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coastal area of Cotonou affected by a
rapid erosion

Introduction

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).

Objectives

Data and method

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

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)
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Study area

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

Two types of settl and two types of population

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
07/02/1973 maximum 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)

04/02/2014

Well-off population

population

_ Houses destroyed

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

Houses destroyed by the
encroachment of the sea

Google

Progressive destruction of standing houses

The well-off people generally leave the coastal area and go to live inland
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Fast destruction of makeshift houses

07/09/2013

Makeshift houses destroyed by
the sea in 24h (30-31 May 2014) 3 S5

21/07/2014

Dynamic of settlements

08/11/2011

26/11/2013

Progressive replacement of standing
houses by makeshift houses near the
coastline

Who are the people trapped in the risk zone?

Characteristics and dynamics of the trapped populations

Fishermen ~ Precarious population

In July 2014, the most of the respondents were living for less than 5 years in 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 displacements in the zone if not recently arrived
zone 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 refatives 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

Measures taken by the authorities

Protection by ruins of standing house Protection by bricks of destroyed house

‘ e

Very short displacements

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

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 dé é ique arabe (FKDEA) and I'Etat béninois).
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Protection by groynes What are the real issues in this risk zone?

Until now, population observes no positive effect

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
21/02/2013

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

Conclusions g ET\
. helix

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

i i or parallel di imes more B *
Coastal areas :
.
+ Fishermen do not want to leave the coastal area to remain close to their activities and precarious

population would leave but have no alternative a gIO ba I t h reat

!

« 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

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

* Need to prohibit new installation/construction in the zone at the East of the 7 groynes but difficulties there

is no repressive legislation Pierre Ozer
+ Need tointegrate people displaced by natural in the legislation (Kampala University of Liege, Belgium
Global Mean Sea Level Change Estimations of sea level rise by 2100
T — T T T T —
200 L->total c} > - 3.0 mm/yr., ‘| 200 -
L —— Church & White (GRL, 2005) 4
150, —— University of Colorado (2010 rel. 2) L
2.1 mm/yr | 'Kgé:
100+ 4 L
0.9 mm/yr 1 ks
50 2.0 mm/yr o . I
0 - - L
1 " 1 L L " L L I L ! s 1 . e 2
1880 1900 1920 1940 1960 1980 2000 Rahmstorf, 2010 & IPCC, 2013




9/01/2015

Potential impact of sea level rise: Nile Delta
Population: 6 100 000

Cropland (Km2): 4 500
Population: 3 800 000
Cropland (Km2): 1 800
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Accord décisif sur le climat entre la
Chine et les Etats-Unis

() (IR 1 personnes recommandent §a. Soyez e premier parmi

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

une avanc ée décisive pour permettre aux négociations clima

ques d'aboutir
tion économique de I'Asie

pollution, le pr
ont engagés, merc re
pour Washington et
V'adoption pour la premiére fois par la Chine d'un pic de s

en 2016 & Paris. En marge du forum de Coopér

sident améric ain
h

Pacifique réuni & Pékin sous un ciel nettoyé d
Barack Obama et le pr
12 novembre, & de nouvelles réductions d

ident chinols Xi Jinping

nissione

émissions de gaz &
effet de serre « autour de 2030 » et « si possible avant »

L'Europe se fixe un cap ambitieux
sur le climat

Vendred| 24 octobre dans la nult, les VIngt-Hult sont finalement parvenus a
un accord sur les trois objectits qui guideront la politique de lutte contre le
réchauffement climatique de Union européenne (UE) au cours des
prochaines années - les émissions de gaz & effet de sere devront diminuer
d'« au moins » 40 % d'icl & 2030 par rapport a 1990, la part des énergles
renouvelables devra élre portée & 27 % du mix énergétique | 27 %
d'économies d'énergle deviont étre réalisées. Seul le premier objectif sera

a

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

. IEurof
+ (GES) de I'Union européenne ont bal
selon des chiffres publies mardi 3 juin Iropéenne pour
WAEE). Fin 2012, 'Union plus de 10 %
ons de gz b offet de serre par rappont pux niveaux de 1090 oy ey

a

ment plus que prévu

on vingt an;

renvironner

ropéenne

Nouveau record des émissions de
CO2 en 2013

nent §a. Soyez is premisr parmi

La hausse des émissions de dioxyde de carbone (CO,) se poursuit a un rythme
effréné et coincide avec le plus pessimiste des quatre grands scénarios de
développement iImaginés par la e ommunauté scientifique.

Dimanche 21 seplembre au soir, le Global Carbon Project (GGP), un consortium
dlorganismes de recherc he internationaux de référence, a rencdu public le bilan des.
émissions anthropiques de CO. pour l'année 2013 et confirme que celles-ci sont
hers de contréle

£n 2013, la combustion des ressoure es fossiles (pétrole, gaz, charbon) et les
cimenteries, ont a6 milliards de tonnes de GO (GICO;), en hausse de 2.3 %
par rapport a l'année précédente. Guant a la déforestation, elle a conduit &
Iémission de 3,3 GIGO;. Soit un toial de prés de 39,3 milllards de onnes du
principal gaz & effet de serre émis en 2013 par Thomme. G'est un nouveau record
qui est battu, en dépit d'une augmentation en dega du niveau moyen des années
2000, soit 3,3 %
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En 2013, les catastrophes DON’T PANIC.
EVERYTHING IS

naturelles ont déplacé trois fois
plus de personnes que les conflits
R CONTROL

In the atmosphere...

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

—Population totale
Population rurale
—Population urbaine

Taux de croissance moyen annuel 2005 - 2015

[ o W W[y

Nombre d'habitants estimé en 2015

2041

1961 1971 1981 1991 2001 2011 2021 2031
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... more and more energy needs ... exponential growth ...

Gtep 12 Hydraulique
Total en 2010: 11.5 milliards de tep
(stmation du tta depuis 1360435 Giep) Produced belore 2000
Nucléaire 2000 2025
10
Gaz
s
2025-2050
6
Pétrole
4
This smount of gas must be discoversd and produced betwssn the yests
2 Charbon 2075 and 2100 i the world's gas consumption continues o grow at the
current rate of 2. percent per year
1860 1870 1880 1890 1000 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010
B T oy Ly A
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... for growth, fossil energy is great ...

AN

A

... But not eternal ...
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Global warming and the greenhouse effect
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Global carbon dioxide budget (2010)

Global land & ocean temperature anomalies (1880-2014), Jan-Oct
0.8
[Itemperature anomaly

9.1£05 PgC 5002 PgC
50%

—10-y average

2.6+1.0 PgC y'|
+ 26%

okl a b i of
o somporans

Anomaly (C)

24%
2405 PgC

oo s ot

0.6
1880 1890 1900 1910 1920 1930 1940 1950 1360 1970 1980 1990 2000 2010

(Gl Catoon rfc 201, Upda o Le Quért . 2008, ot GosdnceCarasl . 2007, PYAS

Global land & ocean temperature anomalies (1880-2014), Jan-Oct .
08 Global air temperature per decade from 1850 to 2010
CJtemperature anomaly Warmest years
06 —10-y average 2014 ) ) ) )
oeE— + ! ——|
04 Decadal average
. 0.4f- -]
. -
= 02 ol -
'2‘_ 02
E
2 0.0} e -
L] J——
0.2~ o —
0.4}~ —— -
06 -
os i A ; i
1880 1890 1900 1510 1520 1530 1940 1950 1960 1970 1980 1950 2000 2010 1850 1900 1950 2000
IPCC, 2013

Changes in Temperature, Sea Level
and Northern Hemisphere Snow Cover

Origine anthropique
?

o G e s ; e
. o 3
oot _ Global
g s ; '
-os| ;
g © -
8 oot g 10 o
L ) g
g | 2
g gio= =
g S ool oo
§ - g
3 E
B [hecesene E . Jl
4 1900 1950 2000
% Year =
| ___E —

Yoar

10



9/01/2015

B Draprés Petit (2003)
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KEEP
CALM

EVERYTHING

IS UNDER
CONTROL

(a) Increase in mean

Fewer cold extremes -’

More hot extremes

Cold Average

Hot

Temperature

(b) Increase in variance

More cold extremes .’ More hot extremes

Average Hot

Temperature
(c) Increase in mean and variance

'Fewer cold extremes_~~ ™

More hot extremes

Cold Average

Hot
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Crop yields in a warming world
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Global fossil fuel CO, emissions

Fossil fuel CO, emissions vs IPCC scenarios
Emissions are heading to a 3.2-5.4°C “likely” increase in temperature

2013-2014
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S 37.0 GICO, 1007 _ 51000 pom COeq
= - 720-1000 ppm
8 34 25 g0{  se0-7200m
= 2000-2009 » Q 480-580 ppm
S a2 +3.3%yr 2012-2013 £g 430-480 ppm £
2 o +2.3% £=%
c 30 SE
k] % S | 2014 Estimate N~
@ o S 401 Ll >
S8 P
E 19901999 29 Vs -~
26 +1.0%Iyr £S i
@ y E S 200 \
o w i \
Q 24 Historical emissions
o ol =
224 ——— RCP26
ot i o 09-23°C
1990 1995 2000 2005 2010 2015 -20 4
GCP, 2014 1980 2000 2020 2040 2060 2080 2100 GCP, 2014
Fossil fuel CO2 emissions (territorial)
& 57%
8.8 tons CO,
5 s
=
‘;‘2 Annex B
Q 4 Developed Nation
2
51 37%
2 3
i)
E Developing Nations
~ 34% Non-Annex B
(@]
o 1 6%
" b
4% International Bunkers
= .
1990 1995 2000 2005 2010

8.8 tons CO,

7.1 tons CO,

%%/Ljﬂ%wmw TN NN

14



9/01/2015

Emissions fluxes in trade (Mt C y')
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400 200 0 200 400

China’s CO, % of global emissions

30

% des émissions globales

o i, 2012 1950 1963 1967 1971 1975 1979 1943 1967 1991 1995 1999 2003 2007 2011
BELGIUM
70
Territorial Emissions
8.8 tons CO, 7.1 tons CO, Consumption Emissions
s0
s0
a0
o
H
5.9 tons CO, s0
20
10
1950 1963 1967 1971 1975 1979 1983 1987 1991 1995 1999 2003 2007 2011
BELGIUM BELGIUM
70 70
Territorial Emissions Territorial Emissions
Consumption Emissions Consumption Emissions
0 s0
+46%
s0 s0
40 a0
o o
H H -
0 . 30
-8,6% -8,6%
20 20
10 10
o
1550 1963 1967 1971 1975 1979 1983 1987 1991 1995 1999 2003 2007 2011 1950 1963 1967 1971 1975 1979 1983 1987 1991 1995 1999 2003 2007 2011

15



9/01/2015

Emissions de CO, dues a la combustion
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DELHAIZE

Vivez comme vous voulez.

Variations autour de NOUS et
notre assiette

17
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16 000 km,
Pour le transport aérien...

100 g par personne,

Soit 10,2 kg de CO, pour 8 personnes

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

Land use in 1973

Land use in 1989

18



9/01/2015

Land use in 2009

19


http://upload.wikimedia.org/wikipedia/commons/a/ad/Leefgebied_springbok.JPG
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/‘ \
el > kL)

‘4 Carrefour

La magie des fétes : . l
i
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Rable de lievre

Amérique du sud
| 1

Rable de lievre

Carrefour

Lamagie des fétes

Vos fétes mo

ez Amérique du sud

L3

s chéres

c’est notre cade
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3200 km, pour le transport aérien...
100 g par personne, P,
Soit 2,1 kg de CO, pour 8 personnes

11 300 km,

Pour le transport aérien...

200 g par personne,

Soit 14,5 kg de CO, pour 8 personnes

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

1500 km,

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

Vos fétes moins chéres c’est notre cadeaut W% Vos fétes moins chéres, c'est notre cadeaut

ire

22
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SALADE DE FRUITS

117000 km = 3 x le tour du monde

DISTANCE TOTALE CUMULEE ENTRE PRODUCTION ET ASSIETTE :

=& 2D cop” [l

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

I~ fod N @ v el

Colt CO, des transports

1800 e

1600

1400

1200

1000

EMISSIONS DE CO2 (g) par tonne.km

avion

World map
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World map: population World map: fruits imports by air

CHANGEONS
NOS
HABITUDES!

Les sacs en plastique a usage unigue
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
votre carfe-plus avec Brussels Airiines.

24



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

Embouteillages record au cours du Canal Infos
mois d'octobre

CANAL SPORTS
CANAL YQU

CANAL SHOWBIZ
CANAL FINANCE s

Eabilied 4,800 kiomatras peur 1a semaing

TELEVISION

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
Nos Réseaux et Pr
Lo forces de Pafichage

JCDecaux Innovate

JCDecaux Airport

Expert area
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L’affiche est toujours la... 7j/7, 24h/24...
partout, souvent, puissamment.

JCDecaux The new poster generation

Nos Réseaux ot Prodults

JCDecaux Corporate '”
s b de Faichogs | L}

JCDecaux Innovate
JCOecaux Alrport
Expert area

CHANG

Z LE MONDE
SANS CHANGER LA PLANETE

999 de CO,/km

Nouvelle Lexus GS 450h
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Febiac
Voitures et environnement (2008

La semaine du 11 au 15 octobre [2010], un maximum de 6078 km
d’embouteillages pendant I'heure de pointe...
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World map: population World map: air passengers carried

“The situation is under control.
Go back to your cabins.”
Officer aboard the M/S Costa Cor

Case study # [2]

KINSHASA (DRC)
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Case study # [3]

DJIBOUTI

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

NOUAKCHOTT
(Mauritania)
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15/02/2005

19/02/2013
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Thanks...
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