® pracibeS OayHOdira®i@mO AT 1 £
short-term increases in food production for longterm losses in ecosystem services,

ET Al OAET ¢ 1 AT U OEAO A (FlleyEtialh20a5CoA0)Envirdnmen®iC OE A O
degradation leads to theloss of essential ecosystem services than turn reduce the

resilience of systems to adapt to changing conditiong increasing the likelihood of
unpredictable (and often adverse) ecosystem regime shift§Millennium Ecosystem
Assessment, 2005) Environmental degradation also adversely impacts the capacity of

both social ard ecological systems to buffer against sudden ecological shifts or changes,

which as a consequence;an negatively impact these systems(Hoffman and Ashwell,

2001; Millennium Ecosystem Assessment, 2005)

2.2.Responding to 21st century environmental challenges

Consequently the impact of human activities on the environmenfrom local to global
scalesis drawing considerableattention. Towards the end of the 2@ century, the state
of the environment began to attract international interest as people became increasingly
aware of risks associated with environmental degradation(United Nations, 1992;
Hoffman and Ashwell, 2001) Concepts such asustainability, defined as the use of
environment and resources to meet the needs of the present without compromising the
ability of future generations to meettheir needs(The World Commission on Environment
and Development, 1987) gained tractionin the late 1980s andsustainable development
gained momentum in the 1990s that resultedin a shift in development thinking and

research(Chambers and Conway, 1991; Scoones, 1998; Solesbury, 2003)
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In the 2000s, assessments such as the Millennium Ecosystem Assessment were carried
out by experts across the globe to evaluate ecosystem services and change within the
context of human weltbeing (Millennium Ecosystem Assessment, 2003, 2005)Global
climate change, loss of biodiversity and desertification were identified as three
environmental problems with global significance in terrestrial systems which are
interlinked and are perpetuated by anthropogenic activities with vast implications for
social systems from food production to human health(Millennium Ecosystem
Assessment, 2005) Similarly in ocean envionments, international attention has been
drawn to destructive fishing activities that have negative social and environmental
ramifications from local to global scalegPinsky et al., 2011) The collapse of largescale,
lucrative fisheries from the 1940s into the 1990s indicatedthat universal management
practices were unsustainable regarding marine food productior(Hauge et al., 2009)
Stock collapse due to exploitative fishing practicesii OEA x1 O1 A6 O 1 AAAT ¢
compounded by policy changes, pollution, habitat destruction, invasive species, climate
change and highly variable ewironmental factors, which can lead to widespread
consequences as seafood is the most traded food commodifipbally (Hauge et al., 2009;
Gephart et al., 2017)

With the onset of the Anthropocene, the role and responsibility of society as a driving
force of change within the biospherehas been widelyrecognised (Steffen et al., 2007,
Ruddiman et al., 2015)which has sparked the need for new forms of engagement and
responses to build towards sustainability(Preiser et al., 2017)n light of the pressing 2t

century challenges discussed above

2.2.1. Different academic discourses

Current academic discourses use different framings when examining the Anthropocene,
thus influencing how sustainable humarenvironment interactions are understood,
interpreted and acted upon(Preiser et al., 2017) As examined byPreiser et al. (2017)
four mainstreamontological imageries that define current academic perspectives around
the Anthropoceneinclude eco-modernism, biosphere stewardship, sustainable pathways

and critical posthumanism, as detailed in Table 4.

21



Table 21. Different academic perspectives used for framing humagnvironment responses to

the Anthropocene(from Preiser et al., 2017)

Perspective Underlying worldview and Primary Response to Strategies for achieving Examples References
problem framing Anthropocene challenges  sustainability and a ‘Good
Anthropocene’
Eco-modernism/  Enlightenment ideals of Technological innovation Humans should use their Agricultural Shellenberger and Nordhaus
post- progress and instrumental needs to address and growing social, economic, intensification, (2015), Asafu-Adjaye et al.
environmentalism rationality. account for environmental and technological powers to Desalinisation, (2015), Ellis (2011)
sustainability. manage the Earth System, Nuclear power,
including the climate. Decoupling strategies
Biosphere Humans are intertwined with  Biosphere stewardship & Maintaining resilient social- Earth system Folke et al. (2011), Folke
stewardship and dependent on the reconnecting people to ecological systems to sustain governance, et al. (2016), Biermann et al.
functioning of the Earth System. nature. human wellbeing. Sustainable (2009), Brondizio et al.

Development Goals,  (2016), Galaz et al. (2012),
Ecosystem Goods and Rockstrom et al. (2009),

Services, Natural Steffen et al. (2015)
Capital Accounting
Sustainability The current world reinforces Opening up spaces for Reducing inequality and Participatory Leach et al. (2012), Stirling
pathways unequal access to natural multiple perspectives to be domination of powerful deliberation and (2015)
resources and marginalises the engaged. perspectives. Allowing space contestation, Political
poorest. for diverse realizations of Ecology, Social
human wellbeing. Movements
Critical post- Nature, culture, subjects, and Agency is not just located Enable generative capacities Actor-Network Braidotti (2006), Harraway
humanism objects do not exist in human activity but constituted through theory, Non-human (2016), Latour (2014),
independently but arise comes about through processes of agency, Relational Lorimer (2012)
through their relationships with multiple collective interconnectedness that cut  ethics
other entities. Agency emerges alliances or collaborative across the agency of all
through webs of relations in socio-material species, other entities, space
which human exceptionalism is assemblages. and time.
denied.

These different perspectives propose contrasting ways of understanding and achieving
sustainability within the context of present environmental and sociallyrelated
challenges of the 2% century. The ecomodernism outlook examines sustainability
through the dimension of human development, wherenodernisation and technological
innovation is viewed as primary means to achieve social and environmental stability
within the new geological epoch governed by humaxirected opportunity (Ellis, 2011).

In contrast, the biosphere seward perspective argues thatpeople and the natural
environment cannot be treated as sepaite entities and calls®€l O E O AT EQU O1 O«
Ol OEA Aferiexampeiakk and Gunderson, 2012)where sustainability canbe
achieved through adaptive governance strategies that place humans within the biosphere
(Folke et al., 2016) The sustainable pathways approach moves away from technological
or top-down governanceinnovations and instead advocates multiple pathways thadraw

on diverse (and often marginalised) perspectives within the realm of human agency to
achieve sustainability (Leach et al., 2012) The critical posthumanism paradigm
proposes that sustainability under the Anthropocene is the responsibility of both human

and non-human entities in order to allow all forms to flourish on Earth(Haraway, 2016).

Within these broad academic discourses$reiser et al. (2017)propose that a plurality of

framings should exist within the Anthropocene to respond to challenges from a diverse
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range of disciplines and perspectives that can broaden understanding, leading to the
bl OOEAEI EOU 1T &£ AAOGAITTPETI ¢ OiTOA 1 OAT AAAR
(Preiser et al., 2017: 86)While recognising that choosing one academic perspective can
be limiting in terms of how sustanability can be interpreted, this thesis primarily
borrows from the planetary (or biosphere) stewardship discourse that focuses on how
ecologial and social systems interac along with the complexities, uncertainties and
multi-scale dynamics imerent to these complex systemg as this framing is best suited
for examining local systems across terrestrial and marine perspectives in the southern
Cape.Natural systems and social systems are viewed as complex systems, with many
present day environmental and reource problems involving complex interactions
between natural and social systemg¢Berkes et al., 2003) Complexity within nonlinear
and unpredictable systems has created challenges for traditional, compartmentalised
disciplinary approaches and so complex systems thinking is used to bridge social and
biophysical sciences in order to gain a more holistic piure of these challenge¢Burns

and Weaver, 2008; Jarre et al., 2013; Rogers et al., 2013)

Additionally, this thesis biings together diverseknowledge systems to better understand
uncertainties within complex sociatecological systems as a way to build towards a
deeper understanding of different experiences, perspectives and responses heldlbgal
natural resources users (i.e. farmers and fishersp global 21st century challenges, such
as climate variability. As proposed by Leach et al. (2013) responses to challenge
presented in the Anthropocene requiranterdisciplinary approaches that are inclusive of
both social ard natural sciences which should be further augmented by multiple forms

of knowledge.

2.2.2. Interpreting s ustainabili ty

To better understand how possible largescale changes such as climate variability, regime
shifts and landuse changes play out in a local area, such as the southern Cape and the
Agulhas Bank, this thesis examines ecological and social systems in tandgethrough a
socialecological perspective Many serious and recurrent problems relating to natural
resource use and environmental management practices can be attributed to the lack of

recognition that ecosystems and social systems are complexly link¢Holke et al., 2010;
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2011). The planetary stewardship discourserecognises socialecological systems as
dynamic and connected from local to global scales, forming part of complex webs of
interactions which experience both gradual and sudden changgBolke et al., 2011; Folke
and Gunderson, 2012)To maintain the capacity of ecological systems to suppqrfor
example, social and economic systems requires understanding the feedbacks and
dynamics of interrelations between ecological systems and siat systems(Berkes et al.,
2003), assustainability of interlinked social andecological systems can be dependent on
feedback loops between the different componentsTherefore, sistainability can be
viewed as a dynamic processhat requires people to continuously adapt in order for

societies to deal with change, rather than merely an end produ{Berkes et al., 2003)

2.3. A social-ecological systems perspective

O0)1T OEA cCcii1TAAI EUAA x1 O1I Ah OEAQ@Aopdopldwhbdo AAT OU
not depend on ecosystem functioning. They are inextricably intertwined in a new play of
interdependent sociatA AT 1 T C E A AFolkedaddBdAdérsdn, 2012: 55)

Socialecological systems encompass both biophysical argbcial components, where

these components interact with diverse internal problems and external disturbances,

thus changing over time according to multiscale feedbackg¢Janssen et al., 2007; Biggs et

al., 2015) Biggs et al. (2015: 8Xescribe socialAAT 1 T CEAAT OUOOAI O AO O
in themselves that occur at the nterface between social and ecological systems,
characterized by strong interactions and feedbacks between social and ecological system

AT i i1 AT OO0 OEAO AAOAOI Eak Must@teddin FAighrd Z1ASbdial AUT Al
systems can comprise of economic systems, organisations, institutional and physical
infrastructure, as well as knowledge and perceptions around the environment and

resource use(for example Berkes et al., 2003; Janssen et al., 200Aktitutions refer to

the set of norms and rules that people use to organise activitie@strom, 1990).

Ecological systems, or ecosystem@ansley, 1935) are selfregulating communities of

organisms that interact with each other and their surrounding environment In the
Anthropocene, ecosystem services are influenced and generated by soetalological

systems(Folke et al., 2011)
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SOCIAL-ECOLOGICAL SYSTEM

Social-ecological
feedbacks

Ecological

Social
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Figure 21: Socialecological systems are viewed as intertwined, complex systems that are linked
through feedbad loops between social and ecological componen{adapted from Biggs et al.,
2015)

2.3.1. Ecosystem services

Ecosystem services are described as benefits provided by ecosystems such as
provisioning services (food, water, timber), supporting services (soil formation,
pollination, nutrient cycling), regulating services (climate, floods, disease) and cultural
services (recreation, aesthetics, spitual) z refer to Box 2.1 for expanded definitions
(Millennium Ecosystem Assessment, 2003)Steffen et al. (2011)proposed that this
classification of ecosystem services be expanded to take geophysical goods and services

ET O AAAT O1 Oh OF OEAO EO i Au AA A@OAT AAA Ol
CiTAO AT A OAOOEAAOGS
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Box 2.1: Ecosystem Definitiongfrom Millennium Ecosystem Assessment, 2003)

Ecosystem z a dynamic complex of plant, animal and microorganism communities and th
non-living environment that interact as a functional unit. People also form an imptant part
of ecosystems and are fully dependent on these systems. Ecosystem sizes can vary from |

scale (e.g. ocean basin) to small scale (e.g. small pond in a tree hollow).

Ecosystem services z benefits people obtain from ecosystems. These benefits include

provisioning services, supporting services, regulating services and cultural services.

(Human) well -being z includes having access to basic mated for a good life, freedom of
choice, heath, good social relations and security. The components of wedeing experienced
and perceived by people are situatiordependent and reflected in local geography, culture an|

ecological circumstances.

Earth System goods and servicetherefore include materials derived from geological
resources (fossil fuels, phosphorus, metals) regulated by market prices under
provisioning services. Supporting services would include geophysical processes such as
gaining fertile soil through glacial ation, obtaining nutrients from upwelling branches of
ocean circulation and storing fresh water in (for example) Himalayan glaciers. Regulating
services would extend its definition of carbon uptake and storage by ecosystems to
include the dissolution of amospheric carbon dioxide into the ocean; as well as to take
account of chemical reactions in the stratosphere that form ozone and the role polar ice
sheets play in regulating temperature(Steffen et al., 2011) The concept of social
ecological systems can assist when dealing with sustainability challenges that arise from
the complex interaction of people and the environment at local, regional and, more

recently, global scalegSteffen et al., 2011)

Human activities have now reached a point where they can be considered as an
interacting component of the Earth System, and globalcale social and economic
processes ae as important to take into consideration in the functioning of this planetary
system, as atmospheric and oceanic. The concept of Earth System goods and services is
useful in that it can provide a holistic overview of ecosystem services, as people tend to

focus on changes that occur on the land or in the atmosphere, and sometimes overlook
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the role of the ocean(Steffen et al., 2011) An unfortunate example is tlie fundamental
role ocean circulation plays in forming the global distribution patterns of heat and
moisture, which in turn influence the patterns of water availability for human societies
(Steffen et al., 2011)

2.3.2. Taking scale into consideration

In both ecological and human studies, scale is an important componegithus the concept
of ecosystem services is strongly linked to scale due to its combinedcgal and ecological
elements (Scholes et al.,, 2013) Socialecological systems usually involve groups of
resource users that are interlinked to each otheras well ago numerous resources that
occur across multiple scales, and thereforare influenced by spatial and temporal
changes within these complex systemglanssen et al., 2007)Scale can refer to extent,
duration, resolution, grain and higarchical levelthat encompass the physical dimensions

of time and spacgScholes et al., 2013)

Ecosystem services can be used, supplied, managed and valued at different spatial and
temporal scalesz for example, ecosystem service benefits such as climate regulation are
produced locally on an annual basis, but are valued over longer periods of time at a global
level. Social and ecological structures that determine or influence delivery, usage or value
of ecosystem services also function at different scalggor example, food supply reles on
multiple scales from local pollination processes to regional water supply to global market
trends. Ecosystem services are the result of intricate and complex socedological
systems, dependent on the interaction and feedback loops from numerousmponents
that function at multiple scalesz for example, national or even global policy decisions that
change food prices can lead to farmers altering land use practices locally, which in turn

impact the functioning of ecosystem servicegScholes et al., 2013)

So why is considering scale importantPerry and Ommer (2003)stress that there is an
inadequate understanding of highly complex links between social and environmental
restructuring and highlight how scale mismatches aggravated, for example, the
ramifications of the Newfoundland cod stock collapse in Canad®@mmer, 2007). Scale

effects are viewed as adgundation of complexity sciencez the study of how interactions
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between well-studied system components can result in unexpected outcomes when
working within systems. Particularly in sociatecological systems, many findings are
scalesensitive where answersobtained depend on the spatial and temporal scale at
which the research was conducted. As far as complex systems are concerned, a single
scale study is unlikely to give a complete understanding of the studyfor example, what
appears to be sudden and ungected variability at one scale, may manifest as a stable

and predictable pattern at another scalg¢Scholes et al., 2013)

Examining how a system changes over time at a particular scale usually requires an

O1 AAOOOAT AET C T £ OEA OUOOAI 80 ET OAOeshridT AAODE(
how these interact (Scholeset al., 2013) Drawing on case studies from four different

marine socialecological systemsPerry et al. (2011)illustrated how scale can influence
responses within marine socialecological systems to combined impacts of
environmental and global socieeconomic stressors. Responses that occurred on i

time scales and allowed the system to survive relatively unchanged through the stress

x AOA AT 1T OEAA OAvherd\ the s@sfein Bafin€ddto previous conditions.
However, stressors that occurred on longer time scales usually required mopermanent
adjustments calledDAAADOEOAS OAODIT 1T Oécblogibabsystemsimoled OET A
into new states or conditions. For example, human communities can cope with depleted

fish stocks by moderating existing behaviours to accommodate reduced catches, whesea
adaptation involves greater change when stocks collapse such as political intervention

and/or community closure (Perry et al., 2011)

Through a socialecological framing, dfferent responses to changes ithese systemscan
be described using a range of conceptshat detail features of complex systems When
considering ecosystem servicesand human weltbeing that are influenced across
multiple scales,socialecological systemscan be investigated through concepts such as

vulnerability, resilience and adaptive capacity.
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2.4. Vulnerability, resilience and adaptive capacity

The terms vulnerability, resilience and adaptive capacity are applicable to both
biophysical and social domaingGallopin, 2006) Previously, stulies concerning these
terms had focused on either ecological systems or social systems; however, there has
been a move towards holistic conceptualisations and models of sociatological systems
(Young et al., 2006)Concepts around these terms have focused dhe behaviour and
evolution of sociatecological systems in the context of threats or hazards posdny
multiple levels of disturbances or stressors(Young et al., 2006) In light of global
environmental challenges linked to anthropogenic stressorsvulnerability, resilience and
adaptation have gained important status in the study of the human dimensions of global
environmental change(Folke, 2006; Jansseand Ostrom, 2006; Folke et al., 2011; Biggs
et al., 2012)

2.4.1. Unpacking core definitions

Vulnerability originated from fields concerned with natural hazards and poverty(for
example White and Haas, 1975; Chambers989). Vulnerability is traditionally defined

AO OOEA OOAOGA 1T &£ OOOAADPOEAEI EOU O EAOI
AT Geoi 11 AT 6A1 AT A OI AEAT AEAT CA AT (AdgeeOi i
2006: 268). From the 1990s,the focus of vulnerability studies shiftedto environmental
change, particularly climate change (Bohle et al., 1994; Adger, 1999) The
Intergovernmental Panel on Climate Chang@PPC)examined vulnerability in relation to

how suseptible a systemis to cope with (or unable to cope with)the effects of climate
change, including climate variability and extremegIPCC, 2007)Newer viewsretain the

multi -dimensionality but depict vulnerability as more comprehensive and integrated,
conceptualised as a function of interactions between exposure, sensitivity and adaptive
capacity (Bennett et al., 2014; Cinner et al., 2018Exposure refers to the presence ah
intensity of stressors felt by a system; sensitivity is defined as the extent a system is
affected through exposure to stressors; and adaptive capacity is the ability of a system to
respond to stressors through learning, developinggnowledge bases, manaing risks and

creating new strategies(Marshall et al., 2009)
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Resilience emerged initially as aperspective used by ecologists in their analysis of

population ecology in plants, animals and the management dfuman activities in
ecosystems(Holling, 1961; Rosenzweig, 1971; May, 1977Before the 1980s, resilience

was seen as a concept tdddOA O ET A OEA OtAshigs wihid ddyshehn arid/E OAT A
[as] a measure of the ability of these systems to absorb changes of state variables, driving
OAOEAAIT AGh AT A B AOAMHANIGAIOTNL7)Slubsequer@Erésiiend@ A OOE OC
morphed into a new use inthe analysis of humarenvironment interactions and

redefined as the capacity of a sociacological system to maintain desired ecosystem

services in the face of disturbance and chang®erkes et al., 2003; Smit and Wandel,

2006). Resilience thus was viewed as a means to enhance the likelihood of sustainable
development within the context of environments characterised by chage and

uncertainty (Walker et al., 2004; Adger et al., 2005)

Adaptation originated from natural sciencesspecifically evolutionary biology (Darwin,

1859), that referred to the development of genetic or behavioural characteristics that

allow organisms or systems to adjust under environmental changegfor example
Winterhalder, 1980). Since the early 1990s, adaptation to environmental variability has

been a focus of anthropological studies and subsequently became popular in thedstwof

the consequences of humamduced climate changdfor example Easterling, 1996; Tol et

al., 1998; Smit et al., 1999)n the context of socialAAT I T CEAAT ADPBPOT AAEAON
generally perceived to include an adjushent in sociatecological systems in response to
AAOOAT h PAOAAEOGAAR T O AgbAAOAA AQatsEedbrdi AT OAI
Ostrom, 2006: 237) Within the context of the current global change field, @aptation is

not limited to changes in thenatural environment, but can also include responses to

political, economic and social changes (and their subsequent impacts) within social

ecological systems.

Until about a decade agoijterature around vulnerability and adaptation tended to focus
more on the canparative analysis of case studie§Watts and Bohle, 1993; Bohle et al.,
1994; Easterling, 1996; Adger, 1999whereas resilience literature has a strondnistory
of theoretical and mathemati@l models stemming from ecological studie@Holling, 1973;
Scheffer et al., 2001; Folke et al., 2004More recently, winerability, resilience and

adaptation are widely applied in the sphere of global change scienceotably in climate
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change fields(IPCC, 2007) where gplications vary according to field of study and scale.
While resilience has its roots in ecosystem processes, social sciences have also played an
important role in influencing this perspective (for example Scoones, 1999; Abel and
Stepp, 2003) and contributing towards integration of this concept within sociat
ecological systems(Folke, 2006). This thesis analysessocialecological systems at the
local scale (i.e. southern Cape and Agulhas Bank) in relation to the concept of liresce
when examining environmental change, specificallyclimate variability, in context with

local perceptions and responses of farmers and fishete change

2.4.2. Focusing on resilience as a concept

Resilience as a concept can be useful for analysing adaptive change towards sustainability

as it offers insight on how to maintain stability or manage changez specifically

unexpected changgBerkes et al., 2003; Biggs et al., 2015 resilient socialecological

systemz one that can buffer against or adapt to numerous disturbancegcan result in

ecological, economic and social sustainabilitiBerkes et al., 2003)As proposed byFolke

et al. (2010), resilience thinking should also incorporate concepts of adaptability and
transformability when considering sociatA AT 1 T CEAAT OUOOAT 08 OAODPI 1
thresholds. Adaptability refers to the capacity of actors in a system to influence resilience,

whereas transformability is the capacity to transform a system to create a fundamentally

new system(Folke etal., 2010) The resilience ofthe socialecological systemghat are

the focus ofthis thesis can therefore be defineda® OEA AAPAAEOU O1 AAADPO
the face of change in sociacological systems, particularly unexpected change, in ways
that continue to support human weltA A E (F@ke et al., 2016: 41)

The importance of understanding and managing for resilience is underpinned by the
existence of tipping points and thresholdgFolke et al., 2011) Severalapplications of the
concept of resiliencehave been developed ranging from resilience relating to ecological
knowledge (Berkes et al., 2003)natural disasters(Adger et al., 2005; Cutter et al., 2008)
environmental change(Nelson et al., 2007)cities (Seeliger and Turok, 2013)community
(Frankenberger et al., 2013; United Nations Development Programme, 2014arming
systems(Dixon et al., 2014)and climate change(Moench, 2014) Within the context of

socialecological systems, resilience is about dynamic and complex systems that do not
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necessarily imply that the goal is to return to equilibrium. As a consequence of
complexity, numerous states of attaction and multiple equilibria, it is unrealistic to
assume ecological stability within sociakcological systems, and therefore resilience
cannot be defined as bouncing back to equilibrium as there is no equilibrium to bounce
back to(Berkes et al., 2003)Folke (2006) outline the sequenceof resilience concepts that

move from a narrow interpretation to the broader, socialecological context(Table2.2).

Table 2.2: Resilience concepts sequence from a narrow to broad interpretatiofrom Folke,
2006)

Resilience concepts Characteristics Focus on Context Vicinity
Engineering Return time, Recovery, Vicinity of a stable
resilience efficiency constancy equilibrium
Ecological Buffer capacity, ) . S

. J . pacty Persistence, Multiple equilibria,
resilience withstand shock, o

. . o . robustness stability landscapes
Social resilience maintain function

Interplay disturbance Integrated system

Adaptive capacity,

Social-ecological and reorganization, . feedback, cross
. . transformability, .
resilience sustaining and L . scale dynamic
. learning, innovation . .
developing interactions

Following the evolution of resilience concepts from a narrower interpretation(refer to

engineering resilience and ecological/ecial resilience in Table 2.2); the
conceptualisation ofsocialecologicalresilience recognises that efforts to foster specified

resilience, rather copng with uncertainty in all ways, will not necessarily avoid a regime

shift (Folke et al., 2010)3 PAAE ZEAA OAOEI EAT AA OAEAOG O1 OE
resilience of some particular part of a system, related to a particular control variable, to

one or more identified kinds of shocké | &1 1 EA A O . This 8dens gptpmd ¢
opportunities to re-evaluate the current situation, trigger social mobilisation and

reconnect sources of experience anétnowledge for learning, which could ultimately

spark novelty and innovation, leading to new kinds of adaptability or transformational

AE AT CA8 ca&xbinkimyisl aBoltithresholds and shifts among different pathways of

development and provides a lens for capturing the interplay between gradual and abrupt,
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often surprising changes that now increasingly play out in cascading fashions in a world
whereeVAOUT T A EO ET AOA Qrblkd ebal R010AR)O AAAEUAOAS

The resilience lens has been applied arounithe world in an effort to understand sociat
ecological dynamics(Folke et al., 2016) from developed to developing regiongfor
example Berkes et al., 2003Walker et al., 2006a; Folke et al., 2010)'he resilience
perspective hasalsobeen applied to the outcomes of high impact climate events on rural
livelihoods in Central America (McSweeney ad Coomes, 2011) influences of
environmental and economic change on landse choices among farmers in Latin
America (Eakin and Wehbe, 2009) interactions between society and nature along the
United StatesMexico border (Morehouse et al., 2008) and poverty traps of rural
drylands in sub-Saharan Africa(Gordon and Enfors, 2008)Folke et al. (2011)highlight
the importance of understanding what resilience entails by examining traps and regime
shifts within the context of the Maine lobster fishery in the United States and agricultural

activities within the Goulburn-Broken catchment in the Murray Darling Basin, Australia.

In South Africa specifically, esearch carried out byGammage (2015)in the southern
Cape examining fishers and their responses to stressors drew on a resiliedoased
approach to vulnerability as a theoretical and conceptual frameworkWhen looking at
the marine system in which fishers operate in the southern Cap&ammage (2015)
explore multiple inputs and interactions at various spatial and temporal scales whicban
be examined in parallel, under the framing of resilience, wiih the objectives of this
thesis. When looking at how natural resource users, such as farmers and fishers, are
responding to environmental change within their systems, a resilience lens isseful to
interpret these responses within the context of multiscalar interactions. While work
carried out by Duggan (2012)and Gammage (2015)has examined how southern Cape
fishers perceive andrespondto change in thecontext of multiple stressors of the marine
socialecological system the terrestrial component of this system has not yet been
examined.Using the common thread of resiliencethis thesis builds on previous work
carried out on southern Cape fishing communities and further explores both marine and

terrestrial components of this sociatecological system.
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2.4.3. Examining responses through adaptive capacity

While the concept of resilience provides a suitable framing to examine sociatological
systems for this thesisunderstanding how people respond to environmental changes
complexand a multidimensional approach is required that does not solely focus on one
concept (such as either resilience or vulnerability) but rather an integrated
understanding of responses within sociatecological systemsWhen referring back to
how sustainability is defined in the context of this thesis (see Section 2.2.2), itis a dynamic
process that implies people need to continuously adapt so that social systems can deal
with change to build towards resilient sociatecological systemsFour key compnents of
adaptation,identified by Bryant et al. (2000)and described byBryan et al. (2009) are (1)
characteristics of the stress(2) characteristics of the system(3) multiple scales and(4)
adaptive reonses.Stressors, or stimuli to which systems respond, can include climate
variability, economic drivers, population growth and political policies. System
characteristics influence its response to stressors and can include vulnerability,
resilience and adptive capacity. Stressors and responseshange over multiple scaleg
for example o a spatial scaleadaptation can be classified in terms of being localised to
widespread (Smit and Wandel, 2006) Adaptive responses can be classified as
anticipatory, concurrent or reactive, depending on the temporal scale over which the

actions are carried out(Smit and Wandel, 2006)

Within a resilience framing, the concept of adaptability entails sufficient adaptive
capacity to respond within the social domain, as well as to respond to and shape
ecosystem dynamics in an cognizant mannégFolke, 2006). Under a vulnerability framing
adaptation research focuses on the susceptibility to harrfEakin and Luers, 2006) In the
context of climate variability, adaptation is seen as a way to enhance resilience of
individuals and systems in the face of gbal environmental change(Elum et al., 2017)
While both resilience and vulnerability can be used as concepts for understanding
specific disturbances, focusing on a specifiddisturbance can be limiting whendealing
with uncertainty associated with climate changgWardekker et al, 2010). Additionally,
resiliencealsois not always considered desirablevhen considering economic, ecological
or social termsz where some system regimes may be undesirable to osegmentz which

can in turn hinder change or developmen{Walker et al., 2006b)
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Adaptive capacity, defined as the ability to adapt, is theommon thread that links both
resilience and vulnerability, andis widely accepted as a necessary feature in a system for
simultaneously reducing vulnerability and increasing resilience(Anderies et al., 2004;
Engle, 2011; Dxon et al., 2014) This requires looking at what a system has that enables
it to adapt, and what this systems does in order to adagDixon et al., 2014) The interplay
of gradual and abrupt change needs to be understood in context to variables and
processes that structure ecosystem and socialynamics, in order to understand and
actively manage sources of social and ecological resiliencAdaptive capacity is
understood as a universally positive system propertythat can be shaped or manipulated
by people, where adaptive capacityaffects both ®cial and ecological systemgEngle,
2011). Dixon et al. (2014) highlight the interconnected nature of resilience and
vulnerability through adaptive capacity (see Figure 2.2)o better understand past drivers

of adaptations and how they influence adaptive capacity of the examed system

Context: ere Transform
rontext: . Resilience
social, political, Adaptive
ir?;:g:ui:z:él capacity Transformative:
orocesses & Diversity learning, change.
changes. Institutions Adaptive:
Outcome: Resources erxibiIi‘t.y, Adjust
Sensitivity, Productivity adaptability,
exposure, reorganisation.
impacts, Coping Absorptive:
hazards. capacity regeneration,
recovery, stability.
Cope
Adaptation

Figure 2.2 Resilience and vulnerability concepts conected through adaptive capacity(from

Dixon et al., 2014)

While it is important to understand factors that enhance or diminish adaptive capacity of
social systems(for example Adger and Vincent, 2005)limited attention has been given

to the role of motivation in the process of adaptation(Frank et al., 2011) Within
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processes surrounding human decisioimaking and action, motivation and perceived

abilities are central determinants of human action(Grothmann and Patt, 2005)

Regardless of external pressuresndividuals base their actions on whether they perceive

a need, an ability andmnotivation to act to external pressures such as climate variability

(Frank et al., 2011) Perceptions of riskplay an important role as thisE T £1 OAT AAO DAT |
perceived or actual ability to respond(Grothmann and Pat, 2005). Perceived adaptive

capacity is influenced by the communication of risk, which could result in avoidant
maladaptive responses (like denial of risk) if notomplementedwith adaptation options

that are doable, effective and lv cost (Grothmann and Patt, 2005)

Perceived risk is important to consider as it drives decisions around responses to
environmental changes, which is often influenced by past experience@Viid and

Ziervogel, 2012)4 EA DPAOAADPOETT 1T &£ OEOE AAPAT AO 11 EI
people tend to interpret risks differently, depending on individual circumstances. As

noted by Burgman (2005), people tend to be poor judges of riskand judgements on
importance do not necessarily match the estimated magnitude of risknd are influenced

by the social context. Particularly in climate adaptation, the availability of information

from scientific data sources could influence local adaptation strategies, which is further
complicated as perceptions of climate change may diffefrom broader scientific

understanding (Bryan et al., 2009; Hitayezu et al., 2017)

The requirements for learning and flexibility within social systems confronted with
uncertain explanations of ecosystem changare essentialto build the capacity of social
ecological systems to adapt to and shape changEolke, 2006; Cundill et al., 2014)
Climate change adaptation studies often neglect historical experiences of climate and
other drivers of change;however, this is problematic given that present and futue
vulnerability is determined by how systems were previouslyexposed and reaatd to
stress, or how past experience has inljgations for resilience based orthe assumption
that all systems can learn from previous exposures to stresfixon et al., 2014)
Perception of and response to climate charmgis largely the result of experience and
accumulated knowledge (Wiid and Ziervogel, 2012) Evaluating perception of and
response to climate change includes exploring what these perceptions are, how they were

formed and how they influence response. These perceptions around climate change and
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its potential threats are rooted in individual valuestrust of public opinions and personal
experience Within the field of climate change adaptation, local climatknowledge within

the context of adaptation has the potential to positively impact choices and livelihood
outcomes when dealing with weather uncetainty (for example Nyong et al., 2007; King
et al.,, 2008; Wiid and Ziervogel, 202). However, some studies indicate that clnate
trends are not necessarily in line with individual perceptions of how climate is changing
(for example Osbahr et al., 2011; Muller and Shackleton, 2014; Hitayezu et al., 2017)
Consequently,how people perceive global changes like climate change and how they

respond is not a straightforward reldionship.

Therefore, it is essential to understand why and how farmers and fishers respond to
environmental challenges associated with climate variability. Understandinfactors that
drive decisions around land use practicesor fishing methods is important to
contextualise in order to understand how farmersor fishers operate in relation to
environmental change. It is critically important not to view socialecological systems in
isolation, but rather adknowledge the complexities and risksacross multiple facets into
gain a more holistic picture.Hence this thesis examines responses of farming and fishing
communities in the southern Cape in relatiorto climate variability to better understand
decision makingprocesses and associatedomplexities within these socialecological

systems

2.5. Responding to uncertainty: Connecting knowledge systems

0! 0 xA ETi1xh OEAOA AOA ETIT x1T ETI x1 08 4EAOA A<
know there are known unknowns. That is to say, we know there are someitlys we do

TTO0 ETix8 "0O0O0 OEAOA AOA AT O OTETT xT OTETT xT1 ¢
ETT x86
Donald Rumsfeld, Former U.S. Secretary of Defer{2@02)

From examining how local terrestrial and marine sociakcological systems overlap in the
southern Cape, to looking at responses of farmers and fishers within the context of
climate variability, different elements ofknowledge systemsare drawn together in an

effort to address gaps in understanding. However, a®omplexity is embedded in social
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ecologicd systems, which in turn presents uncertainties when examining global
environmental changes at localised scaledjfferent systems have numerouf reactions
to multiple stressors that play out over varying temporal and spatial scales the current
context of the Anthropocene and associated complex global environmental challenges,
there is a need to develop innovative paths to connect diverdmowledge systems to
better understand sustainability in the context of sociakecological systemgNeis and Felt,
2000; Lutz and Neis, 2008; Tengo et al., 2014; Sterling et al., 201Many types of
knowledge and their systems, ranging from local placéased values to external research
or policy information, are important contributors towards understanding and managing
systems in a sustainable manng(Sterling et al., 2017) Sterling et al. (2017)suggest three
states in which different knowledge systems from external to local scales can occur,
namely as separate systems (Figure 2&3; as disconnected systems (Figur2.3b); and as
synthesized, multrtknowledge systems (Figure 23c).

a Generalized ex situ Culturally grounded in situ
knowledge production knowledge production

>

& log,
% Z
S 2
&/ / —
3

“ . Diverse in situ knowledge sources

Knowledge disconnect

Figure 2.3 Internal and externalknowledge production and synthesis in the form of three states:
separate (a); disconnected (b); ad synthesized (c)(from Sterling et al., 2017)
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How information is turned into knowledge and subsequetly into wisdom, as well as how
to moveknowledgeand wisdom to people who urgently need it, present some of the most
pressing issues of our timgLutz and Neis,2008). Non-scientific information can be one
of the richest, undervalued sources of information that offers immense potentiatio
improving understanding within social-ecological contexts(Mackinson and Nottestad,
1998; Neis and Felt, 2000)As illustrated in Figure 2.%, the ability to synthesize across
locally grounded and generalisedknowledge from multiple sources can strengthen
socialecological resilience and foster human adaptive capacitterling et al., 2017) The
complex interconnectedness of people an#&nowledge production within natural and
social paradigms has led to the realisation that we do not know enough about interactions
between social and environmental chang@_utz and Neis, 2008) As such, it is necessary
to develop new tools and approaches for combining and relating multiple data, both

guantitative and qualitative (Tengo et al., 2014)

2.5.1. Examining diverse knowledge systems

Knowledge can bebuilt on information that is obtained through observations or factsz
which is considered more than just information as knowledge is generated through a
complex system of learning and understanding with multiple facetsef experiences, skills
and techniques that are accumulated and remembergtlutz and Neis, 2008)Knowledge

is embodiedthrough perceptions, observations, actions, analyses, conceptual constructs,
attitudes and world views; where these components are commicated, acqured and
developed Therefore, knowledge is built on ideas that are embedded in social
institutions, structures and cultures, which are subject to perceptions, misperceptions

and limitations of a specific society in a prescribed time perio@Lutz and Neis, 2008)

Within this thesis, elements oknowledge systems considered and examinedomefrom
natural and socialsciences, as well asocal knowledge basestherefore borrowing a more
interdisciplinary approach. As noted byLutz and Neis (2008) interdisciplinary work
expands inputs to understandingand enhances the complexity of that understanding,
thus generating an enrichedcknowledge of the examined subjectit is, however, important
to acknowledgethe potential gaps in understanding and uncertainty withinand between

knowledge systems.Therefore, drawing on parallelknowledge systems to create a fuller
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understanding of a particular issue can help address mismatches of information and

create innovative pathways towards sustainability(Tengo et al., 2014)

From an academicknowledge perspective, scienceAAT AA AAZET AA AO
knowledge ET AOAAOGET ci U AANOEOAA E1T OEA Ail1 OA@O
(Lutz and Neis, 2008: 22) This branch of knowledge can be either applied (i.e.
understanding acquired through data analysis applied to real wod situations that are
reassessed on an ongoing basis) or theoreticald. identifying patterns in observed data,
postulating likely explanations and liilding up a fact base on proven theory)There is

science that focuses osocial and culturalsociety (social sciencg, as well as science that

looks at physical nature (natural science),both aiming at rational analysis where the
methodologies of science further theiraims. 3 AEAT AA EO OI T CI EFCh Al
facetedd AT A O médiatedwitidnAthe context of highly dynamic, increasingly
complex and interconnected human societies; as well aonducted in the context of

highly variable and rapid environmental change(Lutz and Neis, 2008)

A stream of knowledge that differs from such scientific knowledge is held by long
resident communitieson their local environments(Lutz and Neis, 2008) There are many
forms of diverse localknowledge systems associated with natural or ecological systems,
with an array of terms and approaches ranging from Traditional Ecologicénowledge,
Indigenous Knowledge, Rural 0 A1 D IKAo®lédge, Farmer Knowledge and Folk
Knowledge(Brook and McLachlan, 2008)For the purpose of this thesis|ocal knowledge
systems concerned with natural resource uséhat are more closely associated with local
ecologicalknowledgeh A A AEknolviddgeth@ld b9 a specific group of people about
OEAEO 11 AAIiOIsfoA &n® Eothe) A0010 &7)vere specifically examined Local
ecologicalknowledge can include a mix of scientific and practicaknowledge, is locale
specific andcan involve a beliefcomponent. However, local belief components were not
examined in this thesis and hence the examinekhowledge systems are referred to as
Ol 1 Khdwiedgedand deal more with locale specific, mixed scientific and practical

knowledge around natural resource use.
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Pertinent characteristics of local knowledge include the constant evolution of this
knowledge base through generations of local experimentation (usually passed along
through social memory); it is used in everyday situationgn response to local challenges;
and is seldom formally documented(Fabricius et al., 2006) Local knowledge systems
that evolve through experimentation and adaptation over long periods of time can
provide valuable and prctical knowledge, particularly if there is limited scientifically
documented information related to past patterns of local ecosystem use or functioning
(for example Haggan et al., 2006)vhich can in turn be used to improvdahe sustainability

of ecosystemuse (Fabricius et al., 2006; Tengo et al., 2014)

2.5.2. Examining multiple knowledge systems

As largescale environmental change is becoming more evident, conventional ecological
research is not necessarily conducted at fast enough pace nor covera large enough
area to fully grasp these complex changes, whereas lokabwledge affiliated with nature
can provide valuable insights for researchers, managers and policymake{Brook and
McLachlan, 2008) For example, developing historical perspective (drawing on local
knowledge) on changes in sociakcological systems can be a useful tool in fisries
management(Haggan et al., 2006)as it can add important historical stock information
to counteract shifting baselines, as well as highlight drivers of past sociatological
change in order to facilitate futureoriented discussion(Lutz and Neis, 2008) Particularly

in the case of fisheries, where scientific data may be patchy or only have short time series
and environmental history may not account for all processes involved in socialcological
change, different sources of information can complement one another in broadening
understanding around complex, multiscalar fisheries and their sociakcological systems
(Lutz and Neis, 2008; Ommer et al., 2012)

Knowledge systems are comprised of agents, practices and institutions that filitate

production, transfer and use oknowledge (Tengo et al., 2014)While knowledge systems
are typically developed synergistically, usuallydrawing on different streams to the
benefit of each other, it is important to aknowledge potential power inequalities and
epistemological differences betweerknowledge systems as highlighted byTengo et al.

(2014). The integration of knowledge systems, such as using scientifiknowledge to
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validate localknowledge, can be problematic if used to validate one method as superior
but can also be empowering if endorsed through a collaborative proces3he co
production of knowledge s participatory in nature and engages all actors from the onset
of the process(for example Duggan, 2018)resulting in mutual validaion of knowledge
generation. However, metimes different bodies ofknowledge are incomparable and
best examined in parallel asspecific strands of knowledge can be conceptualised
differently (for example Verran, 2002) Parallel approaches to assessing diverse
knowledge systems can beuseful as there is aknowledgement that each knowledge
stream adds value within an individual context, however can be equally valuable when

used in parallel to generate an enhanced understanding of a complexity or issue.

Tengo et al. (2014)propose the multiple evidence base (MEB) approach that parallels
different knowledge streams, such as locaindigenous and scientific systemgpo generate
different angles of usefuknowledge that contribute towards an enriched picture(Figure
2.4). Building an enriched picture through examiningcomplementary, contradictory and
synergies of diverse knowledge systems can strengthen learning and improve
understanding of complex sociakcological systems, particularly when responding to
change and novel conditions in order to build up resiliencéTengo et al., 2014)Multiple
knowledge systems are complex and face many matches and mismatches through
different scales, validation methods or even disciplinary approachg®©mmer, 2007). The
MEB approach stresses the importance of bringing diversaowledge sets together in a
equal and transparent manner,O AEpdiential synergies acrossknowledge systems,
processes for validating knowledge need to recognize and respect differences in
theoretical and methodological approaches to understanding the biophysical world as
xAT 1T AO OEA OT A ATengtyet al. 2014:1582)InAhS Eadewbedadifferent
knowledge systems may beéncommensurable examining different framings in parallel
can add a richerunderstanding of complex systems through contrasting perspectives
(Verran, 2002).
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Figure 2.4: Multiple evidence base approach comprised of differenknowledge systems that
result in an enriched picture of a selected problenffrom Tengo et al., 2014)

Tengé et al. (2014: 585)propose that O j xArjning the enriched picture using a MEB
approach can enable triangulation of information acrossknowledge systems and
evaluation of the relevance ofknowledge and information at different scales and in
AE ££A OAT OThdttidngDldtighCodidférmation is necessarywhen investigating
potential mismatches or disagreements betweeknowledge streams, particularly when

trying to address knowledge gaps at different scales or generate new insights to further
improve understanding.
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2.6. Over-arching r esearch approach, design and methods

OWOAOQOUOEET ¢ OET O1 A AA T AAA AO OEIi PI A AO bi OO
Albert Einstein (1933)

Many current environmental issues, such as climate change, cannot be sufficiently
addressed through a single disciplinarperspective but rather require an integrated view

to address systems problems(Nicolson et al., 2002) Bridging perspectives and

disciplines can effectively address systems problems andeal with complex processes

over multiple temporal and spatial scalegNicolson et al., 2002) Therefore, when cealing

with complex sociatecological systemsan integrative approach to researchs required

and thus interdisciplinarity is valuable in that it is a means to solving problems and
answering questions that cannot be sufficiently addressethrough a single method or

approach (Newing, 2011). As noted byPaterson et al. (2010: 782nh Oj EQT OACOAQE
transdisciplinary approaches are required to develop new attitudes, methods and

Oi1 OOET T 66 OF AAAl xEOE ET AOAAOGEIT CI U AiiblA
emulate at multiple scalesThis thesis exanines local socialecological systems through

an interdisciplinary perspective, which is underpinned by an overarching research

approach and design thabridges individual chapters to create an integratedpicture of

local systemsunder climate variability and change

2.6.1. Approach

The over-arching approach for this thesis is associated with pragmatist worldview that

Al AOGOGAOG 11 OOEA AT 1 OANOAT AAOG 1T £ OAOGAAOAER 1
asked rather than the mehods, and on the use of multiple methods of data collection to

ET £ Of OEA bDOI AjClkswdll at PadoClark, QA & ¥§ragmatism is

typically affiliated with mixed methods researchas it is a weltldeveloped and attractive

philosophy for integrating approaches(Johnson et al., 2007)Ontology associatd with a

pragmatist worldview looks at both singular realities z which tests a hypothesis,and

multiple realities z which provides perspectives; whereresearchers selectthe most
appropriate data collection nethod to address questionsthrough a practicality

epistemology (Creswell and Plano Clark, 201).
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Due to the nature of this study, the research strategy underpinning this project is based
on inductive research. In contrast to deductive research where the researcher generates
a specific hypothesis and designs data collection accordingly to tasis specific theory,
inductive research does not have a specific hypothesi®Newing, 2011). Rather, data
collection is guided by a broad set assues and these data are used to generate a theory
or better understanding of the issues at hand. As #re is limited understanding as well
as knowledge gaps associated with howlocal climate is changing over time in the
southern Cape andts possible impacts on natural resource users (such as farmers and
fishers), an inductive approach isnecessaryto start with broad, openended research

with the aim to build up detailed understanding of complexadaptive systems

Local knowledge systems, together with natural and social sciences, can improve the
understanding of how to care for sociakcological systems, as well as lead innovative or
desirable pathways in the face of uncertaintfTengo et al., 2014) Similar to the MEB
approachdescribedby Tengo et al. (2014)refer to Figure 2.4), this thesisuses a parallel
approach to bring together local climate knowledge from multiple sources, namely
farmers, fishers and scientists.Drawing on existing work done by the SCIFR team,
selected natural resource usersare used asknowledgeable experts of their social
ecological systems alongside scientific data sourcesThis two-fold approach is
interdisciplinary in nature in that it examines local knowledge systems in concert with
regional climate data with the aim to build up a more comprehensive understanding of

complex terrestrial and marine socialecological systems of the southern Cape.

2.6.2. Design

A case study design, focusing on southern Cape farmers, fishers and local clinsgistems
under the common theme of climate variability, is used to build a detailed description and
understanding of this specific situatiorfor the thesiss # AOA OOOAU AAOECI
AAOGA AT 11 AAQGEIT AAT 6O A OB ofdordribubing foGihaivn T O
understanding, as well as to add to broader theoretical understanding, to generate
theories around underlying issuegNewing, 2011). The case study method in the context

of this research is a way to better understand a redife phenomenon, such as climate

change, in depth z where this understanding encompasses pertinent contextual
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conditions, such as the realities ofarmers and fishers operating in the southern Cape
(Yin, 2009). Through linking different climate knowledge systems, drawing on
knowledgeable resource uses and local climatic data, theletailed case study undertaken

for this thesisaims to better understand the southern Cape sociakcological system

2.6.3. Methods

Research can be characterised based on various methods employed that are categorised
through data collection and analyses. Examplexf different research characteristics are
determined through methods such asguantitative, semi-quantitative and qualitative
tools (refer to Table 2.3) where different data collection and analyses tools are used that
best suit the characteristics of what the research is examining At a basic level,
guantitative and qualitative research can takedifferent positions when examining
epistemological questions around the nature oknowledge (Newing, 2011): for example
guantitative research can focus on statistical significance to validate scientiiaowledge;
whereas qualitative research can argue thateducing complex problems to numerical
values can result in losingknowledge. Different forms of quantitative, semi-quantitative
and qualitative research provide can useful perspectives when examining complex
problems, asthe limitations of one method can be offset by the strengths of the other to

work towards solutions of complex problems, such agnderstanding climate variability.

Table 23: Quantitative, semiquantitative and qualitative characteristics for research(adapted
from Newing, 2011)

Quantitative Semi-quant itative Qualitative
Correlations Models Overview
Characteristics Cau;geﬁegt rgl§t|onsh|ps Decision makers Disentangle comple>$|ty
Satistical significance Stakeholders In-depth understanding
Different factor prevalence Scenarios Social and cultural context
Indicators Non-numerical

Data collection  Numbers >
Observations (e.g. words)

Narrative account

Data analysis Statistical Synthesizeknowledge " .
Critical analysis

Studies that make use of both quantitative and qualitative elements are referred to as
mixed methods studies in that they can combine the best of both approaches to gain

complementary insights into an overarching topic (Newing, 2011). In the realm of
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interdisciplinary research, mixed methodsare the typical methodology of choicgfor

example Ommer, 2007)as it allows foran integrated approach to problems in complex
systems(Creswell and Plano Clark, 2018 02 A O A A GsAitedBoOrhixed methods

are those in which one data source may be insufficient, results need to be explained,
exploratory findings need to generalized, a second method is needed to enhance a

primary method, a theoretical stance needs to be employed, arah overall research

I AEAAOCEOA AAT AA AAOGO A AGasvkedand Planc aikE2011:01 OEDI
8).

Mixed methods designs include the convergent parallel design, explanatory sequential
designs, embedded design, transformative design and multiphaslesign(for details see
Creswell and Plano Clark, 2011: 96For the purpose of this study, the convergent parallel
design is applied within the mixedmethods approach. This design is used by researchers
who make use of concurrent timing to implement quantitative and qualitative strands
during the same phase of the research process where methods are prioritised equally.
Each strand is analysed separately and then results are mixed during the overall
inter pretation (Creswell and PlanoClark, 2011) The convergent designis a practical
method to acquire a more comprehensive understanding of ehtopic at hand and identify
possible mismatches betweendata set or different knowledge systems in line with

objectives of this thesis

As detailed in Figure 2.5eachempirical chapter (Chapters Three to Five)n this thesis
focuses on a particular set of methods for data collection and analysishich is then
synthesised in thefinal chapters (Chapters Six an&even)z drawing on the cornvergent
parallel design. Through the framing of a pragmatist worldview, data collectionand
analysis of this thesis are directed through a mixed methods approach thatis
interdisciplinary by nature. Data collection forthis project was guided by a set of boad
issues with the aim to generate a theory once sufficient evident¢as beencollected. For
OEEO DPAOOEAOI AO OAOAAOAE OOOAOAcCU EO EO EI D
DOAAEOA &I AOO &£ O OEA OAOAAOAE AdrelletetEhd DET ¢ A
OEA O MAN&Wirg,@aLa: 6) This thesis therefore examineglimate variability in local
terrestrial and marine socialecological systens through the perspective of local farming

and fishing communities of the southern Cape.
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QUALITATIVE DATA
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Figure 2.5 Thesis layout based on the convergent parallel design for mixed metho¢sdapted

from Creswell and Plano Clark, 2011)
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CHAPTER 3

THE CLIMATE PERSPECTIVE:
SOUTHERN CAPE FARMING COMMUNITIES

3.1. Introduction

The Western Cape has been highlighted as a South African region likely to be highly
vulnerable to projected warming and rainfall change induced through climate change,

thus significant impacts on agricultural practices are expected in this provincéMidgley

et al., 2005; Wiid and Ziervogel, 2013 3 EEAZO0O EIT xAAOEAO AiI 1 AEOQE
efforts to adapt, thus influencing the type of agricultural activities that take place. Climate

variability can also push farmers into vulnerable stategLeichenko and O'Brien, 2002;

Thomas et al., 2007)which would have negative rpercussions for future food security

and economic growth in South Africa. In the context of agriculture within the Western

Cape,Wiid and Ziervogel (2012: 170)T T OAA OEAO OEA OI 1 60O EIi bl «
adaptive decisionrmaking was the fact that the farmers experienced real and measurable
OEEAZAOO ET Al EI AOGA T O6AO0 A 1T0i AAO T &£ ARAAAAOOGS

Environmental changes withinthe terrestrial social-ecological systemof the southern
Cape are complex and play out over uttiple temporal and spatial scales, where gaps in
understanding are present due to insufficient data availability and high uncertainty
associated with regional climate forecasting models. It is difficult to predict how different
habitats may respond to gbbal changes in natural systems, particularly at local levels.
Changes or stressors in natural systems whemuantitative data and model outputs are
available on global scales are not necessarily translated to local scales, making it
challenging to identify regional impacts (Moloney et al., 2013) When dealing with
weather uncertainty, perceptions are largely generated through experiemc and
accumulatedknowledgez particularly in the case of communities dependent on a natural
resource base to secure their livelihoods, such as farmers. As observed \Bid and
Ziervogel (2012), examining experiences, perceptions angesponses of stakeholders to

relatively recent climate shiftscan be beneficial for developing adaptive capacity.
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The method ofexamining/ZEA O AOOS6 Al E linAahfinctbrovitid direakel détal

has proven useful in contributing towards gaining a deeper understandio of climate

variability, perceptions and adaptationstrategiesto local and regional weather systems

in South Africa(for example Thomas et al., 2007; Wiid and Ziervogel, 2012; Gandure et

al., 2013; Muler and Shackleton, 2014; Elum et al., 2017)his chapter examineghe

terrestrial component of the socialecological system in the southern Cape, with a focus

on farming communities and their observations of local climate variation over time. Due

to the rural agricultural nature of the southern Capearea and the referene local fishers

made to farmers in previous researcl{refer to Section 1.5), farming communities were

thought to be knowledge brokers for environmental changes in this area. Farmers are

also more invested in environmental impacts due to the reliace of agriculture on

weather patterns. This chapter deals with Key Qeston1z OET x EO Al Ei AGA 0.
DAOAAEOAA AU AZ£AOIi AOO AT A AOA OEAU OAODPITAEI

accordingly.

3.2. Research aea

This thesis focuses on the local ate of the sodhern Cape and Agulhas Bank refer to
Section 1.1 (specifically Figure 1.1) As such, the researcltarea for the terrestrial
component of this research was conducted in catchment areas adjacent to the above
mentioned caastal communities, spaning Witsand, Heidelberg, Riversdale, Albertinia
and Still Bay (see Figure3.1). The majority of the researcharea was located in the
Duiwenhoks and Goukou catchment areas, spanning very slightly into the adjacent
Breede and Gouritz catchments. The area wahosen based on farm locality, as some of
the larger commercial farms (up to 2000 hectares) spanned over two catchment areas,
however all participating farms fell under the same local municipality management area
(Hessequa Muicipality). The area is borcered by the Langeberg Mountains (part of the
Cape Fold Belt) to the north and the Indian Ocean to the south, creating fairly confined
micro-climate conditions where the water catchment area for both the Duiwenhoks and

Goukou rivers only extend to the seawal side of the bordering mountain range.
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Figure 3.1:Researcharea location within southern Cape and place names found ihe text

The Duiwenhoks and Goukou catchments are located in the Hessequa Municipality of the
Eden district in the Western CapeProvince. The combined catchment size of the
Duiwenhoks and Goukou is approximately 2 978 ké(River Health Programme, 2007)
The geology of his area comprises of sandstones, shales and tillites of the Cape
Supergroup. Vegetation consists of temperate and transitional forest and scrub, as well
as false sclerophyllous bush (consisting of South Coast Renosterveld and Sandplain
Fynbos). Renostervéd shrubland and grassland make upnuch of natural land-cover in
these catchments. The Duiwenhoks and Goukou rivers flow south from the Langeberg
Mountains to the coast, entering the sea west of Mossel Bay where both rivers have

estuary mouths that are pemanently open to the seqRiver Health Programme, 2007)

The Duiwenhoks and Goukou catchment areas have several important peat wetland

systems that are characteristic of the Langeberg area and provide an array of essential
ecosystem services to surrounding landisers. However, both catchments are degraded

through anthropogenic activities associated with laneuse practices, dam construction

and alien plant infestation, making these systems vulnerable to extreme climatic events.

The research area forms part of the Greater Cape Floristic Region which has been
identified as a biodiversity hotspotz OAOAAO xEEAE OEAOA 1 AOCA 1 Oi

tEAO AOA AAET C ET AOAAOET CI(Msoppeteh, ROAABAA AU EOI
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3.2.1. Land use history

The Duiwenhoksand Goukou catchment area was first settled by early European farmers
in the 1700s, where the town of Heidelberg was established in 1885. While urbanisation
has not grown extensively from the 19 century, the area has experienced increasing
pressure from intensive farming practices over the decades and, coupled with changing
climatic conditions, have altered natural ecosystem functioning(Price, 2006).
Agricultural production has increased over time predominately in middle andower
catchment areas, while little change to the natural vegetation has occurred in the upper
reaches. Land cover changes show distinct temporal patterns in these two adjacent
catchments that possibly reflect social and economic drive related to distance to
populated centres. Hbwever, significant conversion of natural vegetation has occurred

since the 1950s in both catchmentsG®.F Midgely, Stellenbosch University. pers. comm.)

In the Duiwenhoks catchment areaVipfunzeni (2015) examined local land cover changes
from the 1940s to late 2000s and found a steady decrease of natural vegetation over time
due to land conversion into cultivated and degraded (i.e. clearing land in preparation for
agricultural use) areas. The highest ratef natural vegetation clearing in this catchment
took place between 1950 and 1960 which coincided with significant increasein
cultivation activities; followed by the period of 1970 to 1990 which overlapped with
urban (and infrastructure) expansion. Fewinland dams were observed in the early
decadal data sets, but this increased proportionally with the subsequent intensification
of farming activities. Along the coastal belt, the purpose of most agricultural fields have
shifted from cultivation practices to livestock farming or been left abandoned. One of the
key threats to the catchment area was shown through alien vegetation infestation along
the riparian zone, wetlands and streams of the Duiwenhoks River, which have negative

ramifications for local water availability.

Similar research conducted byNzonda (2016)looking at land use change in the @ukou
catchment area from 1940 to 2010 also showed a steady increase of cultivated land,
disturbed surfaces and associated dam construction over time. Key drivers of land change
included the conversion of natural habitat to agricultural fields and invasiorof alien

vegetation, particularly affecting the riparian zone of the Goukou RiveNzonda (2016)
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notes that agricultural expansion is the major contributor to natural vegetation and
wetland loss in the Goukou catchment, and this further impacts river water quality
through the introduction of fertilizers into the larger terrestrial and marine ecosystens.
In both Duiwenhoks and Goukou catchments, significant shifts in hydrological function,
accelerated soil loss and wetland degradation coupled with increased river extraction
for water storage and irrigation z are most likely to impair ecosystem functoning
(Mpfunzeni, 2015; Nzonda, 2016)

Today, the combined Duiwenhoks and Goukou catchment arease dominated by
forestry, dairy farming and tourism activities. Heidelberg, Riversdale and Albertinia
constitute the main agricultural/industrial urban hubs in the Hessequa area; while
Witsand, Still Bay and (to a lesser extent) Gouritsmond are urban dees for tourism,
retirement villages and the local commercial linefishery. Landise within the Goukou
catchment consists mainly of dryland and irrigated agriculture (e.g. vineyards, fruit,
vegetables, lucerne and pasture), livestock (e.g. sheep) and commal forestry (notably
pine). In the Duiwenhoks catchment, dominant landise activities are less varied than in
the Goukou and dominated by dryland and irrigated agriculture (e.g. vineyards, lucerne
and pasture) (River Health Programme, 2007) Major dams include one in the
Duiwenhoks catchment called Duiwenhoks (6.4 million cubic metres) and two in Goukou

called Korintepoort (8.3 million cubic metres) and De Novo (0.1 million cubic metres).

3.2.2. Southern Cape climate

The climate of the Western Cape region is influenced by both largeale atmospheric and
locally driven oceanic processes. The western border of the province is influenced byth
cold Benguela upwelling system, whereas the southern border is influenced by the warm
Agulhas Current.The climate of the southern Capé determined by its low altitude and

the warm Agulhas Current.

3.2.2.1. Rainfall

The Western Cape region comprises two dominant rainfall seasonality zoneg a winter

rainfall region west of approximately 20.5°Kthe longitude of Cape Agulhasand a year
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round rainfall zone east of that longitude(Allsopp et al., 2014) Patterns of rainfall
seasonality are complex and subtle with gradients of declining winter seasonality
northwards and eastwards from the south western regions of the Western Cape. For the
southwestern Cape region (3%34°S, 1Z21°E), which the researcharea baders on the
eastern extent, approximately 60 to 70 percent of the annual rainfall occurs over May to
September through cold fronts and (to a lesser extent) cudff lows (Reason and
Jagadheesha, 2005)During summer months, rainfall is typically intermittent and
unreliable occurring via mid-latitude systems (i.e. cold fronts and cubff lows) or
tropical -extratropical cloud bands. The southwestern Cape region is characterisdxyy
substantial inter-annual variability in rainfall (Reason and Jagadheesha, 2009)he south
coast (approximately 21723°E), where the researclarea falls into the western and mid
extent, is characterised as an aseasonal rainfall zorad is a bimodal rainfall region with
rainfall usually occurring throughout the year that peaks in spring and autumiAllsopp

et al., 2014) The averageannual precipitation for the Duiwenhoks and Goukou
catchments combined area is approximately 490 mm however, this varies from lower
rainfall in the coadal region that increasestowards the upper catchment areas
(Mpfunzeni, 2015; Nzonda, 2016)

Rainfall patterns for the Western Cape are largely underpinned by synoptic drivers and
this region is underthe influence of the circumpolar, westerly frontal systemgTyson and
Preston-Whyte, 2000). The southnorth rainfall seasonality of the Western Cape is driven
by these cyclonic air masses that bring rain during winter months when these systems
make landfall through shifting northwards of their summer track. In summer, the
westerlies are pushed southwards (typically offshore) by the South Atlantic High
Pressure Celk an anticyclonic mass of dry air that produces south to south east winds
(resulting in no rain to the western parts of the Western CapejAllsopp et al., 2014) The
eastwest rainfall seasonality gradient is more complex compared to the southorth,
influenced by the steep elief of the north-trending Cape Fold Belt and the Great
Escarpment, which block eastward penetration of cold fronts during winter months.
Additionally, the warmer ocean eastwards of Cape Agulhas has a significant influence on
rainfall seasonality for the southern Cape and the majority of rainfall (irrespective of
season) is the result of posfrontal conditions, when a high pressure cell ridges in behind

a front and advects moist air over the warm ocean causing rainfglAllsopp et al., 2014)

54



Cut-off lows (Singleton and Reason, 2007)most frequent in transition seasons (i.e. spring
and summer), can also produce large amounts odin and are more prevalent in eastern
regions of the Western Cape, hence influencing the bimodainfall seasonality of the

researcharea.

3.2.2.2. Temperature

Temperature regimes around the coastal belt of the Western Cape are generally
moderate. Temperatures along the south coast are ameliorated through onshore wind
flow and relatively high cloud cover (Allsopp et al.,, 2014) Average minimum
temperatures for the south coast region hover around &, with an average maximum of
approximately 25°C(Allsopp et al., 2014) Within the Duiwenhoks and Goukou catchment
area, the mean annuatiay temperature for summer is approximately 26°C and 16°C in
winter (Nzonda, 2016) Due to the steep topograppin the region, as in the researchrea,
there is a gradient from a mild coastal climate to a more seasonal temperature regime
inland (i.e. upper catchment) which is hot in summer but can also receive snow on

mountain tops during winter (Allsopp et al., 2014)

3.2.2.3. Local climaticlmanges

The climate for the Western Cape region has become warmer over time, as well as
experienced possible shifts in rainfall patterns with some areas receiving less rainfall in
winter. Historical records indicate that climate has become significantly waner over the
last century across the Greater Cape Floristic Region, whereas rainfall trends are spatially
heterogeneous and no significant trends have been detectééllisopp et al., 2014) Across
the Western Cape, trends towards drier conditions along the southern coast regions have
been detected, and analyses in the southwestern regions suggest that lowland areas are
drying whereas mountain areas have regived an increased rainfall over timgMidgley et

al., 2005; MacKellar et al., 2014)Potential decrease in rainfall could be due to fewer low
pressure systems that reach the region in winter; however, gaps in understanding local
variability in rainfall trends remain due to the complex dynamics of interacting large
scale atmospheric pressre fields over southern Africa, the southern Atlantic and Indian
OceangAllsopp et al., 2014)
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3.3. Methods

3.3.1. Data collection

T OAOOEAXxO xAOA OOEI EOGAA O1 Ail11AAO NOAI EOAC
strength of qualitative interviews is in providing background information and context,

generating ideas, discovering the unexpected, and providing -tkepth information on

AAAE DPAOOEAEDAT 680 OEA x OlfNevinly, Q0D AR O&tadner® AT A |
predominately collected using unstructured interviews (free-ranging conversations

arranged in advance to explore the climate variability aspect on a local level from

different perspectives) and semistructured interviews (an interview guide was made to

cover pre-defined topics). During fieldwork trips, | recorded thoughts and observations

in a research journal (termed fieldwork notes) as noted byBazeley (2013:102) O} OQEE O
kind of writing is like having a discussion with yourself, and the discipline of doing it adds

AT1T0i1001lU O0i OEA AAPOE 1T &£ UI OO0 AT AT UOEA OEE

Sampling strategies for this research followed noiprobability sampling, as this
technique is appropriate for research where the main purpose is to examine specialist
knowledge j ET  OEEO AAOA EAOI AOOG 1T AOAOOAOGEIT O i
introductions into local communities through the SCIFR projec{see Setion 1.5 for
details) in the scoping phase of this study, chain referral was identified as a suitable
method to seek out individuals who were most relevant for the research, interview them
and then ask if the participants knew of others to interview(Newing, 2011). Farmers
recommended to take part in the project were contacted through local forums or trusted
key contacts and then a snowball samplingethnique (Goodman, 2011)was utilised to
obtain a chain of referral details for other local farmers, who were subsequently
contacted and, if consented, interviewed by the researcher. In an effort to obtain a fairly
diverse sample, st entrance points into local communities were used, as an attempt to
talk to people from diverse backgrounds and with different mind sets (see Figure 3.2 for

and overview of the snowball technique employed).
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Entry Points
I I | | I | |

SCIFR Long-term Lifestyle Subsistence Farming Livestock Long-term
Resident Farmer Farmer Association Vet Resident
Still Bay Still Bay Still Bay Still Bay Still Bay Riversdale Witsand
Farmer 1 (s) Farmer 5 (r) Farmer 9 Farmer 11 Farmer 21 Farmer 25 Farmer 48
Farmer 2 (s) Farmer 6 (r) Farmer 10 Farmer 12 Farmer 22 Farmer 26 Farmer 49
Farmer 13
Farmer 3 Farmer 7 Farmer 23 Farmer 27 Farmer 50
Farmer 14 Farmer 28 Farmer 51
Farmer 4 F 15
armer Farmer 24 Farmer 29
Farmer 8 < Farmer 16 Farmer 30
Farmer 52 <
Farmer 17 Farmer 31 J,
F 20 D Farmer 32
armer
Farmer 33 Farmer 53
Farmer 18 Farmer 34
~ Farmer 19 Farmer 35
Farmer 36
Farmer 37
Farmer 39 « Farmer 38
Farmer 40 <&
Farmer 42 = Farmer 45
Farmer 41 <& /
= Farmer 43 < Farmer 46
> Farmer 47 (r)
> Farmer 44

Figure 3.2: Overview of snowball technique eployed to survey farmers in researctareah x EAOA 008 OAEAOO Ol



3.3.1.1. Scoping phase

Initially, the proposed researcharea was scoped from October 2014 to May 2015. Several
field site visits were conducted during this phase to meet key contacts from the SCIFR
project and begin the introduction process into the local farming communities. From this
process, it was determired that farmers or land owners, rather thanfarm employees,
would be suitable candidates for this researclio examine perceptions and experiences
of climate variability in relation to decision makers. Farmers (or land owners) determine
practices carried ou on their lands, which provides a good starting point to examine how
climate may or may not influence decision making processes around land practises. This
follows a similar approach to the SCIFR project, where the onset of thisHeries project
initiall y focused on skippers and expanded to include crew as the study evolved over
time. The terrestrial component of the SCIFR is initiated through this research, hence this
study is considered as a baseline studgppropriate for the three-year period of a PhD

project.

Unstructured interviews were carried out predominantly in the scoping phase of this
project to build up aknowledge-base of the researclarea in relation to climate variability
and farming. These discussions explored themes such as local farming practices in the
study area and perceptions of climate variability in the southern Cape. Interviewees
consisted of local staff from a number of @anisations such as Cape Nature, the LandCare
office under the Western Cape Department of Agriculture, veterinarian practitioners, the
Council for Scientific and Industrial Research (CSIR), and other researchéia example

Mpfunzeni, 2015; Nzonda, 2016¢onducting parallel studies in the catchment areas.

Networks in farming communities were initially set up through scoping visits with two
local farmers through the SCIFR project in November 2014. These farmers gave insights
around farming practices in their respective areas in relation to climate variability
through unstructured interviews. One farmer was located in the Goukou catchment and
the other in the Duiwenhoks catchment, allowing an initiainsight into the proposed
researchareas. This also provided initial contacts into the local farming community. A
group meeting (five participants) was then set up with a local farming association in the

Goukou catchment in May 2015 to introduce the project and get insights from the group
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on farming activities in the area. Retired farmers were also consulted for thelong-term
expertise on the area. From the feedback gathered through these unstructured interviews
and meetings, semsstructured interview schedules were created and piloted on five

farmers in July 2015.

3.3.1.2. Interview development

The interview guidewas designed along the lines of a survey as a method for information
collection that could be used to describe, compare and explain individuBhowledge,
feelings, values, preferences and behavioFink, 2009). The farmer surveys aimed to
ensure an open dialogue was maintained throughout the interview, with some pointed
guestions to steer the conversation along these themes: background on individual farms
and general farming practices in the area; climate; farmg challenges; and farming
support networks (refer to Appendix 1A). Where possible, personal weather records
from respondents living in the researcharea were requesed and used (refer to Chapter
Four for detailed analyses) where permission was granted.he survey was dominated
with open-ended questions so that participants could determine the path of discussion in
an effort to encourage the concept of participanted research. Individual farm owners or
farming families were interviewed z often the farmerwas present with his wife, sons or
brothers as many farms in the area are run as family businesses. In these cases, one family
group counted as one interview to avoid repetitiveness. Interviews were conducted in

the preferred language of the participant, gher English or Afrikaans.

Ethics was taken into serious consideration for this project. Permission was obtained
from the Faculty of Science Research Ethics Committee at the University of Cape Town to
carry out this project (see Appendix 1B). At the stat of the survey process, each
participant was fully informed of their rights during the interview process and their
anonymity was guaranteed. Informed consent was obtained in writing as far as possible
and it was intended that discussions were audiwsecorded to be transcribed in an
anonymous fashion. However, due to a general culture of mistrust within these farming
communities, audicrecordings were not always possible and so to ensure maximum

efficiency the interview processes was conducted by a two peya teamz the research
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assistantasked the survey questions to maintain flow whild took detailed notes of the

conversation.

At the completion of this project, sumnarised research findings were communicated to
participants where possible through pamphlés in both English and Afrikaans(see
Appendix 1C). @neral feedback sesions wereheld among the local farmers associations

for any interested parties in September 2018 in Still Bay, Riversdale and Heidelberg.

3.3.1.3 Data collection phase

Following fine-tuning of the interview schedule through pilot surveys carried out in the
scoping phase, formal data collection from participating farmers through refined semi
structured surveys was carried out from July 2015 to March 2016. According to the
provincial Western Cape Department of Agriculture there were approximately 480 farm
plots in the Duiwenhoks and Goukou catchments in 2015. However, some farming
families and individual land owners own more than one farm, a consequence of
commercial agricdture expansionin the area, as well as thelue to the introduction of
Ol EEAOOUI A8 ZEAOI ET ¢ OOAT AOS

According to local agricultural experts, there are approximately 300 farm owners
between the Heidelberg/Witsand and Albertinia/Still Bay area. As noted byNewing
(2011)h OEAOA AOA 11 OEAOA Adetdrmided Gret addlesited
in semi-structured interviews as appopriate size can depend on information passed
along by participants.Newing (2011) recommend between 10 and 50 interviews for this
kind of qualitative research, depending on population size. Due to the large nunmbaf
farms within the researcharea and time constraints of the project, a sample size of 50
interviews was predetermined and obtained for the semitructured farm surveys (refer

to Table 3.1).
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Table 3.1: Farmersand informants sampled during the project

Scoping Pilot August September November January March
(2014) (July 2015)  (2015) (2015) (2015) (2016) (2016)

Commercial
Farmers
Lifestyle
Farmers

Subsistence
Farmers

Retired

Farmers

Hessequa
Municipality
Government

(Conservation)

Government
(Agriculture)

1 7 15 4 9 5

2* 1*

1*

*

2*

Researchers 4*

Total 10 7 10 15 5 10 7

* Participants gave feedback through unstructured interviewsjnformation not included in
thematic analyses of sembtructured surveys but rather in narrative accounts

3.3.2. Analysis

Qualitative data were collected in two streamg firstly through unstr uctured interviews

carried out during the scoping phase and secondly through serstructured surveys in

the subsequent phase of data collection. All data analyses were conducted using
ATTTUI EOU O DOl OAAO OAOPIT 1T AAT 006 EAAT OEOEAC
Data from unstructured interviews and accounts gathered from key participants in the

scoping phase were built into a narrative accountNewing, 2011)to provide an overview

of the researcharea in terms of farming practices and climate from local perspectives.

These qualitative data were interrogated and summarised in a narrative manner,

drawing on recordings from my fieldwork notes and previous studés conducted in the

study area byMpfunzeni (2015) and Nzonda (2016)to add context.

Structured observations and verbal data from the semstructured interviews were

recorded in the form of brief quotes and text summaries. These data were then combined
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with categorical and ratings information in Microsoft ExceP to create a database for
analysis and comparison(Bazeley, 2013) Content analysis was employed a& suitable
technique for analysing these texts and frequencies of words, phrases and concepts were
counted across this qualitative data sefNewing, 2011). These data were then analysed
by means of thematic analyses to identify specific trends or common themes with a focus
on climate variability in terms of rainfall and temperature observations. Ciatic themes

were then selectedn terms of challenges experienced by farmers.

3.4. Results

Results are divided up into two parts. Firstlya general overview of the researclarea is
given though local narratives from unstructured interviews where general farming
trends and key issues are summarised. Ehsecond component for the results focus on
detailed qualitative analyses of farmers who participated in the senstructured
interviews, focusing on observations of climate variability and general challenges

experienced by participants.

3.4.1. Local narratives

Narrative accounts described here fronknowledgeable expertsand retired local farmers
focused on the modern farming landscape, typically starting from when the first
commercial farms were established by Dutch settlers from the 1880s. Generational
farming family names for this specific area hailed primarily from the Netherlands, France
and (to a lesser extent) Scotland. Currently, the Hessequa Municipality area has an
estimated population size of 56488 which is demographically comprised of 69 %
Coloured, 23 % White and 7 % Black people. Afrikaans is the most widely spoken
language (90 %), followed by English (4 %) and IsiXhosa (2 %). Employment for the
municipality shows a negative trend, where the largest portion of the working population

is employed in commercial services, government services and agriculture sectors

(Hessequa Municipality, 2017)
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3.4.1.1. Agriculture overview

Historically, farming practicesin the research area were determined according to
OACAOAOEIT OUbPA8 -1 01 OAET AT A AT AOOAT AOAAC
difficult terrain conditions and poor soil fertility. The lowlands, located between coastal
and mountain belts, are the rost fertile and therefore seen as prized farmland. The
riparian zones of the rivers were viewed as good for pasture but required additional
inputs (for example fertilizers and irrigation) to make these zonewiable and are also
vulnerable to flooding evens. Micro-climates are observed between the west and east
extents of the study area, where the western side is considered to be drier (i.e. receives
less rainfall) compared to the east. Micraclimates are also discussed between the coastal,
lowland and mounrtain belts, with an increasing rainfall/temperature gradient from the
coast (low/moderate) to mountains (high/extreme), which influence the type of farming

practices carried out over the researclarea.

3.4.1.2. Change over time

The impact of climate orfarming practices in the area ger time is complex and nuanced.
Long term weather patterns carry an element of high variability and seasonality is not as
pronounced as (for example) the west coast of the Western Cape. Retired farmers, born

into farming and who have lived in the area for an average of 77 years, observed that

OAET £ZA1 1 EAA 171 OEAAAAI U AEAT CAA &EOI i OEA OI11
but also extending further back to grandparents farming experience) where seasonal
winterran £A1 1 OAZAOOAA O1 AO OPAAAE OAET 8 j EsAs |

at a time that was deemed good for fruit trees) had shifted to prolonged dry periods,
extreme rainfall events and increased unpredictability. Westerly winds, typically
asciated with winter rainfall, are also deemed to have decreased over time and the
traditional onset of seasonsvasobserved to be later in the year. On theastern boundary
of the researcharea, one participant noted that the inland Karoo climategpearedto have
transcended the Langeberg Mountains, resulting in frequent occurrences of
thunderstorms on the seaward side and a general increase of drier, hotter weather

where soil moisture decreases more rapidly compared to the past.
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While farmers monitor prevailing weather conditions and adapt shorterm land use

practices to accommodate climate variability, economic and technological trends have
most noticeably shaped the physical farming landscape according to local narratives.
Coupled with economic markes, technological advancements have mediated change of
farming practices within the catchment area over time, as well as other factors such as
the price of fuel (i.e. linked to area able to plough) and the introduction of invasive plants
(such as black watke (Acacia mearnsiji along the rivers and pine(Pinus pinastey in the

mountains).

One of the most discussed themes that determined farming practices over time is the

i AOEAOOR xEAOA OOAAT A T &£ AATTT1T1 U8 EO Al 1 OEA/
impact existing farming strategies. For example, from the 1900s into the 1970s, the
Riversdale area supported a large production of vegetables and fruits but closure of
processing factories (e.g. fruit canneries) and increased expenses associated with inpu

costs and labour resulted in farmers shifting towards more lucrative dairy production.

Dairy farming subsequently dominated both catchments up until the 1990s, however this

shifted about a decade ago when the low price of milk (direct payment to farmers)

became too little to sustain saller dairies, and milk buyer corporations (such as Nestle)

stopped sending through trucks to collect milk from farms. One participant estimated

that of the 3500 dairy farms that had existed between Heidelberg, Riversdale @én

Albertinia, only 150 (four percent) remain commercially operational today. Smaller dairy

farms ceased to exist if they could not expandyere either absorbed into neighbouring

farms by wealthy buyers to increase production scaler other land use practces (such

as grain, sheep, beef and ostrich farming) were introduced to diversify economic income.

AEEO A1 O1 1 AA O OEA ET OOI AGAOGETT 1 &£ O1 EEAOGO
(particularly along the inhospitable coastal belt) were carved upnto portions and sold

01 xAAlI OEU Oi OOOEAAOOB N O Usheh AsACapeUTowgOWhd 1 A OC

undertake lifestyle farming such as game, olives and wine.

Advances in technology havalso shaped &rming productivity in the researcharea. One
participant noted that the boom in wool prices in the 1950s allowed local sheep farmers
to intensify farming practices on smaller areas and diversify into mixed farming practices

(i.e. wool and cereals) as they were able to afford the new machinery to bexe more
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productive. Today, there is a large base of commerciallarmed grain (for example
canola, wheat, barley, rye, lucerne) through irgation in the researcharea, which is linked

to the global economy demand. Advances in technology have allowed graneduction to
increase substantially, moving away from traditional labousintensive methods to
mechanised machinery. Historical practices made use of intensive ploughing processes,
OAZEAOOAA O1I AO OOED AT A OEI | &zlessedtlally &rfopirig O A
the topsoil layer bare. Currently, most land use practices employ conservation tillage
strategies which aim to build up soil composition and moisture as healthy soils are
deemed more economically profitable due to increased yields anéds inputs (such as
water) that are required. However,farmers are currently needing to expand farmlands

to remain financially productive due to the poorly performing localeconomy,expensive

modern machinery (and linked high fuel price) and the weak local agricultural market.

3.4.1.3. Water: Example of mulstressors

Another common narrative that emerged centred on freshwater, with a particular focus
on the local river systems (Duiwenhoks and Goukou rivers). Tensions between
conservation bodies, farming practices and increasing urban demand were most evident
over water issues. Challenges associated with failing freshwater supplies are thrésd:
increased erosion, prolific spead of invasive plants and ovefabstraction of river water;
which have been exacerbated through big flood events that occurred through the 2000s.
The (recent) change in flood regime has resulted in certain protective structures along
the rivers to fail as he design cannot handle more than 200 mm of heavy rainfall over

two hours, causing erosion problems along the channels.

The sensitive wetland areas of the catchments have been degraded through
environmental and anthropogenic impacts, further impairing feshwater sources
(Mpfunzeni, 2015; Nzonda, 2016) These wetlands are heavily infested with invasive
plant species that shade out natural, stabilising ser@quatic vegetation such as palmiet
(Prionium serratun), causing wetlands to be flooded out and high levels of erosion during
heavy rainfall events. Invasive plants also absorb a large amount of freshieaout of the
systems,and pose a fire hazard. According to one participant, some farmers moved into

the wetlands and bulldozed the natural vegetation to create pasture which increased
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erosion vulnerability of these areasalong with contaminated freshwater through the
addition of fertilizers and animal waste. Furthermore, political issues stemming from the
National Water Act (Act No. 36 of 1998) have resulted in the river water being owver
allocated and hence water abstraction in this area is not adequayeinanaged, with many
inland users (both for farming and urban purposes) pmping directly from the river. This
has resultedin decreased amounts of freshwadr reaching the river mouths along with

salt water intrusion upstream.

3.4.2. Agriculture profile

The following results provide an overview of current farming communities through data

collected from the 50 farmers (or farming families) through semistructured interviews.

3.4.2.1. Area profile

The initial researcharea proposed only to look at farms in the Duiwenhoks and Goukou
AAOAEIT AT OOh ET xAOGAO O1T T A OAAT I T AT AAA EAOI AO
catchments and have been grouped accordingly. It is hypothesised that miecbmates

would not change drastially between the three groupings as the outlying farms bordered

the original Duiwenhoks and Goukou catchments. Therefore, the 50 active farms

surveyed fell inOT  OEOAA OA A Quidedi u ind Ghe Buiwknhdké/Bredde,

Goukou and Goukou/Gouritz. Fro this sample, 68 % fell into the Goukou catchment

area, 22 % in the Duiwenhoks/Breede and 10 % in the Goukou/Gouritz grouping.

The researcharea was also divided into three distinctive areas: coastal (farms along the
Indian Ocean coast which marks theauthern boundary of the study area), vlakte (farms
on the lowlands in the middle) and mountain (farms in the Langeberg Mountaifg refer

to Figure 3.1. From the 50 active famers sampled, 54 % farmed on the vlakte areas, 24 %
on the coast and 22 % in the muntainous areas. In general, crops, livestock and dairy
farming practices dominated the researctarea. Largescale crop operations are more
easily carried out on the vlakte due to suitable environmental and climatic conditions,
while coast and mountain fams tended to be a more diversified mix of crop, livestock

and dairy farming due to less favourable conditions (refer to Figure 3.3).
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Duiwenhoks/ Goukou/
Breede

Goukou Gouritz

MOUNTAIN

VLAKTE

COAST

Figure 3.3: The six grouping describing location chacteristics throughout the researcharea
according to catchment (Diwenhoks/Breede, Goukou and Goukou/Gouritz) and area (mountain,

vlakte and coast)

Vlakte and mountain farms situated a the western side of the researclarea tended to
draw water from the Overberg Water Scheme (from the Duiwenhoks Dam) and vlakte
and mountain farms located in the Goukou catchment tended to use the Korentepoort
Water Scheme. The majority of these farms used a combination of irrigation and r&fed
techniques. Coastal farms primarily made use of underground springs as the main water
supply. The majority of farmers did not observe any changes to water quality over time.
One farmer noted that the Overberg Water Scheme was outdated and would require

maintenance to avoid burst pipes and expand water supply to meet growing urban and
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agricultural demands. Another farmer observed that the Goukou River no longer flows

constantly as in the past, which he linked to water abstraction activities further upstream.

! DPOI GETI AOGAT U xm b 1T &£ EAOI AOO EAOA 11 OAA Al
due tochange in farming practices. Notably amongst the mulienerational commercial
EFAOI AOOh OEA AOOOAT O EZEAOIET C CATAOAOQGEIT AOE

employed by previous generations where soil was cleared, ploughed and left exposed to
the elements. From the 1990s, there was a trend of conservation tillage that has now
become a common practice amongst the majority of surveyed farmers, usually combined
with a rotation grazing scheme to ensure that the soil is not left bare. Conservation
farming, which was predominately practised by farmers engaging in largescale
commercial crop production, combines minimum or no tillage, full stubble retention and
AEOAOOA AOiT B OI OAGET 108 11 EAOGiNAERDeridx ET Al
[minimum tillage] strategies noted an improvement in soil moisture retention, as well as
a general improvement in soil health (for example, farmers noted an increased presence
of earthworms over time). The overall improvement of soil health, particularly in vlakte
areas, has allowed farmers to increase their crop yields and subsequent outputs.
However, there was a tradeoff associated with the improved soil conditionz the
subsequent increase of weeds which outcompete the crop plants. This has resulted in an

increase of sprging pesticides to control the weeds.

Figure 3.4: Since employing conservation farming techniques, some farmers observed an increase
| Matédvoeld ¢+ x AOAO AEOAOY leldsOThis Gctufe wasitale@iGringlieidwario  /EE
conducted in 2015 ofBlue Cranes Anthropoides paradiseud E1 A £AOI A0O8 O AEAEAI Ah

noted an increase in bird flocks since employing conservation tillage practices
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3.4.2.2. Farmer typologies

All the farmers and land owners interviewed were Caucasian, with 90 #ative Afrikaans
speakers and the remainder English speakers. Depending on the type of land use
employed, farmers were characterised into three distinct categories: commercial,
lifestyle and subsistence. Of the 50 active farmers surveyed, 82 were commerdal, 14

% lifestyle and 4% subsistence farmers. Commercial farmers can be further broken down
into two distinct categoriesz multi -generation and first generation (see Table 3.2). While
both first and multi-generational farmer typologies have actively faned for an average

of 26/27 years, first generation farmers are new to the area in the sense that they have
no prior exposure to farming in the southern Cape. Most of the first generation farmers
OAT T AAOAA EOIT T OODP Al O1 00U tibig) omnAne late 1980 E 7 A O(
and invest in largescale commercial agriculture which diversifies into more niche
markets such as game meat, berries and avocadihe subsstence farmers, although a
small sample group, have beefarming for three decades and dered valuable narratives
into perceived climate patterns compatible with other participants. The majority of
multi -generational farming families have been present in the area for three generations
having settledin the area from the 1940s. Approximately30 % of multi-generational

farming families have farmed (usually in tle same location) in the area sincthe 1880s.

In general, surveyed commercial and subsistence farmers were more invested in weather
patterns as it directly affected their livelihoodswhereas lifestyle farm owners tended to

have alternative incomes to supplement any hardships experienced on the farms as a

result of unfavourable weather conditions. Crop farmers tended to be more observant of

rainfall patterns as they were more dependenbn the weather to produce agricultural

goods. Livestock and dairy farmers are less influenced as they can import stock food if
OEAOA EO A OEIT OOACA8 '11 AiiiAOAEAI AEAOI ETC
the relationship between different products were adjusted, depending on market and

labour trends. Mixed farming methods were used as a type of insurance, for example if

OEA EAOI 60 AOIi P EAOOAOO #Z£AEI AA OEAT OEA EAOI
to carry over the losses. Approximatly 70 % of participants (predominately commercial

farmers) belonged to agricultural associations, ranging from local to provincial

affiliations, which were used to exchange farming and related market information.
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Table 3.2: Typologies ofictive farmers who participated in semistructured interviews

Farm size ~AYears on farm Fgrming as Farming type
(hectares) (average) income
*Commercial Average: 1500 . More common: sheep (WooI/mgat), g.ralr(e.g. canola,
multi -generation Max: 3500 27 Primary wheat, barley), cattle (beef), dairy (milk)
g Min: 180 Less common: ostrich, thatch, vegetables, lucerne, goats
*Commercial Average: 1375 . More common: dalr.y, sheep, cattle '
, . Max: 3500 Primary Less common: ostrich, buffaldgame), grain, avocado,
first generation g 26 i
Min: 130 berries, vegetables
: Average: 250 More common: olives, vegetables, fruit
Lifestyle Max: 967 16 Secondary . ; .
Min: 4 Less common: sheep, cattle, honey, vineyards, thatch, ge
. Average: 33 _ More common: chickens, ducks
Subsistence Max: 54 Mixed .
o 31 Less common: sheep, catearing
Min: 12
v. O09AAO0OG 11 MEAOI &8 OAEAOO O 101 AAO 1T £ UAAOO padificali®Bcatddin theEresebrdetea EAO AAAT A

* Multi- and first generation farmers:There was aneven number of first and multigenerational farmers surveyed.
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3.4.2.3. Observed changes in farming practices

As observed by one multigenerational commercial farmer whose family has been

AAOI ET ¢ ET OEA Oi 06 hdhddoenmidviaijouPddoch Aie p dp OR 00T 1
does not do what their father did]z referring to how agricultural practices have changed

over the generations in the area. Approximately 92 % of surveyed farmers observed

changes in agricultural patterns in thesouthern Cape over time, where 90 % of farmers

had adjusted or changed their farming practices on their own farms.

#1 11 AOAEAT AAEOU DPOi ACAOGET 1T AT T ET AOAA OEA pow
of milk for the area. The dairy industry subsequetly declined in the 1990s due to
unfavourable market conditions and labour difficulties, and smaller size dairies largely

ceased to exist into the 2000s. Dairies that continued to operate expanded their
operations through buying adjacent farmland to remai economically viable. Vlakte areas

shifted from livestock (i.e. cattle, sheep and ostrich) in the 1990s to predominately crop

(i.e. grain) farming into the 2000s as techniques such as conservation tillage became

popular from the 1990s. Ostrich productionacross the vlakte area decreased from 2010

due to an outbreak of bird flu, which was compounded by a particularly dry period of

2009. After 2010, some surveyed farmers moved away from livestock and dairy practices

as these activities required too much wateand diversified into more niche markets with

products that are considered less water intensive, such as blue berries, avocados and

buffalo.

The general economic turndown over the past 10 years, coupled with the demise of small
to medium-sized commercid farms, led to an increase in lifestyle farming from the mid
2000s predominately along the coastal areas. Lifestyle farming shifted away from
traditional cattle, sheep and dairy farming practices into permaculture, truffles, wine,
olives, game and tourismaccommodation. Lifestyle farming is typically associated with
high-end, niche markets and land owners generally place an emphasis on rehabilitation
of natural vegetation. Some wealthier farm owners have also been associated with

increased conservation efbrts such as the clearing of invasive plants in catchment areas.
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3.4.3. Local climate knowledge

The majority of surveyed farmers (72 %) observed changes in their local weather
patterns over time. The length of time participants had spent on the farm, as well as
whether they were first generation or multi-generation farmers influenced their
observations around changing weather patterns. On average, lifestyle farmers had spent
the least amount of time in the area and only noted shoterm changes in weather

patterns, if any. First generation farmers were fairly established and able to give

observationsT T AOAOACA &£ O OEA 1 AOGO Ox1 AAAAAAOR

p 1t UA A Ogedesation dinr@ekcial farmers tended to compare their current farming

experience against stories from their parents (25 years ago) and grandparents (50 years

ago), usually making reference to generational time scales as a measure of change. When

OAEAOOET ¢ AAAE O1 1 OiI OEPI A CAT AOAOEI T Al
Z stretching their reference of temporal scale concerning weather patterns up {65 years

ago (i.e. to their greatgrandparents generation), similarly to narratives in Section 3.4.1.2.

In general, farming communities spoke to rainfall observations with the greatest ease as
this weather element generally influenced farming practiceshte most. For example, one
farming family kept rainfall records that were started from an ancestor in 1880, where
this family continuously tracked annual rainfall on the same farm until 2000 and were
aware of how the family had experienced changes in weathpatterns over generations.
Rainfall records were also the most commonly kept accounts on the farms, with 26 % of
participating farmers volunteering to share their rainfall records. Temperature and wind

observations were less detailed and usually not ass@ted with a specific time scale.

All surveyed farmers stressed that weather patterns in theresearch area did not
necessarily follow predictable trends and were highly variable. Due to the highly variable
nature of the climate system in the area, partipants only observed subtle changes over
time and no clear trends were identified. Farmerswho were able to reference their
weather experience against previous farming generations did observe more specific
changes in the system, particularly in rainfall ptterns. Table 3.3 outlines common
observations, divided into rainfall, temperature and wind, made by farmers who noticed

a change in weather patterns, grouped by location.
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Table3.3& A0 AOOE 1T AOGAOOAA AEAT CA dfoupedkakcarbityAo@red(BeOrpAntain,Glakie Ard ©oas) Rvith/k catchment (i.e.
Duiwenhoks/Breede; Goukou and Goukou/Gouritg

RAINFALL TEMPERATURE WIND

1 Rainfall has become less predictable and
increasingly unstable

Mountain 1 Increase of single intense rainfall events 1 Winter season is now cold for shorter § No noticeable change
9 Shift of seasonal winter rainfall into summer period of time observed
months
1 Longer dry periods between rainfall
% 1 Increase of intense rainfallevents
X 1 Longer periods of dry spells between rainfall
% a events
Z i i i Winters are n I mpar .
& H:J 1 C_hange from predictable drizzle periods over ters are not as cold compared to 1 Less northwesterlies
= n winter (50 + years ago}o more 20 + yearsago N .
= Viak . . (in winter) and shift to
) akte variable/extreme events, but average annual § Summers feel hotter(but high south-westerlies or
o rainfall amount stays consistent overall uncertainty)

1 Consistently low rainfall years in1990s and southerlies

above average rain after 2010
i Seasonal winter rainfall decreased and
summer rainfall increased

1 Hotter daily temperatures over last  { No noticeable change

Coast 1 More rainfall in one event .
five years observed

9 Over last 10 years rainfall shifted a month
later but no clear pattern

1 Increase of singldntense rainfall events, but
average annual rainfall amount stays
consistent overall

1 Spring and summer months have more
extreme rainfall eventsz winter rainfall
become less reliableover time

I South-easter blows rain

Mountain :
to mountains

1 Summers are generally hotter

GOUKOU
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1 Last 10 years rainfall patterns shifted to later
than usual
1 Fewer wetter winters z traditional winter
rainfall shift into summer months
1 Increase of single intense rainfall events, no q Since 2010, less north
longer spread out over drizzle events 1 Last five years had more extreme hot
Vlakte (compared to 50 + years ago) and cold days
1 Wet and dry years are harder to predict
increased variability
1 Longer periods of dry spells between rainfall
events
1 Onset of rainfall season shift by a month
from e.g. March to April

west winds and more
southerly to easterly
winds (from the sea)

1 30 + years ago used to
CAO 11 OA OA
wind (hot dry northerly

1 More intense rainfall over shorter period of
time and more variedz no longer softer

rainfall over longer periods of time 1 Winters are not as cold . .
Coast _ wind blowing from the
1 20 + years ago had set seasons (typical 1 More extreme cold and hot events L
spring and autumn rainfall) now highl interior to coastal
P . g gny district) now shifted to
variable '
more coastal winds
. ) . 1 No noticeable change
Mountain  § No noticeable change observed 1 No noticeable change observed
observed
3 N 1 More varied and unusual rainfall patterns
o) E over last 15 years
% =) Vlakte 1 Increase ofintense rainfall events T e e sl @ e dhEeEs i Less north-west winds
8 8 1 Opposite trend to western extent of Western g recently
Capez receive good rainfall when drought in
(e.g.) the Swartland
Coast Not surveyed Not surveyed Not surveyed
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3.4.3.1. Rainfall observations

Participants continuously stressed that rainfall was highly variable in this area as a whole,
with no obvious patterns or conspicuous trends. Seasonality was less pronounced in
coastal areas, where rainfth patterns were considered to be varied in general; however
some seasonality (associated with typical spring and autumn rainfall patterns) that was
observed by the previous generation of farmers in the coastal area of the Goukou
catchment is perceived to be more varied in the recent past (refer to Table 3.3). Rfailh
patterns in vlakte areas were observed to have shifted from a typical winter regime into
a more varied pattern, where the onset of traditional rainfall periods were perceived to
have shifted to a later time. For example, crop farmers located on thiakte areas noted
that their planting season had shifted to a later timeg rather than planting crops during
the onset of traditional seasonal rainfall in February/March like their parents or
grandparents, planting tended to take place in April/May. Mounta areas were observed
to have increasingly more unstable and unpredictable rainfall events, where spring and
summer rainfall events were considered to becoming more the norr shifting out of a

winter rainfall pattern in recent memory.

Across thereseach area, farmers observed an increase in intense rainfall events and

POl T TTCAA AOU ODPAI I 08 k&ahiQéedHOQ AEADAIRWaddMAEA FO A
droogted ¢+ AEAOAA A OT Chede @¥ehts ab bexdning Anére @ere @Gnd

occurring more regulady, when compared to past experience. In living memory, 1969 is
considered to be one of the more severe drought years, followed by 2009. Across the

vlakte areas, farmers observed the midl990s to have been multidrought years, with

consistently low rainfall over a prolonged period of time. In addition to increased dry

spells, multi-generational farmers (particularly in the vlakte areas) observed that rainfall

patterns had shifted from (winter) periods of soft, drizzle rain from over 50 years ago to

more extreme rainfall events that happen over shorter periods of time.

Farms located in the mountain areas appeared to be most vulnerable to flood events,
where some participants noted that intense rainfall events often resulted in flash floods
that caused roadsand tributaries to erode away. One farmer located in the mountain

areas noted that while the annual average rainfall amount (approximately 650 mm) on
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his farm had not changed drastically over time, he had observed that rainfall events had

become more interse in recent memory as one event could yield up to 200 mm per day

(i.e. 30 percent of the annual rainfall amount in one event). Some participants speculated

that the rainfall pattern may have shifted after the infamous.aingsburgfloods in January

1981, wiEAE xAO Ai 1T OEAAOAA A Opnn 9AA0O8 AOAT Oh
mountains observed that extreme flood events tended to occur on a more regular basis

after the 1980s, particularly into the 2000s. For example, flood events over the last 10 to

20 years in mountain areas have matched the 1981 flood mark 2003 (250 mm in one

rainfall event); 2004 (320 mm in 24 hours); 2013 (220 mm in four days).

3.4.3.2. Temperature and wind observations

$AOAETI O AT A OEI AOGAAI AO OACA Gefnperatire Bnd QIGdE AED A |
were less descriptive when compaed to rainfall (refer to Table 3.3). None of the surveyed

farmers kept longterm temperature records and most of the observations were based

on speculation, as highlighted by the participants. Some ligtock farmers noted that
AdOOAT A OAIi PAOAOOOAOG jilT OA OOAOU ET 068 AAUO(Q
AUET Cc 1T &£ Agbi OOOA ET OAAAT O UAAOOG8 /1T A 1 EO/
tended to come at unseasonal times of the year over the ldate years, which could (and
sometimes did) result in mass losses of sheep stock if they were sheared prior to the

event. Changes in wind patterns were less certain, with a weak consensus that typical
north-westerly winds had shifted to prevailing south @ south-easterly directions but

timeframes were na specified with confidence byparticipants.

In turn, the majority of participants did not observe any noticeable or enduring changes

in temperature or wind patterns. Most farmers aknowledged that their memories were

not necessarily the most reliable source of monitoring temperature and wind, with older
DAOOEAEDPAT OO 11 0ET ¢ OEAO OEAEO OI1T A AITTAOGE |
their age, rather than the temperature differences meaningfully admnging over a

prolonged period of time. The lack of longerm monitoring meant that, unlike more

commonly kept rainfall records, farmers spent less time reflecting on changes within

temperature or wind patterns.
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3.4.4. Weather and farming strategies

While the majority of participants did observe changes in weather patterns over time,
less than half (45 %) of farmers noted that these changes directly impacted their farming
strategies over time. The notable trend of conservation tillage, discussed in cien
3.4.2.1, was often correlated by participants to the dry years experienced in the 1990s
which prompted crop farmers to switch strategies to cope with increasingly
unpredictable rainfall patterns. Conservation tillage also allowed farmers to be less
dependent on the onset of the rainy season as good moisture retention in soils enable
crops to survive in increasingly variable rainfall conditions. However, it is not clear
whether the majority of farmers who switched to conservation tillage practices didso
due to persistent changes in typical weather patterns or because this practice yielded

more agricultural outputs and improved profit margins.

Extreme rainfall events were not highlighted by participants as a major hindrance to

farming strategies and &rmers tended to adapt infrastructure around persistent flooding

problems, such as building new bridges. However, one participant was in the process of

selling land due to increased losses attributed to flooding and drought events. Prolonged

dry periods were deemed problematic for livestock farmers as droughts hindered

AAOI AOOG6 AAEI EOEAO O bpOi AGAA PAOGOOOA &I O Ol
animal feed from external sources during times of drought, to compensate for the lack of

pasture. A fev livestock farmers in the vlakte areas also lost young livestock, such as

lambs and ostrich chicks, due to extreme heat temperatures over the last five years, which

prompted some participants to build covered structures for shade.

The impact of weather patterns on farming strategies was largely regarded as an

adaptation or coping exercise by farmerswhere either farmers changedpractices to

better suit weather conditions (i.e. adapted)or else persistedusing traditional practices

(i.e. coped) In the case of adaptationsome participants were able to mitigate the effects

of unfavourable weather trends through employing better soil practices, buying in animal

AAAA 1T O AAAPOET ¢ ET £Z£OAOOOOAOOOA jARdktisaamET CI Ue
I

boer mé die weeo f UT O 1 OO0 AAOI OI CAOEAO xEOE OEA
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cannot change the weather but can alter the way that they farm, where farming strategies

and climatic conditions should be synergistic.

3.4.5. Challenges

Challenges experienced Y surveyed farmers were discussed in terms of what
participants deemed to be the most important and ranked accordingly. Three major
groupings based these rankings and were divided up according to importance: top
ranked (i.e. most important challenge), miegranked (i.e. second most important
challenge) and lowranked (i.e. third most important challenge) challenges. As illustrated
in Table 3.4, each grouping displays the type of challenge described by participants which
is placed according to how often partipants brought up a specific issue. Challenge
themes were therefore repeated between the three groupings, depending on how
individual farmers ranked the importance of specific challenges according to their
experience. Pressing challenges in the teanked category included finances and politics,
while the market was most commonly discussed as a stressor in midnd low-ranked

categories of challenges.

Table 3.4:Top three-ranked challenges according to surveyed farmers

Top-ranked 2nd-ranked 3rd -ranked
Challenge % Challenge % Challenge %
Finances 26 | Market 22 Market 20
Politics 24 | *Farming practices 19 Workforce 20
Workforce 13 | Finances 16 Finances 9
Water availability 13 | Workforce 16 Invasive plants 9
Climate variability 9 Climate variability 15 Politics 9
Market 8 Politics 6 Security 9
Invasive plants 4 Disease (e.qg. bird flu) 3 Climate variability 7
Predators 3 Invasive plants 3 Water availability 6

*Farming practices 6
Predators 5

* Farming practices refer to challengearound keeping livestock healthy and good stock quality,
improving soil conditions for crops, and spraying for weeds
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When looking at challenges from an unrankedi.e. importance of challenge was not
considered) perspective (see Figure 3.5), the most common challenges discussed by
farmers (i.e. more than one individual) were finances (16 %); politics (15 %) and market
(15 %). Similarly to ranked challenges, emphasis is placed on economic and political
influencers as being the most pressing challenges experienced by farmers. Climatic and
other environmental stressors (such as water and invasive plants) were not seen as the
most important challenges when compared to economic and political factors, but still
featured in the top-ranked grouping of challenges, showing their relative significance

within these multi-stressor systems.

Percentage (%)

Finances I ¢
poitcs I ¢
ke |

Workiorce | -

Farming practices | ::

Climate variaoity [ ::

water availabilty [ T

Invasive plants _ 4
Predators _ 2

security | N -

Figure 3.5: Unranked challenge themes experienced by surveyed farmers

3.4.5.1. Economic and political stressors

The overall sense fron participants, particularly commercial farmers, was that the
current political and economic climates in South Africa were not favourable towards
farmers. Finances were seen as a key stressor in that farmers were limited by financial
constraints due to hidh costs associated with input costs, for example expensive modern

technology (i.e. machinery to carry out commerciascale farming processes). Most
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commercial farming practices only become viable as a loftigrm investment, where
returns and profits are only yielded after a number of years and castow from farming
activities are not consistent from year to year. Some farmers also expressed that it was
difficult to make decisions around land use change if they did not have access to large

amounts of financal capital in the event that their agricultural ventureswould fail.

The financial constraints felt by farmers were further compounded by high politidaand
economic uncertainty. A a result of this uncertainty surrounding market drivers or
political decisions, farmers felt constrained in their agricultural activities. From an
economic point of view, farmers experienced challenges in that their input costs exceeded
what their agricultural products were bought for, where farmers were forced to sell at
low rates to remain competitive within the market. Most participants referred to the
OAATTITIU T &£ OAAI Adh xEAOA Aiii AOAEAI DPOI £EE
activities expanded on a largescale basis, but this required large amounts of capital
investment to (for example) buy more land, modernise machinery and expand their
workforce. This example is discussed in Section 3.4.1.2, where land use in the area
changed in the 1990s as the dairy industry rapidly declined due to smaknd medium-
scale dairyfarmers being unable to survive, which was partly attributed to input costs far

exceeding the price large corporations were willing to pay for milk.

Participants viewed local markets as being hostile towards agriculture, in that farmers
indicated that they were competing against monopoly industries which were not well
regulated, hence farmers carried all the risk with no price guarantee. Many surveyed
FAOI AOO OEAxAA OEA AOOOAT O <ci OAOTT AT O AO
concerned that unfavourabletrade agreements brokered with international agricultural

imports would hurt local farm producers. Another key concern for participants centred

on the politics of land reform, where many farmers were hesitant to make investments

into expanding or changingtheir agricultural practices due to perceived uncertainty

around whether the government would allow them to keep the land.
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3.4.5.2. Climate and environmental stressors

Climate variability featured as a stressor for farmers across the thregroupings of
challenges where participants noted that increased extremes had negative consequences,
such as big flooding events that result in erosion and loss of topsoil. Prolonged dry
periods also placed additional stress on farming activities and wateavailability, where
(for example) livestock farmers had to increase financial expenditure to buy in animal
feed due to the lack of pasture. Climate variability was viewed by many participants as a
stressor that aggravated existing challenges of farmingnd worked in concert with other

stressors within a complex sociakecological systen{see Figire 3.5), ashighlighted above.

Linked to increased climate variability, water availability was also highlighted as a key
stressor by farmers. As highlighted in Sgion 3.4.1.3, the complexity around water issues
are nuanced in environmental, social and political stressors that interact over different
temporal scales over time. Changes in rainfall patterns over time, increased
anthropogenic demand, degradation of dahment areas through invasive plants and
policy changes can be viewed as interacting stressors that result in limited water
availability for different user groups, such as farmers. Most farmers highlighted water as
a key constraint in that they did not hae access to sufficient water for agcultural
activities, which wasattributed to numerous factors such as traditional rainfall patterns
shifting, increased flooding and drought events and allocation and storage restrictions

through policy.

Another environmental stressor linked to water was invasive plants, as many farmers

observed that the prolific distribution of invasive species such as black wattle degraded
their land and choked water in catchment areas. In addition to these negative
environmental challenges posed by invasive plants, some farmers also noted that it was
extremely costly to control the invasive species and only very wealthy land owners had
the luxury to do so, as this exercise usually required permanent staff to continually clear
these plants for a number of years, as well as additional financial capital to remove the

debris.
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3.4.5.3. Workforce stressors

Challenges around workforce featured across all three groupings and were considered
an important issue for most participants. The change in farming practices across the
researcharea from labourintensive dairies towards more mechanised crop production
created a skills gap within the traditional workforce, where some farmers observed that
the younger generation of farm workers had moved away to seek alternative employment
and the older generation could not operat the new technologydue to poor education.
Many participants noted that traditional support services for farm workers provided
through government initiatives had decreased over time and there were limited
opportunities for staff to improve their livelihoods. Farm workers were also viewed by
some paticipants as being most vulnerable to change within the system, as land use
changes resulted in loss of employment due to the mechanisation of agricultural
activities, along with the rise of lifestyle farms which do not always require intensive

labour activities (in contrast to traditional commercial farms).

More sensitive issues were also raised around workforce challenges relating to political
and social aspects of farm workers, whiclwvarrant more in-depth and focised research
on this particularly vulnerable group. Some participants observed that high input costs
of agricultural activities hindered some farmers from employing more staff as these
expenses offsetninimum wage requirements,particularly in the context of unfavourable
markets (i.e. low selling price of agricultural produce which translated into low profits),
thus forcing these farmers to move away from laboumtensive farming or to stop
agricultural activities by selling their land. A few participants grceived alcohotrelated
issues resulting in antisocial behaviour as a challenge within their workforce, which is a
DAOOEOOET ¢ 1 ACAAdbpSEGTAIT AGEA 1 EIAEMIOED & yO OUOOAI
trap traditional farm workers in impoverished cycles, despite the use of alcohol as a form

of payment being illegal from the 1960s.
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3.5. Discussion and conclusion

Climate variability and change is a key concern for South Africa, where climate changes
are already taking place andre likely to continue (Zietsman, 2011; DEA, 2013)Adaptive
management requires conventional ecological and economic data, along with qualitative
information from feedbacks within socialecological systems, to determine the best
direction management actions should pursuéBerkes et al., 2003) The need for learning
and flexibility in social systems confronted with uncertain explanations of ecosystem
change is essentialo build the capacity of socialecological systems in order to adapt to
and shape changd€Folke, 2006; Cundill et al., 2014)Particularly in regions such as the
southern Cape, which is characterised by high varidiiy in both short- and longterm
weather patterns, understanding changes over time at local scales is important. It is also
equally important to contextualise observed environmental changes within complex
systems that experience multiple stressors at difrent temporal and spatial scales, which
further shape perceptions of risk and subsequent decisions made around how to adapt
to these changes. Importantly, results indicate that climate variability is only one of

several important stressors farmers experence in the area.

3.5.1. Examining local climate perspectives

Across the research area, pockets of micreclimates emerged that shared similar
characteristics based on location. The most distinctive differences in terms of farming
practices were seen betwen the mountain, vlakte and coastal zones where soil suitability
and rainfall amount determined farming practices. A study carried out bilacKellar et al.
(2014) found that rainfall showed high irter-annual variability and little consistency
across the Western Cape region, which was also observed by surveyed farmers for the
southern Capein particular. Presently, participants described the research area as being
largely an aseasonal rainfall zone ith substantial inter-annual variability, however some
farmers perceived that rainfall patterns had shifted over a number of decades from a

reliable winter rainfall regime into the current more varied patterns.

The most commonly observed change in weathgatterns across theresearcharea was

an increase in extreme events over time, for example more intense rainfall events and
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prolonged dry periodsz similar to farmers located in the adjacent Little Brak River area,
who observed increased flooding events anttequent drought conditions over the last
decade(Wiid, 2009). As noted byMidgley et al. (2005) flood activity over the last decade
in some subregions of the Western Cape, for example districts of Montagu, Swellendam
and Robertson, had resulted in major financial losses within the agricultural sector as this
region is prone to extreme climatic events. Imy research, the ircreasedintensity of flood
events wasobserved particularly by farmers located in the mountainous areas of the
research catchments. Another common observation by participants was that the typical
onset of the rainy season appeared to have stefl to a later period, particularly by
farmers located on the vlakte areasSimilarly, farmers located in Limpopo, North Vést
and KwaZuluNatal provinces observed changes in, along withunpredictability of,
weather patterns in seasonalityz for example, the onset of traditional rainy season began
later and that rainfall patterns were not as reliable as in the pasfThomas et al., 2007)
Here it was £ OT A OEAO 11 AAI AAOI AOOSG OEAXxO

corresponded with regionalisation scenario§Thomas et al., 2007)

While studies indicate that temperatures have increased over time in the Western Cape
region (Allsopp et al., 2014; MacKellar et al., 2014)ocal farmers were less certain of how
or if temperature had changedover time. While some participants speculated that
temperature extremes had increased, particularly in summer, very short time frames
were given (i.e. five years) and all observed changes were made with reference to high
O1 AAOOGAET OU 1 /£ rpEeh. OBsAreativEsfbinddhadges in winll patterns
by farmers were even less certain and, although there was a weak preference for less
north -westerly (inland) winds and an increase in soutkeasterly (coastal) winds, given

time frames for change were sirarly short to temperature.

3.5.2. Contextualising climate str essors

Generally, adaptive actions within agricultural sectors are shaped by perceptions of risk,
direct climate change effects on productivity, as well as complex changes in markets,
policies and government institutions. As illustratedby participants, climate concerns are
generally not the first priority, let alone the only priority. Similar findings were observed

in farming communities based in the Eastern Cape (South Africa)oy Muller and
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Shackleton (2014) where although clmate was viewed as a stressor to agricultural
livelihoods, it did not rank highly when compared toother stressors such as high input
costs, lack of government support and decrease in water availabilityn the current

political, economic and social landsape of South Africa, farmers experience multiple
stressors that usually drive change within the sociakécological system faster than climate

variability and change and the southern Cape is no exception

When considering land use change in the research area from the 1950s to present, it
appears that economic forcing and technological advances have predominately shaped
the areaz where farming generations have adapted land use according to market trends
and mechanised agriculture. This is mirrored to an extent in the rest of South Africa,
where countrywide the number of commercial farms has decreased from 12W00 to

37 000 between 1950 to 2015(DAFF, 2015) This national trend is correlated with an
increase in average farm size along ith mechanisation of farming activities, resulting in
less reliance on labour and more emphasis on capital and industrial input®AFF (2015)
report that this overall trend has been associated with job losses in the agricultural sector
amid deepening rural unemployment within South Africa. These challenges were
observed by participants in that key challenges highlighted included finances, politics,

markets and workforce issues.

Priority challenges associatedvith agriculture therefore focused rather on economic and

political factors, which were viewed as the primary drivers or hindrances of change

within the system.This is again in line withthe DAFF (2015)report, which notes that the
competitiveness of agriculture across South Africa is being eroded due to high input costs.

For many years, the value of imported fertilizers, diesel and machinettyas exceededhe

value of agricultural exports thus having giventhe agricultural sector a false positive
contribution to the trade balance at the expense of farmers and associated wook€e.
Interestingly, the DAFF (2015) report argues for the promotion of O A1 EdmArD A
ACOEAOI OOOAGh xEEAE ETAI OAAO AT 1 OAOOGAOQEII
methods as a way to reduce production inputs while still achieving good productivity. In
addition to supporting environmental sustainability, it is hypothesised that farmers will

become more competitive by lowering input costs anihcreaseA COE A OI OOO0OAS6 O AT 1
to the trade balance(DAFF, 2015)
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The widespread use of conservation agriculture throughout theesearcharea has bea
deemed by participants as a positiveshift in terms of changing traditional land use
methods z improving soil quality, increasing groundmoisture content, requiring fewer
inputs related to ploughing activities and increasing produce outputs.Similarly,
commercial farmers in the Eastern Cape noted that, unlike previous generations,
contemporary farmerstended to bemore informed on better farming practices(that are
environmentally sensitive) 7 x EEAE xAO A CIT A ET AEAAOQOEIT I
capacity to implement appropriate management strategies in the face of projected
climate changegMuller and Shackleton, 2014) However, it should also be noted that the
increased spraying for weeds as a result ofland use changdo conservation agriculture
methodsin the southern Capewvas viewed as a negative repercussn by some farmersg

a concern thatrequires further research.While it is unclear whether economic benefits
or changes in weather patterns are thenajor driving force behind theland use changeo
conservation agriculture, it is apparent that multiple stressorshere interact in subtle

ways across numerous scales and responses to these changes are complex.

Climate and environmental forcing within the socialecological system of the southern
Cape are intertwined and often exacerbate primary economic or pitical stressors. The
complex interactions between climate variability, water availability and invasive plants
(see Section 3.4.5.2 for detailsinake these stressors tangible threats to the ecosystem
health of the research area, which are further compoundkby political and economic
constraints that hinder adaptation strategies for the farming communityln line with my
results, farmers located in the adjacent catchment (Little BraRiver) to the research area
also experienced stressors linked to wateavailability that were entwined with climate
changes such as intensified flood and drought eventgnd institutional pressureslinked
to water restrictions z which amounted to financially costly adaptation solutionssuch as
altering farming strategies orincreasing water storage capacitiegWiid, 2009; Wiid and
Ziervogel, 2012)

3.5.3. Responding to climate variation and change

From an individual perspective, farmers base their responses on whether they perceive

a need, an ability and motivatio to act to stressors affecting their livelihoodgFrank et
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al., 2011) As illustrated in the previous section, stressors playing out in farming contexts
are numerous, varied and depenithg on individual capacity to adaptz so while climate
variability is considered a stressor within southern Cape farming communities, it is @n
of many stressors and usually not a priority concern by farmers. As suchjs important
to understand why and how farmers are responding to environmental challenges
associated with climate variability through their perceptions of risk, as well as to bier
social, economic and political drivers that may affect their perceived or actual ability to
respond. When considering climate variability, farmers in the southern Cape were
generally more concerned over economic and political stressors and basing deorss
around their ability to financially meet high input costs, market feasibility concerning
economy of scale and political concerns linked to land reform (refer to Secti@¥4.5.1for
detailed explanations).Climate or weather challenges were considereldy many southern

Cape farmers as a stressor that intensified economic or political stressors.

However, whether economically motivated or driven in response to longerm changing
weather patterns, the increase of conservation agriculture in the southern @a indicates

a response of adaptability by farmers in the research are#@dditionally, the farming
community (particularly multi -generational farming families) had been monitoring
weather patterns, specifically rainfall, over long periods of time and inveed in
agricultural methods accordingly. It is also interesting to note that the majority of
participants (70 %) belonged to agricultural associations that were used as platforms to
exchange farming information Factors linked to strong adaptive capacityhat influence
EFAOI AOOGE OAODPI T OAO O1 Al EIi AOGA OAOEAAEI EOU
understanding of local weather systems and welkstablished information networks

(Reid and Vogel, 2006)and my results support this observation from KwaZuleNatal.

Farmers in the southern Cape are responding to climate variability in different ways
(Smit and Wandel,2006): (1) anticipatory (change practices to better suit weather
conditions; (2) concurrent (persist using traditional practices); and (3) reactive
(unplanned or undesirable response such as selling lamat supplementing income with
alternative livelihoods); further discussed in Section 6.4These adaption paths are most

relevant to commercial and subsistencefarmers, who are primarily dependent on
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agriculture as a livelihood. Lifestyle farmers are less prone to stressors associated with
agriculture as they tend to have additional or alternative primary livelihood sources.

Inconclusion,¢ Ei AOA OOOAOOT 0O AAT AAO AO OEA OOOO0OA>
integrated into farming systems, which could have serious future implications for food

and job security in the southern Cape. Climatemart agricultural systems will depend on

climate projections that are geographically specific and agriculturally relevant in the near

and medium term; effective adaptive management strategies; and agriculturpractices

OEAO AT EAT AA OEA OUOOAI 66 OAOEI EAT AA 61 Al EI
is also important to situate perceived responses to climate variability into the greater

context of agricultural socialecological systems, to better unerstand how farmers adapt

(or not) to climate stressors within the southern Cape.
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CHAPTER 4
THE TERRESTRIAL PERSPECTIVE:
RAINFALL AND TEMPERATURE PATTERNS IN THE
SOUTHERN CAPE

4.1. Introduction

Changes in local climate could have significamtnplications for communities reliant on
weather, such as farmers. Local climate impacts have numerous consequences for the
future development of South Africaand require a deeper understanding into the
dynamics around such environmental changes within thecomplex realm of social
ecological systemsln order to make informed climate adaptation decisions in South
Africa, it is important to understand local contexto createpoliciesrelevant to experience

and in line with observed and projected environmental changes

Changes in natural systems, particularly in climate patterns, are associated with high
levels of uncertainty and natural stressors are complex in that they can play out over
multiple temporal and spatid scales. While large scale shifts are currentlyanifesting at
a global level(IPCC, 2014) these changes arexperienced at regional andocal scales at
different rates. There are gaps in understanding concerning howgssible shifts in climate
will affect local livelihoods dependent on natural resource bases, such as in the

agricultural sector.

In an effort to better understand complex, sociaécological systems at a localcsle, his
chapter examines howweather patterns have shifted over timan the southern Cape from
a terrestrial perspective, tying into local farmingknowledge around observed changes in
weather as described in Chapter ThreeDrawing on this experience andaccumulated
knowledge of farmers in the southern Cape, this chaer examines Key Question 2: blv

have climate (weather) patternschanged in the southern Cape?
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4.2. Methods

4.2.1. Location

As described in Chapter Three,he terrestrial component of this study focused on the
Goukou and Duiwenhoks catchments located in the southern Cafsee Figure 3.1). For a
full overview of climate in the research area refer to Section 3.2. Thesearcharea was
divided into two distinctive categories: ®atchmentBand @readlocations (refer to Section
3.4.2.1 for a detailed description on how these categories were determined). Participating
farmers noted that weather patterns were notnecessarily uniform across thegeneral
researcharea andvaried depending onlocation, which influenced agricultural strategies
employed z depending largely on favourable soil, water availability andprevailing
climate conditions. These micraoclimates were hypothesised to exist between catchment

and area groupings, as illustrated in Figre 4.1.
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Figure 4.1: Different catchment and area groupings across the research area
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Catchment categories were classified as the following (séggure 4.1):
1. Duiwenhoks/Breede
2. Goukou
3. Goukou/Gouritz

Areacategories were classified as the following (se€igure 4.1):
1. Coast
2. Vlakte

3. Mountain

4.2.2. Data

Data were collected using twosources local farmer weather records and scientific
observation stations. During farmer surveys refer to Section 3.3 for details,each
respondent was asked if they kept any weather records that they would be willing to
share for this research. Of the farmers who did keep weather records, only rainfall data
were kept over time. Farmers who did monitor temperature tended to discard reords at
the end of each year. Of the 50 farmers interviewed, 13 farmers sharedmplete rainfall
records. Official terrestrial weather data were obtained from scientific observation
stations in the research area from the South African Weather Service, Agultural
Research Council (Western Cape Department of Agriculture) and Riversdale -Co

operation (agriculture). These data sources included rainfall and temperature records.

It is noted that quality control between these two groupsdiffered in that scientific
observation stations strive to follow common, traceable protocols while farmers
collecteddata in an individual capacityand methods aredifficult to trace (particularly if

collected over generations)Older rainfall records were measured in inchesyhich were
converted to millimetres (mm) for this research (see example in Figure 4.2)Monthly
rainfall records were most commonly kept by farmers over time with one time series
providing annual recordsonly. All scientific observationweather stations recorded daily

rainfall measurements.
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Figure 4.2: Example of rainfall recordgunits in inches) kept by a farmer in the southern Cape and
shared for the purpose of this research

All rainfall data were coded accordingly and summarised according to theattributes
based on time period and locatiory catchment and area (refer to Tabl&.1). To minimise
potential problems associatedwith accumulation ofdaily rainfall only recorded after a
few days which could be present infarmer records and were indicated in scientific
observation recordings, data were analysed at monthland annualscales. In general,
farmers were most observant of rainfall patterns and were able to give comprehensive
accounts of how they perceived changes in this weather pattern, pactilarly when
comparing their current experience to past generations of farmergsee Chapter Three)
Key observations around rainfall patterns from the southern Cape agricultural
community were examined according to the following themes:

1 Micro-climates between catchment and area groupings

1 Observed changes in extreme rainfall events (dry and wet)

1 Perceived shifts in the onset of traditional rainfall season

92



Table 4.1: Summary of farmer and station records with rainfall (mm) data

FARM (MONTHLY)  FARM(MONTHLY) STATION (DAILY) STATION (DAILY)
Name Farm 1 Farm 9 Albertinia SAWS** Still Bay SAWS
Period 1950-1989 2008-2014 1925-2012 1994-2015
Catchment | Duiwenhoks/Breede  Goukou Goukou/Gouritz Goukou
Area Coast Mountain Vlakte Coast
Name Farm 2 Farm 10 Blackdown SAWS Witsand SAWS
Period 1964-1982 1993-2015 1922-2009 1986-2007
Catchment | Duiwenhoks/Breede Goukou/Gouritz Duiwenhoks/Breede Duiwenhoks/Breede
Area Coast Mountain Mountain Coast
Name Farm 3 Farm 11 Breede SAWS
Period 2001-2013 1958-2015 2008-2015
Catchment | Duiwenhoks/Breede Goukou/Gouritz Duiwenhoks/Breede
Area Coast Mountains Coast
Name Farm 4 Farm 12 Goukou Dam (Cepperation)
Period 1983-2012 2000-2015 1993-2015
Catchment | Goukou Goukou/Gouritz Goukou
Area Coast Vlakte Mountains
Name Farm 5(annual only) Farm 13 Heidelberg SAWS
Period 1880-2000 1971-2015 1925-2015
Catchment | Goukou Goukou/Gouritz Duiwenhoks/Breede
Area Vlakte Vlakte Vlakte
Name Farm 6 Mon Desir SAWS
Period 2006-2014 1967-2003
Catchment | Goukou Duiwenhoks/Breede
Area Vlakte Vlakte
Name Farm 7 Riversdale ARC***
Period 1984-2012 1973-2014
Catchment | Goukou Goukou
Area Mountain Vlakte
Name Farm 8 Riversdale SAWS
Period 1937-1995 1992-2006
Catchment | Goukou Goukou
Area Mountain Vlakte

** South African Weather Service (SAWS)

***Agricultural Research Council (ARC)
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Similarly to rainfall time series, temperature data from official stations were sorted
(Table4.2). However, athesedata were limited in terms of stations located within a good
proximity of the research areathe datawere not broken up by catchmentout rather by
coastal and vlakte areas onlyFarmers were also less certain of longerm changes in
temperature over time and made fewer observations when compared to rainfall patterns.
None of the surveyed farmers kept londerm monitoring records of temperature data as
in the case of rainfal. Temperature data were therefore examined according to more
general questims, rather than specific observations due to the high uncertainty
associated with changes in temperature by the southern Cape farming community.

Generalcharacteristicsexamined were seasonality and regime shifts.

Table 4.2: Summary of station records ith temperature (maximum and minimum) data

TEMPERATURE (DAILY)
Name Mossel Bay SAWS
Period 1920-2015
Area Coast
Name Still Bay SAWS
Period 1994-2014
Area Coast
Name Riversdale SAWS
Period 2008-2015
Area Vlakte
Name Riversdale ARC
Period 1973-2014
Area Vlakte

4.2.3. Analyses

Data were divided up and analysed according to rainfall and temperature. Within each
group, data analysis was divided into three overarching steps. Firstly, data were collated,
summarised and basic analysisvas performed in Microsoft Excel. This provided a
preliminarily overview for each section as an initial scoping for the data analysi©nly
complete, sequential time seriesvere considered, wheredata setscontaining missing

annual valuesor numerousmissingmonthly valueswere discarded. In the case of missing
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data at monthly scales (not exceeding three consecutive months) values were
substituted by averagingthe previousfive yearsof the missing month.Four out of the ten
scientific observation stations and three out of the 13 farmer rainfall recordscontained
missing monthly values Secondly, descriptive analyses were conducted and possible
trends were visually inspected. In the third step, appropriate statistical tests were chosen
and data analyse to answer tailored research questions. Within each grouping (rainfal
and temperature), a number ofresearchquestions were formulated to examine weather

trends observed by farmers who participated in the surveys.

4.2.3.1. Examining rainfall data

ResearchQuestions to examine rainfall data consisted of:
Question 1: Are extreme years (high and low) the same between farms?
Question 2: Are extreme years (high and low) the same between farms and other data
sources?
Question 3: How does rainfall chang between catchments?
Question 4: How does rainfall change between areas?
Question 5: Have extreme rainfall events shifted over time?
a. Dry months: Total monthly dry/light rain days (<10mm)
b. Wet months: Total monthly heavy rain days (>75th percentile o
observed wet days)
c. Wet months: Total monthly heavy rain days (>95th percentile of
observed wet days)
Question 6: Have seasons shifted according to planting seasons from Marbtay (Old

Season) to ApritJune (New Season)?

Initially, rainfall data were visually inspected through scatterand bar graphs using a
combination of Excel and R packagedata were then interrogated using correlations
between data set to test for similarities or differences between multiple data sets at
AT T OAT OAAIT dArk codrédafioh Gnd KrusBadWallis tests were used (based on

the non-parametric nature of data) using a combination of R packages and SPSS.
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Rainfall data were divided into time periods to examine any possible changes in climate
variability. The time periods were determined according to farmer observations and
work done by Blamey et al. (2012)on (marine) regime shifts in the southern Benguela.
To encompass as much of the data as possible, four time periods were determined:
1. " AEl OA O pwyp | deAdidndof Wehthedpat@in And€o 1 A
2. 1982 to 1995 (Blamey et al. (2012)noted wind shifts in the southern Benguela
mid-90s)
3. 1996 to 2007 (Blamey et al. (2012)noted wind shifts in the southern Benguela in
2000s)

4. 2008 to present

Finally data were tested for significance according tmtality (catchment or area) and/or
time period using a twotailed two proportion z-test with equal variances. All zests were
carried out manually using Microsoft Excel and significant -gtatistic results are
displayed. Only significantly diferent results are discussed. Theatculations were based
on monthly data ses to refine the scale fronthe initial annual data scoping phase. Daily
data proved to be problematic, particularly in rainfall measurements. This fine scale data
was not always accurately reorded, in both farming and station examples. Often the data
was only recorded after acamulation of a few days of (for examplgrainfall, which was
particularly problematic before the introduction of automatic weather stations in the
early 2000s.

4.2.32. Examiningtemperature data

ResearchQuestions to examine temperature data consisted of:

Question 7: How does temperature change according to seasonality?

Question 8: Have temperature regimes changed over time?

Temperature data were visually inspectedhrough line graphs using Excel and longer

time series were examined in terms of data distribution and summarytatistics using R

packages Seasonality of longer time series were then examined using R packages.
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Longer temperature time series were interrogated using sequential regime shift
detection software (refer to www.beringclimate.noaa.goy to examine possible regime
shifts. This method was chosen due to its ability to automatically detect statistically
significant shifts in the mean level and the mgnitude of fluctuations in time series along
with its ability to detect regime shifts towards the end of a time series and process time
series with multiple shifts (Rodionov and Overland, 2005; Howard et al., 2007; Blamey et
al., 2012) Compared to change point analysis and the Chow test (using ARMA/ARIMA
models), Blamey et al. (202) found that the sequential regime shift detectionmethod
was most effective in detecting robust regime shiftsThis method was applied to
terrestrial temperate time series, as well agso marine wind time series examined in

Chapter Fiveusing the sameparameters described below

Usingsequential regime shift detectionmethod, aregime shift occurs when a statistically
significant difference exists between the mean value of the variable before and after a
certain point based on the {test (refer to Rodionov (2004) for detailed methodology). A
probability level equal to 0.01 and the mean function wereselected for all analyses
carried out in this research.Building on work carried out by Howard et al. (2007)and
Blamey et al. (2012)and for comparative reasons, the cudff length (I) of 10 was chosen
to examine possible regime shifts as they are known to be associated with decadable
oceanc variability. The Huber parameter(H= 1, 3 and 6) was set at 1 for analyses of this
research as this parameter had little effect on the detection of regime shifie the

Benguela(as discussed by Blamey et al., 2012)

When examining the mean for temperature and marine wind data setsRed Noise
estimation (or serial correlation) was handled using Inverse Proportionality with 4
corrections (IP4) which is based on the assumption that the bias is approximately
inversely proportional to the size of the sampldRodionov, 2006). 4 EA OB OAx EE QAT
option was also selected tadetect regime shifts forall the filtered time series, which

removes potentialautocorrelation from the data series prior to running the analysesRed

Noise estimation was not selected when examining variability for marine wind data sets

(only).

97



4.3. Results and Discussion

The results are explored intwo parts for the terrestrial weather patterns in the southern

Cape, divided up into sections of rainfall and temperature.

4.3.1. Rainfall data

4.3.1.10verview

Initially, all time series of rainfall data were plotted using annual and monthly
scatterplots to take a superficial look at the data. Examples of some of the longest time
series can be seen below irFigure 4.3 as annualrainfall (refer to Appendix 2A for
complete annualseries). Similarities in rainfall were noted when groupedby locations,
which were also observedby farmers, for example farms located in mountainous areas
tended to experience higher rainfall than tlose located towards the coastsee Appertix

2B for example cumulativeplots of farm in coastal, vlakte and mountairiocations).
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Figure 4.3: Longest rainfall time series gathered maderailable by participant farmers
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99



Rainfall anomalies from the longest time aries given by farmers were therinvestigated
using the total average rainfall agmst each year pertime series (seeFigure 4.4). This
initial examination of the rainfall data revealedthat these data were highly variable over
time and while regression analyses detectedo significant trends for coastal and viakte
farms, rainfall anomalies did show drend of increased positive anomalies over time in
the mountain farm example(see Appendix 2Q. Rainfall data sets were then critically
asessed to check their suitabilityin terms of consistency and outliersA Shapiro-Wilk
normality test was run and revealed these data were not normally distributed (W =
0.9692, pvalue < 0.001).

Question 1: Are extreme years (high and low) the same between farms?

3IDAAOI AT 68 O OA 1-thledAWa® hdsenAcxési cbrrelatiqn beteen farms in
terms of rainfall and statistics for each pair of variables are based on all the cases with
valid data for that pair (Table4.3). Monthly data wereselected as more data points were
available for the analysis, as opposed to if annual data were used. Farms with overlapping
time series were tested (blank cells indicate no overlapping data) andata sets wereall
correlated, indicating that the data were consistent.This indicated that the data, despite
originating from different farms, showed similar temporal patternsand could be used to
compare the different rainfal time series. None of the farms produced conflicting data

and measurements were consient between overlapping time series.

Question 2: Are extreme years (high and low) the same between farms and other data

sources?

Farm rainfall data were then compared to rainfall data from local stations of the South
African Weather Service (SAWS})he Department of Agriculture andthe Riversdale Ce
operation.3 DPAAOI AT 8 O O A I-taledpwa®abobén fo@eEtcdrrelgtiarin Table
4.4.Table 4.5 shows correlation results on rainfall between farms and official station8s
in Question 1, overlappng time series between different weather stations indicated
significant correlations between the different data sources confirmed that there were no

inconsistencies across the research area.
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AAAT A 180d 3PAAOI AIMAD®I ADIOB DIA@EMAHAAIEICidnAidaid@ he 0.01 level (2tailed))
Farm 1 Farm 2 Farm 3 Farm 4 Farm 6 Farm 7 Farm 8 Farm 9 Farm 10 Farm 11 Farm 12 Farm 13
Farm 1 1
Farm 2 .817 1
Farm 3 .880 1
Farm 4 .802 .758 .823 1
Farm 6 .867 .831 .784 1
Farm 7 .738 .657 721 .623 772 1
Farm 8 .686 .659 .578 .899 1
Farm 9 .608 .619 .592 .630 .753 1
Farm 10 .702 711 .665 .761 .855 .910 .780 1
Farm 11 .705 .686 .680 .642 734 .802 .813 734 .872 1
Farm 12 .758 773 .729 .798 .698 .641 .787 .758 1
Farm 13 .668 .736 .811 771 .828 .760 732 .691 .835 77 .855 1
AAAT A 1819 3PAAOI AT80O OATE AT OOAI ACET 1 caire@tioDid sighifiednt at the@ Adved @dildd) AO 1 EAE
Albertinia Blackdown Breede Goukou Dam Heidelberg Mon Desir Riversdale ARC Riversdale Still Bay Wistand
Albertinia SAWS 1
Blackdown SAWS .708 1
Breede SAWS .673 717 1
Goukou Dam 611 797 .647 1
Heidelberg SAWS .728 .842 .688 .755 1
Mon Desir SAWS .701 .844 .683 .847 1
Riversdale ARC 718 772 .705 .709 .801 .803 1
Riversdale SAWS .730 .840 .811 .850 796 .896 1
Still Bay SAWS .704 .664 725 .676 731 .578 .720 712 1
Witsand SAWS .600 .586 .486 .619 .608 .615 .633 .680 1
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4AAT A 18uvd 3DPAAOI AT60O OATE AT OOAT AGETT A O OAET A£AT 1 GlrkitadtAtAhe 0.0 Aelek A AT A
(2-tailed))

Farm 1 Farm 2 Farm 3 Farm 4 Farm 6 Farm 7 Farm 8 Farm 9 Farm 10 Farm 11 Farm 12 Farm 13
Albertinia .755 .736 .730 .683 772 .669 .706 574 .688 .733 .710 .759
Blackdown .740 .729 .759 .648 770 .845 776 .859 .816 .738 .703 .694
Breede .793 .804 .729 .655 .623 .528 .679 .646 .729 .812
Goukou Dam .629 .640 .595 715 .909 .894 .808 .839 792 .699 716
Heidelberg .760 .751 .81 .705 .805 .816 774 .553 771 731 744 .702
Mon Desir 779 .758 741 .640 .749 T77 737 .740 .636 .687
Riversdale 759 .763 .803 .709 .980 775 .830 .635 778 779 791 779
Riversdale .780 77 .733 .851 .844 .902 .864 .839 745 .855
Still Bay .755 .790 .765 .782 .693 541 .664 .690 .684 794 174
Witsand .903 .709 767 .640 .65 521 485 .546 527 .629 .638
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4.3.1.2. Linking local areas

This section specifically examines the 13 rainfall records received from participating
farmers and how these data related to the geographicatesearch area. It was
hypothesised that rainfall would not chang drastically between the three catchments.
Coastal and vlakte farms were hypothesised to not vary greatly in terms of rainfall, but
there may be a difference between coastal/vlakte and mountain farms. Coastal farms
were hypothesised to have varied rainfdlpatterns in general, while vlakte farms may
have a slight preference to winter rains, and mountain farms were observed to
experience big flood events (that wash downstream in the Duiwenhoks and Goukou

Rivers) in transition months largely due to cutoff lows.

Question 3: How does ranfall change between catchment locatiorn®
a. Duiwenhoks/Breede
b. Goukou

c. Goukou/Gouritz

Annual rainfall was displayed through boxplots depicting each catchment area (see
Figure 4.5). From initial examination, the Duiwenhoks/Breede farms appeared to be
different from farms located in Goulou and Goukou/Gouritz catchment areasLevene's
Test for Homogeneity of Variance revealed a significant difference between
Duiwenhoks/Breede catchment {ariance = 12605.12) when conpared to similar
Goukou (ariance =28264.91) and Goukou/Garritz (variance =23359.62) catchment
locations. KruskalWallis rank sum test found difference in variance between
Duiwenhoks/Breede versus Goukou (observed difference = 167.80057) and
Duiwenhoks/Breede versus Goukou/Gouritz (observed difference = 166.70172).
However, no differencein variance was determined by this multiple comparison test for
Goukou versus Goukou/Gouritz (observed difference = 1.09885). Refer Appendix 2D

for detailed calculations.
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Figure 4.5: Boxplot of annual rainfall (mm) as divided up between catchmefocations

Asthe Duiwenhoks/Breede catchment did not contain any farm rainfall records from the
mountain area, another variance and comparison test was run that excluded mountain
farms from the other two catchments to see if this influenced the resultszigure 4.6
displays data without mountain farm rainfall for comparison purposes. Levene'sést for
Homogeneity of Variancefound no significant difference when comparing the three
catchment areas: Duiwenhoks/Breede \ariance = 12605.12); Goukou yariance =
11269.51); GoukouGouritz (variance =11725.37). Similarly to the previous tests which
included mountain farms, KruskatWallis rank sum test found differencein variance
between Duiwenhoks/Breede versus Goukou (observed difference = 74.43579) and
Duiwenhoks/Breede versus G@ukou/Gouritz (observed difference = 53.38974). Again, no
difference was determined by this multiple comparison test for Goukou versus
Goukou/Gouritz (observed difference = 21.04606).See Appendix 2Efor detailed

analyses.
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Figure 4.6: Boxplot of annuatainfall (mm) as divided up between catchmentocations,

excluding mountain farms

Rainfall recorded by farmers in the Duiwenhoks/Breede catchment area differed
significantly from Goukou and Goukou/Gouritz catchment areas, indicating a difference
between the catchment groups. On average over the pasb0 years, the
Duiwenhoks/Breede (annual average 386mm) catchment tended to experience lower
annual rainfall amounts, while Goukou (annual average 535mm) and Goukou/Gouritz
(annual average 530mm) experienced similar higher average rainfall across the
catchment areas. Despite annual averages aeasing for both the Goukou and
Goukou/Gouritz catchment areas when mountain farms were excluded, a difference was
still found between these two catchments and Duiwenhoks/Breede catchment. Overall,

annual rainfall was highly variable within catchments aslepicted by the boxplots.

Question 4: How does rainfall change between areas?
a. Coastal
b. Vlakte

¢. Mountain
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As with Question 3, rainfall was displayed through boxplots depicting each area, namely
coastal, vlakte andmountain (Figure 4.7). Mountainfarms were shown to differ from
coastal and vlakte farms due to higher rainfall. Levene's Test for Homogeneity of Variance
found a significant difference between mountain farms\ariance =20105.29) when
compared to vlakte {sariance =11445.40) and coastal yariance =12701.21) farm areas.
Kruskal-Wallis rank sum test indicated that all areas were significantly different:
mountain versus vlakte (observed difference = 238.92610); coastal versus vlakte
(observed difference = 61.92908); and coastal versus mountai(observed difference =
300.85518). Mountain farms were vastly different from vlakte and coastal farms in terms

of rainfall. Refer toAppendix 2F for detailed calculations.
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Figure 4.7: Boxplot of annual rainfall (nm) as divided up between areas

When examined according to areas, rainfall was significantly different between coastal,
vlakte and mountain areas. Farms located in mountainous areas experienced the highest
annual rainfall with an average of 679mm per annum, decreasing along the gradient
towards the sea. While vlakte (annual average 448mm) and coastal (annual average 399)
areas tended to experience similar rainfall amounts, the areas were still significantly

different. Rainfall was highly variable with all areas.
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4.3.1.3. Examiningxtremerainfall patterns over time

This section incorporated the farm rainfall data with similar area data from the South
African Weather Service (SAWS), Department of Agriculture and Riversdale -Co
operation. The questions posed are related to observatis made by participating
farmers (refer to Chapter Three)and examinethe possible trendsacross the different
rainfall data ses. Most farmers observed the bulk of changes in weather patterns over
the last 15 to 20 years, however this should be examined ithe context of memory in
addition to possble long-term decadal changeSome farmers observed that rainfall had
appeared to have changed in that the farms no longer experienced reliable, long periods
of soft drizzle-like rain as experienced by previous gnerations of farmers (usually their
grandparents). Farmers speculated that rather than the amount of annual rainfall varying
drastically from the past, rainfall tended to be experienced in more extreme events or
floods over shorter periods of time. Somearmers, particularly those based in high lying
areas along the Langeberg, speculated that the rainfall pattern may have shifted after the
Opnn 9AAO6 AITTA ET *Al OAOU pwyps8

Monthly rainfall data was used to examine whether rainfall patterns had changedver
four time periods: Period 1 (before to 1981); Period 2 (19821995); Period 3 (1996
2007) and Period 4 (2008 to present). The three categories (less than 10mm; @75
percentile; 95" DA OAAT OET1 Aq AAPEAO OAQOOAI Ad zles&Al

than 10 mm per month is considered to be well below the monthly average rainfall for

(@}
O\

the area even considering the high variability Rainfall data falling into the 78 and 95h
percentile is considered above average monthly rainfall for the researchrea. Data were
divided up and examined according to catchment and areas identified in Questions 3 and
4. Data from both farms and official stations were included in the analyses so that the
geographical area was well represented with a spread of rainfalecords from multiple

locations.

Question 5: Have extreme rainfall events shifted over time?
a. Dry months: Total monthly rainfall less than 10mm
b. Wet months: Total monthly heavy rainfall more than 75th percentile

c. Wet months: Total monthly heavy rainfall more than 95th percentile
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Table 4.6 showsthe three different categories (less than 10mm; 78 percentile; 95h
percentile) divided up into the four time periods according to catchment area. The
percentages are basd on frequencies (sedppendix2Gfor individual calculation tables).
Significance was tested between each time period for each category and group. Where
significant, the ttest statistic was greater than 1.96 (corresponding fvalue of less than

0.05) andhence was significant at the 95 percent significance level.

4AAT A 18¢9qg -T1TOEI U OAET £ZA1 1 AAAT OAET ¢ O1T OEOAA
locations
< 10mm
Duiwenhoks/Breede Goukou Goukou/Gouritz

Period 1 (before -1981) 18 %" 6 %" 18 %*

Period 2 (1982 -1995) 20% 9% 11 %™

Period 3 (1996 -2007) 19% 7 %" 14 %"

Period 4 (2008 -present) 23 %* 10 %* 16 %*

75th percentile

Duiwenhoks/Breede Goukou Goukou/Gouritz
Period 1 (before -1981) 26 % 24 % 24 %
Period 2 (1982 -1995) 24 % 24 % 27 %
Period 3 (1996 -2007) 23 % 26 % 24 %
Period 4 (2008 -present) 24 % 25% 26 %

95th percentile

Duiwenhoks/Breede Goukou Goukou/Gouritz
Period 1 (before -1981) 4% 4% 3 %M
Period 2 (1982 -1995) 6 % 5% 6 %*
Period 3 (1996 -2007) 5% 6 % 5%
Period 4 (2008 -present) 5% 5% 6 %*

* indicates significance p<0.05; » indicates corresponding value for *
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Table 4.7 showsthe three different categories (less than 10mm; 78 percentile; 95h
percentile) divided up into the four time periods according to area. The percentageare
based on frequenciesAs in the previous table, significance was tested between each time

period for each category and group.

Table 4.7: Monthly rainfall accordingdT OEOAA OA@GOOAI A6 AAOACI OEAO

<10mm
Coast Vlakte Mountain
Period 1 (before -1981) 22% 19 %* 10 %*
Period 2 (1982 -1995) 21% 15 %" 7 %"
Period 3 (1996 -2007) 19% 15 %" 6 %"
Period 4 (2008 -present) 18 % 20 %* 7%

75th percentile

Coast Vlakte Mountain
Period 1 (before -1981) 24 % 25% 25%
Period 2 (1982 -1995) 25% 24 % 25%
Period 3 (1996 -2007) 25% 24 % 24 %
Period 4 (2008 -present) 26 % 26 % 24 %

95th percentile

Coast Vlakte Mountain
Period 1 (before -1981) 4% 4% 4%
Period 2 (1982 -1995) 5% 6 % 6 %
Period 3 (1996 -2007) 5% 5% 6 %
Period 4 (2008 -present) 5% 5% 5%

* indicates significance p<0.05; ~ indicates corresponding value for *

Significant differences were found across lathree catchment locations in the drier
category (less than 10mm per month) as seen in Table 4.6. In both the
Duiwenhoks/Breede and Goukou catchments, there was a significant increase in drier

months from Period 1 to Period 4. However, in the Goukou/Gouritz catchment theidr
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months decreased significantly from Period 1 to Period 4. There was very little change in
the 750 percentile group for both the catchments and area categories. In the 95
percentile (unusually large amount of rainfall per month), only the Goukou/Gatitz
catchment increased over ime from Period 1 to Period 4.In the area category, no
significant differences were found between periods in the 75 and 95" percentile
categories(Table 4.7). The mountain area showed significant decrease in extreme dry
months from Period 1 and Period 3. For lte vlakte area, drier months decreased

significantly in Period 2 and 3, but Period 1 and 4 experienced more dry spells.

To summarise results from Tables 4.6 and 4, &xtreme dry spells appeared to change
more drastically (i.e. less than 10mm of rainfall experienced per month) than in the other
Ox1 Ox A 08 SighificAntednaoBIAfauBd between groups that displayed a change
of four percent or more. More significant changes were revealed within catchments
rather than areas between the different time periods. While the Duiwenhoks/Breede and
Goukou catchments showed a tendency for drier months to increase across periods, the
Goukou/Gouritz catchment displayed a decrease in drier months across the periods. The
Goukou/Gouritz catchment also showed an increase in extreme wetter months across the
time periods. Coastal areas showed very little variation between the different rainfall
extremes across time periods. Only mountain areas experienced fewer dry extremes over

time.

4.3.1.4. Examininghifting rainfall patterns over time

In general crop farmers noted that their planting season had shifted to a later period

xEAT Al I DPAOET ¢ Z£ZAOI ET ¢ POAAOEAAO Oi OEAEO ¢O
crop farmers observed that instead of plating in February or March like their
predecessors, theynow plant in April or May. However, it is important to note that almost

All  ZAOI O ET OAOOGEAxAA AEAT CAA (. pdughimgdi i OO0
methods to corservation agriculture which subsequently improved moisture retention

inthe soilszi AEET ¢ Z£AOI AOO 1 AOO AADPAT AAT O idaihs T AAAE
to come before plantingMonthly rainfall data were used to examine whether seasonality

patterns had changed over four time periods: Period 1 (before to 1981); Period 2 (1982

1995); Period 3 (1996-2007) and Period 4 (2008 to present). Data were compared in
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OAOI O T # AOGAOACA AEEAEAOAT AAO AAOxAAT OEA AOQI
0. BAAOT 16 j!POEI h -Auh *O1T AQq ACAET 00 OEA Al «

Question 6: Have seasons shifted according to planting seasons from Masbtay (Old

Season) to ApritJune (New Season)?

Across the research areaPeriod 1 changed by6.6; Period 2 changed by 0.4; Period 3
changed by 29.5; and Period 4 changed b81.5. A positive difference indicates more
rainfall in the Old Seasorand a negative difference indicates more rainfall in the New
SeasonOn average, it appearthat the onsd of the traditional rainfall season has shifted
to a later time period over time.When examining shifts in rainfall across catchment
locations and area (see Table 4)8the New Season dominated Period 4, while the Old

Season was mainly observed in Perio8.

Table 4.8:Average differences between Old and New Seasons for catchment and area locations

Location Period 1 Period 2 Period 3 Period 4
Before to 1981 1982-1995 1996 -2007 2008 to present
Duiwenhoks/Breede 1.9 -9.0 25.1 -28.8
Goukou 20.5 14.0 32.8 -32.9
Goukou/Gouritz 5.3 -4.9 31.7 -35.2
Coast -7.2 -10.7 16.5 -30.3
Vlakte 4.0 -6.2 24.3 -29.9
Mountain 20.3 16.4 50.8 -34.1

Figure 4.8 indicateseach individual farm and stationshifts in terms of seasonalityfor
eachtime period. Mountain locations tended to show the highest variation in terms of
shifting seasonsin Period 3, te traditional Old Season tended to show higher rainfall in
comparison to the NewSeason The New Season tended to display higher rainfall in
Period 4.Overall, it appears that theOOAT AO ET OAET £ZA1 1 AAOQA
observations in that the onset of therainfall seasonhas shifted by a month when
comparedto EAEO DPOAAAAAOOT OO6 AOPAOEAT AAs
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4.3.2. Temperature data
4.3.2.1. Overview

Availabletemperature data for the study werelimited and examined according to coasta
and inland stations.Data were examined in terms of minimum and maximum values on a
monthly scale.Of thefour temperature data ses were available(seeTable 4.2) only two
hadan adequate range ovetime to examine possible trendg namely Mossel Bay (SAWS)
and Riversdale (ARQ. When examining mean annual temperature these data do not
show any clear trendsand inland and coasta stations do not vary greatly(see Appendix
2H). When comparing maximum average temperatures across timas seen in Figuret.9
below and according to expectations, inland stations tended to be warmer than coastal
stations. Inland stations also tended to have lower minimum temperatures. Overall, there
were no clear trends when examining minimum and maximum averages individually

over time.
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Figure 4.9 Average minimum (Min) and maximum (Max) annual temperatureacross all four
data ses: Mossel Bay (SAWS), Still Bay (SAWS), Riversdale (SAWS) and RiatrgARC)
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The two longest time series for temperature, namelyMossel Bay from SAWSnd
Riversdalefrom ARG were then inspected separately due to their favourable time lengths
as a time series of 40 years or more is preferable for trend indicatioand shorter time
series were disregarded.The location of these time series, namely coastéle. Mossel
Bay) and inland (i.e. Riversdale) were also useful for comparison purposes within the
research area.Summary statistics and distribution were examiné for both Mossel Bay
and Riversdale (seeAppendix 21). It was noted for future analyses that the temperature
time series for Mossel Bay had station changes (moved physically within the urban area)
in 2002 and again in 2008; while the Riversdale station @nged from manual operation

in 2005 to automatic operation in 2006.

Boxplots (daily data) of the two longest time series did not give a clear indication of any
changes in trends ofaveragetemperature over time. Asseen in Figure 4.10 and Figure
4.11, there is high variability across both data sets. Overall, more outliers were observed
above average readings, indicating warmer extreme temperatures rather than cold. This
was also reflected in boxplots depicting maximum and minimum observations (see
Appendix 2J).

Mossel Bay and Riversdale time series were then examined for temperature anomalies.
As seen in Figure 4.12 there were no significant trends when using mean annual
temperature data for both the inland and coastal stationgsee Appendix 2K) However,
note the period of warm temperatures in Mossel Bay from 1930 to 1950; the cold period
from 1953 to 1996; the following warm period from 1997 to 2006; and the corresponding

shift to colder temperatures in Riversdale in 2005/6.
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Figure 4.10 Boxplot of average daily temperaturesvith outliers across all years for Mossel Bay
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Figure 4.11 Boxplot of average daily temperaturesvith outliers across all years for Riversdale
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m Mossel Bay
Figure 4.12 Stacked area graph ofé@mperature anomalies from the longest time series whereMossel Bay represents coastal aresand Riversdale

represents inland areas



4.3.2.2. Seasonality

Seasonality was examined at both inland and coastal stations using boxplots. Initially,
annual seasonality was plotted across the 12 months in a year from both time series using
daily data.

Question 7: How does temperature change according teeasonality?

As seenin Figure 4.13 and Figure 4.14 below, the coastal (Mossel Bay) and inland
(Riversdale) data sets showed a clear seasonality within the year, which can be divided

up as follows:

1 Winter: June, JulyAugust

1 Spring: September, October, N@mber
1 Summer: December, January, February
1

Autumn: March, April, May
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Figure 4.14: Daily temperature per month across all year§1973-2014) for Riversdale (a) Average (b) Maximum; and (c) Minimum




Overall, coastal temperatures did not vary greatly between minimum and maximum
averages while inland experienced hotter and colder changes within the average year.
Mossel Bay contained more outliershan Riversdale, indicatingvariability in temperature

on the coast. Warm outliers were more common for both data sets, noticeably
concentrated over the winter months that were most pronounced at the inland station.
Clear seasonalityis evident in both data sets. Tie coldest months were found over the
winter period (June, July and August), while the hottest months were found over the
summer period (December, January and February). Further boxplots according to
seasonality revealed similar results and no clear trendvas established (refer toAppendix
2L).

4.3.2.3. Regime shifts

The longest temperature time series were tested for regime shifts to further explore
possible changes in climate at a local scale. Regime shifts were noted when a statistically
significant difference existed between the mean valuefdhe variable before and after a

certain point based on thesequential regime shift detectionmethod.

Question 8: Have temperature regimes changed over time?

Initially, data for Mossel Bay and Riversdale were organised to examine the year
according toseason, so as not to break up a summer season when running an annual
January to December scenarioFigure 4.15indicates five regimes for the Mossel Bay
temperature series, starting the annual cyle from winter 1921. Figure 4.16shows three

regime shiftsfor the Riversdale time series, beginning th annual cycle from winter 1974

The regime shifts for the coastal data set are divided up intihe following time periods:
1920 7 1935; 1936 7 1952; 1953 7 1996; 1997 7 2007; 2008 7 2014 (Figure 4.15). It
should be noted that a station change occurred in 2008 and therefore may have
influenced the detection of a regime shiftThe regime shifts for the inland data set are
divided up into the following time periods: 1973 z 1996; 1997 z 2004; 2005 z 2013
(Figure 4.16). It should be noted that a station change occurred between 2005 and 2006

at the Riverglale weather station,possibly influencing the detection of a regime shift.
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Data were then divided up according to seasons and tested for regime shiffable 4.9

and Table 4.10Qdisplay results of the regime shifttests according to season.

Table 4.9 Regimeshifts according to seasons (timonth average temperature) for Mossel Bay

Secsan Number of Periods of regimes Mean average Direction of change
regime shifts temperature per regime period

192071935 14.8 Down
Winter 3 193672014 15.3 Up

2015 14.1 Down

192071938 16.8 Down
193971948 17.3 Up

Spring 5 1949 7 1996 16.6 Down
1997 7 2007 17.6 Up

2008 7 2014 16.7 Down

192171939 20.6 Down
1940 7 1950 211 Up

Summer 5 195171998 204 Down
1999 7 2008 215 Up

2009 7 2015 20.8 Down

192071931 18.2 Down
193271952 18.7 Up

Autumn 5 195371997 18.2 Down
199872014 18.8 Up

2015 17.9 Down

Table 4.10 Regime shifts according to seasons (trnonth average temperature) for Riversdale

SevEan Ngmber (?f Periods of regimes Mean average Directiop of chgnge
regime shifts temperature per regime period
. 197372010 12.9 Up
Winter 2
2011 -2014 11.9 Down
1973 - 1996 16.8 Down
1997 7 2004 17.7 Up
Spring 4
2005z 2013 16.2 Down
2014 17.1 Up
Summer 197372014 219 N/A
Autumn 197372014 18.3 N/A

123



In both data sets for the overall seasonal average, a regime shift is indicated in the late
1990s without interference from station changes. The coastal data indicates changes
occurring between 1930s to 1950s and the late 1990s when the different seasonsa
overlaid. There is agreement between seasondhta set from the coast that temperature
regime shifts occurred in the late 1990s (to a warmer period) and again in the late 2000s
(to a cooler period). The inland data, while more restricted due to its shiter timeline,
shows changes in the late 1990s (to a warmer period) as well as after 2010 (to a cooler
period) when seasonality is considered. The warming of temperatures in the late 1990s
could signal a shift in the larger system and should be investigaten conjunction with
regime shifts in the southern Benguela marine ecosystem as discussed by Blamey et al.
(2012).

4.4. Overall Discussion

Local terrestrial rainfall and temperature data obtained specifically within the research
area of the southern Cpe revealed subtle changes over time rather than definitive trends.
While patterns within these data were not cleascut, it is still important to consider local
variability within over -arching climate change patterns of South Africa as this is
important to monitor for livelihoods dependent on a natural resource base, such as
farmers. It is also equally important to consider the quality of the database examined,

which influences the results z as discussed below.

4.4.1. Challenges

Challenges associated witthe data sets analysed for rainfall and temperature time series

are summarised as follows:

1. Data quality
1 Collection methods for rainfall on a daily scale was not always consistent footn
farmers and stations. A common problem was thaccumulation ofrainfall over a
few daysthus not giving accurate daily rainfall readings
1 Change in rainfall and temperature stations for observation data in terms of

altering station location and updating or switching gauge technology resulted in
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possible inconsistent tme series thus possibly skewing results particularly

associated with regime shifts in the temperature data series

2. Limited available data

1 Only a few functioning weather stations were present in the research area which
is problematic for scientific research due to a lack of available, reliable data on a
local scale

1 Of the handful of weather stations recording temperature in the research area,
only two data time series were used for analyses due tthe poor quality of
available datain terms of very short time series and missing values

1 Furthermore, farmers did not keep detailed records of temperature and discarded
annually recorded temperatures at the end of each year thus further limiting

accessible temperature data

3. Length of time series
1 Many avalable data sets were not long enough to access long term changes in
climate variability on a local scale
1 A minimum of 40 years is recommended to access any change in trends over time

for climate analyses corresponding to two cycles of decadadcale chame.

4. Scale
1 Problematic to analyse subtle changes at fine scale as annual timeframes do not
account for seasonality changes, however daily timeframes present problems with
data quality;
1 The use of numerous data points (i.e. daily) can also result in sked significance

due to volume rather than change

4.4.2. Rainfall patterns and change over time

In the initial inspection of rainfall data, there were no clear trends over time and high
variability across the research areagenerally supportingobservations of farmersin the
southern CapeKey findings for rainfall data in relation to observations of participaing

farmers, as well as researcljuestions,are summarizedbelow in Table 4.11
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Table 4.1 Summary of rainfall results in relationto research questions

Question Results
Question 1: Are extreme years the same Yes
between farms?

Question 2: Are extreme years the same Yes

between farms and other data sources?

Question 3: How does rainfall change
between catchments?

1 Duiwenhoks/Breede catchment is drier compared
to other two catchments

i No difference between Goukou and
Goukou/Gouritz catchments

Question 4: How does rainfall change
between areas?

1 Mountain areas received highest average rainfall
(679mml/year)

1 Vlakte areas had intermediate average rainfall
(448mml/year)

9 Coastal areas experienced the most variable and
driest average rainfall (399mm/year)

9 Differences between areas are significant

Question 5: Have extreme events shifted
over time (monthly)?

a) Dry months (<10mm)
b) Wet months (>75" percentile)
c) Wet months (>95" percentile)

Catchment:

a) Duiwenhoks/Breede increased significantly
between Period 1 (before1981) and Period 4
(2008-present). Goukou increased between
Period 1/Period 3 (1996-2007) and Period 4.
Goukou/Gouritz decreased in Period 2 (1982
1995) and Period 3, but increased in Peod 1
and Period 4.

b) No significant changes across all catchments.

c) Goukou/Gouritz increased significantly in
Period 2 and Period 4 compared to Period 1.

Area:
a) Vlakte significantly increased in Period 1 and
4 in comparison to Period 2 and 3. Mountain
decreased from Period 1 to 3.
b) No significant changes across all areas
¢) No significant changes across all areas

Question 6: Have seasons shifted according Across the research area, the Old Season experiencet
to planting seasons from Old Season (Mareh the most rainfall in Period 3, while the New Season

May) to New Season (Aprillune)?

experienced the most rainfall in Period 4.
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Farmers noted that experience of rainfall differed across the research area, depending on
where farms were located (see Section 3.4.3)Analysis confirmed that minfall was
significantly different across areas with a decreasing rainfall gradient from the mountains
(highest rainfall) towards the vlakte (mid-range rainfall) and then coast (least rainfall).
Similarly, rainfall changed between catchment areas with the Duiwenhoks/Breede
catchment area in the western extent of the research area significantly differing from the
Goukou and Goukou/Gouritz catchment areas located in the centre and eastern parts. The
western extent of the research areaxperienced a lower annual average rainfall amount
when comparted to the other two catchment areas (which had similar higher annual
AOAOACA OAET £ZA1 1 Q8 4EAOA AAOA xAOA EECEI U OA
that rainfall did not have any ckar trends over time. This also highlights the importance
of scale, emphasizing the subtle changes of rainfall experience when examining these
patterns at a local level and how this impacts strategies employed depending on where

farms are located.

A study by MacKellar et al. (2014)noted thattrends in rainfall indices were generally not
significant and inconsistent across the Western Cape regiowhere the number of rain
days indicated drier corditions along the southern coastal regionsDuring my research,
southern Cape farmers noted that rather than the amount of rain drastically changing
over time when compared to the experience of their predecessors, rainfall patterns
differed. According to irmers, rainfall no longer fell typically over a lengthy period of
time as soft drizzle, but rather in shorter, erratic and at times extreme events with longer
dry periods. Rainfall data from the research area indicated a significant increase in
extremely dry months over the past few decades in the Duiwenhoks/Breede and Goukou
catchments, while the Goukou/Gouritz catchment indicated a decrease in drier months
across the time periods. More significant changes between different time periods were
found between catchments rather than areas, where only mountain areas displayed

significantly fewer dry spells over the past few decades.

Seasonality and associated rainfall was deemed important by crop farmers in the
research area as this had implications for théme of year that farmers could begin their
planting season. Farmers observed that they started the planting season later into the

traditional month when compared to previous generations as the onset of the seasonal
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rainfall had appeared to have shifted bya month or so. This was supported when the
traditional planting season was compared to the new planting season terms of rainfall,
indicating that the onset of the typical autumn rainfall season had shifted to a month later

over the past decade.

4.4.3. Temperature patterns and change over time

Work carried out by MacKellar et al. (2014)on observed and modelled trends in rainfall
and temperature for South Africa (from 1960 to 2010) fond that maximum
temperatures had significantly increased for all seasons in the Western Cape area, with
strong warming occurring over the last ten years. Temperature data from theouthern
Cape investigated heravere highly variable over time, indicatingmore complexity on
smaller scales.Temperature time series did display periods of consistent warm or cool
periods over time, which interestingly overlaid between coastal and inland observation
stations with a highly variable period from the 1970s to mid1990s, then a consistent
warm period from late 1990s to mid-2000s, and subsequently followed by a consistently
cooler period after 2006 (see Figuret.15 and 4.16. Key findings for temperature datain

relation to researchquestions are summarizedn Table 4.12.

Temperature in the research area did have clear seasonal differentiation with the hottest
months found in summer (December, January and February) and coldest months
experienced in winter (June, July and August). Transition seasons of sggiand autumn
were also clearly shown by decreasing temperatures in autumn (March, April and May)
and increasing temperatures in spring (September, October and November). Coastal
temperatures were more variable than inland, where the inland station displaye hotter

(in summer) and colder (in winter) averagesaccording to expectations. It is interesting
to note that outliers were more prevalent for warmer temperatures, particularly in
winter months. Warmer outliers indicate more unseasonably hot days whichould have
implications for drought-like conditions, particularly when linked to subtle changes in
long term rainfall patternsAT A OT 1 A E£AOI AOOGS8 T AOGAOOAOCET T O OF
be less cold in recent memoryWork carried out by Wiid (2009) in the southern Cape

region also noted an increase in temperature extremes and frequent drought conditions.
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Table 4.12 Summary of tempeature results in relation to researchquestions

Question

Results

Question 7: How does temperature
change according to seasonality?

Seasons were well defined:
A Winter: Junez August
A Spring: September November
A Summer: December February
A Autumn: Marchz May

1 There was greater seasonality inlandwhich matched

expectations.

1 Seasonality did not change significantly over time.

Question 8: Have temperature regimes
changed over time?

Mossel Bay (1920-2014) annual regime shifts:
1. 1935-1936 = increase
2. 1952-1953 = decrease
3. 1996-1997 = increase
4. 2007-2008 = decreasé
*But station changecould influence results

Riversdale (1973 -2013) annual regime shifts:
1. 1996-1997 = increase
2. 2004-2005 = decreasé
*But station changecould influence results

1 Mossel Bay and Riversdale annual time series were
consistent with each other in 1997 to 1998 witha shift of
increasing temperature

I Mossel Bay seasonal time series are agreement with
annual time series of shift to warmer period in late 1990s.

1 Riversdale spring time series in agreement with annual
and coastal seasonal time series of shift to warmer period
after mid-1990s.

1 Both stations adjusted downwards in annual and seasong
time series to a cooler temperature regime period from
mid 2000s; however this is possibly due tgtation change
for both sites over this period and results should be
treated with caution.
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Temperature displayed significantly cooler and warmer periods over time, with a long
cooler period experienced from the 1950s to miel990s and again after the mie2000s.
On the coast, a warm period occurred between 1940 and 1950 and both inland and
coastal temperature data set indicated a clear warm period from the late 1990s to
mid/late 2000s. At both observation stations, spring was the season most sensitive to
regime shifts for temperature. These shifts in temperature in the 1990s correspond
findings in regime shifts in the southern Benguela marine ecosystem B®lamey et al.
(2012). While temperature shifts in the late 2000s are also possibly in agreement with
marine findings (Blamey et al., 2015; Jarre et al., 2015)hese should be treated with
caution due to station gage changes in both coastal and inland locations during this time

period.

4.4.4, Summary

Data from both rainfall and temperature time series in the research area showed
complexity and high variation, only displaying subtle changes over time rather thariear-

cut trends. Experiences of farmers were largely in agreement with rainfall variation
within different areas and catchments, particularly when seasonality was considered
with the later onset of seasonal autumn rainfall since the mi@000s. Across the
catchment areas, the western and central extent of the research area experienced an
increase of dry spells over time. While the eastern extent of the area experienced the
highest frequency of dry spells before 1981, there is an increase in dry spells aftée
early 1980s to present. Increased dry spells and commonly occurring extreme outliers of
temperature that tend to fall above average could have significant impacts on farming
livelihoods in the research area. The eastern extent of the research areacaéxperienced

an increase in extremely high rainfall months since the 1980s, again showing complexity
at a local scale and that change is not necessarily a uniform experience for farmers located

in the area.

Change in temperature patterns were more dif€ult to discern from a farming
perspective and analyses did not clearly link changes in temperature regimes to subtle
changes in rainfall patterns. It should be noted that temperature analyses were limited to

only one coastal and one inland point, whereasinfall data ses were more abundant and
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could therefore examine finescale changest a local level in more detail Findings from
terrestrial temperature stations indicating warming in the late 1990s could signal a shift
in the larger system and this isin agreement with work carried out by Blamey et al.
(2012) on the marine component of the ecosystem. To better understand terrestrial
changes in climate patterns in the research area and contextualize subtle changes within
a broader scale in this coastal region, it wilbe useful to overlay terrestrial climate

variability with changes in the local marine system.

4. 5. Conclusion

In conclusion, points highlighted from this chapter include:

Rainfall:
T #1 OO1T AT OAOETT 1T & AAOI AOOS 1T AOAOddrAiGa | T O
patterns over time;
1 No clear, significant trends of change over time in rainfall and temperature time
series but decadalscale variability present

1 Increasingly more dry spells experienced since 1980s across all three catchment
categories andvlakte areg

1 The eastern extent of research area experienced an increase in extreme monthly
rainfall events since the 1980s

1 Across the research area, the onset of seasonal autumn rainfall has shifted to a
month later after the mid-2000s.

Temperature:
1 Analyses showed clear seasonal differentiation in temperature that were in
agreement between the coastal and inland stations
1 Coastal temperatures displayed more variability in comparison to inland
temperatures;
1 Outliers were more prevalent for warmer temperdures, particularly in winter

months;
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Scale:

Inland and coastal temperature annual time series wereonsistent with each
other for shift to warmer regime in late 1990s until mid/late 2000s, which

correspond to regime shifts in the southern Benguela marinecosystem

It is important to consider fine geographical scale as weather patterns differ
within and across research area, as evident in results

Changes in rainfall patterns differed across catchments and areas could
potentially give greater insight in challenges faced by local farmers

The warmer temperature regime of the late 1990s into the 2000s could indicate a
larger shift in the system, thus it will be useful to overlay terrestrial climate
variability with changes in the local marine system

Fine-scale complexity is important to understand within the broader context of
climate variability and how this influences local livelihood strategies under

change
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CHAPTER 5

THE MARINE PERSPECTIVE:
WIND PATTERNS ON THE AGULHAS BANK

5.1. Introduction

While global climate change has impacted and will continue to impact marine fish and
fisheries (for example Roessig et al., 2004}his change is not impacting all ocearegions
at the same rate. 8me regions, referred to as marine hotspots, are experiemg sea
surface temperature warming at several times the average global warming raelobday
and Pecl, 2014) The Aglhas Current is characterised as a marine hotspot and is
influencing changeson the AgulhasBank such aslecreasing abundance of commercially
important linefish species and declining catches within handline fishery sector@iobday
et al., 2016) Since the beginning of the 20 century, historically valuable fish stocls have
largely been depleted across the Agulhas Bari€urrie, 2017). The decrease ineconomic
yield of inshore demersal fishcommunities, upon which local handline fishers in the
southern Capedepend, appearsto be due to the replacement of high value fish (for
example Argyrosomusspecies) with fish species of marginal value(Currie, 2017). As
shown by Currie (2017), substantial emsystemalteration has taken place on the Agulhas
Bank over time and he suggestghat climate is a major driver in recent changes in

distribution .

The marine socialecological system othe Agulhas Bank, linked to thesouthern Cape
embody the theme of bange as highlighted by local fishers, where these systems appear
to be in constant flux from anthropogenic to biophysical pressures that ultimately
threaten livelihoods of the lccal smallscale commercial lindishery (Gammage et al.,
2017a). Coastal systems present a unique set of challenges to communities reliant on
their ecosystem services, as they are exposed to mu#icale spatial drivers of change that
can play outover extended periods of time orthrough sudden shifts(Jarre et al., 2015)
Given the environmental complexity associated with the marine environment of the

Agulhas Bank(for example Blamey et al., 2015)gaps persist in scientific understading
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of how these local marine ecosystems alenpacted bybiophysical drivers of change due

to limited available data, bay to shelf scale mismatches and high uncarity in model
predictions. How anthropogenic forcing plays out in thelocal marine sociatecological
systemis also poorly understood, further complicating the sustainability of smalscale
AEOEAOOG 1 EOATEEITAO ET OEA OI OOEAOT #ADPAsS8

As described byOmmer et al. (2012: 317) marine ecosystems and fishers are linked in
OEAO O EédogiCalrisharg sydtem is dynamic and intactive: whatever affects the
fish assemblages in marine ecosystems will affect the human communities to which that
ecosystem is tied and of which those human communities, by extension, are an
ET OAOAAPAT AAT O PAOOG68 2A0DI T &y&dmgis éhallenditgAT C A
due to high uncertainty around the trajectory of environmental change, the volatile
consequences of resource depletion and future impacts of globalisation. Adaptation
strategies and policy implementation that are effective in respores to change will
therefore need to draw on different knowledge systems and account for social and
ecological interaction within local areagOmmer, 2007). As noted byTengo et al. (2014)
diverse knowledge used in paralld can build understanding around a complex issue (see
Section 2.7), which can be valuable in the case of smsdlale fisherieswhere scientific

data arescarce and model outputs for natural systemshow discrepancies.

Building on work carried out by the SCIFRproject on commercial linefishery
communities in the southern Cape, this chapter focuses on examining this local marine
ecosystem variability through wind paterns. This chapter investigates Key Question

O &w havemarine climate (weather) patterns changedin relation to fisher communities
locatedin the southern Capel® 1 ET EET ¢ ET O1T 11 AAl AEOEAO0OG

project research.

5.2. Research area

The research area for the SCIFR project (refer to Figure 1.1) consiststbé inshore
section of the Agulhas Bank as it represents the fishing grounds of the srsdlale
commercial linefishery operating in the southern CapéGammage et al., 2014). Fisher

communities that participated in the SCIFR research project are located in six towns

134



within a 155 km stretch of the southern Cape coastline: Mossel Bay, Gouritsmond,
Melkhoutfontein, Still Bay, Vermaklikheid and Witsand. The research area fothis
chapter extends offshore to includethe Central Agulhas Bankmarine regions that

connectthe southern Cape with offshore southern Cape coa&ee Figure 5.1).
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Figure 5.1: Location of the researclarea (square) within the southern Benguela and place names
found in the text. The Agulhas Bank is divided into the Western Agulhas Bank (WAB) that forms
part of the west coast system; and south coast that consists of the Central (CAB) and Eastern
Agulhas Bank (EAB). The edge of the shelf isdicated by the 500 m isobath(adapted from
Watermeyer, 2015; Gammage et al., 2017a)

Assessing changes from atmospheric and climate forcing in marine ecosystems are
important, as climatic variability can alter local marine fish populations and thugmpact
fisheries, as alreadyrecorded in the Benguela ecosystemgHutchings et al., 2012)
Environmental variability has been documented to change over time in the southern
Benguela inshore region, resulting in soci@conomic implications for fisheries and
communities dependent of these marine resource¢Blamey et al., 2012) The highly

variable nature of the Agulhas Bank, particularly sulsurface features such as
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stratification dynamics and the Cool Ridge, present a challenge when assessing and
understanding possible trends of changen the Agulhas Bank(Jarre et al., 2015) This is
further confounded by the lack of high resolution, longerm environmental data for
meteorological and oceanographic measureants within the southern Benguela region
(Jarre et al., 2015; Lamont et al., 2017)

The following section gives a brief description of the dynamics and drivers of change on

the Agulhas Bank and its assmated linefishery.

5.2.1. The Agulhas Bank

The Agulhas Bank is the triangular section of the continental shelf that widens between
Cape Point and East London, extending off Cape Agullias117 km and is fully situated
within the South African Exclusive Economic Zone (EEZ). The south coast, which includes
the Agulhas Bank, exhibits characteristics of both temperate shelf and upwelling systems.
Major drivers of the hydrology of the Agulhas Bank include the wind regime, seasonal
overturn of shelf water and the Agulhas Current that flows along the shelf brealdarre et
al., 2015) The Agulhas Bank is dominated by warm subtropical water from the Indian
Ocean and winddriven upwelling is localised and occurs over the summer period at
prominent capes(Lamont et al., 2017) The Agulhas Current, which flows along the east
coast of South Africa, is an energetic current driven by the windefd over the Indian
Ocean that #&ects local climate and coastal ecosymms of South Africa andplays an

important role in the global ocean circulation(Zietsman, 2011)

The Agulhas Bank can be divided intthree regions based on hydrography, plankton and
forage fish patternsz Western, Central and Eastern Agulhas Bank as shown in Figure 4.1.
While the Western Agulhas Bank is similar to the west coast of the southern Benguela
system as it is characterised bwind-driven coastal upwelling and higher nutrient levels;
the Central and Eastern Agulhas Bank experience less coastal upwelling, predominately
driven by the seasonal increase of easterly winds (typically in summer and autumn). The
Central and Eastern Agulas Bank also experience enrichment along the shdifeak due

to either shelf-edge upwelling from interaction between the Agulhas Current anthe
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shelf-break, or eddies coming from this current that move along the selfreak in a south

west direction (Watermeyer, 2015).

Over time, the Agulhas Current appears to have become more variable, is meandering
more and there is an indication of warmingsincethe 1980s While some studies indicate
an offshore warming and inshore cooling trend fothe Agulhas Bank(Roy et al., 2007;
Rouault et al., 2010) more recent analysis showghat the cooling trend is no longer
present on the south coast but confirms the warming of the Agulhas systefBlamey et
al., 2015) Due to the simultaneous presence of localised upwelling and subtropical
waters, the Agulhas Bank experiences a mudarger range of irter-annual temperature

and variability compared to west and east coast areas.

While wind-driven upwelling along the south coast is not as prominent as off the west
coast of South Africa, it is an important driver for local environmentiaprocesses. Work
carried out on upwelling indices, derived from geostrophic windgusing data from over
the period of 1981 to 2010), byBlamey et al. (2012)on the central Agulhas Bank indicate
an increase in upwelling in early to mid1990s and decrease in early 20003 his research
also indicated that intra-annual upwelling has increased towards the end of the 1980s
and again in 2007 in this region(Blamey et al., 2012) Similar research using total
cumulative upwelling indicesbased onNCERDOE Reanalysis %ind vectors by Lamont
et al. (2017)show an overall increasing trend on the Agulhas Bank, with periods of high
upwelling featuring in the early to mid-1980s, mid-1990s to early 2000s, and between
2007 to 2014. Sincel993, Lamont et al. (2017) also noted that there have been
consistently more upwelling days per year, where most of these years exceed the leng
term mean for this region. Obsered variations in upwelling on the Agulhas Bank are
consistent with sea surface temperature fluctuations and coastal coolir{foy et al., 2007;
Rouault et al., 2010; Lamont et al., 2017)

Coastal upwelling on the south coast is likely to play an important role in terms of
seasonality and driving localised scale changes. Increased upvirdl variability may

result in increased instability within the ecosystem, particularly as coastal upwelling
stimulates biological productivity at all ecosystems levels and hence drives fisheries

(Zietsman, 2011; Blamey et al., 2012) Around southern Africa, the complexity and
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variability of the marine environment is partly due to the latitude and its assciated
weather. In summer, the oceanic higipressure cells either side of southern Africa
dominate the wind field, driven by the South Atlantic and South Indian Anticyclones (also
referred to as high pressure systems) thaesult in coastal upwelling along the west coast
and Agulhas Bankhrough south-easterly winds (Nchaba et al., 2017)During winter the
westerly belt migrates north resulting in cold fronts and strong westerly winds moving
into southern Africa (Tyson and PrestonWhyte, 2000). Jarre et al. (2015)found that the
South Atlantic Anticyclone system made a significant southerly shift from the late 1980s
to early 2000s, after which t showed signs of retreating northwards again. This shift
could be linked to the increase in southerly/southeasterly winds and upwelling
experienced during the 1990s in the southern Benguela, as discussed Bamey et al.
(2015).

5.2.2. Southern Cape linefishery

5.2.2.1. Overview: South Africzontext

The South African linefishery consists of a mulspecies, multisector, multi-area group

of low to medium technology fisheries that spans over a large geographical range, where
more than 200 fish species are targeted through hanlthe or rod and reel methods
(Blamey et al., 2015) Linefish species (typically predatory in nature) are usually
classified as warmtemperate reef fish, cooltemperate reef fish or pelagic nomads.fese
species tend to display diverse lifehistory strategies, such as long lifespans, estuarine
dependence, sex change and aggregating behaviour, which can make these populations
vulnerable to over-fishing (DAFF, 2016) Most linefish caught along the South Atan
coast are not exclusively targeted by the linefishery, buwlso constitute bycatch (or form
important components of the catch) of other fisheries, which complicates the
management ofthese fisheries There are three recognised sectors within théinefishery,

namely commercial, recreational and smalscaleco-operatives.

The commercial linefishery of South Africa dates back to the mitB00s, making it one of
the oldest commercial fisheries in the country(Griffiths, 2000). For example, along the

southern Cape coasta commercial linefishery off Still Bay and Mossel Bayhas been
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operating for over 100 years(Duggan et al., 2014, Visser, 2015)loday, the commercial
linefishery around the South African coast is a bodiased, labourintensive and low
earning sector that has an important human livelihood dimension. In the late 1990s, an
estimated 700 registered vessels operated inhis sector nationwide, but this has since
decreased to 455 boats from the mi2000s (DAFF, 2016) The linefishery employs
approximately 27 percent of all fishers in South Africa and has the lowest average
employment income. Despite the commercial linefisherjaving the largest fleet sizen
terms of boat numbers it only contributes around six percent to the total estimated value

of all South African marine fisheriesn the formal sector(DAFF, 2016)

Concerns around overfishing around the South Africaroast were first highlighted in the
1940s, however regulation measures for this fishery were only implemented in the mid
1980s. Due to an increase in fishing effort and complimentary technological advances
(such as the introduction of motorised skiboats andmproved fishing technology) during
the 20t century, linefish were subsequently overexploited and catches began to
decrease over timgGriffiths, 2000; DAFF, 2016)In 2000, an emergency in the linghery
was declared by the Minister of Environmental Affairs and Tourism due to the critical
status of many linefish stocks. Fishing effort was subsequently reduced and a Linefish
Management Protocol (LMP) was developed to manage the sector, which remathe
basis of currentmanagement(DAFF, 2016) Despite some positive signals since the long
history of severe overexploitation in the linefishery, most linefish species remain in an

unknown or collapsed state(Blamey et al., 2015)

5.2.2.2Southern Cape commercial linefishery

Initial and ongoing research carried out by the SCIFR project is focused on the snsaidle
commercial linefishery that operates in the inshore area of the Agulhas Bank. Fishing
activities typically take place betweerthree to 60 km offshore in depths between 20 and
60 m over reef structures surrounded by muddy sea be(uggan et al., 2014) Silver kob
(Argyrosomus inodorugare predominately targeted by this handline fishery as these fish
are regarded the most commercially viable, however other species such as
silvers/carpenters (Argyrozona argyrozona and red roman (Chrysoblephus laticepsare

also targeted in the absence of silver koflGammage et al., 2017a)Geelbek Atractoscion
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aequiden$, snoek (Thyrsites atur) and yellowtail (Seifola lalandi) are not commercially
exploited here as these species are not abundant ithe area In the past, fishers noted
that Cape hake Merluccius capens)shad been present in this arean the past,but this

species has not been caught recentffsammage et al., 2017a)

Silver kob are the most abundant sciaenid species in South Africa and are rassociated
fish with large home ranges, where fish retreat oftsore in winter and return to inshore
waters when coastal upwelling resumes in summefWinker et al., 2014; Gammage et al.,
2017a). Fishers in the southern Cape expect silver kob to migrate inshore at the beginning
of spring for the start of the fishing season, where fish typically remain inshore until the
onset of autumn(Gammage et al., 2017aMost largebodied silver kob are overexploited
and the South African stock status is depleted for thispecies, with fishing pressure
classified as heavy(DAFF, 2016) While this stock has shown improvements on the south
coast since 1987, when it was severely ovezxploited at 13 percent of unexploited
carrying capacity, the present stock remains oveexploited at 18 percent of unexploited

carrying capacity (Winker et al., 2014; Currie, 2017)

During the research period of the SCIFR project (where preliminary research began in

2010 until present), silver kob catches peaked in 2010 and skippers were able to land 1.5
tonnes of fish up to three times a weekDuggan et al., 2014)However, silver kob catches
plummeted in early 2011 and have remained low until present, with fishers noting that

these fish altered behaviour in terms of decreasing their residence time inshore and
disruption to fish migration patterns on the Agulhas BankKDuggan et al., 2014)Fishers

have highlighted a direct relationship between diminishing kob catches (specifically from

2011) and changes, including increased variability, in the local climatg&ammage et al.,

2017a). Gammage et al. (2017a: 4AAOOET T OE A Oy réyarding hé® $orde OO A E T
AAPOE AT A AT 1 Okh@wedgelAZE OXIAE iAZE@A AMOEDNST CA x AOOAT O
however, these observed changes in distribution and catch of silver kob could be partly

linked to recent regime shifts in the southern Bengua. For example, changes in
environmental drivers and subsequent intensified fishing efforts are thought to be
responsible for the southward and eastward shift of small pelagic fishsardines
(Sardinops sagaxand anchovies Engraulis encrasicolug in the late 1990s and early

2000s (Coetzee et al., 2008)which is supported by changes in the distributions of
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predatory fish in relation to their prey in the southern Benguela (Watermeyer et al.,
2016). The availability of these small pelagics on the south coast are also thought to
modify silver kob availability and behaviour (Duggan, 2012) While other fishing
industries such as inshore trawl also impact silver kob stocks on the Agulhas Bank
through bycatch, the degree to which environmental forcing impacts local stocks is

unclear (Winker et al.,2014; Gammage et al., 2017a)

5.3. Methods

5.3.1. Data

Data were obtained from three different sources: Southern Cape handline fisher
observations of climatic change, with specific reference to wind variability over time; and
two wind data products derived from a blended wind product based on scatterometer
retrievals and NCEPDOE Reanalyis 2

(https:/lwww.esrl.noaa.gov/psd/data/gridded/data.ncep.reanalysis2.html).

w8x8uB8u8 &EOEAOOG I AOGAOOAOETT O

&EOEAOOS 1T AOAOOAOGEI T O xAOA 1T AGAET AA &EOI I EE
SCIFR project on the southern Cape handline fishery. Imiti participant observation

fieldwork was carried out between 2010 and 2011 byDuggan (2012)with a focus on
commercial skippers from Still Bay and Melkhoutfontein. Skippers make the majority of

decisions regarding when, where and howo fish, as well as being fishers themselveg

making this group of fishers idealknowledge brokers for the area. These skippers
represented a diverse range of backgrounds and, while all experienced in their fishery,

also included multi-generational fishas. These fishers gave detailed accounts of their
experiences and observations within the smalscale commercial handline fishery of the

Southern Cape. In addition to participant observation, Duggan (2012) drew on semi

structured interviews carried out in terrestrial and marine working environments.

Following this research,Gammage (2015)conducted research between 2013 and 2014

in six towns located on the southernCape coastline- Mossel Bay, Gouritsmond,
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Melkhoutfontein, Still Bay, Vermaaklikheid and Witsand. The sample size for this
component of fieldwork was expanded to 50 participants comprising of skippers, boat
owners, crew, members from associated industryrad spouses/partners. Research was
carried out using semistructured interviews, as well as several group interviews of
varying sizes. This research focused on multiple stressote which fishers and fishing
communities are exposed that play out over numenas temporal and spatial scalegsee
details in Gammage et al., 2017a;bJor the purpose of this thesis, the focus of fisher
observations were selected from narratives from participating skippers, to keep
consistency between earlier research carried out bybuggan (2012), as well as for
comparative purposes to bridge farmer dialogue from Chapter Three. As farmers
interviewed in my research are decision makers in terms of what and how they farm, this

is comparable to skippers who are primary decision makers forheir fishing activities.

However, Gammage et al. (2017anote that participant responses across different
groupings remained consistent throughout the reearch, thus crew observations are also
considered from work arising from the subsequent Global Understanding and Learning
for Local Solutions (GULLS) projediHobday et al., 2016; Aswani et al., 201&nd further
research conductel by Gammage (in progregs The GULLS project, carried out in the
southern Cape between 2015 and 2016, focused @new households who seHidentified

as fishery-dependent and research was conducted using a household social vulnerability
survey (Aswani et al., 2018) Observations from fishers other than skippers were only
considered when examining more refined topics, suctas direct questions to crew

concerning how they perceive changes in wind patterns for the area.

5.3.1.2. Wind data products

The first wind data product is the NCERDOE Reanalysis gKanamitsu et al., 2002) which

is an upgraded forecast model and diagnostic package of the NCEP/NCAR Reanalysis 1
project z created by a complex system of programs, libraries, scripts amthta sts. Thus
NCEPRDOE Reanalysis 2 is an updatedt@urly global analysis and human erroffixed
version of Reanalysis 1, focusing on long term trends (beginning from 1979) through
assimilating rainfall, satellite radiances and other remote observations based @patial

and temporal resolution of the first version (T62, 28 levels)Lamont et al. (2017)found
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NCEPRDOE Reanalysis 2 wind vectors to be suitable for assessing stsglale upvelling
variability in the southern Benguela as this product provided the most consistent, ufo-
date, high temporal frequency data across the region when compared to other lotgrm
data sets. When referring to the NCEPOE Reanalysis 2 product in this #sis, it will be
termed NCEPDOE wind data. For the purposes of this research, NCE®E wind data is
considered to be representative of offshore wind patterns, athe nearestdata point is

situated approximately 100 km offshore ghelf scalg.

The second dta set examined is a multiyear wind product created byDesbiolles et al.
(2017) which retrieves scatterometer data from 1992 to present from four separate
missionsz ERS1, ER&2, QuikSCAT and ASCAT. Surface winds, or equivalent neutral wind
velocities at 10 m, from these scatterometer missions were used to make a 20 year
climate series, where optimal interpolation and kriging methods were applied to
continuously provide surfacewind speed and direction estimates over the global ocean
which are consistent in time and space. This was further enhanced by using other data
sources such as radiometer data (SSM/I) and atmospheric wind reanalyses (ERA
Interim) to build a blended product, which is available at 1/#4 spatial resolution and
every 6 hours. This blended wind product is suitable for studying aisea interactions at
climate mesoscale, as the product was validated through comparison to buoy winds, and
also compared well with othe long-term wind analyses that examined seasonal cycle and

inter-annual variability.

While the blended wind product is considered robust due to its high resolution and high

guality nature of satellite data; there are some limitations that need to beonsidered. For

AoAi bl Ah OAOAT 1 EOAOG AOA OAI ET A8 ET OEA AT AOGO
to approximately 50 km offshorg the prime area of the handline fisheryThis blended

wind product merges data from different satellites and modelst different spatial and

temporal resolution to minimize this blind coastal zone.The blendedwind product is

therefore considered to be a good surrogate to examine wind temporal variability in

coastal zones in the absence of reliable local windeasurements. When referring to this

Al AT AAA xET A DPOT AOAO £l O OEA OAI AET AAO 1T £ OE
wind data. For the purposes of this research, sdarometer wind data are considered to

be representative of nearshore wind patterns.
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5.3.2. Analyses

Data were assessed initially in two separate streams, namely fisher observations and
wind data, and results discussed in a comparative manner after initial analyseBata
were examined at annual and monthly scales so that it was comparable to terrestrial data
analyses (Chapter Four)Data analyses were guided by a number oésearchquestions
formulated to examine climate variability observed by fishers from the SCIFfRsearch

project, with a specific focus on coastal wind patterns.

5.3.21. Examining fisheéd@bservations

ResearchQuestions to examine fishe® dbservations on climate variability consisted of:
Question 1: How do fishers perceive climate variabilityin the southern Cape?
Question 2: How do fishers place wind as a climate stressor?

Question 3: How havelong-term wind trends changed over time according to fishers?

Fisher observations, based primarily on skipper experiences, froduggan (2012) and
Gammage (2015)were collated and summarised with a focus on climate change and
variability. Finer details on specific windrelated questions from the GULLS project and
subsequent byGammage (in progressere also included. Key information distilled in
summary format to analyse fishekknowledge were extracted from detailed ethnography
and interviews based on observations predminately from skippers who lived in
Witsand, Still Bay, Melkhoutfontein and Mossel Bay during the research period of the
SCIFR project.

5.32.2. Examining wind data

ResearchQuestions to examine wind data consisted of:

Question 4: How well do off-shore (NCERDOE) and neafshore (scatterometer) wind
data agree?

Question5: ( AOA OA@OOAT A8 jpnm 170 10 AAT OA(Q
Witsand, Still Bay and Mossel Bay®s this reflected in NCERDOE and aggregate

scatterometer wind data?
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Question 6: How do NCEPDOE and scatterometewind data compare in the research

area when examining annal and seasonal mean wind speed and variability?

For wind data analyses, wind speed, U (positive for a west to east flow) and positive
for a south to north flow) components were considered.Year determination for time
series was based on the starting point of the onset of the selection or season. Annual and
seasonal time series were divided up as follows:
1 Annual: June to May
1 Austral summer: October to March;
1 Austral winter: April to September
1 Autumn: March to May
1 Winter: June to August
1 Spring: September to November
1 Summer: December to February

NCEPRDOE data were extracted for the Agulhas Bank (specific location3#°S, 22.5E) as
the off-shore component ofthis analysis. Scatterometer data, representative of the near
shore component of this analysis, were extracted from three coastal fishing towns
sampled in the SCIFR project, namely Witsan®4.4’S, 20.8E); Still Bay 34.3S, 21.£E)
and Mossel Bay 34.1°S, 22.1°E). Scatterometer data were also aggregated to scale up to
the Agulhas Bank (covering an area between corner point33.75S, 21.25E; 33.75S,
23.75E; 36.25S,21.25E; 36.25S, 23.75E) level for comparative purposes against the off

shore componen. Wind data were analysed for 12pm data points across all data sets.

Initially, NCERDOE (1979 to 2015) and aggregate scatterometer (1993 to 2016) data

bl ET OO0 xAOA OAOOAA I O OEI EIl AOEOEAO 1 0 AEAEAEA
(due to the non-normal distribution of these data) and linear regression using a

AT T AETAQCETT T &£ 2 PAAEACAO AT A w@wAAlI 8 7EAT A@
of 10 m/s or above were selected from scatterometer data sets as this was considered to

be too strong for fishers to successily go to sea. These days were then counted per

month and compared on a seasonal basis using linear regressianboth five (to identify

significant trends) and 10 (to identify meaningful tendencies)percent significant levels

NCEPRDOE and scatterometemwind data for components U and V were then assessed
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using sequential regime shift detection software (www.beringclimate.noaa.gov) to
examine possible regime shift§or both the mean and variability of the time seriesRefer

to Section 4.2.3 for details orsoftware methods and parameters used.

5.4. Results and discussion

Results are divided up and discussed in two parts, focusing on wind patterns and
variability on the Agulhas Bank and more specifically Witsand, Still Bay and Mossel Bay.
The first part examines fisher observations around climate (specifically wind) variability

and the second part examines nearand off-shore wind patterns.

5.4.1. FisherO ébservations

5.4.1.1. Fishers in changing marine environments

Initial detailed ethnography from fieldwork carried out by Duggan (2012)revealed that
fishers viewed their marine environment as a complex system of interconnections, where
the availability of the highly prized silver kob was dependnt on a variety of factorsz
seasonal upwelling for the fish to migrate inshore, prevailing winds and currents, water
temperature, tidal considerations, sea state and healthy reefs. Therefore, fishers hold
valuable understanding of these interacting facts and the larger functioning of the

marine ecosystem, drawing on past experience to successfully fish in the present.

Question 1: How do fishers perceive climate variability in the southern Cape?

During the first phase of the SCIFR project, changing ather patterns in the southern
Cape were highlighted as key stressors that impacted negatively on fishery livelihoods
for the handline fishers on the south coas{Duggan, 2012) Compounded with other
stressors such as policy hindrances, increasezcbmpetition from other fishing sectors,

and other sociceconomic constraints that interact over multiple spatial and temporal
scales, fisher livelihoods became increasingly vulnerable over tim@Gammage et al.,
2017ab)8 7 EAT AEOAOOOET C 1 Oi AOI OO OOOAOOI 00
research conducted byGammage (2015) climate variation was identified as the second
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most important stressor by participants (see Table 5.1). As observed ljuggan (2012:
106)h
A
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Table 5.1. Stressors identified by fishers: major stressors classified as stressors identified by 80
% or more of participants; mid-range by 50 to 70 %; and minor stressors by less than half of

participants (from Gammage et al., 2017a)

Major stressors Mid-range stressors Minor stressors

Stressor % Stressor % Stressor %
Policy and regulation 92%  Enforcement and implementation of policy 76% | Geography of area 48%
Climate variation 90%  Economic (in terms of capital) 76% | Inadequate infrastructure 46%
Other fishing sectors (such as inshore trawl) 84% ‘Political issues’ (amongst fishers and sector) 76% | Social factors 46%
Socio-economic 70% F:;ZCT Il; 12?‘:119)3 (financial planning, 44%
Fishing methods 26%
Other marine species (e.g. seals) 14%

While many fishers perceived variable natural cycles that repeat over different temporal
scales within their marine environments as normal, these cycles were thought to typically
occur with an element of predictability. Duggan (2012)highlighted that the variability
observed in wind directions and water temperatures wasoutside of the norm expected
by fishers during his research time period and this was echoed in subsequent research

carried out by Gammage (2015)

When considering longer term changes in weather patterns, such as wind conditions,
OEi A MEOAI AO CEOAT AU EZEEOEAOO OAOEAA Oi

participants. There was no group consensus on exact periods or onset of perceived

P
TS0

AA

climatic variation, other than notable changes occurrinfi OEA O1 AOGO MEEOA

would shift the timeframes depending on whether fieldwork was conducted in
2010/2011 or 2013/2014. Despite no concrete timeframes given by participants, it
should be noted that many participants observed that recent changes in weather patterns
had become increasingly unpredictable and unseasonal, disrupting expected patterns
and creating high uncertainty for fshers who have depended on their owrknowledge

and experience (in many cases over 30 years) in their decisionaking processes.
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5.4.1.2. Winds of change

Question 2: How do fishers place wind as a climate stressor?

Climate variability was one of the fators attributed by fishers to the recent scarcity of
silver kob stocks in the Agulhas Bank system, where fishers assigned the greatest changes
in variability to sea temperatures and prevailing wind conditions (Duggan, 2012;
Gammage, 205). The climate variability stressor had two facets which impacted fishing
activities: firstly, through the more immediate impact of influencing daily weather
conditions that determined the ability to go to sea; and secondly, through the longer term
impact of increased climate fluctuation that influences water temperatures, winds,

currents and rainfall (Gammage, 2015)

)T OAOI O T £ EEOEAO0O0G A 2bDidne wekd irphrant tofisheksOAE T E 1
when considering daily weather conditions as wind has a direct impact on sea state

thereby influencing the behaviour of the fish(Gammage, 2015)While some fishers

attributed longer term changes in wind conditions (specifically unusual weather

patterns) to anthropogenic climate change, other fishers viewed these changes as cyclic.

There was no consensus between different participants as to whethehanges in wind

patterns and variability were cyclic or unidirectional, but in general fishers observed that

wind direction and prevalence had shifted in recent memory.

Question 3: How havelong-term wind trends changed over time according to fishers?

Duggan (2012)noted that skippers discussed what they saw as a noticeable increase in
intra-seasonal variability in wind conditions for their fishing grounds. Particularly
towards to end of 2010, fishers had experienced an unusuallgrolonged period of
relentless onshore winds that preventedhem from going to sea. Typically, fishers expect
south easterly winds to blow during the fishing season (austral summer) but only for a
few days at a time, whereas observed changes in intseasmal wind patterns hindered
Still Bay fishers from going to sea for months at a tim@uggan, 2012) Fishers also noted
that wind patterns had shifted, where in the past the onset of south easterly winds

typically began from the beginning of Augustbut in the recent past these winds only
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started to blow from the end of September. Skippers interviewed bgammage (2015)
also highlighted increased variability atside of the expected norm for prevailing wind

conditions.

Respondents from the GULLS project indicated that fishers were going to sea less often,
partly attributed to increasingly unfavourable weather conditions specifically during the
traditional fishing season (austral summer). While fishers based decisions to go to sea on
multiple factors that include suitability of sea state, some key weather patterns, such as
wind, were specifically highlighted by fishers. Drawing on interviews conducted by the
GULLS project, the majority of respondents (88 %) reported wind as a key factor of
environmental change experienced in their local marine systenfGammage et al., in
review). When compared to other factors such as rainfall, water temperature, current
strength, air temperature, wave Right, rough seas and sea levethis placed wind

variability as the most notable environmental change experienced by fishers.

5.4.2. Near- and off-shore wind patterns

When working with fisher knowledge on climate variability, the issue of scale becomes
important, particularly in the case of the smaliscale linefishery operating in the southern
Cape. Large shelécale processes may not necessarily impact fishers as acutely as-bay
scale processes, particularly as this fishery typically does not operate more than 60 km
(ca. 30 nautical miles) offshore. Ths section looks at bridging near and off-shore

resolutions based on the comparison of the two different wind products.

54.2.1. Comparing geostrophic and scatterometer winds

Question 4: How well do offshore (NCEPDOE) and neafshore (scatterometer) wind

data agree?
47 OAOO AT OOAT AGET1T AAOxAAT OEA AEAEAQAT O xE

was used to test NCEPOE data against the scaled up aggregate data of scatterometer

wind product for resultant speed, U componenand V component (see Figure 5)2
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For resutant wind speed (see Figure 5.3), there was good correlation between the
aggregate scatterometer and NCEBOE data points (s = 0.76). Using linear regression
to test significance, results for resultant wind peed indicated highy significant
correlation (p < 0.05) between the two data products. Therefore, overall (resultant) wind
speeds are a good match between the two data sets. When examining Figurelog;ever,
it appears that resultant wind speeds from he aggregate scatterometer data set are
higher than those from NCEP, notably in the range less than 10 m#swhich is of

particular interest to the handline fishery.

For the U component (Figure 5.B), there was a strong correlation between the
scatterometer and NCEPDOE data points i(s = 0.95) and results from linear regression
were significant (p < 0.05). Therefore, the U wind component between the two data sets

are a good match.

For the V component (see Figure 5@, there was a weaker correlationbetween the
scatterometer and NCERDOE data points i(s = 0.85) compared to U wind component,
nevertheless the correlation was still strong. Results from linear regression were
significant (p < 0.05). Therefore, the V wind component between the two data setire a
match. NCEFDOE wind data appear to report stronger winds from th@orth (i.e. negative
V wind), but the bias appears to be less strong f@outherly winds (i.e. positive V wind).
Correlation between negative NCEIDOE data (s= 0.60) and positiveNCERDOE data (s
= 0.69) with scatterometer data were similarly moderate, with a slightly stronger

correlation for positive values

In summary, when comparing NCEMDOE and scatterometer data at the ofhore scale
(refer to Figure 52), there is agreemenbetween the U and V wind components but more
so for the U componentFor the purpose of the southern Cape linefishery, scatterometer
data outputs are used to assess coastal wind patterns and regimes due to the fsoale

nature of the data product.
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Figure 5.2 Scatterplot of aggregate scatterometer data points compared to NGBE®E data (199% 2015) for (a) wind speed; (b) Uwind component;

and (c)V wind component
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Some fishers interviewed during the SCIFR project indicated that increased wind
variability was observed in both wind direction and speed. While fewersea days for
fishers are usually the result of multiple interacting factors that impact dayto-day fishing
activities, such as rough sea state, unsuitable prevailing wind conditionéimited fish
availability and fuel price increases, this component of data analyses focus specifically on

extreme wind days.

Onw@OOAI A6 xET A AA U spedithat dhe cAndideiedEE Be/h selidds x
hindrance for fishers to successfully undertake fishing activities. Skippers typically
consider wind speeds of 10 m/s or above as unfavourablerfishing activities. Figure 5.3
show the different frequencies of wind speed experienced in the coastal locations
(harbour scale) of Witsand, Still Bay and Mossel Bay. In terms of wind speed, Witsand and
Mossel Bay are correlated rs = 0.87; p <0.05), whilst Still Bay wind speeds are not
correlated with those off Witsand §s=- 0.002, p = 0.82 or Mossel Bay (s = 0.005; p =
0.01).
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Figure 5.3 Wind speed frequencybetween 1993-2016 with dashed line to delineate = 10 m/s mark for(a) Witsand (median = 6.93 m/s); (b)Still Bay

(median = 6.77 m/s); andMossel Bay (median = 5.49 m/s)
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Question5: ( AOA OA@OOAT A8 jpnm 170 10 AAT OA(Q
Witsand, Still Bay and Mossel Bagat near-shore scaleP How is this reflected at the off

shore scal@

Extreme wind days at neashore scale

Overall, no discernible trends were detected in Witsand, Still Bay and Mossel Bay (see
Figures 54, 55 and 56). Wind patterns were highly variable across all seasons for all
three locations and no significant trendgat both five and 10 percentsignificance)were

identified (seeAppendix 3A). Thesewere assessed using linear regressions.

In winter and spring for the Witsand location (Figure 54), there was a slight decreasef

extreme wind days over time, whereas wind speeds during summer and autumn
displayed a marginal increase. No significant trends were identified in Witsand.
Noteworthy are the low number of extrerme days in spring during 2004, which are not

reflected in the other seasons.

Similarly to Witsand, linear regressions for all four seasons were not signifat in Still
Bay (Figure 5.5. Most seasons in Still Bay did not display any trends, exceptsammer

where there was a slightncrease in extreme wind days over time.

In Mossel Bay, no significant linear regressions were detected across all seasons (Fegur
5.6), similar to Witsand and Still Bay. A slight increase in extreme wind days for Mossel
Bay were indicated in autumn, winter and spring, with no discernible trend was present

for summer.
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Figure 5.5 Number of extreme wind days (>10 m/s) off Still Bay bya) autumn, (b) winter and (¢) spring and (d) summer
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Figure 5.6 Number of extreme wind days (>10 m/s) off Mossel Bay bia) autumn, (b) winter and (¢) spring and (d) summer
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Extreme wind days at oféhore scale

As scatterometer data have some limitations in terms of the blind coastal zone, austral
summer and austral winter seasons for each location were also examined for
approximately 30 km and 50 km offshore. Scatterometer satellites give reime data
inputs to the scatterometer blended wind product at approximately 50 km offshore,
hence results could be compared to points closer to the coast to check consistency.

Trends were assessed using linear regressions.

Results indicated no significant trends of extrera wind days at either 30 or 50 km off
shore at both five and 10 percent significant levelg refer to Tables 5.2 and 5.3 (see
Appendix 3B for detailed analyses) All austral summer months showed a slight increase
in extreme wind days over time, whereas ausal winter months gave no trend indication.

In summary, extreme wind days gave no clear indication of change over time when

moving from coastal points to 50 km offshore.

Table 52: Extreme wind day trends at approximately 30 km ofshore

Witsand Still Bay Mossel Bay

Slight upwardtendency Slight upwardtendency Slight upward tendency
Austral summer

No significance No significance No significance

_ No trend No trend No trend

Austral winter o o o
No significance No significance No significance

Table 53: Extreme wind day trends at approximately 50 km ofshore

Witsand Still Bay Mossel Bay

Slight upwardtendency Slight upwardtendency Slight upward tendency
Austral summer

No significance No significance No significance

_ No trend No trend No trend

Austral winter o o o
No significance No significance No significance
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Further off-shore, data from aggregate scatterometeand NCEPDOE pointswere then
also investigated for austral summer and winter seasons. In bottata ses, austral winter
showed no trend, similar to results from 30 km and 50 km offshore. Both aggregate
scatterometer and NCEPDOEpoints did show an upward tendency over time for austra
summer months (see Figures 5.7 and 5,8espectively) z refer to Appendix 3B for detailed
analyses While the aggregate scatterometer upward tendency was not significant at
either five or 10 significance levelsfor austral summer, the NCEPDOE point had a

significant upward trend where p-value = 0.029(Appendix 3B).
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Figure 5.7 Number of extreme wind days (>10 m/s) ataggregate scatterometedata point
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Figure 5.8 Number of extreme wind days (>10 m/s) at NCEPOE data point
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54.2.3. Decadascale changes in mean wind spesad variability

Long term shifts in wind direction are important to consider as this has implications for
biological functions (such as silver kob migration patterns associated with localised
upwelling which is wind driven) and environmental forcing (such as driving upwelling
processes or rainfall patterng. It is important to take scale into consideration when
examining different data sets, particularly in the case of the southern Cape linefishery

which operates largely at a bay scale rather than eghore.

Question 6: How do NCEPDOE and scatterometewind data compare in the research

area when examining annual and seasonal mean wind speandd variability ?

Looking at wind patterns through examining regime shifts in wind directionthrough
mean and variability, NCEPDOE and scatterometer data points were compared where
there was overlay in time series analysed. Data were compared on an annual and seasonal
basis. In accordance with the findings inSection 5.3.2.1, each section is discussed

separately according © U and V wind components.

Regime shifts in directionfthe meanwind speed

Firstly, change in mean windspeed in relation to direction was considered through
calculating the average of annual and seasonal data set$e results for summer and
autumn are shown in Figures 5.9 to 5.12while the remaining analyses are summarised
in Table 5.4 and 5.5, with details provided imPAppendix 3C. The results show general
agreement for U components between neaand off-shore wind data products. In the case
of audral summer, results across all time series show a decrease in westerlies from the
mid-2000s, which corresponds with studies indicating that upwelling increased over this
period on the Agulhas BanKBlamey et al., 2015; Lamont et al., 2017}-or the most part,
U components were internally consistent over time at a qualitative level. For the V
components, results are for the most part internally consistenbn a qualitative level
between scatterometer points in that low wind years are consistent between sites.
However, near and off-shore points gave the opposite trends where of$hore trends

tended to increase, whereas neashore trends tended to decrease @r time.
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In summer, U wind components foNCERDOE results show a regime shift in 1992/1993
(decreasing westerly wind to easterly componentlFigure 5.9). Witsand and Mossel Bay
results indicate a regime shift in 2014/2015 towards a more easterly winccomponent.
Aggregate scatterometer results do not detect any regime shifts, similar to overlapping
NCEP data. All time series show a large trough in 2010, indicating a stronger easterly

wind season for that year.

In the V wind component forsummer (see Fgure 5.10, NCERDOE and scatterometer
results are not in agreement and, similar to autumn and spring seasons, give the opposite
trend when near-shore and offshore results are compared. NCEPOE results show a
regime shift in 2012/2013 towards an increasein southerly wind. While Witsand and
Mossel Bay results show a regime shift towards a decrease in south winds, the regime
shift took place in 2005/2006 for Witsand and 2006/2007 for Mossel Bay (i.e. a year
apart). Aggregate scatterometer results are simar to Witsand and indicate a regime shift

in 2005/2006 towards decreasing southerly winds.

In the U wind emponent for autumn (Figure 5.13, while qualitatively similar to NCER
DOE, Witsand and Mossel Bay results are consistent for all three time serigghile
qualitatively similar to Witsand and Mossel Bay (i.e. internally consistent with
scatterometer data), the aggregate scatterometer results indicate a regime shift in
2000/2001 (increasing westerlies) and again in 2014/2015 (decreasing westerlies).
Outliers appear to be treated differently by the regime detection analysis and thus give

guantitatively different results.

In autumn, V wind component foNCERDOE and scatterometer results are not consistent
and give opposite trends(see Figure 5.2). NCEPDOE results indicate a regime shift at
the end of the time series, which can be problematic, towards increasing southerly winds.
Scatterometer results are internally consistent, but give opposite trends to NCHPOE
results. Nearshore wind results are consstent with local fisher ethnography from 2010,
where fishers observed that winds were weaker in autumn and winter seasons from the

mid-2000s when compared to past seasonal experience.
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Table 5.4: Windregime patterns for annual and austral seasons between neand off-shore time seriesanalysing the mean

NCERDOE Aggregate

Witsand

Mossel Bay

Comments

1992/1993 ¥

Comparable: The peaks and toughs across all foutata ses, where

Annual U Wind 2013/2014 } 2013/2014 ¥ 2013/2014 ¥ 2013/2014 ¥ comparable, were consistent (for example, higher peaks in 1996 and
2005; lower toughs in 1999 and 2010).

1996/1997 V Non-comparable: Aggregated data were qualitatively more similar to

Annual V Wind 2009/2010 A — 2006/2007 ¥ 2006/2007 ¥ Witsand and Mossel Bay points, despite not displaying regime shifts.

Inshore dynamics were more pronounced than the aggregate point.

Austral Summer
U Wind

1992/1993 ¥

2006/2007

i 2006/2007 ¥

2006/2007 ¥

2006/2007 ¥

Comparable: Decreasing westerlies are relative to increasing
easterlies, which correspond to increasing upwelling in the system an
thus more productivity on the Agulhas Bank. This is consistent wit
findings from Blamey et al. (2012) and Lamont et al. (2017) regarding
increased upwelling on the Agulhas Bank over time.

Asutral Summer
V Wind

2011/2012

A 2008/2009 ¥

2005/2006 ¥
2014/2015 ¥

2005/2006 ¥
2013/2014 *

Non-comparable: Witsand and Mossel Bay points agree qualitatively
with aggregated scatterometer points. Neashore south easterly winds
have appeared to have shifted to east rather than south from mid
2000s. However, southerly winds have increased efhore towards the
end of the time series according to NCEPOEand Mossel Bayesults.

Austral Winter
U Wind

2011/2012

A 2014/2015 ¥

2014/2015 V¥

2014/2015 V¥

*Non-comparable: * However, all four time series indicate a strong
peak between 2012 and 2013, thus possibly influencing the NCEFOE
results as the offshore time series only runs until 2014. It is noted that
all of the time series have similar peaks and toughs.

Austral Winter
V Wind

1995/1996
2009/2010

Non-comparable: Near-shore wind results suggest that there was no
significant change during winter, which is contradicted by ofshore
winds that show an increase in northerly winds from the mid1990s to
late 2000s.
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Table 5.5: Wind regimepatterns for specific seasons between nearand off-shore time seriesanalysing the mean

NCERDOE

Aggregate

Witsand

Mossel Bay

Comments

Winter U Wind

1987/1988 *
2012/2013 *

2014/2015 v

2014/2015 ¥

2014/2015 ¥

*Non-comparable: *It should be noted that the second regime shift for
the NCEPDOE time series is at the end of the time series and may ha\
insufficient data. Both near and off-shore time series have similar very
low troughs in 2011 and all of the time eries show a peak in
2012/2013 (which subsequently decreases in the more complete
scatterometer series that run until 2016).

Winter V Wind

1998/1999 ¥
2009/2010 A

2010/2011 A

2014/2015 A

2014/2015 A

Non-comparable: Aggregate scatterometer results show eegime

shift in 2010/2011 towards increasing southerly winds. Witsand and
Mossel Bay are internally consistent, but only indicate a regime shift in
2014/2015 towards increasing southerly winds. Scatterometetand
NCERDOEtime series are consistent in thathey show increasing
southerly winds but at different times during the 2000s.

Spring U Wind

2013/2014 ¥

2013/2014 ¥

2013/2014 ¥

2013/2014 ¥

Comparable: In the scatterometer data, the new regime shift has
resulted in wind direction changing from west to eat in Witsand,

Al OET OCE xET A OPAAA EO xAAE8 -1
decreased, but remains westerly and weak in speed.

Spring V Wind

1996/1997 ¥
2005/2006 *

2015/2016 }

2007/2008 ¥

2007/2008 ¥

Non-comparable: Similarly to Autumn V Wind,NCERDOE and
scatterometer time series give an opposite trend. Aggregate
scatterometer data are qualitatively smilar to Witsand and Mossel
Bay. It should be noted that the regime shift for Aggregate
scatterometertime series is at the end of the time segeis and may have
insufficient data.
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Regime shifts ivariability of the meanwind speed

Secondly, change in the variability oimean wind speed in relation to direction was
considered through calculating thevariance of annual and seasonalmonthly) data sets
over time. The anayses are summarised in Table 5.Gnd 5.7, with details provided in
Appendix 3D.

Regime shifts for the variance were highly varied, with limited internal consistency
between nearshore (Witsand and Mossel Bay) and offshore (NCEHPOE and aggregate
points). Overall, it appears that variability has decreased or shown no change in the V
wind component across interannual and seasonal time scales. For the NGE®E point,
variability generally increases for the U wind component (with the exception of austral
summer) particularly from the late 2000s.Both NCEPDOE and scatterometer data points
indicate increased variability when analysed at an annual scale, which is consistent with
/EE O Ed&<0riptions of increased variability over time. However, when variance is
examined on a finer scale (intetrannual and seasonal), scatterometer data poinfer the

U wind componenttend to show a decrease in variance over tim@vith the exception of

autumn in Witsand).

Variability appears to be inconclusive on six monthly and three monthly season scafer
both NCERDOE and scatterometer datawhere anincrease in variability on an annual
scale (in the U wind component) is not necessarily reflected on finer scales.
Inconsistencies between the data sets underline that there is no strong signal of change

within these data at the scale at which they have been analyse@nnual and seasonal.
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Table 5.8 Wind regime patterns for annual and austral seasons between neand off-shore time seriesanalysing variance

NCERDOE Aggregate Witsand Mossel Bay Comments

Variability increased over time across all data sets where aggregated,
Witsand and Mossel Bay experienced increased variability after 2010
whereas NCEFDOE results indicated mied2000s (consistent with
Blamey et al., 2012)

. 1987/1988 4} A
Annual U Wind 2006/2007 A 2011/2012 2012/2013 *  2011/2012 *

2001/2002 ¥ 2000/2001 Y Variability decreased over time for scatterometer pointsand did not

Annual VV Wi _ 2008/2009 ¥ . ) .
nhua i 2014/2015 v 2008/2009 ¥  show any change in theNCERDOEtime series.
Austral Summer 1989/1990 Y . L L No change in variability occurred for scatterometer pointand
U Wind variability decreased into the 1990s according ttNCERDOE results

Asutral Summer

| 2012/2013 ¥ 2010/2011 ¥ Vgrlablllty decreas_ed after 2010 for the aggregate an_d Mossgl Bay
V Wind points, however did not change for NCEPOE and Witsangoints.
Austral Winter 1988/1989 4 2002/2003 ¥  Over time variability increased for theNCERDOEpoints and decrease:
2002/2003 ¥ 2002/2003 ¥ ’
U Wind 2013/2014 * 2014/2015 ¥ for all scatterometer points.
. Variability decreased across both NCEPOE and scatterometer points
2001/2002 ¥
Cﬁﬁ; Winter 2010/2011 ¥ 2001/2002 ¥ 0,005 | 2001/2002 ¥ with shifts taking place in the early 2000s for thescatterometer points

and again after 2010 for the NCE®OE and Witsand points
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Table 5.7 Wind regime patternsfor specificseasonsbetween near and off-shore time seriesanalysingvariance

NCERDOE

Aggregate

Witsand

Mossel Bay

Comments

Summer U Wind

No change in the variance was detected for bothiCERDOEand
scatterometer points.

Summer V Wind

2013/2014 *

Variability only increased at the end of th&lCERDOEtime seriesin the
late 2000s, whereas the scatterometer points did not change

Autumn U Wind

2014/2015 *

2015/2016 ¥

2014/2015 *

2002/2003 ¥
2015/2016 ¥

NCERDOE andwitsand results showed an increase in varability after
2014, whereas the aggregate and Mossel Bay points decreased.

Autumn V Wind

2015/2016 ¥

2010/2011 ¥

Variability decreased after 2010 forWitsand and Mossel Bay points,
however did not change for NCEfDOE andaggregatepoints.

Variability only increased at the end of the NCEPOE time series and the

Winter U Wind 2013/2014 4 — — — S .
scatterometer points did not change over time
There was on change in variability for the NCEBOE point, however the
Winter V Wind —_— 2008/2009 ¥ 2001/2002 ¥ 2008/2009 V¥ scatterometer points showed a decrease in variability after 2008 for the
aggregate and Mossel Bay points, and after 2001 for Witsand
Spring U Wind 2011/2012 A L L L NCERDOE result-s show an increase in variability after 2011, but
scatterometer points do not show any change.
Spring V Wind — S S — No changes in variability were detected for all time series.
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5.5. Overall Discussion

As highlighted byBlamey et al. (2015) currentknowledge on the Agulhas Bank system is
incomplete, particularly at the inshore scale. Gaps in understanding are largely due to the
following factors:

1 The shallow coastal zone ifydrodynamically complex

1 Lack of long term, high resolution data sets

1 Disagreement between signals depending otlata setanalysed

1

Remotely sensed data problematic for dynamic coastal inshore zone

To better interpret complexities associated with thedynamic inshore system of the south
AT AOOh OEEO AEADPOAO 1T OAOI AUO FAmitheAWdt T AOAC
increasing insight into uncertainties associated with gaps in understanding on the

Agulhas Bank.
5.5.1. Placing fisher knowledge

People dependent on natural resources for their livelihoodsmake good knowledge
brokers on environmental and climatic change within local sociakcological systems.
While research carried out by the SCIFR project demonstrated that fishers operating
within t he smallscale, commercial linefishery of the southern Cape are impact by
multiple stressors playing out over varying temporal scales, climate variability was
considered a key stresso(Gammage et al., 2017a)While different timeframes and level
of importance were assigned to how climate was changing within this fishery, there is
overwhelming consensus from fishers that variability has increased outside of the
AT 1T OEAAOAA O11 Oi 68

As where farmers in the soutern Cape monitored rainfall as a key driver of change in
their systems, fishers focused on prevailing wind conditions and lonrterm trends as a
key environmental variable that determined the succes®f fishing activity off the south
coast. For example, éhers found it increasingly difficult to fish during summer months
due to prolonged south easterlywinds from the late 2000s. Thisis supported by both

scatterometer and NCERDOE wind data trends for austral summerz indicating an
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increase of intensifyingsouth easterly winds from 2007 (Table 5.4). These findings are
further corroborated by studies showing increased upwelling on the south coast over
time (Blamey et al., 2012; Blamey et al., 2015; Lamont et al., 201 Particularly in the
summer period of 2010, a strong increase of easterly winds is indicated in windrpduct
data (refer to Figure 5.9, which coincides with fisher observations that the summer of
2010 shifted toward extreme increased soutkeasterly winds (which made it difficult for

fishers to go to sea that particular summer season).

Unseasonal weather allowing the fishing season to extend into the winter months was
not clearly illustrated from wind data analysed in subsequent sections. However, near
shore data showed that weakewinds were detected in autumn and winter seasons from
the mid-2000s, which is consistent with fisher ethnography obtained fromDuggan
(2012) in 2010. When linking wind product data and fisher observations, it becomes
increasingly apparent that wind products need o AA AO OEA OAAI A

experience, hence handline $hers specifically require nearshore, high resolutiondata.

5.5.2. Comparing different wind products

Previous studies examining upwelling in the southern Benguela made use of geostrophic
winds as researchers found strong significant correlations between measured and
geostrophic winds, as well as between scatterometer and geostrophic wingBlamey et
al., 2012) Similarly, Lamont et al. (2017)based upwelling indices on NCEPOE data,
rather than wind data from local coastal stations and scatterometers, as NGB®E wind

vectors provided suitable data for theAgulhas Bank at shelf scale.

However, spatial and temporal scale resolutions are critical to evaluate when deciding
what kind of data should be used to assess environmental and climatic change at local
levels. While NCERDOE data sets have been succesisin examining larger scale trends
associated with offshore processes, they are not the best suited products for drawing
conclusions on changes in the inshore area&ee Section5.3.1.2. Nearshore wind
products, such as the blended product derived frorscatterometer data byDesbiolles et

al. (2017), are preferable to NCEHDOEwhen examining inshore trends. When examining

near- and offshore wind data, one cannot expect the saresults as wind components
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are part of different systemsdue to the influence of orographyWhile the blended wind
product used for this research does mergeéata from different satellites and models at
different spatial and temporal resolution to minimize the blind coastal zonejt should be
noted that this methodology can result in a spurious shift inresultant wind time series
(C. RoyJRD, Brest, Francgpers.comm.). However, the blended wind product has been
validated through comparison with buoy data andDesbiolles et al. (2017)ound that all
statistics between blended winds and buoys were in better agreement across the time

series than (for example) similarERAInterim calculations.

When comparing NCERDOE and scatterometer wind products in this chapter, the U wind
component (westeast, i.e., roughly alongshore in the southern Cape) is consistent for
both near-shore and offshore results; however, the V wind component (soutmorth, i.e.
roughly perpendicular to the southern Cape coast) displays the opposite trend on
comparison. As confirmed by oceanographers, orography can have an effect 50 km out to
sea on wind speed observed perpendicularly to the coast. Therefore it is important e

a wind product that is sensitive to features at local scale when analysing bagale effects,
particularly in the case of the southern Cape linefishery whicgenerally operates within
60 km. Results also highlight the need to use the most specific ptar{i.e. not aggregated
data but rather Witsand or Mossel Bay points) one can obtain when working inshore with
handline fishers in the southern Cape due to local scale dynami(fsr example Section
5.4.2.3.

5.5.3. Examining local m arine e nvironments

When examining extreme wind events over timen the near-shore environment of the

research arearesults did not yield any significant trends of change, even when data were
examined further offshore to eliminate possible data bias fronthe blind coastal zore.

Extreme wind dayson the coastA OA OEAOA &£l OA 1 A6O 1 EEAT U O E
sea and other factors, such as socgconomic stressors(see Gammage et al., 2017ay

wind direction (including associated changes in the availability of fiskas discussed

above) are more likely to play an important role. However, off-shore environments

showed a tendency of increase@xtreme wind days at shelf scaldor austral summer

periods (seeFigure 5.8. Lyttle (in progress) found that near-shore (coastal) wave height
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between Witsand and Mossel Bay increased significantly betwed®97 and 2012 Wave
height is driven by offshore processes associated with swell and wind, so increased
extreme wind days at shelf scale could be in agreement with increased wave height along

the coast of the research area.

When analysing marine regime shifts in wind direction in terms of mean windpeed, he
time series for the scatterometer wind product was too short to detect 1990s regime shift
(as detected by the NCEB®OE wind data), but did display the environmental regime shift
that took place in the mid2000s, shown in both wind product data sts. This is
comparable with studies showing similar environmental shifts over this time period for
the southern Benguela, specifically the south coagBlamey et al., 2012; Blamey et al.,
2015; Lamont et al., 2017)These findings are also coplementary with work by Currie
(2017), who speculates that current chages in the linefish community inthe Agulhas
Bank subsystemare likely to be climaterelated or environmentally driven as fishing
pressure from trawl fisheries have eased over most of the area. Myesults do not
contradict the observation that linefish communities on the Agulhas Bank are moving
westwards away from the warming Agulhas Curren{Currie, 2017), where these species
have nothad to moveinto deeperwaters due to the increase incoastal upwelling in the
area(Lamont et al., 2017) This is complanentary to increased south easterly winds over
austral summer periods in near-shore research areanalysed here(see Sectiorb.4.2.3.
Due to the difficulty to detect inshore regime shifts due to theomplex coastal zone, it is
highly likely that these shifts are taking place if neashore data results matcichanges in

the off-shore data

Looking at marine regime shifts in terms of variability of wind directionwas problematic
as results were highlyvariable and not internally consistent between neaishore and off
shore environments (see Tables 5.6 and 5.7)Vhen analysed at an annual scale,
variability for the east/west directional component for all wind data points did increase
over time. In particular, the NCEPDOE point indicated a shift of increased variance at
shelf scale in thdate 1980s andmid-2000s that is consistent with findings fromBlamey
et al. (2012) on increased variance at Cape Agulhaslowever, variability was not
discernible at a seasonal scale at both neahore and offshore data points in the

research area.Analyses on the finer temporal scale were beyond the scope of this study.
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5.6. Conclusion

Overlaying differentknowledge systems can be useful in identifyig points ofagreement
and, asimportantly, mismatches between data sets. Smadicale, commercial linefishers
operating out of the southern Cape provide a wealth oknowledge on their social
ecological system and have long since identified increased climatic variabjlias a key
point of discussion within this system. Matches between fisher observations and other
studies can be drawn from near and off-shore wind data products analysed in this
chapter, where it is important to note that fine scale wind data sets are mervaluable in

the context of understanding the sociakcological system of the study area.

When examining ResearchQuestions 1 to 3 that focaed on local fisherknowledge
regarding climate variability in the southern Cape, results show a highly complex dn
dynamic natural system that is characterised by variability and influenced by a number
of social and political stressors. When examining lonterm climatic change over time,
fisher observations were less definitive and this was largely attributed to thaaturally
high variability in this area. On shorter time scale§.e. inter-annual and seasonal)fisher
observations did match wind data products. The variability of the system was also
reflected in the wind data products used to address ResearcQuestions 4 to 6 where, as
in fisher observations, definitive data trends were difficult to identify over long periods
of time z with subtle changes or tendencies observethat do not manifest in statistical

significance

In conclusion, highlights fromthis chapter include:

1 Scale is importantz when examining nearshore fisheries, there is a need for data
to be compkementary at bay-scale

1 The scatterometer model performed closer towards the inshore region, making it
a useful product within the context d climate variability in the southern Cape
linefishery as data is required to be regiorfi.e. town or area)specific;

1 Mid-2000s marine environmental regime shift confirmed (in 2007) for wind

direction;
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1 Subtle changes in wind speed and direction in coastabne are evident; however
while these changes are taking placefishers are influenced by a number of
variables such as sea temperature, the Agulhas Current and fish species shifts that
play out at different temporal and spatial scales

1 Spatial and tempora scale mismatches still evident between fisher observations
and scientific data which could be attributed to the use of annual and monthly
scale data only for analyseg further research is required to examine these

systems atdaily scale
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CHAPTER SI X
SYNTHESIS:
OVERLAYING TERRESTRIAL AND MARINE
PERSPECTIVESIN THE SOUTHERN CAPE

6.1. Introduction

This synthesis chapter draws together results from Chapters Three to Five to address the

final key questions. Firstly, terrestrial and marine componentsof the southern Cape and

Agulhas Bank are overlaid throughAT | PAOET ¢ AAOI AOOGE AT A AEOE
climate variability in relation to change observedfrom scientific weather data setsto

examine Key Questions 4: & local knowledge of climate variahility (i.e. weather

patterns) by farmers and fishers in agreementnd how do these compare to scientific
observations, and are there synergies or mismatches acrossocal and scientific

knowledge strands examined? Secondly, responses of local farming communities to

climate variabilityare AT T OOAOOAA ACAET 0O 11 AAl #E&&GEET C Al
Key Question 5: ldw are farmers responding to change within the context of climate

variability compared to fishers in the southern @pe?

Through overlaying the different strands ofknowledge, this chapter builds a picture of
the local sociatecological system in the southern Cape, intertwining local and scientific
knowledge acrossits terrestrial and marine subsystems. As illustrated in Figure 6.1pcal
knowledgewasexaminedthrough farmers and fishers (specifically skippers) based in the
southern Cape research aredy focusing on local perceptions of climate variability.
Scientific knowledge was assessed drawing on local weather station observations, in
tandem with rainfall recordings from farmers, andmodel outputs based on satellite and
other observations. Initially, local and scientificknowledge strands were examined from

a terrestrial view (Chapters Three and Four)and marine view (Chapter Five).These
different strands of knowledge are now brought into dialogue across the

terrestrial/marine divide and synthesised accordingly.
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6.2. Linking farmers and fishers through climate drivers

As socialecological systems are inherently complex and operate at multiple scales that
are interconnected, it is important toexamine these systems from more than one aspect
drawing on diverse perspectives(Ommer et al., 2012; Tengo et al., 2014Yhrough
comparing and integratingknowledge from a wider spectrum of backgrounds, this thesis
contributes to better understanding complex system changefocusing on the common
theme of climate \ariability, at the local scale of the southern Cape and Agulhas Bdnk

overlaying terrestrial and marine perspectives.

6.2.1. Farmer and fisher local knowledge of climate variability

Local climate knowledge from farmers and fshers in the southern Cape wadocale
specific and typically incorporated a mix of scientific and practicaknowledge around
agricultural and fishing activities, in line with definitions discussed in Chapter Two (refer
to Section 2.7.). Climateknowledge was often contextualised from a multigenerational
perspective for both farmers and fishers, where current generations drew on
observations passed down through previous generations and evolved thelinowledge
bases accordingly. This éep-seated understanding of climate through generations of
local experimentation can provide valuable narratives on past patterns of local
ecosystems, particularly where historical baseline information is not readily available
(Fabricius et al., 2006; Tengo et al., 2014yvhich was useful for this research in terms of
establishing historic experiences of farming and fishing families to interpret current
perceptions of climate variability. Farmer and fisher typologies irthe research area were
comparable in that many of the participants interviewed during this project and the
SCIFR research project had longerm experience within their respective agricultural or
fishery sector, which included some multigenerational farmers @ fishers z bringing a

more long-term outlook on how climate variability had changed over generational scales.

In general, both terrestrial and marine climate systems of the southern Cape were
deemed highly variable by both farmergSection3.4.3) and fishers (Section5.4.1) and
both groups did not observe any definitive trends of change in the system over time. The

narrative that emerged from these local climat&knowledge strands were more nuanced
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where subtle changes were teased out over different temporal anspatial scales. The
multi-decadal variability of climate was perceived bysome fishers to be a normal
characteristic of the local marine environment where different cycles of weather were
repeated over time, however these systems were thought to have in@ged in variability
that exceeded the norm in recent memory. Similarly to fisher observations, farmers
emphasised the naturally variable nature of the local terrestrial environment but echoed
that recent extreme events and subtle shifts in weather patternappeared to be outside

of the expected norm.

Farmers were most invested in rainfall patterns and gave more detailed observations on

possible rainfall changes over time, with some participantplacing their long-term

monitoring records at my disposal(refer to Chapter Three). Changes in extreme weather

eventsz typically associated with intense rainfall events or prolonged dry periodg were

one of the key observations made by farmers for the terrestrial environment. Later onset

of seasonal autumn rainfall patterns in the current farming generation were also

highlighted. Farmers were less certain of changes within temperature and wind regimes

AO OEAOA AOEOAOO xAOA AAAT AA EECEI U OAOEAAI A
reliability of their memorie s concerning observations or perceptions of change. Fishers

discussed wind variability as a key environmental change experienced within their

marine environments and thus the focusf analyses for this thesis followedup T  AEE OEAOQOE
wind narratives (see Clapter Five). Perceived changes in prevailing wind patterns were

more subtle and varied mirroring the complexity of the local marine system, where

narratives around change focused around increased variability in intr&easonal wind

patterns. Fishers also dtibuted a recent decline of suitable sea days to persisting
unfavourable weather conditions, where changem wind patterns were highlighted as a

key contributing variable.

6.2.2. Linking local climate narratives to weather analyses

In agreementx EOE  AAOI AOOG6 AT A EEOEAO0OGE T Aad OOAOQEI
system of the southern Cape;analyses across (terrestrial) rainfall, (terrestrial)
temperature and (marine) wind data ses did not yield clearcut trends of change over

time, but rather decadalscalevariability.
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patterns over time (see Section 4.3.1). Since the 1980s, prolonged dry periods have
increased across the research area and an increase ixtreme monthly rainfall events
was detected in the eastern extent of the catchment areas. Complexity of local climate
shifts across different spatial scales for the research area matched the farming
Al i1 OT EOCEAOCE DPAOAADPOEI T O @dnA @erefnat Adcagshrtly akE 1
uniform experience, and micro-climates were important when determining suitable
farming activities to match fine-scale environmental conditions(Section 3.4.2). Farmer
observations around recent shifts in the onset of the tratlonal autumn rainfall season
were in agreement with data analyses that indicated this shift (i.e. onset of rainfall
occurring a month later) taking place across the research area from the 2000s to present
(Section 3.4.3). This was also observed in a studby du Plessis and Schloms (2017)
where rainfall data indicated a possible shift of the rainfall season by a month (from

March to April) for the larger South Coast Regionncluding my results.

While temperature analyses were limited in terms of data availabilitydata qualityand
high variability, a shift was detected in the 1990s towards a warmer regime, which
changed to a cooler period in the midto late-2000s (refer to Section 4.3.2). Narratives
from farmers generally associate the 1990s with dry years, in line with warmer
temperature tendencies overlappingwith this time period. The 1990s saw a shift of
farming practices away from conventional plough methods towardsconservation
agriculture that improved soil moisture retention, which was partly attributed to these
prolonged dry periods, along with economic considerations for improving agricultural
outputs (see Section 3.4.2). Shifts in terrestrial temperatures for thsouthern Cape can
be linked to larger-scale changes in the southern Benguela system. Marine environmental
shifts occurred in the south coast region of the Agulhas Bank in the mk$90s and mid

to late-2000s (in agreement with Blamey et al., 2012; Blamey et al., 2015; Lamont et al.,
2017), which is comparable to analysed terrestrial temperature shift§Section 4.3.2).
Additionally, analysed wind data also indicate regime shifts in the mid990s towards an
increasing easterly wind pattern, and again in the miR000s indicating a further
dominance of easterly winds (refer to Section 5.4.2), corresponding to time frames from

existing scientific work and analysed temperature shiftglescribed above
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&EOEAOOS8 1T AOOAOEOAO AOI O1T A AEAT GCAO AgPAOEAI
focused on changes in intreseasonal patterns, specifically referencing a noticeable

change in the late 2000s where prevailing wind directionsacross different seasons

shifted to persistent south-easterlies. These observations are in agreement withy wind

data analyses(refer to Section 5.4.2). Wind data also indicated possible shifts towards

the end of the time serieqafter 2010, as most series ended in 2014 but this requires

further investigation before interpretation, as time series methods are unreliable

towards the end of the time series in questionDefinitive shifts based on wind data are

present in the mid1990s and again in 2007, which are supported by lotalimate

knowledge (Section5.4.1) and scientific knowledge (Blamey et al., 2015; Lamont et al.,

2017) for the research area.

While fEOEAOOS T AOAOOGAOGETT O T £ ET AOAAAalysed dO00AT .
of near-shore wind products, which did not yield any discernible trends of change over

time for extreme wind days offshore drivers showed a clearer tendency towards

increased wind speedsover time at shelf scale(Section5.4.2.2. Along with findings of

increased waveheight (Lyttle, in progress), possibly influenced by off-shore wind and

swell (Hanley et al., 2010)an increased tendency of extreme wind days at shelf scate

the research areamay suggest that/Z/EE OEAOO0S8 | Adétdrior&ingOcarditiods 1 A&
suitable for them to go to sea (particularly in austral summer during fishing seasorgre

matched at offshore rather than nearshore scale in scientific dataPerceptions of

increased variability by fishers were only reflected in annual time series of wind data

products, notably where increased variability over time in east/west wind components

were found at both off and nearshore points (Section5.4.2.3. However, increased

variability was not reflected at the seasonal scale of the scientific data, which underlies

OEA TAAA Oi AgAi ETA OEAOA AAOAenatnsivhich U OAAI

is beyond the scope of this thesis.

6.2.3. Linking terrestrial and marine narratives

A common thread linking farmer and fisher narratives can be distilled from accounts
linking broader environmental interactions between land and sea as described by some

participants. One account that emerged from the fishing community linked rainfall and
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fish availability (refer to Section 1.5, weaving in complex narratives around past
experience that hypothesised good fish catches were related to poor rainfall years on land
whereas good rainfall years could result in poor catches. This narrative generally
translated into a fisher folklore that claims that if the farmers were Gappyd(i.e. good
rainfall which meant a profitable agricultural year), the fishers were@add(i.e. poor fish
catches that equated to economic losses in the fishery sector) and vigersa, hence
qualifying this statement is problematic as it is unspedic and not easy to interpret aface
value. It is not clear whether this narrative refers to the larger interplay of the
environmental system between local sea conditions and related aéher patterns, or
more point specific impacts of river systems that run into the sea. While the altering of
river systems through agricultural impacts (for example, chemical inputs and
degradation of wetland systems) and freshwater flow for example, more fresh water
entering the sea during flood events and less during drought events) could have an
impact on local fish abundancéAcker et al., 2005; Auricht et al., 2017)farmersclearly
linked the relationship between land and sea to a larger interplay of environmental

factors.

Box 6.1:Selected &rmer narratives linking land and sea environmental patterngrom the old days

O7A1 1 xA ETi1x OEAO xEAT OEA OAA OAIi PAOAOOOAO
Farmer (2015)

O7EAT OAA OAI PAOADKIGMKKe] AN AMEAEN GATAHEAT xAd OA
AAOl U ET OEA UAAOS8S
Farmer (2015)

0) £ xAOGAO j OAAQq OAI DbAOAOGOOA EO Al 1l A AZAEQG(EW HII
signf(AET q &I O 00 | £ZAOI A0OQgs " 006 xEAT OEAU AAOAE
&AOI A0OBO OI1T jcmpu(Q

Multi-generational ZA 01 AOOh AOAxET C 11 DOAKED GidfalCAT AOA
patterns to sea temperatures and describedimilar theories on how this larger system
ET OAODPI AUO j OAA "i @ ¢8pQs 2AEAO0ETI ¢ OF OEA

description of temporal scale) as reference, these farmenslayed that warmer sea

temperatures at the beginning of the alendar year generally foetold a good rain season
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over the mid-year period for farmers. The reverse was narrated for colder sea
temperatures, which entailed poor rainsin the research area. When referring back to
ethnography from a skipper regarding the interconnected nature of the natural marine

and terrestrial systems (refer to Section 1.5), rainfall time series from farmers show that

1969 as a particularly lowrainfd | UAAO ET 1 ET A xEOE OEA OEEDPD

While 1969 is not the lowest recorded rainfall year, whichraises issues in relation to
distortion of knowledgethrough shifting baselines(for example Pauly, 1995) individuals
tend to remember extreme weather events more clearly which is a natural reflection of
human perception and memory(Osbahr et al., 2011)The highavailability of silver kob
noted by this skipper during this associated drought year could be linked tmumerous
possibilities z ranging from fishing effort to climatic conditions.Currie (2017) suggess
that kob species abundances on the Agulhas Bank had already declined substantially from
the 1930s and that inshore trawl landings of silver kob decreased considerably between
the mid-1960s and early 1980s, possibly reflecting the longerm decline of this fish
species in the research area. However, decreased inshore trawl effort from the ri860s
may have allowed handline skippers of the southern Capge land more silver kob as a

result of decreased competition from the other fishing sector.

Alternatively, 1969 to 1970 was a wealEl Nifioperiod, whereEl Nifloevents are typically
associated with less prevalent southerly winds in the southern Benguela systeffield
and Shillington, 2005) ThisEl Nifio event over the traditional summer fishing season of
1969-70 could have resulted in unusually calm conditions and thuskgpers in the
southern Cape couldhave increased fishing effort as a result of numerous sea day.
NifiozSouthern Oscillation (ENSO)primarily influences summer rainfall patterns in
southern Africa (Dieppois et al., 2015) while variability of winter southern African
rainfall is related to the Southern Annular Mode (SAM)hat alsoimpacts on South Atlantic
sea surface temperature(Reason and Rouault, 2005)However, positive influence of
ENSO on winter rainfall areas of South Africaas been noted, where more frequent dry
spellsare associated with El Nifio events(Philippon et al., 2012) It should be cautioned
that southern coastal regions, such as the southern Cape, have a more complex
relationship with ENSO signals as thisiseasonalrainfall area is affected by climate

processes driving both summer and winter rainfall variability(Dieppois et al., 2016)
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Farmers tended to link terrestrial to marine systems through fish catcheas they would
spend their Christmas(December) vacation periodon the coast, engaging in recreational
fishing activities. Due to the senic location of Still Bay, farming families would camp there
over the summer period and fish off the beach a custom which was well established by
the 1860s(Visser, 2015) Specificdly, farmers hypothesised that ifthey caughtsilver kob
in Still Bay, then this indicated warmer sea temperatures as these fish species were
perceived to take the bait more readily in these conditions. This generally prempted a
good rainfall season forthe farmers. Conversely, if farmers caught hakéhen this
indicated cold sea water as these fish were perceived to bite during colder conditiogs
hence anticipating a poor rainfall year. Through overlaying fisher and farmer
observations we can investigatehis narrative. For example Still Bay skippers noted an
influx of hake in the their fishing grounds in the late 1990s due to colder shore waters
favoured by this speciegDuggan, 2012)and farmersassociata the 1990s as a relatively

dry period compared topast memory (Section3.4.4).

7TEEI A OEEO OAET £ZA11 DPOAAEAOEIT xAO AAAI AA
generations noted that this relationship was not as clear as in the pastlso noted by
Thomas et al. (2007) Some farmers speculatedhat the winter rainfall regime had
changed over time and it appeared that typicalind patterns associated with winter
rainfall from cold fronts had altered in recent memory. As noted byllsopp et al. (2014)
while it is possible that fewer low pressure systems reach the research area in winter,
gaps in understanding persist due to the complex nature of interacting largecale
atmospheric pressure fields (seeSection 3.2.2 for detailed description). e South
Atlantic High Pressure System (or South Atlantic Anticyclone) is responsible for the
dominant wind system over the southern Atlantic Oceaand work synthesisedby Jarre
et al. (2015)indicated that this system shifted in a southerlydirection from the 1980s to
2000s, after which it shifted backnorthwards. This shift is linked to an increase in
increased south or southeasterly winds in the 1990s across the southern Benguela
(Blamey et al., 2015; Jarre et al., 2013jarmers in the southen Cape associate the 1990s
with a particularly dry period, which is further reflected in a clear warm period from
terrestrial temperature data analyses during this time period (refer to Figures 4.16 and
4.17). The 1990sare also overlaid with decreasing &f-shore westerly windsover summer

periods (refer to Figure 5.1Q Table 5.4), where corresponding increases in easterly winds
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are linked to increased upwelling coupled with associated colder sea temperatures on the
Agulhas Bank(Blamey et al., 2012; Lamont et al., 2017)This ispossibly linked to the
influx of hake in the Still Bay area that were driven inshore by colder wateris the late
1990s (Duggan, 2012)

6.3. Examining sy nergies and mismat ches

The complexities around environmental shifts in systems that are driven through
complex natural processes that unfold over multiple temporal and spatial scales pose a
challenge when trying to gauge adaptation to change while grapplj with uncertainty.
Understanding change from the context of differenknowledge bases can help identify
mismatches between different understandings, as well as highlight the importance of
scale relevant data when assessing possible environmental or clitatrends. Different
knowledge strands were examined over varying temporal and spatial scales depending

on data availability, as illustrated in Figue 6.2.

When looking at local climate knowledge in this thesis, farmers focused on their

immediate surroundings (i.e. on their farm), which could stretch back a 100 years in the

case of some muiCAT AOAOQET T Al  AAOI ET ¢ AA kiowieddeO8 & EC
tended to focus on adjacent areas as their fishing grousdare located in the inshore area

of the Agulhas Bank, stretching back a few decades in the case of some fishing families.

The terrestrial component examined through scientific data basespanned immediate

and adjacent (i.e. coast, vlakte or mountain areasr Breede/Duiwenhoks, Goukou,
Goukou/Gouritz locations) spatial scales, stretching back a few decadéghe marine

component ran from immediate (i.e. coastal) to adjacent (i.e. inshore Agulhas Bank) to

distant (i.e. offshore Agulhas Bank) spatial scalesybdata setswere on average shorter

compared to terrestrial data sets.
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Figure 6.2: Different knowledge strands, namely localknowledge of farming and fishing
communities in the southern Cape and terrestrial and marine scientific data, examined over
varying temporal and spatial scales. Spatiakcale can be described as immediate (farm or specific
location on the coast), adjacent (catchmeror bay) and distant (southen Cape region or Agulhas
Bank)

Socialecological systems usually involve groups of resoue users that are interlinked
with each other and to numerous resources that occur across multiple scales, and
therefore influenced by spatial and temporal changes within these complex syster(fer
example Janssen et al., 200:A)Vhile local climateknowledge of farmers and fishers was
difficult to compare on a spatial scale as there was no overlap, the temporal scale offered
the opportunity to overlay terrestrial and marine perspectives concerning different time
periods that described changes irnvironmental regimes. Thoseerrestrial and marine
scientific data sets allowed synergies to emerge in terms of periods of significant change
in environmental regimes on both temporal and spatial scales. Through overlaying
multiple knowledge strands, synergies and mismatches in the sockalcological system of

the research area become apparent and are discussed below.
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6.3.1. Synergies through multiple dimension s of knowledge

Through examining multiple dimensions oknowledgerelating to environmental change

in complex sociatecological systems and overlaying thes&nowledge bases, a more
nuanced understanding was obtainedi-or example, he triangulation of data analyses of
terrestrial weather elements with local climateknowledge from farmers (Chapter Four)
gave a comprehensive overview of possible climate shifts in the southern Cape, and
synergies were detected particularly for shiftingOAET £ZA1 1 DAOOAOT O

>
T
(@}

observations and data analyseg generally in line with analyses at a larger scal¢see
Section6.2.2).

While traditional scientific research and existing policies tend to focus ofarger scale
climate trends at (for example) provincial or national levels(Ziervogel et al., 2014) my
research illustrated the importance of contextualising temporal and spatial changes in
relation to local climate variability z which was highlighted through the dimension of
local knowledge from multi -generational farming communities.Climate variability and
associated changes need to be contextualised,these changes were not uniform across
the terrestrial and marineresearchareaand differed across temporal and spatial scales.
This can have considerable implications for communities reliant on natural resource
bases, such as farmers and fishers, asmsidering different strategies based on changing
micro-climate characteristicswill enhancethe adaptive capacity otheseusers. Given the
complexity of local systems in the context of global changay results support the general
recommendation that strategies for sustainability should take on many different forms
AO OEAOA OE®AT IZEQIOT A1 16 ADPDPOIT AAEWakerkial., OEA AC
2004).

Overlaying multiple data sets and observatios from numerous sources also proved
usefu when grappling with the high uncertainties characteristic of complex systems.
Tendencies observed in marine wind data patterns could be overlaid with shifts detected
from terrestrial temperature time series, thus strengthening the outlook for possible the
periods of environmental regime shifts for the research area. Local fisher and farmer
knowledge basesalso overlapped to an extent when comparing timeframes of possible

environmental regime shifts (see Section 6.2.2). The complexity of the natural system for
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the southern Cape and Agulhas Bank was most evident in narratives around marine wind
tendencies and terrestrial temperature patterns, where overlaying multipleknowledge
dimensions was useful to build a more comprehensive understanding around possible

climate shifts, in view of the highuncertainty associated with climate variability.

My results from Chapter Four and Fiveunderline the importance of considering subtle
changes in climate which are specific to a particular area within the broader context of
climate variability at a national level, in order to better understand challenges presented
to livelihoods at a local sale.Thomas et al. (2007)discuss howonly considering climate
criteria important to institutional decision -making processes, such as concepts of
drought or flooding, may not be sufficient fornatural resource usersto succeed in the
face of localised climate variability. Farmers, for examplenight underpin strategieson
subtle climate variables such as the timing of the onset of rainfalksociated with planting
season, which are representative of real criterighat are locally relevantto resilient
farming strategies (Thomas et al., 2007) Through examining themes in relation to
climate variability that were generated through perceptions of local farmers and fishers
in the southern Cape, synergies between local and scientifimowledge bases added
meaningful insights to climate realities inmy research area.An example of this is
discussed in Sectio5.2.3z1 ET EET ¢ £ZAOI AOO6 AT A EEOEAO0OS
through overlaying these narratives with terrestrial and marine scientific results of the

research area.

6.3.2. Knowledge disconnects

Knowledge disconnects are impotant to understand in the context of sustainable
management of human activities in a systemsased paradigm(Teng6 et al., 2014)
Conflicting data or contrastingviews and values(for example Veran, 2002), whether
held by scientists, policy makers or resource users, can undermine sustainable
adaptation or transformation of local socialecological systems.Miscommunication,
misdirected resources, andpolicy failure can result due toknowledge disconnects
(Sterling et al., 2017) Persisting knowledge gaps and poorunderstanding around
environmental and climate variability in the southern Cape region andAgulhas Bank

system z from local-scale drivers such as shifting rainfall patterns otocalised marine
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upwelling; to large-scale processedinked to the interaction between the South Atlanic
and South Indian Anticyclonez pose challenges when dealing with high uncertainty in
these complex sociakcological systems. Dat@oor environments further hinder our
ability to better manage anthropogenic impacts on these localystems or devise scale
appropriate policies that simultaneously benefit people while protecting or enhancing

ecosystem services.

Knowledge disconnects existed within the marine part (refer to Chapter Five)of this
research, which can largely be attribugd to a lack of longterm, high quality monitoring
environmental data(also present in Chapter Four describing the terrestrial component)
coupled with a naturally variable climate system that is complex given its geographic
location. For example, nsmatchA O AAOx AAT EEOEAOO8 DAOAADPOE
occurred when examining extreme wind daysn the nearshore environment (Section
5.5.3), where perceptions held by fishers that sea days had decreased over time partly
due to unfavourable wind condiions were not reflected in the scientific data.However,
these knowledge disconnects could also arise fronscale mismatches, as changes in the
off-shore environment showed a tendency of increased extreme wind days over tinge
AT OOT AT OAOQET ¢ AmlOdsEel Gclébut Bidt ecdseadyEin th® inshore

environments where thesefishers operate.

From the terrestrial perspective, an example oknowledge disconnects can be drawn
from the complexities surrounding freshwater in the southern Cape. Similar toomplex
system stressors experienced by fisher§Gammage et al.,, 2017a;b)water issues are
played out within environmental, social and political spheres for farmersknowledge
disconnects are present betweeiperceivedchanging rainfall patterns, policy restrictions
on allocation or storage from local river systems, and increasy agricultural demand
(Section 3.4.5.2. Many farmers expressed frustration with current water allocation
policies, which are considered to be limiting and not in tune with changing weather
patterns z such as increased intense rainfall events (i.e. theeBhwater floods straight
into the sea in one event) and prolonged dry periods (i.e. policies limit storage of water
on farms). Scientific data on possible changing rainfall patterns were highly varied and
not uniform across the research area, but an indation of increased dry months over time

acrosstwo out of three catchment locations was found (Sectio®.4.2). The disjointed

190



nature of managingat the scale ofwatershed areas by local, provincial and natural
government, in conjunction with highly variable local climate systems such as the
southern Cape, can lead to local resource users reaching the limit of their adaptive
capacity if adaptation measures do not account for possible future climate shif@Viid
and Ziervogel, 2012)

Shifting baselnes are also important to consider when examiningnowledge disconnects
(Pauly, 1995), as the interpretation of present variability observed in natural resources
(such aswater availability or fish abundance by natural resource users (such as farmers
or fishers) is dependent on historicalknowledge of these resourceqfor example Sadenz
Arroyo et al., 2005; Ainsworth et al., 2008; Papworth et al., 200For example, bgether
with high environmental and climatic variability, there are often clallenges associated
with examining the extent to whichfish stocks have changed over time due to a lack of
historical data z which can result inknowledgei EOi AOAEAO xEOEET EEOEAC
of how and why fish stocks are altering over timgGammage et al., 2017a)Recent
research conducted byCurrie (2017) shows substantial depletion of economically
important fish stocks (such asArgyrosomugkob) species) over the last 100 years on the
Agulhas Bank, examined under a multitudef drivers ranging from fishing pressure to
climate and environmental change dynamic<Currie (2017) noted that consistent, large
catches of largesized kob species historically fished on the Central and Eastern Agulhas
Bank are difficult to imagine fo contemporary fishers and scientists thus illustrating the
importance of historical datato counter shifting baselinesg demonstrating how these fish
communities have changedirastically since the 1900sShifting baselines are problematic
in that human scieties become tolerantto the creeping loss of biodiversity (Saenz
Arroyo et al., 2005) which can undermine the sustainability of sociaécological systems
(Folke et al., 2011)

This sectionhighlights the importance of overlaying different bodies oknowledge when
working within complex social-ecological systems, assynergies and mismatches
described above reduce uncertainty and highlight potentiaknowledge gaps. This has
contributed to confirming environmental regime shifts in the research area, identifying
knowledgedisconnectsfor ecosystem services linked to terrestrial water availabilityand

highlighted scale disonnects in fisher perceptions innear- and off-shore change.
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6.4. Responding to change

Consideringfactors that drive decisions around land use practicesr fishing methodsare

important to contextualise in order to understand how farmersor fishers operate in

relation to environmental change.This section discusses localfarming col | OT EOEA OB
responses to changewith a focus on climate variability,in relation to those offishing
communities. Responses of farmers and fisher® changein southern Cape communities

are contextualised through Figure 6.3 where adaptation canbe characterised through
stressors (for example climate variability, economic drivers and governance),
characteristics (for example resilience, vulnerability and adaptive capacity), multiple

scales and responsegfor example reactive, concurrent and antigatory (Bryant et al.,

2000; Smit and Wandel, 2006)

Figure 6.3: Four main components of adaptation as identified by and adapted froBnyant et al.
(2000): (1) the characteristics of the stress, (2) theharacteristics of the system(3) multiple
scalesand (4) adaptive respnsesz reactive, concurrent and anticipatory(based onSmit and
Wandel (2006))
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