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South Africa — Setting the scene
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South Africa — Setting the scene
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Population

* In South Africa, about 40% of the population lives within 60 km of the ocean and

« in 2011 an estimated 3.5 million South Africans resided within 5-7 km of a

coastline, and

* 60% of these people were in the four densely populated metropolitan areas.

« Populations in coastal municipalities grew by approximately 1.8 million people
between 2001 and 2011, and this rate, which far exceeds national growth rates in

other areas, continues to date.

- Resulting pressures on the coastal zone are high

EU COMARE Conference, Saint Malo, France (hybrid), 19 May 2022 \ &



Future Population
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Coastal risk

SA: High wave energy climate (offshore — nearshore)

Average Annual Wave Power (kW/m)
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Figure 2-1: Global distribution of mean annual average wave power (kW/m) in deep water (Waves
data/OCEANOR/ECMWF)

South African Wave Energy Resource Data, A Case Study. May 2013. Dr. J. R. Joubert, Prof. J.L. van Niekerk



2007 KZN sea storm: erosion is not the problem! 1
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Disastrous storms are common

__l Inclement Durban weather keeps SAMSA on its |—

toes

Death toll from floods in South Africa’s Between 1980 and 2010, over 77
Durban rises to at least 341 disastrous flood events in KwaZulu-

Natal province and others.

MOGOMOTSI MAGOME

The flood events can be
categorised as disastrous when
lives are lost, people are displaced
and property is destroyed.

Pretoria: 11 Octaber 2007

The horrible wet and stormy weather that hit the
port city of Durban in KwaZulu-Natal on
Tuesday resulling in a massive {looding in parls
of the city and causing chaos with shipping at
the port, will continue to be monitored for its
effects on sea traffic, the South African
Maritime Safety Authorily (SAMSA) has said.

In a media statement shared on social media early on
Wednesday, SAMSA said alier the breakour of the heavy
downpour of rain and massive storm that led rapidly 1o some
vessels at the port of Durban bhreaking lense and dnfting

dangerously, the organisation - jointly worked closely with the
I'ransnet National Pores Authority (INPAL round the clock o

Imdlot beach nortn of Durban in South Africa an Apol 14

rnanage the chaotic situation.

L0 LUNVOAR ¥1 3 Ao . . -
Source: Source: https://www.theglobeandmail.com/ m ‘ SIR
https://blog.samsa.org.za/2017/10/11/inclement- .
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http://www.scielo.org.za/pdf/jamba/v11n2/04.pdf

Climate change In South Africa

N o
2050 Prolected changes in
South Afrlca S chmate (RCP 8 5)

North West

/"L" Y

Free State KwaZulu-Natal

a ’ & > even more
storms in the
future!

RN TAA Plausible 2050:
</ Eastern Cape Projected change in SA's Climate (RCP 8.5)

B o ocoooscinnointa

- Likely increase in extreme rainfall events
- Likedy increase in significant rainfall
- Like increase in temperature > 3°C
- Like Increase In temperature 2.5- 3°C
- Like increase in temperature 2- 2 5°C
-

Like Increase In temperature < 2°C
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No. of Buildings in SA coastal flood risk zones

Hazard risk total % NC WC EC_urb | EC_trad KZN_urb | KZN_trad
[very high | 15 | 0.002 2 13 A A
e | high 738 | 0.1 102 585 33 a 14
E}I medium 17044 | 28| 467| 14377| 1155 30 989 26
N | low 106278 | 17.2| 1259 | 73460 15700 456 | 13464 1939
[verylow | 494308 | 79.9| 1476 353103 | 52343 758 | 58116 | 28512
TOTAL 618383 | 100 | 3306 | 441538 | 69231 1248 72583 | 30477
Hazard risk TOTAL % NC WC EC urb | EC trad | KZN urb | KZN_trad
O |Veryhigh | 55 | 0.01 1 52 1 - 1
4 | high 1158 [ 01| 100 083 60 4 11 :
E medium 23184 | 22| 479 19230 1969 87| 1401 18
low 161998 | 153 | 1294 | 114539 | 26524| 759 | 16298 2584
873550 | 82.4| 1511 655959 | 103347 | 1466| 69435| 41832
TOTAL h 100 | 3385 HCONGIIEEN0NN 2316 | 87146 | 44434
Flood risk total % NC WC EC KZN
| 5-very high | 66| 0.0 2 61 2 1
N 4 - high 1453| 0.13 120 1208 105 20
e | 3-medium 26052 | 2.40 565 21 569 2371 1547
8 2 - low 170097 | 15.67| 1351| 119 825 28 928 19 993
Li-Verylow | 888016|81.79] 1702 663433 107 211 115 670
Total No. 1085684 100|( 3740| 806 096 138 617 137 231
% national 100.00 0.34 74.25 12.77 12.64
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Very high-risk zone

—> directly affected by SLR
(relatively few in international

comparison, due to generally

steep coasts)

Source:

DFFE: National Coastal
Assessment for South Africa,
2020.



Need for integrated coastal planning and climate change
adaptation

« Engineered solutions
Very expensive seawall construction

« ‘“working with nature” and (not feasible in many areas)

embrace existing

Green Coastal

Infrastructure,

|.e. vegetation

- . -
L)
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Assessment of coastal vegetation intactness for coastal
protection / climate change adaptation

Strandveld vegetation in
northern False Bay, Cape Town
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Only intact vegetation provides coastal protection

Detection of coastal dune vegetation degradation caused by illegal trespassing

- lllegal pathways are starting points for dune erosion

- RS detection allows
targeted Yellow: location of

(mainly illegal) pathways
. through dunes

- lllegal pathways are starting points for dune erosion
- RS detection allows targeted management response

2m resolution WV-2
imagery 2014

‘“l
. EU COMARE Conference, Saint Malo, Frarrce (



Assessment of coastal Strandveld vegetation intactness

Intact
herbaceous
Strandveld
on sand

Cleared aliens
(remaining ind. bushes
with bare p

in between)

Intact bushy
Strandveld Fire coadiin
on sand Strandveld

avily reduced)

Bare
patches

Acacia
cyclops
thicket

Intact bushy
Strandveld
on lime stone
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MSc thesis Cikizwa Mbolambi: “Assessment of Coastal Vegetation Degradation Using Remote Sensing in

False Bay, South Africa”. Department of Geography & Environmental Studies, Stellenbosch University, 2016
EU COMARE Conference, Saint Malo, France (hybrid), 19 May 2022
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Results for Feb 2014 image

Habitat Intacness Index Classes

B 1 Highly degraded

_—| 2. Maderately degraded
| a Ligntly degraded
- 4. Intact vegetation
B 5. Alien vegetation

1] 0.5 1

Comparison with
Oct 2014 image

N

2
1 Kilometers

MSc thesis Cikizwa Mbolambi: “Assessment of Coastal Vegetation Degradation Using Remote Sensing in
False Bay, South Africa”. Department of Geography & Environmental Studies, Stellenbosch University, 2016
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Results are sensitive to seasonal effects

-

25 February 2014

More sparse veg in Feb image
- Dry season effect

Overestimation of aliens in wet Oct image

Habitat Intacness Index Classes

B 1. Highly degraded
|:| 2. Moderately degraded
| 3. Lightly degraded
B +. intact vegetation
B 5. iien vegetation

11 October 2014

@ MSc thesis Cikizwa Mbolambi: “Assessment of Coastal Vegetation Degradation Using Remote Sensing in
Falce Rav Soiith Africa” Denacrtment of Geoaranhv & Fnvironmenital Stiidiec Stellenbo<ch | Iniver<ity 2016
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Coastal Ecosystem Mapping for South Africa
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e Google Earth Engine

e 522 Landsat 8 ToA images
e 1January 2018 - 31 December 2019
* < 20% Cloud coverage

* Reduced to one Median image
* Minimize clouds and shadow
* Reduce noise

e Random Forest Classification

PhD Thesis Mariel Bessinger: “An Integrated
Coastal Map of South Africa”. Department
of Geography & Environmental Studies,
Stellenbosch University (ongoing)
@) CSIR
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Coastal Ecosystem Mapping for South Africa —

B Rocky
| Urban
- Surf Za

. . . ; . __ ] Mangr«
Final random forest classification in Google Earth Engine Bl Salt M:

Kelp

B Forest
 Number of trees: 500 B Thicke

* Number of variables per split: 3 B Tall Sh
Bl Low St
« Overall accuracy: 86.7% ) Grass

- Kappa: 0.8550 =5 other
* Image clipped to the bounding shapefile: 500m resolution grid
7y intersecting

R — biological shapefiles of NCA

— regions between -20 and 20m contour lines

« Agricultural regions, plantations, and fallow lands etc. masked _# '
" out P

= i
@ PhD Thesis Mariel Bessinger: “An Integrated Coastal Map of South Africa”. Department of Geography & m c s I R
Environmental Studies, Stellenbosch University (ongoing) sl
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S-2 Vegetation Mapping Results

Lakes - iSimangaliso Wetland Park
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PhD Thes:s Mar/el Bessmger Department of
Geography & Environmental Studies,
Stellenbosch University

@ EU COMARE Conference, Saint Malo, France (hybrid), 19 May 2022
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S-2 Vegetation Mapping Results

Saldanha Bay/ Langebaan Lagoon

Tall sSh
Low Sk

0 25 5km PhD Thesis Mariel Bessinger: “An Integrated Coastal Map of South Africa”. Department of
- Geography & Environmental Studies, Stellenbosch University (ongoing)

CSIR
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User’s and Producer’s accuracy: >70% throughout — on a national scale!

Bare Soil Water Rocky Urban Surf Zone = Mangroves Salt Marshes Kelp Forest Thicket Tall Shrubs = Low Shrubs Herbaceous
B Producer's accuracy 93.55 96.67 92.50 78.67 98.13 85.33 80.00 99.33 88.00 70.56 80.67 91.25 78.57
B User's accuracy 92.65 95.08 90.80 84.29 98.74 87.07 81.01 99.33 85.85 74.27 73.11 92.41 81.28

@ PhD Thesis Mariel Bessinger: “An Integrated Coastal Map of South Africa”. Department of Geography ;@)“) C s I R
"_.

& Environmental Studies, Stellenbosch University (ongoing)
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Choice of RS data: usually a cost/resolution trade-off

e.g.. freely available Pleiades data

< Coverage for the northern Hemisphere

Source: https://pleiades.stoa.org/

3)CSI
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Choice of RS data: usually a cost/resolution trade-off

Freely available

Pleiades

coverage for
Africa

s://pleiades.stoa.ong " it

gar 12/14

Go:




Bathymetry from Landsat imagery

Landsat derived bathymetry

WESTERN CAPE

.CAPE TOWN

BSc Hons thesis Michael Johnson 2015
Dep. of Geography and Environm. Studies
Stellenbosch University

EU COMARE Conference, Saint Malo, France (hybrid), 19 May 2022
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Bathymetry from Landsat imagery

sat derived bathymetry

0 . . WESTERN CAPE

0-5 5-10 10-15 15-20 20-25
Depth Range (m)

.CAPE TOWN

Figure 4.3: Average RMSE (m) for all the False Bay images per depth range

BSc Hons thesis Michael Johnson 2015
Dep. of Geography and Environm. Studies
e Stellenbosch University

CSIR
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Strong upwelling makes RS bathy assessment difficult

Orange River k
¢ mouth
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Derived from Landsat 5/7 E/TM images, Bands RGB: 1-1-3




Lidar coverage

 To date, about 50% of SA’s coast are
covered with topographic LIDAR,
acquired between 2011 and 2021.

« Very few LiDAR providers \
« Acquisitions are expensive . ST A N |
« LiDAR data are not freely shared ) AT R g
* No national custodian as yet R T e N
’.FJ :‘1*_ _ R.I"ﬂ Froe 2ints - KwaZulu-Hatal
- Limits coastal risk and S ortern Cape
,\ :r /
environmental assessments \ N 2/
L 'f F ‘,'//
E g i -~ | Alexander Bay
r . N Savtern Cape ya I | West Coast
Y i e I city of Cape Town
o 7 overberg
B Western Cape . _:;'_'- | Eden District
Y it e B KwaZulu Natal
— o I St Lucia
@ | Province
EU COMARE Conference, Saint Malo, France (hybrid), 19 May 2022
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National Coastal Climate Change Vulnerability Assessment
(2019-2010)

1. Todevelop ageospatial index for the vulnerability of SA's coasts in terms
of climate change impacts. These are impacts primarily associated with
flooding (through storm surge, wave runup and sea level rise) and shoreline
erosion;

2. Todevelop an interactive decision support tool (DeST) that allows the
users, primarily government officials in all spheres of government, to view
and assess the various aspects of coastal risk and use of the spatially explicit
information for spatial planning and climate change adaptation, and

3. To inteqgrate that DeST with existing tools or platforms
4. To capacitate government officials to use these tools.

« => Respond to the urgent need for a National Coastal Spatial
Vulnerability Index to inform coastal spatial management in response to the
national climate change adaptation strategy.

@ EU COMARE Conference, Saint Malo, France (hybrid), 19 May 2022
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National Coastal Climate Change Vulnerability Assessment:
Outputs

P

O X
“ - User Guide
.. 0 -forthe
... Offline Covu Decision Support Tool

;(",f.' Developed in the context of the
. + National Coastal Climate

>« Vulnerability Assessment
* 22020

NATIONAL COASTAL CLIMATE CHANGE
VULNERABILITY ASSESSMENT

Decision Suppore Tool

User Manual

PDF version 5 minutes video instruction

@ Overview: https://www.youtube.com/watch?v=14CBEQgcpes 'i:’) C s I R
"b_.

EU COMARE Conference, Saint Malo, France (hybrid), 19 May 2022
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Coastal Risk Assessment Components

Flood Risk Index

Open Coast Short term Erosion Risk Index

Long term Erosion Risk Index

— 0
Flood Risk Index
—
Short term Erosion Risk Index
-
@ EU COMARE Conference, Saint Malo, France (hybrid), 19 May 2022

Development adopted methods
and input data from previous
work

Development is a first-ever and
more “conceptual”

#)CSIR
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Open Coast Flood Risk Index

Input data Applied models Output
LiDAR
fused with Elevation above MSL —
models
_ / Wave run-up \ Dernarcatmn of
Flood Scenarios sandy shores Flood extent 5 Climate Change
130ye lowsin 7] Methermodel [~ Laurenwillams' = FEELTRL
v TR R enhanced BTM
modelling | L:30 YIS, high SLR . for sandy & rocky
1:50 yrs, high SLR - Rocky shores — shores
1:100yrs, high SLR Modified Eurotop

. /

@ PhD Lauren Lyn Williams 2020: “A risk assessment in relation inundation in South Africa’s coastal zone as a result of i:’ )-, c s I R
extreme high water events (wave attack)”. Department of Geography & Environmental Studies, Stellenbosch University. Nl —

......................



Open Coast Flood Risk Index
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Open Coast Short Term Erosion Risk Index

GIS

Hydrodynamic
modelling

Landsat
derived

Digitised from
GE etc.

LiDAR+ DSM

Input data
Geology

Wave Return
periods
1:1 yrs
1:10 yrs
1:30 yrs
1:50 yrs
1:100 yrs

Land Cover

Protective structures

Foredune Volume

Applied models

Erosion
Distance

Modulation of

Erosion Risk

EU COMARE Conference, Saint Malo, France (hybrid), 19 May 2022

>

Output

Demarcation of
5 short term
(i.e.storm
related) erosion
hazard risk zones

)
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Open Coast Short Term Erosion Risk Index

&

~ B Lavaes

Coastal Viewer

w | Denarzalicn

»
»

v 7] Coastal{

»
»
»

» |v| Provnzes

» ] Coagtal Lenact
Numzisises

» || Coastal Lecal Murisipaines

_ | Cacetied Soundarizs
| Cosstal Duurihsise:
| CoactaiMccess
) Cuasstal Melianon Manzwsme
7| sodrersty & Genscrestian
) Pnysicd Feancres
| Orean Dara
) Coastal Hisk Marsgemcry

~

imale S

Walersbiliy SIIET
| Harren Lage

3 Wezlen Cape

=| Ezztam Gape

b | Coazta Flzed Risk

v ) Coasts Shd an
E0310r Juck

W ey o
7 12w
medzrate
Figh
W vy g
b | Coasta Lurg e
E0z0r Fck
b ) Esluany Flecd sk

» | Eshary Srazian Rigk

"1 Kestuu Netal
] Tranzpar & réastructar:
_|Lard Farcats

T Sevation

Lo =

Daepartmant of Environmant, Forestry & Fisharles

OO

0 Halp
~ v » = K T - < eies ™y . ~ . s : - 3 Sy o .,; ¥
= - v e B St g o . A ARNTF s 'f‘;’ = 2
\ ~ . . < 14 T SBEazemaps - 3

: L 3 e . . O 3 3 G )

= N

B I 1 Y A

mom

n

1:100 yrs, 1 m SLR
- B 1:30 yrs, 1 m SLR
S AR 1:10yrs, 0.3 m SLR

It

Fnuching livas thraugk irravaloe



Open Coast Long Term Erosion Risk Index

LiDAR+ DSM

Hydrodynamic
modelling

Interpolated
from Chart
contours

Input data

Elevation above MSL

SLR scenarios
0.15m
0.35m
0.5m
1.0m
2.0m

Bathymetric slope

Applied models Output

GIS mapping:
—> Recession for rocky =————>

shores _
Demarcation of

5 SLR related

coastline
recession risk
Bruun Rule:
_ zohes
— Recession for —-

sandy shores

EU COMARE Conference, Saint Malo, France (hybrid), 19 May 2022
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Open Coast Long Term Erosion Risk Index
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Estuaries Erosion Risk Index
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Risk layers available publicly
https://mapservice.environment.gov.za/Coastal%20Viewer/
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Strategic Geospatial Data Management

Marine and Coastal Spatial Data Infrastructure development (ongoing)

* Guided by UNGGIM and EU INSPIRE

» Terrestrial SDI long in existence

' i i Ti strial SDI
« Will help to identify key datasets errestria

Coastal
Will help to identify custodians with Domain
mandate/obligation to provide data, e.g.

high-resolution, up-to-date Elevation

@ EU COMARE Conference, Saint Malo, France (hybrid), 19 May 2022

Marine & Coastal SDI



Thank you

Melanie Luck-Vogel

mluckvogel@csir.co.za

CSIR Coastal Systems
Research Group
Stellenbosch, South Africa
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