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T Case study # [1]

The poor population trapped in the

coastal area of Cotonou affected by a
rapid erosion

Introduction
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Sea level rise is assumed to be the most direct mechanism of climate change, mainly by
thermal expansion of ocean.

Sea level rise is said to cause most migration in the future. Without adaptation, 0.2—

4.6% of global population is expected to be flooded annually in 2100 under 25-123 cm
of global mean sea-level rise (Myers, 1993; Hinkel et al., 2014).

In some regions, it may be simply short translatory movements of populations along the
coast.

The littoral of Cotonou (Benin) records a significant coastal erosion, mainly due to

unsuitable port infrastructures and human activities, but that will be accelerated in the
future by climate change (Ozer et al. 2013).

Obijectives

Understand the dynamic of population in the coastal area of Cotonou exposed
to a rapid erosion and put it in the context of the climate change:

- Assess the extent of the processes (coastal erosion and habitat’s destruction)

Determine the vulnerable populations

Identify the adaptation strategies by populations

- Know the responses to this process by authorities

Underline the needs in the context of climate change




Data and method

Literature (scientific articles, reports, regional studies, press...)

Recent very high resolution satellite images from GoogleEarth
- multi-temporal analyses (2002, 2011 and 2013)

Field missions in 2012, 2013 and 2014

- Pictures

-> Discussions with institutional actors, local authorities and researchers
- Interviews of resident populations (20 individuals)

Study area
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Main causes of the coastal erosion in Cotonou

The obstruction of the littoral transit
by the harbor structures (built in
1962) and recently extended by
Bolloré S.A. without any
environmental impact assessment

The decrease in sedimentary inputs
from the West due to dams on rivers
and diverse coastal protection

constructions r..

The sand quarries carried
out on the beach




Significant change in the coast line

According to Codjia (1997), between 1963 and
1997, the shoreline retreated by 400 meters in
the area east of the harbour of Cotonou, with a
0770271973 [RAE 1 speed of 16 meters per year, that is
to say a loss of around 112 hectares of land.

Between 2002 and 2011,we have calculated a
retreat of the shoreline by 100 meters in the
same zone. Coastal erosion is observed until
26/02/1987 Nigeria, which is 27 km East of Cotonou, with
an erosion of 30 meters in 10 years recorded at
the border. This is a novelty because beyond
the 6th km east of the groyne of Safiato, the
coast was recording sand accretion between
1963 and 2000 (Kaki et al. 2011)
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Two types of settl and two types of population

Well-off population

Standing house

Precarious
population

_ Houses destroyed

by the authorities
08/11/2011
26/11/2013

Houses destroyed by the
encroachment of the sea

Google
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Progressive destruction of standing houses

21/07/2014

The well-off people generally leave the coastal area and go to live inland

Fast destruction of makeshift houses

07/09/2013

Makeshift houses destroyed by
the sea in 24h (30-31 May 2014)

21/07/2014

Dynamic of settlements

[s/1272002 |
08/11/2011

26/11/2013

Progressive replacement of standing
houses by makeshift houses near the
coastline
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Who are the people trapped in the risk zone?

Fishermen

Precarious population

Characteristics and dynamics of the trapped populations
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In July 2014, the most of the respondents were living for less than 5 years n their current habitat, nobody has a propertytitle

Precarious population

Nativeof the area or comingfrom - Coming in the zone because no
other districts of Cotonou money to go elsewhere

Originally, often house with - Money for settlement but not rent
permanent structure (brick walls) - Successive displacementsin the
Successive displacementsin the zone if not recently arrived

z0ne because of the encroachment - Life in very precarious makeshift
of the sea house

Currently settlement in makeshift

house

- Want to leave the area but no
financial means and no relatives to
help/welcome them

In July 2014, all respondents feared being ousted by the sea and did not know where they would go

‘Measures’ taken by the population

Protection by ruins of standing house

Protection by bricks of destroyed house

Very short displacements

All these ‘measures’ are temporary and allow at the best to gain a few months




11/02/2015

es taken by the authorities

Local authorities

+ According to district chiefs, the Government does nothing

+ The wish of the town council of Cotonou is to solve the erosion problem

« Awareness campaign of fishermen. In some cases, local authorities try to persuade fishermen to go away
from the sea

National authority

+ In March 2009, under the pressure of NGOs, all marine sand quarries are closed (Decree No. 2008-615 of 22
October 2008)

« Since May 2014, 7 groynes are built at the East in the most exposed zone (45.4 milliards FCFA, financed by la
Banque islamique de développement (Bid), la Banque Arabe pour le développement économique en Afrique
(Badea), le Fonds de 'Opep pour le développement international (Ofid), le Fonds Saoudien de développement
(Fsd), le Fonds Koweitien pour le développement économique arabe (FKDEA) and I'Etat béninois).

Protection by groynes

Until now, population observes no positive effect

At the scale of a groyne, positive effect to
the West but negative effect to the East transferred at the East of the zone with 7 groynes

A the scale of the protected zone, the problem is

What are the real issues in this risk zone?

The coast of Cotonou is under the sea level

« Arise in sea level of 0.81 m is expected in 100 years

* There is a disproportionate population growth in the city of Cotonou (rural exodus) as in other
coastal zones of West Africa

Authorities have few means to prohibit new habitats near the sea seen that the land belongs to
individuals

There is no legal recognition of people displaced by natural phenomena




Conclusions

Universite
de Lidge i

Multi-temporal analyses of recent very high resolution satellite images from GoogleEarth show that there is
a rapid process of settlement / destruction of makeshift houses by coastal erosion

Most poor respondents made several or parallel more
than 10) always in the coastal area and fear the future

Fishermen do not want to leave the coastal area to remain close to their activities and precarious
population would leave but have no alternative

Need to find alternatives of the rehouse of poor population threatened by the erosion but difficulties
because the city of Cotonou suffering of a disproportionate population growth and a lack of resources

Need to prohibit new installation/construction in the zone at the East of the 7 groynes but difficulties there
is no repressive legislation

Need to integrate people displaced by natural phenomena in the legislation (Kampala convention)

3 heliy

B.
Coastal areas :
a global threat

Pierre Ozer

University of Liége, Belgium

Global Mean Sea Level Change

4 T
200 |->total change in mm 3.0 mm/yr,

L — Church & White (GRL, 2005)
ity of Colorado (2010 rel. 2)

— Unive

2.1 mm/yr

0.9 mm/yr
2.0 mm/yr

" 1
1960 1980 2000

1 1 1 L
1880 1900 1920 1940

11/02/2015




Estimations of sea level rise by 2100

Rahmstorf, 2010 & IPCC, 2013

Potential impact of sea level rise: Nile Delta

Population: 3 800 000
Cropland (Km2): 1 800

MEPITERRANEAN SEA
h =

Population: 6 100 000
Cropland (Km2): 4 500

MEDITERRANEAN SEA

Damiota Mouth

T_Port Said

1.0 m
R @) SR e sawm
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Deltas at risk
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De puissants hommes d’affaires
américains appellent a lutter
contre le réchauffement

Lindustie américaine estelle en tain de prendre consclence du

changement climatique ? Les chefs d'entroprise s'inquistent de plus en pius

des nsques enco Ju falt du déréglement du climat. A contre-courant de
ensée imdilonnelie du mileu des afia

o) i

"
denc at

e slons de CO2 qui
pour a crol
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Accord décisif sur le climat entre la
Chine et les Etats-Unis

CEXTZEIMINID] [RSEID] 1© Porsonnes recommandent ¢a, Soyes e premier parmi

L'accord sur le climat signé mercredi entre la Chine et les Etats-Unis constitue

une avancée décisive pour permettre aux négociations climatiques d'aboutir
en 2016 & Paris. En marge du forum de Coopération économique de IAsie
Pacifique réuni & Pékin sous un ciel nettoyé de sa pollution, le président in

Barack Obama et le président chinois Xi Jinping
12 novembre, & de nouvelles d'emis
I'adoption pour la premiére fois par la Chine d'un pic de ses émi
effet de serre « autour de 2030 » et « s/ pos

sont engagés, mercre

aductior

ible avant »

L'Europe se fixe un cap ambitieux
sur le climat

Vendred 24 octobre dans 1a nuit, les Vingt-Huit sont finalement parvenus a
un accord sur s trols objectifs qui guideront Ia polltique de lutte contre le
réchauffement climatique de 'Union européenne (UE de
prochaines années - les émissions de gaz & effet ae seme devront diminuer
d'eau malns » 40 % d'c) & 2030 par mpport & 1950; Ia part des anergles
renouvelables devia étre ,mum- 4 27 % du mix énergétique

déconomies d'énergle devront étre réalisées. Seul le premier objectif sera
contraignant

11/02/2015

11



Les trois engagements du G20:
croissance, transparence fiscale et
climat

Au G20, difficile lutte pour un
paragraphe sur le climat

Climat : I'Europe en avance sur ses
objectifs de réduction de gaz a effet
de serre

11/02/2015
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Nouveau record des émissions de
CO2 en 2013

NSNS Tpe———

La hausse des émissions de dioxyde de carbone (CO3) se poursuit a un rythme
effréné et coincide avec le plus pessimiste des quatre grands scénarios de

devEloppEmEnt IMagines par 1 Communaute ¢ ientifique
Dimanche 21 septembre au soir, le Global Garbon Project (GCP), un consertium
d'org: de de référence, a rendu public le bilan des

émissions anthropiques de CO3 pour lannée 2013 et confirme que celles-ci sont
hors de contréle

Pemission de 3,3 GICO,. Soit un total de prés de 39,3 millards de tonnes du

al gaz 4 effel de serre emis en 2013 par Fhomme. C'est un nouveau record
qui est battu, en dépit d'une augmentation en dega du niveau moyen des années.
2000, s0it 3,3 %

En 2013, les catastrophes
naturelles ont déplacé trois fois
plus de personnes que les conflits

DON’T PANIC.
EVERYTHING IS
iR CONTROL

11/02/2015
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In the atmosphere...

World population (1961-2013) and forecast (2014-2050)

p— — Population totale

Population rurale

— Population urbaine

1961 1971 1981 1991 2001 2011 2021 2031 2041

11/02/2015
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Nombre d'habitants estimé en 2015 Taux de croissance moyen annuel 2005 - 2015 (o1

=, .
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Gtep

... more and more energy needs ...

12 Hydraulique
Total en 2010: 11.5 milliards de tep
(estimation du ot depuis 1860435 Gtep) eereaire
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... exponential growth ...

Produced bifore 2000-
2000 2025

20802075

2025-2050

This amount of gas must be discovered and produced between the years.
gas consumptian continues 1a grow at the
current rate of 2.8 percent per yesr.

... for growth, fossil energy is great ...
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... But not eternal ...
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Global warming and the greenhouse effect

Reflected
‘ back to space
Incoming \g -radi
solar radiation B ) S e
‘ Absorbed by

‘ atmosphere
e "

Heat radiated
back from surface

Re-radiated,
back to
surface,
» Earth

Atmosphere. P -

F-gases

N2O 119

€O, fossil
fuel use
56.6%

biomass, etc)
17.3%

CO, (other)

2.8%
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Global carbon dioxide budget (1990s vs 2000s)

Global carbon dioxide budget
oamtonnes of carbon per yoar
1990-2000

1990s
39%

2000s:
47%

ot Gaton Pt 2010

Global carbon dioxide budget (2010)

9.1£0.5 PgC y! 5.0%0.2 PgC y"'
50%

2610 PgC

24405 PgC '
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Global land & ocean temperature anomalies (1880-2014), Jan-Oct

temperature anomaly
—10-y average

02

Anomaly (°C)
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Global land & ocean temperature anomalies (1880-2014), Jan-Oct

—10-y average
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1990 2000 2010

Global air temperature per decade from 1850 to 2010

06

0.4

0.4

-0.6

Decadal average

1961-1990

Changes in Temperature, Sea Level
and Northern Hemisphere Snow Cover

[ Ta) Globel meen tamoeratire

{b) Global average soa level
"

{c) Northerm hemisphere snow corse

Yoar

9 smimiscius)

-

2000

IPCC, 2013
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a2ty

KEEP
CALM

EVERYTHING

IS UNDER
CONTROL

Temperature

11/02/2015

(a) Increase in mean

Fewer cold extremes -’

More hot extremes

Cold Average

Temperature

Hot

(b) Increase in variance .

More cold extremes .’

More hot extremes

Cold Average

Hot
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'Fewer cold extremes

Temperature
(c) Increase in mean and variance

More hot extremes

(a) Cold Nights
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Rainfall changes in 2090-2099 Vs 1980-1999
Summer in the Northern hemisphere Nord (JJA).

Crop yields in a warming world
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Hot Days and Nights; |
Warm Spots and Heat Waves

Many consequences
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Emissions from fossil fuels

Global fossil fuel CO, emissions

2013-2014
— 387 Growth rate 1990-2014: +65% +2.5% 2014
=
2 3 37.0 GICO:
8 m
= 2000-2009
O a2 +3.3%lyr 20122013
2 . +2.3%
S
R 28
g 1990-1999
o 267 +1.0%{yr
o
Q 24
[&]
22
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GCP, 2014

Fossil fuel CO, emissions vs IPCC scenarios
Emissions are heading to a 3.2-5.4°C ‘likely” increase in temperature
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Fossil fuel CO2 emissions (territorial)

6 57%
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Emissions fluxes in trade (Mt C y')
2007
P
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Mtc

Mtc

1959

1959

1963

1963

2012

7.1tons CO,

5.9 tons CO,

Territorial Emissions
Consumption Emissions

1967 1971 1975 1979

Territorial Emissions
Consumption Emissions
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BELGIUM
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-8,6%
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2007

2011

2011
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CO; emissions (GtClyr)

CO, emissions (Tg C y)

-100

Fossil fuel CO2 emissions per type

Growth rates
2011-2012

Oil 1.2%

Gas 2.5%

150

100

50

50

1960 1970 1980 1990 2000 2010

GCP, 2013

Who is using coal ?

China India Dev. world World

(Gl CatonPrjct 201Dt B, Haran,Anrs-COMG 2011

2
KEEP
CALM

EVERYTHING

IS UNDER
CONTROL
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=
DELHAIZE

Vivez comme vous voulez.

Variations autour de NOUS et
notre assiette
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16 000 km,
Pour le transport aérien...

100 g par personne,

Soit 10,2 kg de CO, pour 8 personnes

35
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TOTAL: 30 000 km,
Soit 12 kg de CO, pour 8 personnes

Land use in 1973
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Land use in 1989

Land use in 2009

11/02/2015
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http://upload.wikimedia.org/wikipedia/commons/a/ad/Leefgebied_springbok.JPG
http://upload.wikimedia.org/wikipedia/commons/a/ad/Leefgebied_springbok.JPG
http://upload.wikimedia.org/wikipedia/commons/a/ad/Leefgebied_springbok.JPG
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LEDS Vianiues ocxouigques

LEDS Vianiues ocxouigques
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http://upload.wikimedia.org/wikipedia/commons/a/ad/Leefgebied_springbok.JPG
http://upload.wikimedia.org/wikipedia/commons/a/ad/Leefgebied_springbok.JPG

et
Carrefour

Lamagie des fétes <
200

Lekilo

Vatible dars 10us les Carrefour Hyper 1 16 décembre au 26 décembre 09
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Rable de liévre

Amérique du sud
) | 1

Rable de lievre

Amérique du sud
1 1

Carrefour
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11 300 km,
Pour le transport aérien...

200 g par personne,

Soit 14,5 kg de CO, pour 8 personnes

&7 3

3200 km, pour le transport aérien...

100 g par personne,
Soit 2,1 kg de CO, pour 8 personnes
| o ~
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1500 km,

Pour le transport terrestre...
100 g par personne,
Soit 0,2 kg de CO, pour 8 personnes

PLAT PRINCIPAL :
16 000 km cumulés: 16,9 kg de CO,

11/02/2015
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sres, cest not

SALADE DE FRUITS
DISTANCE TOTALE CUMULEE ENTRE PRODUCTION ET ASSIETTE :
117000 km = 3 x le tour du monde

fhled L BTLE E < "

SALADE DE FRUITS
CHAQUE FRUIT = 100 g, soit une salade de fruits de 1200 g :
9,3kg de CO,

lel L BRLE L

11/02/2015

45



11/02/2015

EMISSIONS DE CO2 (g) par tonne.km

Colt CO, des transports

bateau train :‘% ’

avion
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World map

World map: population

World map: fruits imports by air
? 5 ;

(
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CHANGEONS
NOS
HABITUDES!

Les sacs en plastique a usage unique
sont définitivement bannis de ce magasin.
\ls représentent en effet des tonnes de déchets,
dont notre environnement peut volontier

se passer.

|

brussels airlines CHANGEONS
NOS
HABITUDES!

NOUVEAU.
Faites décoller les avantages de
votre carte-plus avec Brussels Airlines.
e "4 ,f..' -

i

11/02/2015
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La semaine du 11 au 15 octobre [2010], un maximum de 6078 km
d’embouteillages pendant I'heure de pointe...

Y [SURY

I JSURY J embouteiniages

CANAL INFOS

Living
CANAL SPORTS
CANAL YQU

CANAL SHOWBIZ
CANAL FINANCE s
i7SUR7 @

sos Sendant Iheurs
VIDEO e
METEO - N
TELEVISION -

Embouteillages record au cours du

Canal Infos

Lire sussi

» Emhs
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MINUTES
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L’affiche est toujours la... 7j/7, 24h/24...
partout, souvent, puissamment.

JCDecaux The new poster generation

JCDecaux Corporate
Nos Réssaux et Produits
Low forces do T

JCOecaux Innovate

JCecaux Alrport

Expert area

5.000.000 de véhicules particuliers fin aoQt 2007. Toujours plus de voitures sur nos
routes, c’est toujours plus de files laissant plus de temps aux conducteurs de lire les
messages publicitaires.

JCDecaux The new poster generation

JCDecaux Corporate

JCDecaux Innovate

JCDecaux Airport

Expert area
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HANGEZ LE MONDE
SANS CHANGER LA PLANETE

99g de CO,/km

Febiac
Voitures et environnement (2008)
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La semaine du 11 au 15 octobre [2010], un maximum de 6078 km

d’embouteillages pendant I'heure de point

Embouteillages record au cours du
mois d'octobre

NsouTE
moNoE

PARTENAIRES.

CANAL SPORTS
CANAL YQU

CANAL SHOWBIZ
CANAL FINANCE wwe

comptabilisé un record, svec
Qs Gt da retards au cours

o HO Traffic a campeabifid 4,800 kilométres pour ta semaina

TELEVISION du 25 au ctobre. (belga)
—

e.

Canal Infos

» En cetard au traval
» Linfo tats en temos

. i . T

Last minutes

Last minutes

Occidental Grand Xcaret
€1

19-11- 7 nuits - All Inclusive

Natura Park Beach Eco Resort & Spa
€45
19-11 - 8 nuits - All Inclusive

Sol La Paima

28-11-7 nuits - Demi-pension

376 PROMO: € 779
pastesss’

| G |

285 PROMO: € 699

€667 PROMO: € 529

E
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Last minutes

Last minutes

Occidental Grand Xcaret

19-11- 7 nuits - All Incluzive

Natura Park Beach Eco Reso

19-11- 8 nuits - All Inclusive

Sol La Paima

28-11-7 nuits - Demi-pension

vk
. i e s

6 PROMO: € 779

»3 PROMO: € 699

E

b67 PROMO: € 529

;

52



11/02/2015

World map

World map: population

World map: air passengers carried
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“The situation is under control.
Go back to your cabins.”

Officer aboard the M/S Costa Concordia
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Case study # [2]

KINSHASA (DRC)
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Case study # [3]

DJIBOUTI

11/02/2015

Fig. 3: Rainfall at Djibouti-City from 1901 to 2013
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Case study # [4]

NOUAKCHOTT
(Mauritania)
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