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... the susceptibility of a coastal area to be affected by
either flooding or erosion processes PR—

Coastal
Vulnerability

New Zealand

Oahu, Hawaii

=> 600 million people live at less than 10 meters above sea level.

= Without mitigation = displacement of up to 200 million people .
in 100 years Maldives



What causes flooding / erosion?

= Anthropogenic constraint

Agricultural practices:

- Deforestation
- Soil tillage
- Damming




= Anthropogenic constraint

Number of people on land exposed by 2050

Kulp and Strauss (2019)

Coastal population increasingly
more at risk

What causes flooding / erosion?
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Permanent inundation surfaces predicted by
topographic elevation model given the median
K17/RCP 8.5/2050 sea-level projection.
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A NEW FRAMEWORK

Objectives: Understanding the
------- connections between global
———————— climate variability and coastal
hazards
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OUTLINE:

1) A new paradigm for the influence of El Nifho on
coastal wave extremes in the Pacific

2) The global influence of El Nino on coastal hazards




1) A new paradigm for the complex influence of El Niflo on pan-Pacific coastal wave extremes
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1) A new paradigm for the complex influence of El Niflo on pan-Pacific coastal wave extremes

ENSO spatial complexity

a) EOF 1, Expl. Var=41.9 %

Eastern Pacific (conventional) El Nifio

160°E 160°W 120°W

b) EOF 2, Expl. Var =8.9 %

Central Pacific (Modoki) El Nifo

160°E 160°W 120°W 80°W
Spatial patterns of interannual SST anomalies decomposition into EOF

Kug et al. (2009)
Kao and Yu (2009)



1) A new paradigm for the complex influence of El Nifio on pan-Pacific coastal wave extremes

ENSO temporal complexity
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1) A new paradigm for the complex influence of El Nifio on pan-Pacific coastal wave extremes

Wave Energy = H%:T,

Winter wave activity across the Pacific

H. = Wave height
T = Peak period

_ Wave energy & ENSO teleconnection patterns
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1) A new paradigm for the complex influence of El Nifio on pan-Pacific coastal wave extremes

. . . .po . . Wave Energy = HT,
Winter wave activity across the Pacific and extra-tropical storminess By =l

H, = Wave height
T = Peak period
EKE = Eddy Kinetic Energy at 850 mb (High-pass filtered 14 days)

Wave energy & Storms activity i
Eastern Pacific (Hawaii El- NINO

- | a4 ,‘

00
(High-Lat
20°S

Stormfac,S

60°S
70°S

Interannual variability of winter wave activity across the Pacific dominated by the
EP El Niflo/La Nifia influence on the NH jet stream




1) A new paradigm for the complex influence of El Nifio on pan-Pacific coastal wave extremes

Wave Energy = H%:T,

Summer wave activity across the Pacific

H. = Wave height
T = Peak period

. eas~~~—— L,
Pt S AR

Pattern of
negative
regression of
Vertical Wind
Shear anomalies|

e N NS SNSRI
,,,,,,,,,, ORI R R R s .
P ARRRRRRRRRRR RS S S s s s s« L
SNNERNRNRNRNRNRRNRNRNNSSSSS SN |
SANNANANANNANNNNAN NSRS SN
N N T O N N N N N N NN
1

160°E 160°W 120°W 80°W 160°E 160°W 120°W

Onset of CP El Nifo Decay of EP El Nifo




1) A new paradigm for the complex influence of El Nifio on pan-Pacific coastal wave extremes

. . .po . . . Wave Energy = H2:T,
Summer wave activity across the Pacific and Tropical Cyclone activity BY=R T

Hs = Wave height
T = Peak period
ACE = Accumulated Cyclone Energy

Line of 0-ACE A‘ |
annual mean <)

gl

140°W
Onset of CP El Nifo Decay of EP El Nifo

Lin et al., 2020 Jin, Boucharel and Lin, 2014, 2015
Boucharel et al., 2016b




1) A new paradigm for the complex influence of El Niflo on pan-Pacific coastal wave extremes

The seasonally modulated ENSO influence on Pacific coastal waves

ENSO background conditions

.. Extratropical \ Tropical
storms storms

Coastal waves

L
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The seasonally modulated ENSO influence on Pacific coastal waves

ENSO background conditions

.. Extratropical \ Tropical
storms storms

Coastal waves
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The seasonally modulated ENSO influence on Pacific coastal waves

ENSO background conditions

- _ - Coastal wave episodes Climate forcing

Return period Stochastic forcing
(~ 15 days)

.. Extratropical \ Tropical
storms storms

Coastal waves

L
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The seasonally modulated ENSO influence on Pacific coastal waves

ENSO background conditions

- _ Coastal wave episodes Climate forcing

Hasselmann, 1976

Return period Stochastic forcing
(~ 15 days)

Boucharel et al, 2021a

Annual cycle CP El Niiho EP El Nifo

.. Extratropical \ Tropical
storms storms

Coastal waves

L




1) A new paradigm for the complex influence of El Niflo on pan-Pacific coastal wave extremes

The seasonally modulated ENSO influence on Pacific coastal waves

ENSO background conditions

P - _ - Coastal wave episodes Climate forcing

Hasselmann, 1976 ,
Boucharel and Jin, 2020 'Jb

(eR

Return period Stochastic forcing
(~ 15 days)

C. .. E,ode
} + [rcCmode + YEmode| Boucharel et al, 2021a

Annual cycle CP El Niiro EP El Niilo

.. Extratropical \ Tropical
storms storms

Coastal waves

£
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Boucharel and Jin, 2020




1) A new paradigm for the complex influence of El Niflo on pan-Pacific coastal wave extremes

The seasonally modulated ENSO influence on Pacific coastal waves

ENSO backgr'ound conditions

.. Extratropical
storms

Coasfal waves

\

Tropical
storms

Coastal wave episodes Climate forcing

Return period Stochastic forcing
(~ 15 days)

:| + [yCCmode + yEEmode]

Annual cycle CP El Niiro EP El Niilo

’ Z2 ‘:Ke—i’o |:1 +@+@@]
Y0 Yo

Hasselmann, 1976

Boucharel et al, 2021a

Boucharel and Jin, 2020



1) A new paradigm for the complex influence of El Niflo on pan-Pacific coastal wave extremes

Some results from this new conceptual model

Hindcast of coastal wave energy in California O Observations

!‘ = Qur new model

| = State-of-the-art
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New theory to understand the
on a key
driver of coastal vulnerability:
in the Pacific but...
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2) The global influence of El Nifio on coastal hazards — (1) Erosion

A new satellite-based global product of shoreline position

A . T

Landsat 5, 7, 8



2) The global influence of El Nifio on coastal hazards — (1) Erosion

A new satellite-based global product of shoreline position

Normalized Difference Water Index (NDWI)

The NDWI is an index used to monitor changes
related to water content in water bodies. As
water bodies strongly absorb light in visible to
infrared electromagnetic spectrum, NDWI uses
green and near infrared bands to highlight water
bodies

Pixels when NDWI < 0 = Land

() sentinelhub

Example: NDWI in Rome (ltaly)



2) The global influence of El Nifio on coastal hazards — (1) Erosion

A new satellite-based global product of shoreline position

Normalized Difference Water Index (NDWI)

The NDWI is an index used to monitor changes
related to water content in water bodies. As
water bodies strongly absorb light in visible to
infrared electromagnetic spectrum, NDWI uses
green and near infrared bands to highlight water
bodies

Pixels when NDWI < 0 = Land

SHORELINE position = Interface /

McFeeters, 1996

() sentinelhub

Example: NDWI in Rome (ltaly)



2) The global influence of EI Nifio on coastal hazards — (1) Erosion

A new satellite-based global product of shoreline position

- Extracted at 14,140 coastal points between 602N and
609S using monthly composites from 238 multiple

satellite acquisitions provided by the Landsat missions
5, 7 and 8.

- Calculation on GEE (10,000 hours; 3 PB of data)

= Monthly Shoreline data set
from 2000 to 2017 at a spatial

AN (along-shore) resolution of ~0.5°
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2) The global influence of EI Nifio on coastal hazards — (1) Erosion

A new satellite-based global product of shoreline position
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2) The global influence of EI Nifio on coastal hazards — (1) Erosion

Drivers of shoreline evolution

SHORELINE DRIVERS

Wave energy flux e
ERAS (Sig. Wave height, period) .o

Sea level

AVISO MOG-2D (mean SLA, DAC, tide
corrected)

River flow
ISBA-CTRIP (freshwater discharge from

land)




2) The global influence of EI Nifio on coastal hazards — (1) Erosion

Drivers of shoreline evolution

S(x,t)=a Sea level (x,t)+ B Waves (x,t) + y Rivers (x,t)




2) The global influence of EI Nifio on coastal hazards — (1) Erosion

Drivers of shoreline evolution

S(x,t)=a Sea level (x,t)+ B Waves (x,t) + y Rivers (x,t)

- dominant driver of shoreline position
changes at interannual timescales

Dominant driver - Significant contributions from on
el £ G open west facing shores and under storm
tracks

- important in enclosed tropical
seas and intertropical river basins

60°
1

§o°w 140°W  100°W  60°W  20°W  20°E 60°E  100°E  140°E  180°W



2) The global influence of EI Nifio on coastal hazards — (1) Erosion

ENSO influence on shoreline drivers

NSO model
3 RS J
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2) The global influence of EI Nifio on coastal hazards — (1) Erosion

(Northern Hemisphere Extratropical variability)

ENSO influence on shoreline drivers (Tropical variability)

(Southern Hemisphere Extratropical variability)
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2) The global influence of EI Nifio on coastal hazards — (1) Erosion

ENSO influence on shoreline drivers

Climate modes model
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2) The global influence of EI Nifio on coastal hazards — (1) Erosion

ENSO influence on interannual shoreline changes

South West

America West Africa EastAfrica  Australia

Complex ENSO || === shoreline data
[ Canonical ENSO shoreline complex ENSO model
= ] All modes shoreline all Modes model

The complex ENSO state, (as
compared to its linear
expression only)

integrates the main
environmental factors
affecting shoreline position
even outside the Pacific
basin and the tropics

- is a reasonable predictor of
shoreline year-to-year
changes



2) The global influence of EI Nifio on coastal hazards — (2) Flooding

ENSO influence on overtopping events

High Water
Low Water

when total coastal water level reaches 50% of max
coastal elevation within 1km of the waterline

Steric + Dynamic + Surge + Tide + Runup

from Digital Elevation Model

Elevation (m)



2) The global influence of EI Nifio on coastal hazards — (2) Flooding

ENSO influence on overtopping events _ Dufie Crast

El Nifo
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3) CONCLUSIONS & TAKE HOME MESSAGES

New theory to understand the complex influence on different key drivers of coastal
vulnerability (and possibly more):

= ENSO nonlinearity




3) CONCLUSIONS & TAKE HOME MESSAGES

New theory to understand the complex influence on different key drivers of coastal

vulnerability (and possibly more):

Seasonally modulated ENSO

= ENSO nonlinearity

A BETTER UNDERSTANDING OF
ENSO CONTROL ON
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