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ABSTRACT |

The KwaZulu-Natal (KZN) coast is a popular tourizine and therefore one of the most important assets
underpinning the economic activities of this Soutfrican Province. As with many coastal regions, the
disproportionately large human settlement at thastcdas led to increased pressure on the coasta. zo
Development increases bio-physical changes, leamtingn escalation in environmental risks affectougastal
populations, infrastructure and natural coastairenments. The events induced by a rapidly changlirgate
added to coastal zone development potentiallydoire synergistic negative responses that mightigiitmot be
predictable. Therefore there is a need to develethaas that assess coastal vulnerability, andrdeterhow best
to managed this risk. This paper reports on thesldpment of a technique that investigated the ivelatoastal
vulnerability of the KZN coast to erosion and emieeweather events. A Coastal Vulnerability Inde¥X1jGvas
developed based on remotely sensed data wherahyahysical coastal parameters, which servedisators of
risk or vulnerability, were captured. The CVI scomgere used to rank the coast, based on its eldégree of
vulnerability into five classes ranging from veom to very high and highlights what proportion afast falls
within each class. Coastal vulnerability must infomanagement, thus this assessment attempts tesadstrcial,
economic and ecological factors by identifying aadors and assessing them in relation to the findfrihe CVI to
determine what structures and features are withéasaof very high CVI scores. The information pnése
provides input into a decision support tool thatl facilitate the effective and user-friendly trées of this
important information.

ADDITIONAL INDEX WORDS Coastal Vulnerahility Index (CVI), erosion, storm events, GIS

INTRODUCTION mitigated (Cooper and Mckenna, 2008; McFadden, dighand

nations there is an uneven distibuof Penning-Rowsell, 2007).

populations with the highest concentrations andodated

developments located in coastal regions. More #ird of people The limitations of many past vulnerability assesstménave been
in eastern and southern Africa reside within 100khthe coast characterised by having low spatial resolutioryingl on averaged
(UNEP/Nairobi Convention Secretariat, 2009). TheNKZoast is global data and simplistic assumptions (Hinkel &tein, 2009).

especially popular being one of the densely popdlabastal areas This, coupled with unprecedented coastal developaue climate

in Africa (Department of Environmental Affairs anfiourism

change risks, makes it imperative that vulneragbiditsessments are

(DEAT), 1999). The reasons for human concentratairthe coast refined and upscaled to include coastal processeslacal scale.
include a preferred living environment and as aezthrat provides The need for local scale assessments is furthdrligtiged by
additional ecosystem services, especially in timledrought, war disaster events (McFadden, Nicholls and Penningsetw2007),
and economic stress (DEAT, 2006). This dispropodtie such as the 2007 KwaZulu-Natal (KZN) coastal starsignificant
settlement at the coast has led to increased peessuthe coastal event which caused extensive coastal erosion aveleselamage
zone though resource exploitation, land-based fmfiland coastal (Smith et al., 2007; 2010; Mather 2008). Recurreestimates for
development (UNEP/Nairobi Convention Secretario3. the March 2007 event range from 10 to 12 yearscbaséhistorical

erosion events (Mather, 2008), 20 years, baseteohistoric record

Developments affect natural coastal functioningparticular, the (Guastella and Rossouw, 2009), 35 years, basedawe Weights
equilibrium between terrestrial shoreline environiee the beach (Mather 2008,), 500 years (Theron and Rossouw, 2608 600

and near-shore bathymetry. In extreme casesgiiis lto the loss of years based on coincidence of the Highest Astrocelriide and

natural coastal functioning leaving the coast wadhke to the storm wave heights (Mather 2008).

impacts of sea-level rise, coastal erosion, extreregther and other

coastal hazards (O’Conneral., 2009). It thus follows that coastal In light of this 2007 event, and the potential ifsrreoccurrence the
populations, infrastructure and natural coastairenments stand to KZN provincial government recognised the need tdtebe
be adversely affected as coastal development ésedHdinrichsen, understand the vulnerability of its coast. This grageports on the
1995; Kumaret al., 2010; Snoussi, Ouchani and Niazi, 2008). Irdevelopment and testing of a Coastal Vulneralitidex (CVI) that

recognition of these risks, there is a need to ldpvmethods that divides portions of the coast into relative, préued 'risk' classes.
assess coastal vulnerability and how best thisbeamanaged or Vulnerability is defined as the inherent risk, tiglg to its physical
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predisposition to be affected, or to be susceptibldamage from

events (Kumaet al., 2010). The step-based procedure includes 1)

Assessing physical coastal vulnerability 2) Listiresources and
services 3) Assigning values to these goods andicesr 4)

Identifying the vulnerabilities of each resourcefge and 5)

Mitigating or removing the risks for the most imfzom resources.
CVI assessment is based on remotely sensed dar@ressed by
means of GIS methodology. This method is partitplaseful as it

does not rely on detailed, precise or long-terna,dathich when
working at a regional scale is rarely available aostly to produce
(Bryanet. al., 2001).

A limitation of many vulnerability studies is thidtey focus only on
the physical characteristics of vulnerability wiittle inclusion of
economic and ecological aspects (Boruff, Emrich @atter 2005).
This assessment identifies social, economic andlogical

indicators and assesses them in relation to tikinfinof the CVI to
determine which populations and associated infreistre are
potentially at risk.

STUDY AREA
This research focuses on the 580km sub-tropicastabaone of
KZN, a province on the east coast of South Afrigg\re 1) with a
mean annual rainfall of 845mm. The coast is gelyeliakear with
few bays and no islands or offshore barriers. Ao of this
coast comprises stretches of sand, with the remtacterised by
intermittent rocky outcrops, especially in the $o@andy beaches
combined with the high-energy, swell-dominated reatf the coast
and an average 2m diurnal tidal cycle make thetcadserable to

erosion (Mather, 2010; Smit al., 2010), which is exacerbated by

sea-level rise (Mather, 2007; Mather, Garland atrdtch, 2009)
and increasing storm frequency (Guastella and Re@gs@009).
This was highlighted recently when a large swelsogiated with a

cut-off low weather system (Smith al., 2007) struck on the 2007

March equinox, near the peak of the lunar nodalecytNC)
(7/10/2006). This triggered catastrophic erosionatthér, 2008;
Smith et al., 2007) and was further underpinned by a period
unusually high swells (Significant wave height-H3 to 5,5m) prior
to and during the 2007 austral winter (Smith e2@.0). Historical
image analysis has shown that this coastline expess bouts of
strong erosion alternating with periods of non-emsand even
deposition in some places (Cooper, 1991a; b; 199dever, this
information is coarse due to the lack of avail&pibf continuous
imagery for the coast. More recently Smih al. (2010) have
suggested that episodic coastal erosion may beedinio the
eighteen year lunar nodal cycle (LNC).

The warm climate, rich coastal biodiversity, availisy of flat land
offering high aesthetic value, coupled with condanmt lifestyle,
tourism, wealth for coastal retirement and an aseein holiday-
homes has resulted in intense urban development tagd
population densities along the coast (DEAT, 1982)N's coastal
municipalities have a combined population density22 people
per knf, while inland municipalities have a population signof

only 64 people per km (Statistcs South Africa, 2001).

Notwithstanding this high density, the distributialong the coast is
not uniform with almost no development in the farth, in the

iSimangaliso Wetland Park (a proclaimed World Heydé Site of
332 000 hectares). At other locations, developmamtssupporting
infrastructure have often been poorly planned dtedl sfrequently

increasing the area’s susceptibility to coastalatds erosion and
storm eventspersobs.).
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Figure 1: Location of the KwaZulu-Natal coastah@o

METHODS
Relative physical coastal vulnerability
The central element of this method involves dividihe coast into
50m by 50m cells and rating each in terms of itgrele of
vulnerability based on the identification and exaation of key
indicators of physical vulnerability. Rygel, O’Suwkin and Yarnal
(2006) highlighted the usefulness of indicators pmexies for

' vulnerability assessments, especially if they can used in

identifying and monitoring changes in vulnerabilgyer time and
space, thereby improving knowledge about underlpirngesses of
vulnerability and aid in the development of straedor reducing
vulnerability.

The CVI process is designed as a quick methodsefsasg coastal
vulnerability; consequently the list of parametessd is kept short,
stressing only the most important and easily aesgesk this
ssessment seven physical parameters were evatustedviewed
y specialist consultation These parameters were critically
examined as to the relative suitability of each ancoastal
vulnerability assessment. Five physical parameteese finally
selected as the most suitable indicators, namelgchp width, dune
width, percentage rocky outcrop, distance (width)vegetation
behind the back beach and distance to the 20m tisolbawas
further noted that the parameters would have diffetevels of
response/protection of the coast depending upomtmmnitude of
the impact. Thus, each of the parameters was veglgitcording to
its value and corresponding perceived level of.rigkis was
validated by comparison to historic data from knopast coastal
erosion event impact sites. Hence the weighting®imagnitude of
individual parameters, as outlined in Table 1, Bsextremely
low, (2) low, (3) moderate or (4) high dependingitnvalue and
range.

The actual measurement of the indicators was basedrtho-
photographs. For the northern and southern cod&sturé 1)
imagery captured in late 2007/early 2008 with aacyrto standard
deviation m.s.e. (mean squared error) of 0.25mtheocentral coast
mosaic imagery captured in 2007 supplied by theekWmi
Municipality were used for this area (Figure 1).

Data were captured as point data along transetigéer the low
water mark and the back beach (Figure 2), withsiats roughly at

! Involving a group of specialists in geomorpholpggeanography, coastal
engineering, coastal management and sociology.

Journal of Coastal Resear@pecial Issue 64, 2011



Palmeret al., 2011

Table 1: Rating of physical parameters

Physical Extremely Low (2) Moderate (3) High (4)

Parameter Low (1)

Beach width >150m 100 — 50 —100m <50m
150m

Dune width > 150m 50 — 25 -50m <25m
150m

Distance to > 4km 2 —4km 1-2km < 1km

20m isobath

Distance of > 600m 200 — 100 — 200m <100m

vegetation 600m

behind the

back beach

Percentage > 50% 20— 10 - 20% <10%

outcrop 50%

Figure 2: Depicts the method of data capture atcangsects. a)
shows the transects along which data were captbjeshows
the 50m x 50m grid into which data were converted

30m intervals, depending on orientation of the taBsach width
was calculated directly from transect length, wiilene width was
based on the width of the dunes behind the baashbezordinates.
The distance to the 20m isobath was calculatedlégtifying the

nearest point of the 20m isobath from the back heaordinates
while bathymetric data were derived from South &fri Navy
Hydrographic charts. Percentage outcrop was basedthe

percentage of rocky outcrop exposed along eaclsdcanwhile

distance of vegetation behind the back beach wasrd@ed as the
width of vegetation behind the back beach coordmato facilitate
analysis, point data were then averaged into afggicbf 50m by

50m cells along the littoral active zone of the Kwku-Natal coast.
Sites that portrayed evidence of historical ergsfmmarily as a
result of the March 2007 storm event, were idexdififrom

orthophotographs and assessed as a subset ofsite co

Statistical analysis and specialist input conclutted beach width,
dune width and distance to the 20m isobath werartbst critical

indicators. The wider the beach, the more waveggrisrdissipated.
Beach width is also a proxy for beach slope, aasawmith lower

beach widths are invariably steeper and less aldessipate energy.
Dune width gives an indication of coastal protettmd provides an
estimate of sediment available to buffer erosiod accommodate
leeward deposition of marine derived materials. Tdfeshore

distance to the 20m isobath relates to subtidafob@edand wave
energy; the greater the distance, the greaterisisgpdtion of wave
energy and therefore the greater the reductionragivee energy
(Mather, Stretch and Garland 2010). Thus sitesdbated high on
all three indicators were at greater risk (Table Ih) order to

emphasise their high scores and collective impaites were
identified and weighted by an additional factodofn addition, due
to their sensitive and dynamic nature, estuarinaths® were also

weighted by an additional factor of 4, so as tdhggpt the potential
increased risk for these sections of coast. Baseithe scoring and
weighting, each cell receivedatal relative vulnerability score.

RelativeCVI=a+b+c+d+e+f+g

Where a = beach width vulnerability score, b = dune wigtiinerability
score, ¢ = distance to 20m isobath vulnerabilitrecd = percentage outcrop
vulnerability score, e = distance of vegetation ileghthe back beach
vulnerability score, f = additional weighting ofghly vulnerable sites (if a, b
and c = 4), g = additional weighting if the celidrsects an estuarine area.

Social, economic and ecological components

Key to the method is that physical vulnerability snassessed
priori and social, economic and ecological componentse wer
evaluated on the physical vulnerabiléyposteriori. A suite of key
features was identified (Table 2) and their refehip to very high
vulnerability cells assessed. Features were grouggedeconomic
and commercial activities, strategic infrastructurecreational
resources, subsistence areas, ecologically impgomaeas and
residential properties (Table 2). These featureseveeen to be
located in one or both of two zones: (i) those fhkitdirectly in the
littoral active zone (and seaward), and therefarareas of very
high vulnerability, and (ii) those adjacent to,imand of the littoral
active zone and are therefore areas of very higierability, (Table

2). Only features occurring within 100m of the Hig¥ater Mark
(HWM) were assessed, based on the coastal zondtidefiunder
the South African Integrated Coastal Managementjl@ct (Act

24 of 2008). Data for this phase were sourced from several
available spatial databases.

RESULTS
A total of 11 616 cells were identified and evadghyielding CVI
scores ranging from 9 to 28, with a mean of 17 f&g3). The
distribution of the CVI scores was strongly aggtedaaround the
mean with mid-half (28 to 75" percentiles) of cells falling between
CVI's of 15 and 19. Accordingly, the mid-range veassidered to be
at moderate risk, higher values (20-28) dtigher risk and lower
values (9 — 14) dower risk (Figure 3). The historical erosion site data
were processed separately, giving CVI values ofol38 in 1082
cells, with a mean of 20. The 2% 78" percentiles (mid-half) were
in the range of CVI values: 17 to 22, clearly higtiean the total
coast values (Figure 3). The higher CVI values tlamged from 23
to 28 and the lower values from 13 to 16. Thesaltsesvere used to
“refine” the main dataset by splitting the higheddower levels of

CVI as indicated in Figure 3.

100%

60%

25th percentile entire co
25th percentile historical erosion

75th percentile historical

40%

20%

75th percentile entire co

Entire coast
— Historical ersion sitep

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 2

_Min of historical erosic

0%

Very low Low Moderate High Very high

Figure 3: Range of vulnerability scores for the KZbast

% The ICM Act defines the coastal zone as being 1@0mnban areas and 1000m in rural

2 Only the mouth was included as this relates tinfesaction with the coast and how it areas. For the purpose of this assessment onlyrdeatithin 100m of the High Water

could be influenced by coastal processes

Mark were considered as features further inlandialigely to be at risk.
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Table 2: The grouping at which social, economicetulogical assets were assessed

Econqmlc & - Strategic infrastructure Recreational areas Sebsistsites Ecological important Re&dentlal

commercial activities areas properties

Dune mining Piefs Boat launch sités Subsistence fishing  Marine Protected Residential erven
sited Aread
. . Subsistence : .

Forest plantation Roads Fishing hot spots harvesting sitds Bird sanctuary sités
Sugar cane Railway lines Swimming beathes ilit;s’;stence farming Turtle nesting sités
Commercial & Lighthouses Sports facilities Estuary motiths

industrial buildings
Coastal Public

Commercial farms Property

Protected areas
(terrestrial)

The study revealed that 9% of the KZN coast haslaive coastal
vulnerability of very high, which equates to almost 52km of
coastline. Some 12% of the coast (~70km) has aevathility of
high, the majority of the coast at 59% (~343km)nadderate, 16%
(~93km) oflow and 4% (~23km) ofsery low. Not surprisingly,
analysis of the historic erosion data subset gadgaifisantly
different results with 25% agery high, 21% ashigh, 53% as
moderate, 1% aslow and none fowery low. Of the 52km of the
coast that scoredery high, 26% of these cells corresponded with
historical erosion sites.

Social, economic and ecological component

Features located in or across the littoral zonebléT®2) were
considered at relatively higher risk if all, or eoportion of them,
fell directly within a cell ofvery high vulnerability. The results are
presented in Figure 4. From an ecological persgediirtle nesting
sites and estuary mouths are at the highest ritk 3% and 26%
respectively falling within cells ofvery high CVI. Socially,
swimming beaches are significantly affected, with9# falling
within cells ofvery high CVI.

Figure 5 shows the risk to inland features, 100omfthe HWM.
Although dune mining areas and forest plantatioesewdentified
as key indicators for economic features, none efdhactivities are
located within 100m of the HWM, but are neverthelesry close to
this zone and could still potentially be at riskmiarly, sports
facilities were identified as a recreational intiicabut none are
located within 100m of the HWM. Rail lines are seerhave the
highest proportion at risk, with 70% being adjadenthe HWM of
very high CVI cells. Other economic features of concern are
commercial and industrial buildings and commerdéinms with
51% and 50% respectively being located adjacethigtaells ofvery
high CVI scores. Socially, subsistence farming is aficen with
59% being located proximal to cellsvafy high CVI scores.

Not all features in the coastal zone (up to 10@mfthe HWM) of
areas adjacent to very high CVI cells are potdntatl risk. Rather,
this risk is influenced by actual proximity to thtWM. Figure 6

shows the distance of features from the HWM in éhesnes. It
shows proportions within 2, 5, 10, 50 and 100mhaf HWM of

very high CVI cells. It is evident that of coagtablic property within
100m of very high vulnerable cells, 37% are witlZm of the
HWM, resulting in significant risk for these are&@.commercial
farms 33% have their seaward boundary within 2nthefHWM.

For ecologically significant areas, protected ateage 67% of their
seaward boundaries within 2m of the HWM and antemidil 33%
within 5m.

4 Coastal Public Property refers predominantly atesbwned land in the coastal zone
that is vested for the use of citizens in the réipub

Piers

Boat launchFishing hot Swimming  SubsistenceSubsistence  Marine

Bird Tutle  Estuary
harvesting Protected  sanctuary nesting sites mouths
Areas sites

sites spots  beaches fishing

‘ W Proportion of features in the littoral active zdoeated wholly or partially within very high vulrasility ce\l#

Figure 4: Proportion of features in the littoraltiee zone
located wholly or partially within very high vulredsility cells

100
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80%

70%-

60%

50%

40%-

30%

20%

10%-

Sugar cane CommerciCommercial Roads
&industrial ~ farms

Raiway Lighthouses ~ Coastal Subsistence Protected Residential
lines Pubic  farming  areas  erven
buildings

Property (terrestrial)

‘ B Proportion of features in 100m inland of the HWMdted adjacent to cells of very high vulnerab\*\,/

Figure 5: Proportion of features within 100m inlaotl the
HWM and located adjacent to cells of very high CVI
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buidings

Railway Lighthouses ~ Coastal Subsistence Protected Residential
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Figure 6: Features within varying distances oftfWéM of very
high CVI cells
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DISCUSSION
Through an extensive process of iterative evalnafive physical
parameters were selected as indicators of coagdtegrability in this
study. These were either evaluated individually given an
additional weighting when they operated synergiiticResults were
then “validated” by using known data from histoemsion sites.
Although the CVI estimates are not an absolutecatdin of
vulnerability, they do provide a relative indexv@i that the KZN
coastline has experienced considerable erosiongkaimathe past,
and it is evident that there is a repetitive retpamiod associated

with these events (Smit al., 2010) it is to be expected that such

events will be experienced again and that theivelgthigher CVI
sites will be most at risk. Consequently, this jes coastal
managers with planning advice and early warninggimsfor the
future.

Some high CVI values corresponded to natural phiyp@arameters,
such as narrow beaches, dunes etc. Others ardydatébutable to
development and other anthropogenic induced changethe
coastal environment. For example, developmentsctose to the
HWM may impede the natural landward retreat of duamel
beaches, thereby reducing their effect in prevgnstiuctures in
these areas being placed at risk. (Figure 7). imgeof future
management, authorities should ensure that natusds where
biophysical functionality is unimpeded are maingéginand that
developments close to the HWM are not approved owittdue
consideration of the need for such development ugerthe
associated negative impacts that may arise. Inscageere
developments already exist, but have been damagedilding in
the same location should be reviewed or alterrigtivelocated
leewards.

In the context of these social, economic and edwdbdeatures a
better understanding gained as to the implicatiais this
vulnerability for management. The measure of valbiity is
related to the coverage of the feature in or irxipndy to avery
high CVI cells and serves to indicate what actions khbe taken
to manage risk to these assets. Thus considesatisronly given to
coastal structures and features of social, econamit ecological
importance that were located in proximity to thés2of coast that

hasvery high CVI scores. Proximity to the HWM clearly needs to

be considered when evaluating the degree of vibiligya of
structures and features that are located furthendn For example,
51% of commercial and industrial properties withi@Om of the
HWM, are located adjacent to areas of very high Gtbires - a
large proportion that potentially are at risk. Rnaky of these
features to the HWM is key to determining the degpé relative
risk (Figure 8), with only 14% of then are withirm2(vertical
distance) of the HWM and therefore more likely odifected than
structures further inland (Figure 8).

Evident from this assessment is that zones of valiliy can be
identified for future management focusing on ris&atures that are
located directly in the littoral active zone aremswhat easy to
address - they are either in a very high vulneitgtdlea or they are
not. The implications for management may however niiare
complicated in urban areas where likely to beelitbom for retreat/
relocation or adaptation under future sea-levek ricenarios
(Mather, Roberts and Tooley, 2010) and manageméstventions
need to be carefully planned through the use ofstabaand
Shoreline Management Plans. This assessment Highlithat
sections of the KZN coast are vulnerable to coastadion. In some
instances social and economically important infracttire also
stand to be affected as it is too close to HWMsEm and future

St ©

Figure 7. Example of development located too clusehe
HWM at cells with very high CVI scores (physical pesties
score low)

Figure 8: Impact on structures, influenced by distafrom the
high-water mark, building is more likely to be damaged than
buildingb, due to its location

management needs to determine the best managdesd:as is,
defend or retreat, depending on the feature’s eatwlue, lifespan,
and potential impact if lost (Mather, 2010).

In order to refine and assess the zone of impaetfdllowing will
be taken into account in the second phase of tlik:wcoastal
elevation, predicted sea-level rise and shorelineange.
Additionally, information presented in this assesstncoupled with
future modelling will feed into the final determtian of coastal set-
back lines for the KZN province which, which will aontribute to
better coastal management.

CONCLUSION

The methodology described here and its applicatiothe KZN
coast is useful in several respects. Notably, idé&ators used can
be derived from remotely sensed data, which mésatsatonce off
flight can derive near-instantaneous data, easpgated over time.
Note that this process develops not an absoluteevad CVI, but
rather a relative value. The absolute value ofigsk be quantified
in terms of severity and likelihood.

The selection of parameters, and their respectiighting, can be
adjusted to suit a particular local situation, eggly in the context
of documented erosion and high vulnerability sitisis also
important to note that historic erosion data stiemgs the
validation, so that an ongoing process of monitpand refinement
of the technique will result in a progressively teetand more
accurate decision support system. A further phagigiostudy is to
develop a system that will facilitate the effectewed user-friendly
transfer of this information as a decision suppoot to assist with
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general coastal and coastal

authorizations.

management
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