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COVER PHOTOGRAPHS

Top left: Road damage in the Kogmanskloof pass (SourceLangeberg Municipality )

Middle left: The proximity of the Kogmans River to the R62 road. Steep mountainous
topography is also shown. (Source: TheNational.ae)

Middle left: Flooding at the entrance of Montagu in 2003. (Source: iol.co.za)

Middle right: Flood at the Langebergt Ashton Foods canning factory in 2003, (Breede Valley
Winelands Municipality)

Top right: The Keisie River in Montagu flooding a roa d connecting one part of the town with
another. (Source: Climb ZA)

Bottom left: Debris cleared from the Keisie river in Montagu (Source: Climb ZA)

Bottom middle: Road flooded in Montagu in 2003 (Breede Valley Winelands Municipality)
Bottom right: Stop-and-go traffic in the Kogmanskloof pass. Overgrown vegetation in the
Kogmans River is also visible (author)

EXECUTIVE SUMMARY

From 20034 2014 the Langeberg Municipality in the Western Cape Province of South Africa
was substantially affected by six flood disa sters which resulted in almost USD 22 million in
damages, caused one fatality and left a total of6 424 people displaced. Severe weather events
during this period had widespread municipal and provincial infrastructural, private
agricultural as well as social impacts, which also led to a disruption in service delivery.
Literature indicated that these floods were caused by complex and interconnected hazard,
vulnerability and disaster risk governance factors, some more prevalent and recurring than
other, which increased flood risk.

Topography

Topographically and geo-physically steep mountains increase run-off, forced settlements and
infrastructure to be located close to major rivers along with the Kogmanskloof Pass, a critical
access route (through the Langebeg Mountains ) which had been flooded on several instances
causing logistical and transportation challenges. Specific soil conditions cause poor surface
cover, which led to increased vegetation, carried downstream causing more damage.

In addition, elongated and lobed catchment shapes have also isolated farming communities
due to disrupted cell phone reception and road access during flooding. Meteorologically and
climatic ally, the municipality is mainly affected by flash flooding due to  cut-off low s (COLS)
(especially during warmer months ), exacerbated by mountainous topography, while mid -
latitude cyclones also occur frequently in the area. Environmental and developmental factors
such as land-use/land-cover change such as increased agricultural land and impervious
surfaces in urban areas have increased ruroff. Flood risk within the LM has also risen due to
frequent veld fires causing hydrophobic soils, alien vegetation (especially in riparian zones
carried downstream while providing good fuel for fires), alo ng with river aggradation and
sedimentation due to erosion have also increased flood risk. Lastly, urban expansion has
exposed more people and infrastructure to rivers, while developmentally, irregular storm
water maintenance in towns has increased risk.

Socio-economics

Socio-economic-demographic characteristics have also increased flood vulnerability and
exacerbated flood impacts. These include chronic poverty, dependency, high crime rates,



public health issues and marginalisation (e.g. service delivery which are often most prevalent
incertainareasUUET wEUw UT EVUVUAOwW9 OOEOPWEOEwW- OGUE]I OEwxEUU
legacy). Theseconditions are closely linked to seasonal labour and associded travel to work

due to the LM which is agriculturally intensive with employment highly determined by

agricultural processes and cycles, in turn often leaving people wDUT OUUw P OUOWE UUDOI
seasong.

Urban population growth

The municipality experienced a town -based population increase of +/-150% in only 15 yeas,
while the Black African population doub led and Coloured population also increased
substantially. From 1996 ¢+ 2011, there was substantial population growth in specific
settlements/suburbs such as Ashbury (Afrikaans speaking), Nkqubela, Zolani (IsiXhosa)
Happy Valley and Mountain View (Afrikaans). While these claimed a minimal share of the
population in the 1990s, in 2011, their combined population (in primarily low income or
informal settlements) was greater than 25000, or more UT EOQw Ew @UE U U4 total O w OT 1
population. This rapid urban growth, for a rural area, has had numerous implications for both
flood exposure and vulnerability, along with escalating demands on municipal services. | n
this context, it t has changed the sociedemographic landscape of flash-flood early warning,
just as much as biophysical adjustments.

This rapid urban growth has had numerous implications for both flood exposure and
vulnerability, along with escalating demands on municipal services . Such cio-economic
divisions illust rate the need for nuanced, nonhomogeneous approaches © early warning for
severe weather(e.g. early warning in only one language).

Governance

The governance of flood risk involves multiple public and private sector stakeholders such as

government departme nts and ministries, local, provincial and national governmental entities,

EUwbPl OOWEUwWxUDBYEUI wOEOGEOPOI UUB w20UUT w I UPEEZUWE
crucial crosscutting mechanism for integrating flood risk management efforts with both

development planning, as well as in times of heightened flood risk.

South Africa has a long history of civil protection, emergency medical response and fire
brigade services. However, accelerated urgency for disasterrelated legislative reform
resulted in Green and White Papers on Disaster Management, culminating in a Disaster
Management Act (No. 57 of 2002) It was followed by a comprehensive National Disaster
Management Framework to guide the implementation of the Act, which had a developmental
vulnerability reduction focus as well as wide-ranging consultation across government, private
sector and civil society organisations.

However, among its many challenges, the legislation was constrained due to disaster

OEOQET 1 O1 6Uz Uuw E I nat®ralCaidpEn @rdiwal Eedmpefency, and not a municipal

competency. Disaster managementwas therefore Y D1 bl EWEUWEOwWE B 01 YAEOEBwWOEE
municipalities, deterring investment at local level, where risk manage ment efforts were most

needed. In 2015, the Disaster Management Amendment Act sought to correct this

shortcoming. It introduced legal provisions for local municipalities, such as the Langeberg

Municipality to establish disaster management capabilities and plans in consultation with

district municipalities (in this ins tance, the Cape Winelands District Municipality).
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development however still exist which reinforce a reactive approach and disregard
developmental risk drivers.

Others challenges include disruptions in governance continuity over the years. The study area
first consisted of various magisterial districts, which w ere then consolidated into the Breede
Valley Winelands Municipality, with new boundaries, later renamed to the Langeberg
Municipality. The municipality also underwent changes in political leadership.

Apart from the Disaster Management Act, legislation from many other acts and plans exist.
These include the National Water Resources Act 36 of 1998, National Veld andForest Fire Act
101 of 1998, River Maintenance Management Plans (RMMPs), National Environmental
Management Act (NEMA) 107 of 1998 andSouth African Weather Services Amendment Act

48 of 2013which function in parallel to support flood risk reduction.

Existing flood guidance and monitoring

The South African flash flood guidance system (SAFFG) developed by SAWS was a purely
flood prediction system which was never fully operational in the LM area. SAWS, in
collaboration with the National and Provincial Disaste r Management Centres (NDMC and
PDM and local DM officials has since moved towards an Impact-Based Severe Weather
Warning System (SWWS), which is based on theUnited Kingdom Me U w. | iinip&ci Badad
Forecasting and WMO recommendations. This involves local information of the potentially
affected areasobtained from local Disaster Management officials to be shared with SAWS to
make more accurate forecasts, based on potential impacts in terms of impact (severity) and
likelihood (including spatial extent ). Whil e this is a step forward, since active informal risk
communication takes place on the ground before and during a disaster, formal, inclusive

residents in flood -pron e areas) need to take place.

Other challenges include limited weather monitoring in the Western Cape and Langeberg.

This is not only because of too few instruments such as automatic rainfall stations and river

flow gauges to collect real-time data, but also inadequate weather radar coverage which is

compromised by the mountainous topography and incorrect height of the C -band radar

which is in itself subject to greater interference. Lastly, South | UPEEz Uw# DUEUUI Uuw, E
legislation distinguishes between four separate institutional duties for eary OE Ol Oa w ? pb A u
assessing the threat, (ii) deciding on the need for a warning, (iii) issuing the warning, and (iv)

levels of government. This has caused confusion among authorities about the timing of the

above and their specific roles.

Implications

This study illustrated how many inter-related contributing root causes affect flood risk and
that consequently, a holistic, up-to-date understanding of these is required to identify most
exposed areas ad most vulnerable people, in order to focus early warning and impact ¢ based
forecasting efforts more efficiently and effectively.
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1. INTRODUCTION

Forecastbased Financing (FbF) is a mechanism that uses climate and weather or other
forecaststo trigger action before the impacts of the forecastedevent are felt (Wilkinson et al.
2018).This mechanism was developed in recognition that there is a window of opportunit y
between a forecasted warning and a potential disaster. FbF, a framework developed by the
German Red Cross in 2015, uses forecasts of natural hazards to release funding for
preparedness and relief when a forecast is issued and pre-defined trigger thresholds are
reached (Coughlan de Perez et al. 2015; Stephens et al. 2015; Wilkinson et al. 2018). FbF
allocatesfinancial resourcesto selectedcommunities, basedon an early action protocol and in
responseto defined triggers and their thresholds.

Althoug h there are many examples of FbF initiatives implemented and developed acrossthe
global South (Wilkinson et al. 2018),the FATHUM initiative focuseson FbF in three African
countries. It specifically draws on the FbFexperiencein National Red Cross Society pilot sites
in Mozambique and Uganda, with additional insight drawn from a flash-flood -prone rural
site in South Africa, where responsibility for disaster response and humanitarian action
residesin government and community structures. This multi -site reseach sought to probe the
roles of local and indigenous knowledge in advancing resilience to floods and droughts, as
well as changing patterns in local flood risk drivers (e.g.those embedded in environmental
and broader socioeconomic conditions) that could influence future applications of FbF.

The rationale for the multi -site FbF study acknowledged that an incisive understanding of
local risk context is integral to both resilience building and short-term humanitarian action.
Beyond an appreciation of underpinning environmental and socic-economic conditions, the
study alsosought to probe current disaster risk management/reduction (DRM/DRR) and early
warning capacities, policies, and mechanisms in each site - in addition to institutional
arrangements for disaster response and humanitarian action. This aimed at identifying
opportunities for technically integrating and aligning FbF with existing systems and
structures, as well asleveraging political support where needed. For instance, by exploring
local disaster preparedness and response frameworks, for example, FATHUM researchers
sought to interrogate how FbF might fit within local and national disaster preparednessand
response,in addition to longer-term resilience building.

This risk context report describes the South Africa-based casestudy site, the Langeberg
Municipality, situated in the Cape Winelands District Municipality of South Afri E E Weéstern
Cape Province (Figure 1). It provides an overview of the study sites and methodology. Then,

drawing primaril y on secondary data, the report gives findings on the flood history for the

Langeberg, as well as information on disaster risk drivers, risk governance and flood early

warning processes, as these relate to thenunicipality.

2. OVERVIEW OF THE LANGEBERG MUNICI PALITY STUDY SITE

The FATHUM team based at Research Alliance for Disaster and Risk Reduction (RADAR),
Stellenbosch University selected the Langeberg Municipality ( LM) as the case study site for
the FATHUM research. The Western Cape, which is home to over five million people, i s

experienced in the region (Holloway, Fortune & Chasi 2010)



The LM, is located inland, approximately 170 kilometres from Cape Town, with an egimated
population of 103 389 in 2017 It is one of five local municipalities within the Cape Winelands
District Municipality (Figure 1), which extends over 21 473 knt. Approximately 55% of the
+EOT T EI Ul zUwUI U#&E IméJ town Robértso® @uo2o)) Montagu (15176),
Bonnievale (9092), Ashton (7700)and McGregor (3 125)(LM 2017).The remaining population
is rurally dispersed throughout the municipality which comprises 4 517.4 kn?
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Figure 1: Location of the Langeberg Municipality, Cape Winelands District Municipality,
Western Cape Province, South Africa

Geo-physically, the LM has complex mountain topography dominated by the Langeberg
Mountain chain, with its highest peak at 2 075 meters dividing the municipality between north
(Montagu) and south (Ashton, Robertson, Bonnievale and McGregor), with only the
Kogmanskloof pass connection (see Figure 5). The Keisie and Kingna Rivers run through
Montagu, becoming the Kogmans River that then runs through the Kogmanskloof Pass to
Ashton (Figure 2). A number of isolated farming commun ities are located in deep valleys
along the Keisie and Kinga and their tributaries .
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Figure 2: Location of Montagu along with farming communities

(Source: DigitalGlobe 2019)

The steep gradient of the Langeberg M ountains, elongated and lobed shape of the catchments
in this area, and close proximity of built -up areas to major rivers all increase the likelihood of
flooding, particularly flash flooding (Pharoah et al. 2016)

The municipality is characterised by diverse population groupings, that include semi-
formal/RDP (Reconstruction and Development Programme) residents and informal
settlement residents, backyard dw ellers; pensioners/retirees, second home owners tourists,
commercial farmers, small holding farmers and seasoral labourers and migrants, in addition
to high income residents.

It is also reflected in a diverse socio-demographic-economic profile that bears lasting legacies
ofthe ax EUUT T PEw UI T BDOI z U.urBeseOdatrastsuinclude Erifoomal/BW -cost
housing settlements of Nkqubela in Robertson and Zolani in Ashton whose demographic
profile is Black African (see Table 3. In contrast, Table 3shows that Ashbury in Montagu has
a Coloured population, while the remaining urban areas in Robertson, Montagu and Ashton
comprise mainly White and Coloured population groups (Stats SA2011) Similarly, i n terms
of language, IsiXhosa is the mainly spoken in Nkqubele and Zolani, with Afrikaans in the
remaining areas.

Along with a highly diverse socio -demographic profile , the municipality z Uwl EOOOOPEWEEUD
are also varied. In 2015 Primary sector activities of agriculture, forestry and fisheries

constituted 128% of local GDP. Secondary sector activities involving m anufacturing,

electricity, gas and water, as well as congruction comprised 25.9%0fGDP. 31 | wOUOPEDBDxEODU
tertiary sector contributed 61.2%to GDP, including ; wholesale and retail trade, catering and
accommodation, transport, storage and communication, finance insurance, real estate and

business services general government and community, soci al and personal services



11

Despite this healthy economic diversity , the LM faces numerous social and development
challengessuch ashigh dependency due to unemployment, illiteracy and crime rates, poverty
and marginalisation in some areas (LM 2017) In addition, shortcomings in basic service
provision (storm water infrastructure, water and sanitation) concentrate in areas such as
Nkqubela (in Robertson), Zolani (in Ashton) and Ashbury (in Montagu) (DiMP 2003; LM
2017)

The FATHUM South Africa team selectedthe LM asits study site due to its rural location,
history of extensive and complex flood disasters, and the availability of reliable disaster
records. The municipality is a high-risk municipality that has experienced recurring disaster
lossesfor longer than 30years. The public and officials already s x U4k Edrddast-basedEarly
Action, but in an informal, unofficial way through various preparednessmeasures Last, due
to recurrent flood disastersand pastresearch the study team already had establishedenabling
relationships with municipal official, communities and farmers.

3. OVERVIEW OF METHODOLOGY
3.1 Development of over-arching methodology acrosssites

In order to align the researchmethods in the three study-sites, a collaborative methodology
was developed jointly with team-members from Uganda and Mozambique, in consultation
with other FATHUM researchers.This process(Figure 4) spanned 12-16 months, and included
consultation with team members in the Reading, Kampala and Stellenbosch. The process
evolved sothat the comparative researchin three sites could provide valuable insights on the
effectiveness of FbFin different settings, including understanding of the enabling and
constraining factors for its implemen tation.

To enable a comparative analysis of findings acrossall country casestudy sites, standardised
data-gathering tools were gradually developed for the collection of a range of primary and
secondary data. The methodology developed comprised both seamndary researchand field
work phases of investigation, enabling the appropriate approach to address the research
guestions. In developing the relevant methods and tools necessaryfor capturing data in each
casestudy site, three broad themes (Figure 3) structured the conceptualisation of the research
priorities and questions.

Figure 3: FATHUM case -study research themes identified
3.1.1 Research theme 1: Disaster risk profile and history

This theme focused on understanding the underlying drivers of flood risk, how these have
changed over time, and the impact they might have on FbF. This necessitateda study of the
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biophysical, economic, political, social, and cultural factors that might increaseflood risk. It
was also necessaryto document past hydro -meteorological disasters, probing the underlying
drivers for each event, what their impacts were, if any FbF was taken and how. This
information was critical for creating a baseline for understanding the disaster context within
which decisions and activities related to FbF are being developed and implemented. It may
also assistFbF stakeholders in developing better threshold triggers, determining the need for
FbF activities and their application to other hazards.

3.1.2 Research theme 2:Existing DRM capacity and institutional arrangements

The Fathum researchteam gave priority to probe existing local and national capacities. This
required the identification of the stakeholders governing disaster risk and response, their
responsibilities and capacities, and the relevant governing institutional frameworks. It was
also critical to determine what actions had been taken before, during, and after past flood
events by various stakeholders. The collected information provided a framework for
exploring how FbF fits within existing mechanisms and processes,whether there is the
capacity for integrating FbFinto these,and the potential governance challengesfor scaling up
FbFin eachsite.

3.1.3 Research theme 3:Existing early warning systems and FbF activities

This focused on exploring existing early warning systemsand FbF activities and capacitiesto
understand how FbF could potentially add value. It necessitated investigating x 1 Ox Ol z U
perceptions of FbF activities and the potential for integrating FbFinto existing early warning
systems. The aim was to map the process of communicating early warnings, identify the
stakeholders creating, disseminating, and receiving the warnings, and documenting the

timings of these warnings. In addition, the challenges of and perceptions regarding formal

and informal early warnings, FbF, and disaster relief and response activities were also
investigated.

3.2 Adaptation and application of the research methodology in the Langeberg site

The two researchphasesand disaster history asan example are describedin more detail below
in relation to the LM casestudy in South Africa.

3.2.1 Secondary data assessment, literature and policy review

This research focus incorporated two dimensions; the change in overarching development
conditions linked to recognised flood risk drivers, aswell asrealised flood events.

The secondary data review probed patterns in changing flood risk drivers, including

population change,aswell asshifts in livelihood activities. Drawing on Blaikie et E ORrddsure
and ReleaseModel (Blaikie et al, 1994;Wisner et al, 2004),the study examined potential root
causesand dynamic pressure (e.g.land degradation, deforestation, population change, risk
governance) over aten-year period (from 2007%2017).



Inception workshop at University of Reading to develop

Field trip in Uganda study site before workshop.

1st African Regional Dialogue Platform

project objectives (35 July, 2017)

Mozambican Red Cross were also present.
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Nine d raft research tools were developed in consultation with partners
from case-study countries

Review of draft tools Tools were reviewed within country with partners

such as theUganda Red Cross Society(URCS) and the (Red Cross

Climate Center (RCCC)to help adapt the tools to the country context.
The reviewed tools were shared with the overall coordinat or at

Adaptation Futures international workshop
(June 1821, 2018) in Cape Town

Stellenbosch

Final draft of tools shared across countries for adaption and use five
tools were agreed upon) Review of existing studies, So@demographic info
for each site, Policy analysis and summalijstorical disaster timeline and

Focus grop guidet for communities

Primary data sources
Included key informants in the study
areas and Focus group discussions
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|
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Work P ackage 2 research objectives or
research questions?

1 To characterize the flood and
flood risk history of study sites .

1 To identify crucial local flood risk
drivers in environmental and
broader socio-economic
conditions.

1 To investigate the relationship
between FbFand subsequent
flood impact at the community
and household scale

1 Identify cont extual and
implementation factors t hat
enhance prospects of FbHor
advancing local resilience.

Proposed Themes

Theme 1: Disaster risk profile and history
Theme 2: DRM capacity and institutional
arrangements

Theme 3: Early warning systems and FbF

Proposed secondary data collection tools

Instrument 1: Review of existing
studies/assessments

Instrument 2: Socioeconomic/
demographic data

Instrument 3: Spatial data availability and
guidelines

Instrument 4: Policy/legislation analysis
Instrument 5: Disaster timeline
Instrument 6: Disaster and early
warning/FbF assessment

Proposed primary data collection tools
Instrument 7: Semi-structured question
guides

Instrument 8: (Focus) group discussion
guides

Instrument 9: Structured questionnaire
for communities

Figure 4: Steps in a co-produced research methodology for parallel implementation and comparative analysis
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This processstarted from the beginning of the project (February 2017)and included areview
of existing academic studies, relevant reports, community -based risk assessments,census
data, policies, and legislation. Much of the information on study areawas accessedthrough
the Cape Winelands District Municipality (CWDM) (Disaster Management), which provides
oversight to local Disaster Management officials and centresin smaller municipalities located
within its political boundary, including the LM. Information gathered through this process
was later consolidated into secondary data collection tools/forms (Figure 4) agreed upon
during the methodology workshop held in Kampala.

The secondary data assessmenprovided insights into historic disaster events,underlying risk
drivers, vulnerability indicators, socio-economic and other demographic information, aswell
askey policies that might either addressor exacerbatedisasterrisk in the LM. It alsofacilitated
the identification of key NGOs, CBOs/civil -society institutions, relevant stakeholders,
communities, and individuals to interview during the fieldwork stage.

3.2.2 Disaster history

The secondary data review and preliminary interviews informed the gradual development of
a detailed timeline of disaster events that had affected the LM. It contained not only
information about when disasters occurred, but also their geographic location and key
underlying risk drivers. Responses(at all scales),recorded impacts, longer term economic
losses, potential knock-on effects and information about early warnings and early action,
including FbF responseswere also recorded but not included here. The timeline in turn
informed the generation of an interview guide, highlighting issues requiring further
investigation.

3.2.3 Fieldwork

The main s OtBe T U O U fiefelwork was undertaken, using key informant interviews and
focus group discussions (both translated into Afrikaans) (Figure 4) with adapted questions
basedon the specific key informant 7 & focus group sfield of expertise and background. Tools
were also tested by adding more relevant or removing irrelevant questions as the fieldwork
progressed.Fieldwork took placefor three weeksin September2018where more than 50semi-
structured interviews were conducted with farmers, town residents, community leaders, civil
society organisations, government departments and relevant private companies. Focusgroup
discussions were held with the LM; Ashton community members, leaders and community
centre, religious and community -basedetc.

Follow -up interviews with other stakeholders such as local schools in the study area and
SAWS (South African Weather Services), Hortec (Weather Stations, Fruit quality and
Analytical services) in Cape Town were conducted in November and December. Table 7
provides a full list of key groups, actors, government departments and organisations in the
LM.

Interviews were first transcribed, then translated into English if necessaryafter which analysis
was performed. This was done by establishing common and conflicting points mentioned by
the various interviewees and focus groups. These opinions were then groups according
overarching themes such asflood history, hazards, vulnerability, early warning etc.
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4. FINDINGS

This section explores the esimated disaster losses attributed to floods in the Langeberg
, UOPEDXxEODPUaOWUT | atwedr 2807 bhd 2007 hOdisasieEa telidvdtralekzant
flood risk d rivers, risk governance that exists and the early warning systems.

4.1 Recorded occurrence of flood disasters

The LM areahas an extensive disaster history, with many of its towns and rural communities
at risk of flooding due to destructive storms triggered by cut-off low (COL) pressure systems
during the summer and the winter rainy season Two historic events occurred in 1867 and
1981where lives were lost, which were followed by more recent events from 2003- 2014,a
period in which the LM experienced six disasters associated with severe weather events
caused by COL pressure systems (Pharoah et al. 2016).

The more recent cluster of disasterswere characterised by widespread flooding, with impacts
reported acrossthe Western Cape. During this period (2003+ 2013),the LM reported total
financial lossesof nearly US Dollars 22 million, with 6 424 people affected or requiring
assistance(Pharoah et al. 2016).Table 1 include sall flood disasterssince 1967, but also related
disasters such as drought, which could have exacerbated flood damage. As indicated, a
number of theseevents had larger scale impacts where neighbouring municipalities were also
affected.

From 20032014, six identifiable flood disasters were recorded for the Langeberg Municipality.

This was in addition to at le ast one instance of severe veldfires and one multi -year drought
episode. Thirteen people died during flooding in 1981, while in 2012, an ambulance driver
died when her vehicle was washed off the road, with the vehicle being swept away and

trapped by fast-flowing floodwaters. This incident occurred in pre -dawn darkness when
visibility was very low.

Floods have recurrently damaged infrastructure, including roads (e.g. R62 through the
Kogmanskloof), bridges (e.g. Voortrekker in Montagu) , electricity supplies and sewage pipes
and plants and in 2003, forced the evacuation d 500 households, as well as the local primary
school. In 2012, the Montagu Springs resort sustained substantial damage and was closed for
repairs and reconstruction, reportedly reducing local tourism. Rock climbing -related tourism
was also affected due totrail closures. The resort was damaged again in 2014(Pharoah et al.
2016)



Table 1:Flood history of the LM, including related disasters
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Event Type [Date Location Consequences of event Main Drivers
Drought Ongoing \Western Cape Loss of productio n and [Lack of sufficient rain
jobs
\Water restrictions
Floods 03/062015 |Flashflood on R62 Main road in Montagu |COL ¢ heavy rainfall
closed. Bridges flooded |blockagesby reeds
(Voortrekker) Material clogging bridges
Catchment characteristics
Floods 06/01/2014 |BreedeValley (BV) and |Damagesto roads and [COL ¢ heavy rainfall
LM causeways
Floods 15/11/2013 |Robertson Damagesacrossthe COL ¢ heavy rainfall
district Soil conditions
Floods 07/082012 |Langeberg (Montagu) |Road damage (R62) COL ¢ heavy rainfall
area Kogmanskloof Pass IAlien vegetation
closed Catchment characteristics
Floods 09/06/2011 |Langeberg Mountain Rural roads damaged in |COL t heavy rainfall
LM Sedimentation
Floods 12/11/2008 |Overberg, CWDM and |Infrastructure damage [COL t heavy rainfall
Eden districts IAgricu ltural damages [Sedimentation
lAlien vegetation
Poor drainage systems
Floods July 2008 BreedeRiver Winelands |River experienced three |COL t heavy rainfall
(BRW) Municipality floods that year Dam collapsed
Thunder st. [26/12/2007 |[BRW and CWDM IAgricultural damages |Weather related
Floods 21/11/2007 |BRW, CWDM Damagesto COL t heavy rainfall
and BV municipalities  |infrastructure Soil conditions
Fire 7/2/2007 Du Toitskloof Pass Increased soil erosion [Severemountain fires
Floods 22/08/2006 | BRW and CWDM R 62 closed for 4 hours [COL - heavy rainfall Topography
Roadsdamaged
Floods 02/08/2006 |Montagu R 62 closed COL ¢ heavy rainfall
Bridges damaged Catchment characteristics
(Voortrekker)
Floods 12/042005 |[Montagu Route (R) 62 closed COL ¢ heavy rainfall Topography
Catchment characteristics
Flash floods [23/12/2004  |Robertson Damage to Severecloudburst
infrastructure [Torrential rainfall
Previous drought - deluge
Runoff speedsaffected
Floods 24/032003 |5, OO D GO E U gkogmanskloof Pass  [COL - heavy rainfall
closed Sedimentation Topography, Soil
IAgricultural losses conditions
Keisie, Kingna and Catchment characteristics
Kogmans Rivers flooded|Land use change
Fires 29/121997 |Langeberg Mountain 8000hectaresdestroyed |[Not available
Floods 22/09/1983 |Southern Cape Not available Not available
Floods 02/02/1981 |Southern Cape Not available Not available
Floods 25/011981 |s + E B O1 WE@AA ginfrastructure damage [COL - heavy rainfall
104deaths (13in LM)  |Agricultural losses Impervious areas
Floods 14/12/1906 [Southern Cape Not available Not available
Floods 14/05/1885 |[Southern Cape Not available Not available
Floods 05/1867 Montagu Not available Not available
Floods 08/03/1867 |Montagu Not available Not available
Floods 11/10/1948 |South-Westemn Districts |[Not available Not available

Source: Peek (2017 & Rogatschnig (2005)
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Table 2: Adjusted cost of COL -related flood damage in the LM : 200%-2014(US Dollar )

Damage cost  |November 2007 | November 2008 |July/August 2012 |*November 2013| January 2014|Total |

Municipal 9 050.86 1688 991.16 295 413.93 0.00 105 636.09 2 099 092.0-
Provinicial 1378816.86 11 183 487.85 2 307 825.94 632 937.51 4093 090.3219 596 158.4
Total 1387867.71 12872 479.02 2 603 239.87 632 937.51 4198 726.4121 695 250.5.

Notes: Provincial agriculture damage could not be disaggregated to municipal scale.
Exchange rate: USD 1 = ZAR 14.50
Base yearinflation rate + 2018
Table 2 illustrates the spatially consolidated cost of damage, inUS Dollar, adjusted to the base
inflation rate of 2018 for COL -related floods is the Langeberg. These costs equivalent to nearly
USD 22 million, however, only refer to infrastructur al damage, including costs to Western
Cape Provincial structures physically located in the LM (Pharoah et al. 2019. They exclude
agricultural costs, such ascrop damage or livestock deaths are excluded.

This reporting bias is due to the application of a government-U | @ U EPtbledSiangl Service
Provider z (PSP process which was introduced from 2011 onwards that applied stringent
eligibility criteria for rep ortable infrastructural damage (ibid). Similarly, the reported losses
neither include for household-level nor any social impacts, the latter due to the compromised
capacity of Provincial Social Servicesto assess the needs of poor households

4.2 Flood Risk Driver sin the L angeberg

Although the specific effects of climate change for the Western Cape remain unclear, general
projections indicate that the Western Cape will experience warming and drying trends as well
as reduced number of rain-days and greater rainfall intensities (Blam ey et al. 2014;Godsmark
et al. 2019 CSAG 2019. These expectations add to earlier projections of greater climate
variability, increased rainfall, increased temperatures and evaporation, dryer soils leading to
erosion and runoff and extended drought periods, increased veld fire occurrences and lastly
a greater number of extreme weather events (Midgley et al. 2005, CWDM 2017; Davis-Reddy
& Vinvent 2017 &Bdckmann 2015.

The latter corresponds with Pharoah et al. (2016) who illustrated an increase in extreme
rainfall days and associated losses in the Western Cape and the LM.Apart from these
projections, social and environmental issues that increase risk are already evident. These
include population growth, resource constraints, classinequality and pollution .

Lastly, in terms of health, Godsmark et al. (2019) provided a summary of health risk factors
and broad health impacts linked to climate changethat specifically apply to the Western Cape.
They foregrounded population migration and environmental refugees, land use change,
violence and human conflict. Impact projections included odmental ill-health, non-
communicable diseases, injuries, poisonings (e.g. pesticides), food and nutrition insecurity-
related diseases, water and food-borne diseases and reproductive healtre w & O k Bt@IE U
2019, 31) The authors also project that vulnerable populations such as the poor and
chronically and mentally ill would be mostaffected.

According to the UN (2016, 24) underlying disaster risk driver s ared pr@cesses or conditions,

often development-related, that influence the level of disaster risk by increasing levels of

I B3xOUUUI wEOEwW YUOOI UEEDPOPUaw OUw Ul Bopeverhland EE x EE D (
inequality, climate change and variability, unplanned and rapid urbanization and the lack of

disaster risk considerations in land management and environmental and natural resource
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management, as well as compounding factors such as demographic change, nordisaster risk-

informed policies, the lack of regulations and incentives for private disaster ris k reduction

investment, complex supply chains, the limited availability of technology, unsustainable uses

Of wWOEUUUEOQwWUI UOUUET UOWET EOPODPOT wi EOQUaUUI OUOwx EOE
In applying the above definition and example, this section outlines key flood risk drivers in

the LM. Based on relevant literature, risk drivers were clustered into four types
(topographical/geophysical, meteorological and climatic, environmental/developmental and
socio-economic-demographic) and are described below.

4.2.1 Topographical/geo -physical risk drivers

, OOUET Uz Uwi OEUT wi pdué # usUspedifiz topograpkidalEatiEgsospbysical
characteristics, river management and other hazards such as drought and veld fire, which
create conducive conditions for increased flood risk.

4.2.1.1 Mountainous topography

Three long and steep mountain ranges, the Langeberg, Waboom and Riviersonderend,
situated within the LM, increaseflood exposure due to the U O b @elatve proximity to rivers.
The ranges also contribute to vul nerability through unsafe environmental surroundings and
potential for being cut-off and isolated due to only one viable road from the northern to the
southern part of the LM, that connects Montagu (red arrow) and Ashton (see Figure 5. The
R60 in the Kogmanskloof is a critical access route (through the Langeberg Mountains ¢
through the middle of the municipality ) which crosses the Kogmans River (south flow) at
several points and is otherwise in close proximity to it. This road often floods, causing
logisti cal and transportation challenges,especially for responseunits suchasDM, police, EMS
and traffic services. Montagu, located on the northern side of the Kogmanskloof, at the
confluence of two major rivers, the Kingna and Keisie, is at particular flash-flood risk.
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Figure 5: DEM of the LM with rivers, roads and mountain ranges indicated
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In addition to rapid run-off associated with the steep gradients that characterise the LM
mountain ranges, increased mountain rainfall is also attributed to topographical uplift (DiIMP
2003).The 2003report suggeststhat Montagu and Ashton could be particularly vulnerable in
terms of the combined effect of increased rainfall and run-off due to steeper slopes (ibid ;
Lange).

Rogatschnig (2005)noted that from 19722003,conditions of both the northern (Montagu) and
southern (Ashton) slopes as well as foothills of the Langeberg Mountains were poor and
susceptible to degradation and erosion due to shallow soils and sparsevegetation cover in the
steeper, higher altitude slopes. A combination of increasedrun-off and rainfall, along with a
higher erosion potential along these slopes causing higher sediment and debris loads has
increasedthe vulnerability of Montagu and Ashton.

4.2.1.2 Soil conditions

Many woody alien species including Acacia mearnsiand A. salignaare found in the Kogmans
River Catchment, which form dense canopies, which prevent other vegetation to grow
underneath which leads to poor surface cover increasing the potential for erosion (Rowntree
1991 & Rogatschnig 2005. These speciedavour shallow root systems, which are unable to
withstand flash floods , increasing the risk of bank collapse (Rowntree 1991). According to
Rogatschnig (2005) this occurrencses significant since flood damage in Montagu can often be
attributed to reeds (Phragmites australi$ dluitjiesriet zand Arundo donaxt s paanse rie) and
other vegetation and trees in rivers that were uprooted and carried down stream causing
blockages against bridges or forces watersideways instead of downstream.

4.2.1.3 Catchment shape

The catchmentgs (e.g. Kogmans River Catchment) elongated and lobed shape and narrow
river channels further increasethe risk of flooding (Pharoah et al. 2016). The municipality is
also characterised by isolated farming communiti essuch asBaden, Koo, Noree, Dwariga and
Agterkliphoogt e that are located in valleys that can be cut off during floods. Isolation along
with topography can have negative implications for cell phone communication, which is
critical during adisaster and consequent possible evacuations. The mountainous topography
has further negative effects on accurate forecastsfor an areawhich already haslimited radar
coverageand instruments to monitor rainfall and river flow (Pharoahetal. 2016)(more detail
in Secton 5.7).
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Figure 6: The Kogmans River Catchment in the LM ( Source: Rogatschnig 2005)

The agricultural sector is largely served with irrigation water by two dams in the Kogmans
River catchment (Figure 6) which were built and are maintained and administered by the
Department of Water Affairs and Forestry (DWAF) (Rogatschnig (2005). The Pietersfontein
Dam on the Pietersfontein River (completed in 1968)to the north west and Poortjieskloof Dam
on the Keisie River (completed in 1955)to the east of the catchmentare both Arch dams with
heights of 29m and 35m and storage capacities of 2.097 million m3and 9.855 million m?3
respectively (DWAF 2003). According to Department of Water and Sanitation (2018) both
dams hE Y I wE ws hiafaid paieqiial Aziol is the highe st grading possible.

4.2.1.4 Meteorological and climatic risk drivers

The LM falls within the6 1 U U U O iediexrdngald Climate region and in a winter rainfall
region (DWAF 2003). The municipality has a strong seasonal disparity with hot and dry
summers, while its winters are wet and humid (ibid). The U1 T D @ififall & ualso seasonal,
with most rainfall occurring between the months of June and August (highest in July with
35mm) and lower in January and February (Langeberg Municipality 2019 ). Topography has a
further effect on rainfall , with the Langeberg mountain range receiving the highest mean
rainfall (more than 1000 mm /annum in some places) (Langeberg Municipality 2019), while
low -lying areas such asBonnievale and McGregor receive the lowest (ibid).

In addition, past flood losses within the Langeberg indicate that cut -off low pressure systems
play a crucial triggering role for flash flood events within the municipality. While mid  -latitude
cyclones also occur frequently in the area, COLs are more elevant for their hazard potential.

Figure 7 shows COL-induced extreme rainfall between 1983 and 2014in the Western Cape
PExtreme rainfall days are defined as the areaaveraged daily rainfall over the Western Cape
exceeding the 95th percentile for the peliod? (RADAR 2016, 9). The red bars show the rainfall

for high -impact weather events in 2003, 2005, 2006, 2007 and 2008 in the Western Cape, while

the blue bars show events in 2011, 2012, 2013 and 201%he green arrows highlight rainfall in
June 2011, Jyi-August 2012 and November 2013, while the purple arrows point to the rainfall
levels for the January 2014event, which were amongst the highest since 1983All these events
significantly affected the LM , with identifiable impacts .
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Figure 7: Cut-off low induced rainfall day s during the period 1983 to 2014 (Source:
RADAR 2016)

According to the World Meteorological Organization ( WMO) (2014 16-17), ?Disasters occur

when the ability of a population to protec t itself from the impact of the weather is overcome.

As countries become more developed, the level of protection becomesgreater so that natural

disasters become restricted to rarer, moreextreme eventsd digh impact weather includes not

only disasters, but also those weather events whoseimpacts can be ab®rbed by society, but

at significant cost. For instance, developed countries affected by winter weather, e.g. ice and

snow that could kill many people in road accidents D E wUUOx wEUUDPOTI UBwi UOOwWO x |

In this context, high impact weather in the Western Cape isoften associated with COL weather
systems(Engelbrecht et al. 2015) Similarly, Favre et al. (2012 profiled the region asone of the
areas of southern Africa with the highest frequency of COLs.

A COL pressure system is an unstable and intense coldfront that has become displaced
equatorially out of the normal westerly current. It continues independently from the main
mid -latitude cyclone to move eastwards as slower rate than a normal cold front, therefore
releasing larger amounts of rain over a smdler area (Tyson & Preston-Whyte 2000 Favre et
al. 2013).Its potential destructiveness is due to this detachment where the system loses
significant momentum (quasi-stationary) and moves relatively slowly and can lead to large
amounts of rainfall in a small area (Favre et al. 2013) This is why it has been identified as one
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of the main triggers for high impact flooding in the Western Cape (Pharoah et al. 2016
Holloway , Fortune & Chasi 2010. These systems are ofterassociated with strong atmospheric
instability , including thunderstorms, strong winds and/or widespread heavy precipitation
(two or three consecutive days) especially as rain, hail or snow, particularly in coastal and
mountain regions (Favre et al. 2013.

Figure 7, in combination with Table 1, underline s the links between extreme rainfall events
and flood -related disastersin the Western Cape, and the LM. In terms of seasonality, Singleton
& Reason (2007, Favre et al. (2012 and Engelbrecht et al. (2015) demonstrated that
historically , COLs occurencesover the South Coastwere more likely during autumn (March-
May) and least likely in summer (November -January). Pharoah et al. (2016)consequently
investigated disaster-triggering COLs from 2003-2014 and found that due to convective
conditions, the majority of these events(over a larger area) occurred during the warmer
months of September-February. Data for the LM specifically, showed that three such events
occurred during the summer and three during autumn/winter.

4.2.2 Environmental/developmental

As is the case in many South African towns, many environmental and developmental factors
within the LM aggravate possible flashflood risk. These are wide-ranging, and include
current land use as well as ongoing land-cover changes, urban dewelopment/expansion, but
also interrelated environmental issues such as veld fires, alien vegetation and erosion.

4.2.2.1 Land-use and land-cover change

Urban and agricultural development changes catchment characteristicsand canincreaseflood
risk. Changing land-use patterns linked to among others increased impervious surfaces,
which increasesurface run-off and flood peaks (Dunne & Leopold 1978 Fletcher et al. 2013),
especially in catchments such asKogmans River in which Montagu is located where <20%of
the catchment has undergone land-use change (Pharoah et al. 2016).

Dunne & Leopold (1978) state that outside the urban area, the conversion of land to
agricultural uses affects the EE UET Ohy@rblagy) with increased run-off as one
consequence,depending on the agricultural practice. Furthermore, the removal of natural
riparian vegetation to make spacefor agricultural activities eliminates the natural buffer to
reduce the flow rate of floodwaters increasesrunoff (Douglas 2007).Sabela(2010)found a
cumulative increase of only 8% in agricultural land from 19634 2007 in the Keisie River
catchment, which forms part of the larger Kogmans River catchment. A follow -up
investigation will be done in this regard.

4.2.2.2Veld fires

Apart from altering of catchments, many other contributing factors such as water resistant
soils or hydrophobic due to recent veld fire, linked to fire-adapted vegetation (e.g., fynbos,
grasslands, Rynosterveld) and alien vegetation (e.g., pine forests) can increase runoff (ibid;
DeBano2000).According to the CWDM (2016)the veld-fire seasonfor LM is usually between
December and April. Firefighting personnel have however noticed a changein the peak fire
seasonwith fires occurring as early as Septemberthat can continue until May, which they
attribute to the climate change (ibid) . Even though this peak seasonwas identified , fires still
occur throughout the year. Firefighters have observed that fires occurring during the summer
months are larger in extent and severity (ibid) . Langberg Municipalit y (2016)statesthat there
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is anincreasein the number of fire incidencesin the LM . In 2010the municipality experienced
85veld fires, 35in 2011,101in 2012,123in 2013and 91in 2014(CWDM 2016).According to
Pharoah et al. (2016)veld fires in December 2010and January 2011exacerbatedthe flooding
in 2008and June 2011 by increasing the sediment and debris load in the Kogmans, Kingna
and Keisie rivers contributing to blocked thoroughfares, river channelsand bridges.

4.2.2.3 Alien vegetation

According to van Wilgen & van Wyk (1999 the Western Cape is different to the rest of the
country in that entire catchments are affected by alien plants whereas in the rest of South
African alien vegetation specifically dominate s the riparian zones. Various spedes of grasses
(such as Avena,Bromus,Hordeum, Stipa capensis saltbushes (Australian desert - Atriplex sp.
introduced in the mid-1800s for pastures and shrubby A. nummularig), trees (Acacias,
Eucalyptus,ProsopisandHaked and reedsps | O U Prudyniitesthg s 2 x E E @rihbagdonay
(Figure 8a and 8b) have invaded indigenous vegetation such as shrubs in the Kogmans River
Catchment which had beenthe causeof natural and human-induced landscape changes(ibid ;
Milton et al. 1999. Milton et al. (1999 also found that riparian zones, such as those in the
Kogmans River Catchment, are especially vulnerable to alien invasion due to increased
moisture availability causedby natural and human-induced disturbances such asabandoned
fields, road verges, livestock watering points.

Figure 8a: s %O U D Udeds| id 7 the Figure 8b: s %O U brekelsbii thezKeisie
Kogmans River (Source: de Kock 2018) River (Source: de Kock 2018)

Pharoah et al. (2016)and Rogatschnig (2005) subsequently found that the presence of alien
vegetation is still aserious problem, which canalso berelated to hydrophobic soils. It provides
higher fuel loads than indigenous vegetation, increasing the likelihood and intensity of fires,
with more intense fires associatedwith the development of hydrophobic soils (van Wilgen &
Richardson 1985 Scott 1993. According to Foxtrot (2008)the presence of alien vegetation
during aflood will likely causeits further spread into areasthat were previously uninfested.
The LM is frequently affected by veld fire and the consequentpresenceof hydrophobic soils,
causing increasedrun-off ratesduring flooding and its effects have beenexperienced.

4.2.2.4 Erosion

Higher runoff rates also increase erosion as consequence, which in turn can lead to
sedimentation in river channels and storage dams (Scott 1993).Aggradation is ?the increase
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(or build -up) in land or river bed elevation when sediment deposition exceedserosion rates
(USEPA 2012. There is also an increased sediment build up underneath alien vegetation, but
alsothe removal of alien vegetation during aflood (DWAF 2004).According to US EPA (2012)
sediment aggregation increases river beds, decreasesthe channel capacity, increases the
width/depth ration of ariver and can ultimately lead to river avulsion (Slingerland & Smith
1998)where new channelsform, but only after water hascaused over-bank flooding (Schumm
2005)in the process. Figure 9 below illustrates aggradation, which took place in Montagu
during recent flooding. Increasing sediment accumulation (aggradation) in rivers in the LM
is also partly due to poor agricultural practices, but also becauseof such activities encroaching
into riverine areas(riparian zone) for better productivity (Pharoah et al. 2016).

- . ”) e, By el

Figubre o: Aggradation ‘beneath the Voortfekker Bridge, Montagu (Source: JanDurand in
Pharoah et al. 2016)

4.2.2.5 Urban expansion/development

The United Nations International Strategy for Disaster Reduction (UNISDR) (2013;2015%)
stated that there is a? 6 T U O bgibfal consensuson the links between development and
disaster U B U Qrdthe context of urban expansion, DiIMP (2003)found that from 19604 1999,
the Montagu town had grown 112.6%(5.76km? to 12.25kn¥?) while Ashton had grown by
64.6%during the same period. Due to the close proximity of the Kingna and Keisie Rivers,

oo~ A N A

vulnerable to flood damage.

Figure 10 includes the Montagu Springs Resort (at the top of the image, next to the Keisie
River) and Ashbury (in the top right). It also shows the Kingna (right) and Keisie (left) rivers
running through the town and converging (in the bottom left) to form the Kogmans River
which then runs through the Kogmanskloof. While Ashton, on the other side of the passhas
expanded mostly away from the R62and the Kogmans River, the town still remains at risk of
flooding (ibid).
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Figure 10: Rivers running through Montagu (Source: DigitalGlobe 2019)

Associated with urban expansion, the location of critical infrastructure such as water,
sanitation and electricity supply lines, sewageplants, pipelines and bridges, adjacentto these
rivers, increasedtheir exposure to flooding during the 2003 event (DiIMP 2003;Holloway,

Fortune & Chasi 2010).

Neethling (2015)and Pharoah et al. (2016)subsequently found that much of this infrastru cture
aswell asresidential and commercial property in most Langeberg towns is still situated in
flood plains along major rivers, in river valleys or unsuitable locations in town. Figures 1la
(in the Kogmanskloof) and 11b (Montagu Springs Resort) illustrate COL damage to critical
road infrastructure that, not only disru pted crucial transport routes, but alsoled to temporary
isolation of households and communities.

Figure 11a:Bridge and road damagein die Figure 11b): Damage at the Montagu
Kogmanskloof during the 2003 COL Springs Resort during the 2008 COL
(Source: CWDM 2018) (Source: CWDM 2018)




