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z HR Wallingford Conte Nnts

Working with water

1. Shoreline Management Planning in the UK

... with some geomorphological reflections
2. Resilience, fragility and systems analysis
3. Adaptation

Possible definition of shoreline management ...
“submitting to chaos and

nevertheless retaining faith in order and meaning”

(cf. Hermann Hesse, The Glass Bead Game,
comment on studying history)
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4% v Resilient? A postcard from England - Dawlish

Working with water
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Z HR Wallngford A bit of recent history ...

Working with water

Up to about year 1990, administrative geo-political boundaries were
causing irrational and inconsistent management of the UK coast

m Classic example: Chewton Bunny, south coast of England

: _ ,.‘ i&\q ) .'.

*-s. “(,
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ZHR Wallingford

Working with water

Motyka & Brampton (1993)
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> 15t Generation Shoreline Management Plans
. R Valingford (SI\/I P S)

m Concept introduced o]
by MAFF in 1993, (e
requiring 49 SMPs

Sezham Harbour to Saltburn
q\0 Saltburn to Flamborough Head
V\Mm Idand to 5t Bee's Hud

around the coast of e ; K e

St Bee’s Head t Swltld

mhy lba-ll Poin

England & Wales, e —
with approximatley S m} s
one SMP per sub-cell @,..-m.,,.,.,....f”%

m Guidance was issued s o b j s

ismm'wum © Lowestoft

. S e | G : / Harwih to Canvey Island
and 2 Of SM PS In the Worms Head to St Govan’s Head | O [ )
[ Lavemnock Point to Worms Head |

South East were ==

= Ide of Grah to
Dover Harbour
Selaey Bill to Hurst Spit
Ej,f"':-“ I 'o Dover Harbour to Beachy Head

= I [Land's End to Hartiand Point |
used as Pl 0] 1S .
| Iste of Wight
[ Istes of Scilly | i [ HurstSpit to |
| Duriston Head
] ] ‘
portland
Rame Head to Rame Head
ard Polt to Lands End rps i
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2V watiogr Coastal Groups formed to support SMP

process
m Non-statutory alliances 97»/\ e
of administrative “n —
authorities ]
m Formed with active
encouragement of b ol “‘\f/ s
central government ‘ Spcio
m Given vision that funding
for works would be
linked to the new . e
arrangements o éﬁ;_}f({ rré‘/\j;
Hartland Point = |
<
o -
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> The 2" Generation SMP Pilots
“ HR Wallingford

Working with water h I d [ ]
S O u | |

15t generation plans

B Inconsistent

m significant imperfections in both content and process

® no benefit from: monitoring data, coastal flooding and erosion
modelling, coastal habitat management plans (CHaMPs)

2"d generation plan objectives

100 year Timeframe — 3 Epochs (20, 50 and 100 years)

Policy Units — from policy appraisal — with clear policy options

Better baseline understanding by Coastal Groups

Improved consultation / stakeholder engagement

m Consistency in format

m 3 pilots to give clear examples
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47k watingir 2nd generation SMP2’s

Working with water

m Number reduced 0
from 49 to 22

following review of S
SMP boundaries
".,:‘:‘ 3 Flamborough Head to Gibraltar Point

1 St Abbs Head to the Tyne
/ Northumberiand CC

22 ™™ OT;:&?:E*“'M /' East Riding of Yorkshire Council
m Completed by
December 2010 )/ 5

1 = nn's to me's | 6 “ma:rtmhr::r?;mmh
m 4 Policy Options 21 i [—— T
/ Suffolk Coastal DC
* No Active P
- 20 “"é.".‘.'.‘.:.f’.l’..“ﬁ.".i‘ 2.'!".2.‘"" ™S River Medway to Swale Estuary
I nte rve nthn Canterbury CC & Environment Agency
. H I d th L . /__ 10 Isle of Grc:i::;bs:;ﬂc\{mlmd
O e I n e 1 Hmhnf‘:::' oz:r'a‘;' Head & 5 ~ 19 Sowh For;:n: wt:ye&adw Head
e Advance the Line [7 "= - \ N\ iz
R Arun
@ 15num5¢imnurmonmw {3 SelsyBill to Hurst Spit
. / Bournemouth BC New Forest DC
I\R/I a nl_a.g e d 1 6 Duriston Head to Rame Head 1 4 Isle of Wight
ealignment

4 Gibraltar Point to Hunstanton

Environment Agency

Monmouthshire Coundl

£ .
1 9 Anchor Head to Lavernock Point Owg\—

Teignbridge DC Isle of Wight Coundil
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> 2"hd Generation SMP outcomes and
e Implications

Outcomes
m Improved baseline understanding
m Each SMP fully integrated with adjoining SMPs

m Format easy to review with improved transparency & auditability and
hence increased confidence

m Greater involvement and acceptance by Stakeholders
m Contain an Action Plan (reviewed regularly)

Status

m Non Statutory

m Feed into Long Term Investment Strategy and Medium Term Plans
m Set the scene for future studies, strategies and research

m Should feature in Local Development Framework (statutory)
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27k watingir ICOASST next generation vision

Working with water

1. Integrated understanding of estuary,
coast and offshore systems systems
previously considered in isolation;

linkages at scales (decades to
centuries; 10s to 100s km) relevant to
understanding and predicting climate
change impacts;

2. Formalised knowledge of system /

|

behavioural
landform
models

3. Coastal area models used to
understand multi-scale transport
pathways for both non-cohesive and —

cohesive sediments; \1’32,5
4. New generation of coupled landform

behaviour models within robust
computational and uncertainty
frameworks.

COASTAL OBSERVATIONS

TR

T 2T
LRI
SRRRSTIRRRR
2RI

Figure 1
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27k watingir Estuary-coast-inner shelf system ontology

Working with water

ICOASST ontology Coastal shelf
vl1.3 l
(UCL, WP 1.2) R :

Coastal region — SMP_regions !

in e .

cTTTT } TT T ) CTTTTTo |
| Estuary :— Landform complex — Open coast :—| Inner shelf !
L _ _ _ _ . L - - - - - = J L — — - = _I
|—————— l _______ | ————- l_____1 r————l————|
: ESTSIM estuary types : : Open coast types : : Bank systems :
___________ . 4 e e e
| | by '
i Dynamic landforms : Landform [— Hinterland types :—| Sediment stores :
L - — — — - - - - - 4 L — — — — — - - — _ L - — — — - - - — _
T “ l SO '
| Structural :— Intervention —: Non-structural :
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47k watingir iICOASST system mapping tool (QGIS)

Working with water

& aaGis p——]

Quantum GIS 1.8.0-Lisboa - smp7demo
® P @G EORR ) IR 20MQABE L o PP EAFSE >8>
QA RrRIILKR L O ¥ B « $0 TR

o ot o
2.8 ¢

0
v \&_ NCERM
ws Embankment
~= Natural
2= Revetment
w= Seawall
== Timber Structure
-

> 4 Shoreline change
n Bathymetry
v 54 Aerial [2007)
2 ™33_20070804)
B ™24_20070804
B ™™3420070804
» Lidar [composite]
v 1@ Bing Aerial
& Google Satellite

v
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May 2014 Shoreline Management in the UK - a geomorphological and risk management perspective Page 13 © HR Wallingford 2014




Channel

'\
d
o X

'0

K \ Chann'elw
Low ground |

- g ‘.' ,"
ﬂltmars!] \
Saltmarsh s

N\

.
£

\3

a
- .

Ll
# Beac

\

Beach

=2

Sediment recha._-g‘e

Suspended mud




ZHRWamngford SMP illustration: Solent, England

Working with water

b

Solent
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A7 e wingor North Solent SMP: 0 — 20 years

Working with water

- MANAGEMENT STRATEGY
‘ HOLD THE LINE X
- MANAGED REALIGNMENT ™%
e NO ACTIVE INTERVENTION.

ADAPTIVE MANAGEMENT =

B3
f5aH 04 5a04

%

5aH107

Island
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A7 g North Solent SMP: 20 - 50 years

Working with water

~ MANAGEMENT STRATEGY |
' HOLD THE LINE N
, . MANAGED REALIGNMENT = %
. NO ACTIVE INTERVENTION;}E- 20
ADAP TIVE MANAGEMENT
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- 5aHI08 EBat \\
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A7 e waingor North Solent SMP: 50 - 100 years

Working with water

- MANAGEMENT STRATEGY
: HOLD THE LINE o
MANAGED REALIGNMENT X
e NO ACTIVE INTERVENTION. - N\
ADAPTIVE MANAGEMENT =

= eses

5aHI07

e b Conigar
! :
1 r\[‘o}m |

Fowle
Island
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A L Rationale behind proposed policy options

“ HR Wallingford .
Example: East Head area, Hampshire

Adaptive management practices will e 5

become increasingly important for
the future of this unit, not only to
conserve its environmental, amenity
and socio-economic values but also
to manage the effects of coastal
process on the wider harbour which
IS designhated as environmentally
Important for a number of national
and international features and is
also an Area of Outstanding Natural

B e au ty Selsey We
Legend
Please Note: The Flood Risk
- Flood Risk Now — shown assumes no flood
: defences together with a predicted ‘
Flood Risk:2100  ¢g3 |evel rise of 6mm per year. * b o5 1
L s—
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A L Rationale behind proposed policy options
“ HR Wallingford .
i Exgmple (contd.): East Head area, Hampshire

Ongoing coastal monitoring, defence maintenance and recycling activities
will be required to maintain the integrity of the system at East Head spit. To
manage the flood risk to West Wittering Village new flood defences will
also need to be constructed ...

Although discounted as not economically viable, there is a potential
opportunity for localised habitat creation at West Wittering, currently
behind privately maintained defences. Secondary defences would be
required to manage flood risk but losses of designated coastal grazing
marsh would need to be recreated at a more sustainable site elsewhere.
This localised option could only be realised with landowner consent. It is
likely that a change in defence management in the longer-term may be
required. Rights of private owners to maintain their defences remain.

It is unlikely that central government funding would be secured for
adaptive management but likely for flood bunds at West Wittering ... No
public funding would be available for continued maintenance of defences
by private owners.
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n S Relationship between various UK plans,
e strategies & schemes

" ’ '\
Land Use / Communities Floods and Water
= National FCERM and Water Legislation
c National Planning Policy FCERM EU Directives
-S Policy Long Term Investment
1] . J
=
i - N i ' ”~ h 4 " r -
i i Regional i ) ; ;
| Regg;:nill S_patlal — Flogd Riek T MRwer Basin
_ rereare " Appraisals [ M [ 4 d anal‘_:lement
I b g Plans Plans
: : : ‘ - -
'qaf i ) I and r ")
- Sub-regional ’ ‘\ Preliminary
2 Spatial Plans Strategic Shoreline < > Flood Risk
= L ) N Flood Risk < p Management Assessments
= Assessments Plans \ /
C S L o r '
2 [ ) 4 Other Relevant Plans
> Local - -
o i N
L) Development Surface Water
Frameworks N Flood Risk " Management
\ J "I Assessments Plans /
P . Water Level
™ J Management
( A FCERM P o L Plans
_ Planning P s \ Strategies p .
T Applications g ) Regional Habitat
9 L J Sustainable i Creation
i »|  Community | Ny . Plans
- . Strategies / ~
. Local Strategic FCERM N System Asset
Planning Partnerships Schemes h " Management
Decisions Plans
. J b
. 7 . 7 9 7 N 7 . #
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A S National network of regional coastal
e monitoring programmes

Programmes generally include:

m Establishment and maintenance of a
control network

Beach profiles/topographic data

Bathymetric data e AN
Wave and tidal measurements

Aerial survey and LIDAR

Ecological mapping

Morth East -
Call 1

Anglian -
Cell 2583

Thames
Estuary

Southwest - Cell 5 & 6

Southeast - Cell 4 & 5

[
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A SN Coastal State Indicators (CSIs)
A for functional performance of coastal systems

Coastal State Indicators

m “areduced set of parameters that can simply, adequately and quantitatively
describe the dynamic-state and evolutionary trends of a coastal system.”
(Jiménez and van Koningsveld, 2002)

Functions of Coastal State Indicators:

m Assess condition of environment ..S,,stai,;i’;’,:*:z.‘,‘;,‘:,';,‘:g,‘,‘?;f coastal OK?
unctions and values”™

m Compare across situations |
| MOn ItOI’ trendS "Prom-(l;::r::z:)ao:::ﬁ':::ience” OK?
m Diagnhose problems / \ \\
H A”thIpate need fOI’ Inte I’VG ntIOn 1. Quantitative 2. Benchmarking 3. Intervention |- 4. Evaluation

State Concepts: procedure B procedure

Sediment cells
S‘”Z"é’izrii‘,f’!s""’"tzzs Favom
Sediment Status
| Indi(!ators | \= Curreg:astf'ziment
: £ Source: EC FP7

[ Parameters | BT ——— CONSCIENCE
| Process knowledge | p roj ect
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> Coastal State Indicators
“ HR Wallingford
Working with water UK example — Pevensey

Strategic objective:

Sustainable risk management

Il i OK?
Tactical objective: | . -
Hold the line

Option selection:

nourish, recycle, reprofile
[ 1 !
Appraisal CSis

:

}

I

:

|

|

|
| of options (i) Beach volume
: (i) Beach width

|

|

:

|

I

2 Implementation: PPP contract

1. Measure

beach volume,
width & position -
3. Intervention

l ecycle / re-profile /
2. Benchmarking /’ nourish

Process (iii) Position
knowledge l

on erosion

- - - - - . - e - - - - -
—— o e e e -

Threshold beach
volume, width /.‘—v procedure )
and position N A
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" S Example of UK CSI at Pevensey:
e shingle beach area

740 | | T | |
730k MIN BEACH AREA - 2003 %

720
710
760 T | |
700
690 740+

680 MIN BEACH AREA - 2003

720 —8—slope 1:8| T
—S—slope 1.7

—S—slope 1:6

670

Barrier Cross-Secional Area (m2)

660
700

650

640

| | | | | | 680
0 100 200 300 400 500 600
Return Period (years)

Barrier Cross-Secional Area (m2)

660

640 | | | | | | | | |
0 100 200 300 400 500 600 700 800 900 1000

Return Period (years)
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Working with water

47 - viingir Flooding system

Pathwa THRWz\IIin ord
“ e.g. beach, Y Receptor - HR VVallingf

defence, floodplain e.g. property, agriculture,
infrastructure, people in the floodplain

Source

River or sea Pied »

Impact
(e g. damages, £)

|
L
Flood depth

Ploccurrence) P(fad) Pldepth exceeded) Depth
Source Pathway Pathway Consequences
Extreme distribution Reliability analysis of Flood probability, Flood damage or harm
of in-channel water assets e.g. defences flood extent and related to depth. Risk is
levels or coastal (load dependent) depth, reflecting assessed by the probability
overtopping asset performance that particular damage
and source terms. values are exceeded.
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ZHRWamngford Fragility curves — a resilience measure

Working with water

th Standard of protection
Fraglllty curves Probability of A provided by defence
-1: . defence failure i
m EXxpress resilience as a varying Difference relates o
probability of failure with load _~, factor of safety in design
m Allow inclusion of defence
. 0 — —
performance in flood systems %7 10 =
. /7
analysis
_ Typically =1 N\ True’ fragilit
m Can be generalised for broad assumed fragility —1 / e TTagtty
/
scale or bespoke for local curve !
system or individual asset 50% O
m Allows the inclusion of expert //’
judgement /
m Deterioration in coastal v
defences can be captured as >%t0 10% —®
changes in the fragility curves 0 — _ >
0 Severity of load event
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27k watingir Fragility curves and resilience

Working with water

Single fragility curves expresses resistance probabilistically
Moving between curves expresses deterioration or repair/recovery

|
I

/ — Condition gradel
! — Condition grade?2

Condition grade 3
— Condition grade4
— Condition grade 5

P (breachingifeeboard)
SN

0.5 1.0 1.5

Overflow head (Water level - crest level)
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|-!|'l allingfor .y
~ WA Fragility curves - bespoke

m |dentify failure modes
ldentify Limit State Equations (LSE’s)

Structure-specific Structure- i A _ )
parameters, probability rug;urlttets;zgm . Z (r6|labl|lty) =R (Strength) -S (Ioadlng)
distribution functions and o
ranges T Schedule parameters and uncertainties
equation
Al m Prepare fault tree
Limit state . -
S CEtYEEl m  Perform many reliability analyses, for a
. il . - .
Integration Sl single hydraulic loading across a range
T of parameter uncertainties (i.e. Monte-
equation I I
 AED Carlo sampling). For _e_ach Ioa_dlng_
analysed, the probability of failure is
it tate the proportion of times that Z<1.

Structure-specific _equation
Failure mode ..n

fragility curve m Repeat for other hydraulic loadings and
plot the resulting fragility curve
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ZHR Wallingford An alySiS overview

Working with water

Extents of floodplain

=T T

Flood defences

Receptor
80#6 Jaui”t‘y' age
Load| | of failure Path
= L~ R >
Probability Load Depth
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ZHRWamngford Pressures and responses on flooding system

Working with water

Drivers and Pressures

External (autonomous) processes that change the state of the system

} } }

System-based Analysis

Description of System State Flood Risk
Sources —— Pathways—— Receptors—— Impacts Evected economic
Description of: Performance of: Exposure and Economic damage - - damage

rainfall urban surfaces vulnerability of: Loss of life / injury Expected loss of life / injury
sea level fields, drains People, property Habitat Expected habitat loss

waves channels, flood industry degradation Etc
surge storage, defences Infrastructure Pollution i

etc. floodplains ecosystems Disruption

efc. etc
1 1
Responses

Flood risk management interventions and measures that change the state
of the system and/or the impact of a flood event
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47k watingir Humber Estuary, England

Working with water

Humber
4 Estuary
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Z HR Wallingford Humber Estuary - flood sources

Working with water

West - tidal fluvial

A

g Estuary mouth -

.. 4. driven by mean sea

) “ |
o R j».g:‘_.

el
\ g

)

&1 level rise (surge &
tide) & waves

P -\




Humber - probabillity of flooding

Humber Estuary
Strategy modelling - Maintain 2115

November 2010

Probability of flooding
0

I 0 - 0.001

{07 0.001 - 0.005
0.005 - 0.050

9 0.050 - 0.200

I 0.200 - 1.000

[ Flood Area

z HR Wallingford @ .

Warking with wirter

HR Walingford Lid, Howbery Park,
. Oxon, OX10 8BA, UK.
Tel: +44 (0) 1491 835381
www hevralingford .co.uk

© HR Walingford Lid 2010




Humber - risk

Humber Estuary
Strategy modelling - Maintain 2115

November 2010

Total Risk (£)
0

I 1- 100

B 101 - 200

I 201 - 500

W 501 - 1000

- 1001 - 2000
2001 - 5000
5001 - 10000
10001 - 20000
20001 - 50000
50001 - 100000

£ 100001 - 200000
[ 200001 - 500000
I 500001 - 1000000
I > 1000000

[ ] Flood Area

T . Environment
A vners G953

HR Walingford Lid, Howbery Park,
Walingford, Cxon, OX10 8BA, UK
Tot: +44 (0) 1491 835381
wwaw hewallingford .co.uk

© HR Walingford Lid 2010




Humber - risk attribution to levees

2115

Humber Estuary
Strategy modelling - Maintain 2115

November 2010

Asset

Total Risk (£)

]

—1 - 100

- 101 - 200

=201 - 500

~= 501 - 1000
1001 - 2000
2001 - 5000
5001 - 10000
10001 - 20000
20001 - 50000
50001 - 100000

~-100001 - 200000

= 200001 - 500000

- 500001 - 1000000

> 1000000

| Flood Area

w . Environment
Ay GRS

HR Walingford Lid, Howbery Park,
Walingford, Cxon, OX10 8BA, UK
Tot: +44 (0) 1491 835381
wwaw hewallingford .co.uk
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ZHR Wallingford

Working with water

SYSTEMS FLOOD RISK ANALYSIS
(FRE MODEL)

Hydraulic loading:
Full distribution of loads
Frobability

Levee Performance:
Full fragility curve for
gach defence segment

Probability of
failure

Breach representation:

Inflow hydrographs for

all levee reaches for full
distribution of hydraulic loads

Time

Inundation simulation:
Simulations of multiple breach scenarios and
full distribution of hydraulic loads

UK approach vs FEMA LAMP

Levee segments (L1...Lk)

Hydraulic loading:
Surges/waves

Inflow (q) — breaching or
overtopped defences

May 2014 Shoreline Management in the UK - a geomorphological and risk management perspective

Hydraulic loading: Load
1% loading level

Probability

Levee Performance (only SIP):

. R Erobability of
F‘ml‘_}gblllt}; of failure failure
at 1% level

Breach representation (only SIP):
Inflow hydrographs 1%

hydraulic load (+ sensitivity)

Tirre

Inundation simulation:
1% load
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ZHRW”, . Resilient? a final English postcard —

the Thames Barrier

May 2014 Shoreline Management in the UK - a geomorphological and risk management perspective Page 38 © HR Wallingford 2014
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ZHRWamngford Anticipatory vs managed adaptive approaches

Working with water

Scenarios:
== == Anticipatory approach
- [Managed adaptive approach

Level of acceptable risk that
is tolerated.

Managed adaptive approach:
several interventions over time to
manage risk

Probability or risk

# . . .
- Anticipatory approach: single
- intervention point at start, to manage risk
- over the whole life.

Time

Page 39 © HR Wallingford 2014
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ax water level rise:

|2m | 3m 4m|

Inm [1m i 2100

Barrier and raise dis defences

otate Thames

arrier and raise d's
defences

Flood storage, improve Thames
Barrier, raise w's & d's defences

Flood storage, over gotgte Thames

Mew barrier, re

in Thames Barrier, raise defences

_ﬂ"—_—_

Mew I::uarrierl raize defences
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Working with water

Adapting
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z HR Wallingford Adapting Thames levee to SLR

Working with water

Key:

Concrete
B e etment
e Piles

- EX3B - Raise Height 2500mm
- - Typical Section
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Working with wa

Accounting for the Effects of
Climate Change

June 2009

Supplementary Green Book Guidance

“A Real Option is a choice that becomes
available through an investment
opportunity or action”
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Working with water
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ZHR Wallingford

Working with water
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Howbery Park, Wallingford, Oxfordshire OX10 8BA, United Kingdom
1330 Avenue of the Americas Suite 23A, New York, NY 10019, USA
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47k watingir Strategy studies within SMPs

Working with water

The principal objectives of a strategy are -
to assess / identify / quantify:

m Sustainability of the SMP management policies (producing alternatives
where necessary

Locations where managed intervention may be required

Current condition & future performance of existing coastal defences
Erosion/flood risk attached to each management option

Implications of environmental legislation through preparation of
Strategic Environmental Assessment

Fully costed programme of priority works for first 5 years
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ZHRWamngford Outputs - risk attribution to levees in detall

Working with water

Sunk Island

Flood Risk Evaluation
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