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Uncertainty
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Horta, Faial Island, the Azores, 2007
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Blackpool, 2002 Storm, 2009 coastal protection works









Pacifica: El Nino coastal erosion/damage January 2016

http://kron4.com/2016/12/11/sinkhole-opens-up-in-pacifica/
http://abc7news.com/weather/crews-prep-to-tear-down-apartments-on-esplanade-ave-in-pacifica/1242802/
http://www.nbcbayarea.com/news/local/Apartments-in-Pacifica-Get-Demolished-as-Cliffs-Crumble-372004042.html


KwaZulu-Natal Coast, South Africa

High-energy, erosive, swell-dominated coast

A 2007 Storm resulted in significant  damage to properties and 
infrastructure 

• An extreme wave event coincided with an equinox 

• Resulted in a maximum swell height of 14m



Storm Impacts: March 2007



KwaZulu-Natal coast is circa 600km in 

length

Specific focus on the 1km Coastal 

Zone from aerial photographs 

following 2007 storm

Assessed 50m x 50m cells

1 km Coastal Zone

50m

50m



Physical Property Extremely Low 
(1)

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

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

Dune width > 150m 50 – 150m 25 – 50m < 25m

Distance to -20m bathy > 4km 2 – 4km 1 – 2km < 1km

Distance of vegetation 
behind the back beach

> 600m 200 – 600m 100 – 200m < 100m

Percentage outcrop > 50% 20 – 50% 10 – 20% < 10%







Economic & 
commercial 

activities

Strategic 
infrastructure

Recreational 
areas

Subsistence 
sites

Ecological 
important areas

Residential 
properties

Dune mining Piers# Boat launch 
sites#

Subsistence 
fishing sites#

Marine 
Protected Areas#

Residential
erven

Forest 
plantation

Roads 
Fishing hot 
spots#

Subsistence 
harvesting 
sites#

Bird sanctuary 
sites#

Sugar cane Railway lines
Swimming 
beaches#

Subsistence 
farming areas

Turtle nesting 
sites#

Commercial & 
industrial 
buildings

Lighthouses Sports facilities Estuary mouths#

Commercial 
farms

Coastal Public 
Property

Protected areas 
(terrestrial)  







𝑆 𝑡

𝑆𝐿𝑅𝑡

𝑅𝐵

𝑆𝐵𝑡 𝑛 𝑆 𝑡 𝑆𝐿𝑅𝑡 𝑅𝐵





Isafjordur, Iceland





In March 2006, a storm 

flooded businesses and 

homes and knocked out 

electricity (which 

controlled the pumps, 

making it impossible to 

pump the water out)





















Physical Property Extremely Low 
(1)

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

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

Coastal Slope > 12% 12 – 8% 8 – 4% < 4%

Distance to -20m bathy > 4km 2 – 4km 1 – 2km < 1km

Number of recorded 
avalanches

0 1 – 10 11 – 50 > 50

Percentage outcrop > 50% 20 – 50% 10 – 20% < 10%

Residency and

Recreational

Strategic /

Transport

Infrastructure

Industrial and

Commercial

Waste

disposal

Agricultural Aquaculture

and Fishing

Conservation

Housing areas/ 

built urban 

areas Isolated 

housing/buildi

ngs Coastal 

Public 

Property Boat 

launch sites 

Major roads 

Minor roads 

Harbours 

Airstrip 

Lighthouses 

Commercial 

and Industrial 

buildings 

Factories, e.g. 

fish-

processing 

plants Power 

stations

Waste-water / 

Sewage-

treatment 

plants 

Farms Arable 

land 

Fishing hot-

spots 

Aquaculture 

sites 

Designated 

nature 

reserves 



Very low 11 to 12

Low 13 to 14

Moderate 15 to 18

High 19 to 22

Very high 23 to 24



San Mateo County is located on a peninsula between San Francisco Bay to the East

and the Pacific Ocean to the West. The coastside is 93 km in length while the bayside

has 60 km of shoreline.







Over 3000 employees 1000-3000 employees  1000 employees & 

under

United Airlines Airline 

13,300

Siebel Systems 

Software 

1,926

Visa USA/Visa 

International Financial 

900

Oracle Corporation 

Software 

8,000

Applied Biosystems 

Biotechnology 

1,762

Electronics For Imaging 

Medical 

900

County of San Mateo 

Government 

5,234

United State Postal 

Service Mail Services 

1,637

Gap Inc. Retail 

870

Facebook 

4,600

Stanford Linear 

Accelerator Research 

1,450

Target Stores Retail 

750

Genentech Inc. 

Biotechnology 

4,129

San Francisco 

International Airport 

Transportation 

1,429

SamTrans District 

Transportation 

741

SRI International 

Research/Consulting 

1,200

Electronic Arts Software

and Dreamworks

697

Catholic Healthcare 

West Healthcare 

1,154

PG&E Utilities 

681

Franklin Templeton 

Investments 

1,100

SBC Communication 

Communications 

576

San Mateo County: Economy
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Port Louis, Mauritius 2012



http://www.tourism-mauritius.mu/
http://housing.gov.mu/
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Borth Reef, UK (bordered by blue rectangle): a) reef in relation to Cardigan Bay,

b) view of reef from higher elevation at headland to the south, and c) view of reef

from Borth beach.







Predicted Astronomical Tides

Location MLWS MLWN MSL MHWN MHWS HAT

Spring 

Range

Aberdaron -1.94 -0.54 0 0.86 2.16 2.8 4.1

St Tudal's

Roads -1.94 -0.64 0 0.86 2.36 3.16 4.3

Pwllheli -1.94 -0.74 0 0.96 2.56 3.26 4.5

Criccieth -1.94 -0.64 0 0.96 2.56 3.26 4.5

Porthmadog 0 0.96 2.66 3.51

Barmouth -1.74 -0.64 0 1.06 2.56 3.29 4.3

Aberdyfi -1.74 -0.64 0 1.06 2.56 3.29 4.3

Note: -All value given in metres above Ordnance Datum. Chart Datum 

correction = 2.44m  





Profile T23 Spring 2014
(Confidence Levels based on surveys between 1992 and Autumn 2013) 

RED
(Increase)

AMBER
(Increase)

GREEN AMBER
(Decrease)

RED
(Decrease)

Total 

Levels Individual Tidal Ladder Status:
0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

4.66 3.29 0 0 3 0 0 3

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

3.29 2.56 0 0 1 0 0 1

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

2.56 1.06 0 0 17 0 0 17

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

1.06 0 0 0 36 0 0 36

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

0 -0.64 0 0 30 0 0 30

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

-0.64 -1.74 0 0 14 0 0 14

0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

No Input 0 0 0 0 0 0

Totals 0 0 101 0 0 101 Overall profile Status:

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%
Status is Green

100.00%
Input Your Chosen "Green" Percentage Trigger Here 

   To   No Levels were measured in this tidal ladder
To

MSL   To   MLWN Status is Green
To

MLWN   To   MLWS Status is Green
To

MHWS   To   MHWN Status is Green
To

MHWN   To   MSL Status is Green
To

Tidal Ladder

ORIGIN To HAT Status is Green
To

HAT To MHWS Status is Green
To



Profile T23 Autumn 2014
(Confidence Levels based on surveys between 1992 and Autumn 2013) 

RED
(Increase)

AMBER
(Increase)

GREEN AMBER
(Decrease)

RED
(Decrease)

Total 

Levels Individual Tidal Ladder Status:
0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

4.66 3.29 0 0 3 0 0 3

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

3.29 2.56 0 0 1 0 0 1

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

2.56 1.06 0 0 16 0 0 16

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

1.06 0 0 0 40 0 0 40

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

0 -0.64 0 0 30 0 0 30

0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

-0.64 -1.74 0 0 0 0 0 0

0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

No Input 0 0 0 0 0 0

Totals 0 0 90 0 0 90 Overall profile Status:

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%
Status is Green

100.00%
Input Your Chosen "Green" Percentage Trigger Here 

   To   No Levels were measured in this tidal ladder
To

MSL   To   MLWN Status is Green
To

MLWN   To   MLWS No Levels were measured in this tidal ladder
To

MHWS   To   MHWN Status is Green
To

MHWN   To   MSL Status is Green
To

Tidal Ladder

ORIGIN To HAT Status is Green
To

HAT To MHWS Status is Green
To



Profile T23 Spring 2015
(Confidence Levels based on surveys between 1992 and Autumn 2013) 

RED
(Increase)

AMBER
(Increase)

GREEN AMBER
(Decrease)

RED
(Decrease)

Total 

Levels Individual Tidal Ladder Status:
0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

4.66 3.29 0 0 3 0 0 3

0.00% 14.29% 85.71% 0.00% 0.00% 100.00%

3.29 2.56 0 1 6 0 0 7

0.00% 22.22% 77.78% 0.00% 0.00% 100.00%

2.56 1.06 0 2 7 0 0 9

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

1.06 0 0 0 36 0 0 36

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

0 -0.64 0 0 38 0 0 38

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

-0.64 -1.74 0 0 40 0 0 40

0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

No Input 0 0 0 0 0 0

Totals 0 3 130 0 0 133 Overall profile Status:

0.00% 2.26% 97.74% 0.00% 0.00% 100.00%
Status is Amber Increase

100.00%
Input Your Chosen "Green" Percentage Trigger Here 

   To   No Levels were measured in this tidal ladder
To

MSL   To   MLWN Status is Green
To

MLWN   To   MLWS Status is Green
To

MHWS   To   MHWN Status is Amber Increase
To

MHWN   To   MSL Status is Green
To

Tidal Ladder

ORIGIN To HAT Status is Green
To

HAT To MHWS Status is Amber Increase
To



Profile T23 Autumn 2015
(Confidence Levels based on surveys between 1992 and Autumn 2013) 

RED
(Increase)

AMBER
(Increase)

GREEN AMBER
(Decrease)

RED
(Decrease)

Total 

Levels Individual Tidal Ladder Status:
0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

4.66 3.29 0 0 3 0 0 3

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

3.29 2.56 0 0 1 0 0 1

0.00% 0.00% 81.82% 18.18% 0.00% 100.00%

2.56 1.06 0 0 9 2 0 11

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

1.06 0 0 0 37 0 0 37

0.00% 0.00% 53.85% 46.15% 0.00% 100.00%

0 -0.64 0 0 14 12 0 26

0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

-0.64 -1.74 0 0 0 0 0 0

0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

No Input 0 0 0 0 0 0

Totals 0 0 64 14 0 78 Overall profile Status:

0.00% 0.00% 82.05% 17.95% 0.00% 100.00%
Status is Amber Decrease

100.00%
Input Your Chosen "Green" Percentage Trigger Here 

   To   No Levels were measured in this tidal ladder
To

MSL   To   MLWN Status is Amber Decrease
To

MLWN   To   MLWS No Levels were measured in this tidal ladder
To

MHWS   To   MHWN Status is Amber Decrease
To

MHWN   To   MSL Status is Green
To

Tidal Ladder

ORIGIN To HAT Status is Green
To

HAT To MHWS Status is Green
To



Profile T23 Spring 2016
(Confidence Levels based on surveys between 1992 and Autumn 2013) 

RED
(Increase)

AMBER
(Increase)

GREEN AMBER
(Decrease)

RED
(Decrease)

Total 

Levels Individual Tidal Ladder Status:
0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

4.66 3.29 0 0 3 0 0 3

0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

3.29 2.56 0 0 0 0 0 0

0.00% 0.00% 64.29% 35.71% 0.00% 100.00%

2.56 1.06 0 0 9 5 0 14

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

1.06 0 0 0 40 0 0 40

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

0 -0.64 0 0 35 0 0 35

0.00% 0.00% 81.63% 14.29% 4.08% 100.00%

-0.64 -1.74 0 0 40 7 2 49

0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

No Input 0 0 0 0 0 0

Totals 0 0 127 12 2 141 Overall profile Status:

0.00% 0.00% 90.07% 8.51% 1.42% 100.00%
Status is Amber Decrease

Tidal Ladder

ORIGIN To HAT Status is Green
To

HAT To MHWS No Levels were measured in this tidal ladder
To

To

MHWS   To   MHWN Status is Amber Decrease
To

MHWN   To   MSL Status is Green
To

100.00%
Input Your Chosen "Green" Percentage Trigger Here 

   To   No Levels were measured in this tidal ladder
To

MSL   To   MLWN Status is Green
To

MLWN   To   MLWS Status is Amber Decrease

file:///F:/Fairbourne data Profiles RMAP/Profile 23/Morphostat 23 Spring 2014.xlsx
file:///F:/Fairbourne data Profiles RMAP/Profile 23/Morphostat 23 Spring 2014.xlsx


Fairbourne: Moving Forward

• Groundwater monitoring and modelling

• Coastal monitoring and shoreline change

• Sea level rise and storms

• Predicting future flood risk

• Timeline
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Managing the shoreline

• Detailed analysis of beach length on threatened or developed coastal 

frontages. 

• Assess vulnerability and resilience

• Take seasonal beach profile measurements, the longer the better, to 

assess sediment movement – collect data.

• Link changes to sea levels and wind/wave data over the same period to 

fully understand coastal processes and shoreline response at that 

location. 

• Subsequently, sea level rise and storm surges can be superimposed for 

more accurate predictions to be made, with consequences modelled and 

visualised. 

• This would identify a more realistic timescale of critical change. 

• This would have financial implications but the costs would be little in 

comparison of consequences of not knowing. 

• Remember socio-economics and that ways of life are at risk.
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•Audit infrastructure (construction type and    

protection)

•Identify areas at risk

•Establish vulnerability and resilience

•IPCC scenario

•Water levels

•Wave/Wind climate (joint probability, etc.)

•Optimum cost (capital and maintenance)

INFORM DECISION-MAKERS/POLICY



Thank you for attending. 

Any questions?


