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INTRODUCTION - WELCOME MESSAGE

In 1993, the Department of Meteorology and Climatology was pleased to host in
Thessaloniki the MI" Conference of the International Association of Climatology (AIC).
Twenty-six years later, it is a great pleasure for our Department to host again, the XXXIlIth AIC
conference, from May 29 to June 1, 2019. Nearly 110 researchers coming from more than
twenty different countries are participating in it. The conference includes three invited speeches
and almost 100 papers selected by the scientific committee of the AIC to be presented in the
form of oral communications or posters.

The main theme of the coménce is:Climate change, climate variability and riskBhe
climatic system, the interactions among the atmosphere, hydrosphere, cryosphere, lithosphere
and biosphere, has long known anthropogenic disturbances. Therefore, the theme of climate
change is th subject of several sessions of the XXXIIth AIC symposium, and as a result,
numerous works have been proposed.

The African countries are powerfully represented in this conference since nearly fifty papers,
have as their domain of studies eithergtbtropical latitudes or the low latitudes. This reminds
us that climate changeand moreover climate variabiligby the amplitude of the phenomena
as well as the vulnerability of the populations concerned, often have a major impact in these
countries.

Climate variability and Risks are twather strong themes of the conference. We remember
for this purpose the heavy annual, seasonal, monthly and daily rainfall encountered throughout
Greece during 2014, the exceptional "cold snap" observed in northexoeGrd the Balkans,
in general, with huge quantities of snow during the month of January 2017 and more recently,
during the heavy snow winter of tlpgesent year. Agriculture isne of the most important
aspects potentially most affected by climate chahgeneeds to be analyzed not only in terms
of average change but also because of its variability and extreme events. The local or regional
impact of global climate change is a considerable challenge that requires the implementation of
original methodolomps to illustrate the consequences observed in many human activities. A
significant number of the proposed papers deal with this subject.

Other topics were also discussed during this conference, such as atmospheric circulation,
urban climate and atmospherpollution, teleconnections and finally climate modeling
promising important and fruitful discussions on these topics.

During the excursion which has both a scientific and cultural character, we will visit, on
Saturday, June 1, the archaeological musetiMeogina. It is an extraordinary underground
museum organized around the Macedonian royal tombs and an artificial tumulus. Then an
amazing visit will take place at the house of the ancient gods of Greece. Stunning views, lush
forests and an archaeologicsite to remember are the ingredients of an unforgettable
experience. The tour will continue to the traditional village of Litochoro, when we will have
time for a walk in the enchanting Enipeas Valley, on the lower slopes of Mount Olympus,
before returningo Thessaloniki.

Moreover, we would like to thank sincerely all those who helped to implement this event,
and especially our students for their role in the heavy task of preparing the proceedings. Without
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the financial and logistical support of the resdaand administration committee of the
University of Thessalonilas well as the Dean of the Faculty of Sciences, this conference could
not have been held. We also thank SCIENTACT for the financial support it provided to our
symposium as well as to the Rt Embassy and the French Institute in Athens for the funding
of the invited conference given by the French climatologist Joel GUIOT.

Finally, it is worth mentioning that the articles published in the conference volume have been
reviewed by a scientificanmittee of the conference. So, our warm thanks also go to the
members of this scientific committee from twelve different countries (Belgium, Brazil, Canada,
France, Germany, Italy, Lebanon, Romania, Switzerland, Tunisia, Morocco and Greece) who

acceptedd evaluate critically, the submitted articles, contributing to the quality of the papers
presented.

We wish to you all a fruitful and interesting conference.

All the best.

Konstantia Tolika, Christina Anagnostopoulou and Panagiotis Maheras.
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STRATEGI ES D 0IGNDARRANGEMENT CL IMATIQUE
ET SECURITE ALIMENTA IRE DANS LA COMMUNE DE
TCHAOUROU (BENIN)

ADETONA L. (1,2), VODOUNOU J.B.(1,2) et GBADAMASSI F. (1,2)

A)D®partement de G®ographie et Am®nagement du Territo
adetonalucs5@gmail.com

(2) Laboratoire ds G®osci ences de CAEnheogr aphieefaddoueBPeld®ei t ® de
Par ak oy yvjea@co@naoo.fr

RRsumBette ®tude analyse |l es strat®gies dbébadaptation

alimentaire dans |l a communm tdreed chlaiomatoiuquéedam@l ysico o
de 1986 °~ 2015, est appuy®e par | e test de Pettitt, e
déindices déanomal i es climati ques LéslidvEpatiorstsocid e coef
ant hropol ogiqgues ont per mis doé ®yvlLatendance climatigue méntreune®gi e s

| ®g re augmentation des pr®cipitations (+1.05 mm/ an)
(49 %). Latendanceanu el | e des rendements du maps et dobéigname m
Mais ces rendements varient en fonction des conditions climatiques e®socion o mi ques de chaque
am®l| i oration des r ende me niosmise entplace pae leseagrigultesrs rl abta® ipe s och
de cultures " cycle court (89 %) et |l e semis multiple

Motsc | @ angement <c¢climatique, s®curit® alimentaire, bi o

Summary: This study analyzes adaptation strategies to climate change and its impact on food security in the
commune of Tchaourou. The analysis of climatic parameters (rainfall and temperature) from 1986 to 2015 is
supported by Pettitt's test and Hubert's segmematit was supplemented by calculations of climatic anomaly
indices (IAC) and the correlation coefficient (r). Seaiathropological investigations made it possible to evaluate
peasant adaptation strategies. The climate trend shows a slight increaseipitption (+1.05 mm / year) marked

by a preponderance of surplus years (49%). The annual trend of maize and yam yields shows an increase of
14.77% per year. But these yields vary according to the climatic andsooimmic conditions of each year. This
improvement in yields is due to the adaptation strategies put in plafzrbgrs :the adoption of shoitycle

crops (89%) and multiple seeding (83%).

Keywords: Climate change, food security, biodiversity, peasant knowledge, Tchaourou.

Introduction

Ler ®chauf fement gl obal est uneeO00M&nace®t gdav el
l es sc®narios climatiquesmenhti®squéeéndemeot sz
changements climatigugsont entra”  ner une baisdesmincipalessi d®r
culturesen Afrique subsaharienne (Zhaet al., 2005), notamment le manioc26 %),
| 6ar £ hi e e 111%)alomquelss pdpulations de la plupart de ces pays africains
doublerontf(UNFPA, 2011).

Beaucoup de travaux ontamtr ® | e <caract re ®®oabmthnées e
cli mati queess a®@t uBdRensilehem®ad Agdn on NaPANA)n a l do
dans | a zone cotonni re (Zone 5) ont montr®

confront ®es aux effets du changenhean ts ®clhienraetsi:
pluies tardives et violentes, les vents violents, la chaleur gxcese et (PB\NAp ondat i
2007) . Cette situation pr®occcupante remet e
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productivit® et oblige ~ r e v o i(Albert eé Springet,r at ®g
2 0 0 4 par Kateet &.2015)

Cet tdee ®tduseel yser | a perception des agriculte
sur |l a production agricol e, et |l es strat®gi €

la commune de Tchaourou.

La commune de Tchaouraui tauceéntreestduB ®in (figure 1) est o c a¢ n ts®e 1 A 58
et 3A 0906 Est et eehcouvreuneBshperfice @&22knt. 9A 416 Nor d

Elle est fortement influe®e par | soudahienattt s urd®parti ti on p
favorise | es cullltaug eggué€ Iclyicd reasmd oentgsl € emani o0c
guantit® et fait dopgayslkgaretlale2018).Lean ipeorp u'l attui boenr,c u
"223138habi tants en 2013, est compos®e en major
%)etdeNago (15,8 %) respectivement agriculteur:

vssiEE z2e Zasase yowE
TR i h 2ol
7 N\weer |7 “A}\L COMMUNE
BURKINAFASO Y, DENDAL ‘5

_Biobirikiri
&

/ commune ¥¥ COMMUNE
(Koo DE PERERE

PARAKOU || Weria
bou

)
Kika YKika l¢  Kpari
Gounigho

N >| DEPARTEMENT ( Agramarcy
B DELADONGA

3z DEPARTEMENT DES COLLINES 0 0
Source : Fond topographique IGN 1982 (1/200000) e e
T T

rseIEE
Légende
o Chef-lieu de Commune — Limite d'Etat ~~~~ Cours d'eau permanent
Realisation : Adétona
LaboCarto FLASH/UP, juillet 2017 Chet-lieu d' Limite de D = Route bitumée

*  Vilage et Hameau Limite de Commune Route non bitumée

Limite de forét — Rail

Figurel1Si t uati on g®ographique de | a commune de

Le secteur est caract®ri s® plags diews®s 0’1 se mgo |
de profondeurAu s si s o6y t r o esvselsfdrralipgaes et bydrdnmmoph&esssolsd
sontfave abl es aux adtviexi tu@se a @®rgiGhcHr@iEEIessentani N ® e
v ®g ®t al eRarkiabigiobogs, Vitellariaparadoxa, Daniella oliveri, Tamarirgindica,
Khaya senegalensis, Afzeliaafricagfboudou,et al.2015).

1. Donn®es et m®t hodes

Les donn®es: ultal plk,®eato ml®dn tci ol M peRmd tABdaCIHIA |
une p®r30cadsedeld®e8 6 et | BtdtiStiques agricoles coll&ke s seceewr
communalde ®v e | o p ayecolegSCDA)surlap ®r i ode di& 2003 ° 20

Loi ndi ce Lanou (ilmMdBi2cce doéanomal ies standardi
caractb®@viodant ilon daul z oprgsvidem®tdri Tdt®tree nm@tsh am
| 6avantage de mettre en ®vidence des ann®es

exc®dentaires et | es ann®es moyennes O0OU nNnor
. . xi— & A~ . .
r®dui t e expr|m[ﬂﬁ=p;gaveafloa®qvuaaltewrn de |l a pluvio

| 6 a it al@®wakur moyenne interannuelle degal uvi om®t ri e sujrs(xf a p®r
val eur i nt er dypedelepluti ® miPPe rli @E®csanrt | a p®ri ode ®t
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Afin de confirmer | a v gledtests dedPettittetlde Buisland®t r i
puis la segmentation de Hubert @t ® & Cestésk sta@istiques permettent de mettre en
®vidence |l ess®Ruptesrehrodans olgesues de plui es.

Ensuite les liaisonsp | ui e/ rendement ont ®t ® effectu®e
c o r ro®(r) det Bravaid’earson (Dib{angah, 2010y u i montre | O(posigf | eur e
ou n®gatif) de @&uledréndeament§s Il s eadculepdr laformude :

covixy)
R, = 220xy)

=y T+

Les informations s sues d&Gdceamtulint®@msol ogi quesont ®t® r e
partici patagvrei cauwlptre usrdse sen t en anavoirawomomsd® de c

ans et avoir pratigu® | dagriculture pendant
% dohommes et 40 % de femmes) ont ®t® senqu°t
informations recueillies ont permis doéobteni
climatiques et | es strat®gies doéoadaptations

De plus, Fe6eodi de densens uspaiHeifirichetadal®o8ur ( FC
Canale=t al., (2005, Vodounou(201§ a ®t ® caldwudpRepr @di ear plea nmiis

consi stance des i ndicateurs de changement ,
climatiques. || €F@FE EE?,:_%EI avec NU® : nonabre riee citagians dans

chaque cat®gorie doéindicateurs (Nd:eombradenge mer
variantes dans chaquea t ® g ovaleuedu FQl garie entre 0 et 1 et indique un consensus
®l ev® | or squodi | etal.eoll; Vadeunog 2016). ( De mb ®1 ®

2. R®sul tats et di scussi ons

2.1 Perception des agriculteurs du changement climatique

Dans la commune de Tchaourou, plusieurs indicatenasifestes deshangements
climatiguesont ®t ® ®v oqu ®s p jastifierllagpsturbatgpm des saisonsede r s p
pluies (Figure 2)

L®gende
m ReP
uPel ReP: Retard des pluies
9% PeB: Pl uviosit® en ba
11% " ADSP RDAP:Raccour ci ssement
BAPP saison pluvieuse
= DiR APP:Ar rprt®coce des pl u
% EAP DIR:Di mi nuti on de | a
EAIS FAIS:Fr ®quence de | ' av
AgP:Agr e s des pluies ®
AgP
Figure2Fr ®quence des indicateurs de d®r glement cl i m
Léanal yse2ndoentlrae fguweurseur | 6ensembl e des hui't
climatiques enregistr®s ° Tchaourou ceux con
plus observ®s avec (21s ReP) aveci(®i%) puis arie ear d
raccouc i ssement de sonpluviduge (1Bé0), énsultdaa baaisse (Pe | a p
%).La date du d®marrage et | a fin de | a saison

de la saison pluvieuse par &griculteursL a ma ¢ees praddte®rs agricoleaffirme que la
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dur ®e actuelle de |l a saison pluvieuse est de
ans.

Le changement climatique e | g upar les @apulatione s t as smsgues® a u x
climatiques sui wadnutss |:0nsg®eu eenceplsuscha ®quent e
inondation plus fr®qquente, r®duction de | a d
de la fin de la saison de pluies.

2.2 Variabilit® climatique

L6O®t ude de | a vadrei alba Ipltuekviionm®trrainen ueetl | ke t e
permettent dbéappr ®cier | 6®vol u-t2016(figurd®. | a pl u

300 +

[ ]
=]
o

I

Anomalies centrées
réduites
Pluviométrie (mm)
=
(9]
[w]
1

W O o™ N 00 = = ™~ O 9m

E 883 88 8 8 38 8 30 1

L T B B . B o IR o Y B o I o I o | 0_

Années JFMAMIJ JASOND
s Anomialies (SPI) - Moyenne mobile sur 5 ans Mois

Figure3Variabilit® interannuelle pluviom®triqgue ¢
Léanal yse déarldisp@®depisttaatni ons rd®y hbhen@®eae
d®f i citaires et exc®dentaires. En efqemce , | a

®l ev®e des (alnbn ®emsn &e sc he®&f i ci taires soit 53, ¢
variabled 6une ann®e himandena’l | e e0n &gHR) et une baiszk e
des ann®es humides (14 ann®e B3 3e.Xc@®@atetrd4adfi m@cu
®l ev®e des ann®es s ches et | a baitdgiasndelades an
s®cheresse, IcGadgqruiic wul tplerrd udadMm®s | a commune.

La moyenne des hauteurs pluviom®triques an
L'ensemblades test¢Hubert,Pet t i tt et Bui shand) confirment |
Cestestsaccepte | " hypoth se HO deet" sl®r i gr occh® dounr
segmentation ne propose pdsd ® c o uQoea gre®s ul t at vient i nfir me
(agriculteury ont “d ®crloapro® des pluies Ceditea vis®rs dmgriculteursqui
parl ent de reduction de |l a quanrnrita®i deas spl 6i
des p®c.Optratil dnsastabilit® pl pWram®t reicouet ilt
contrainte aux agriculteurs (figure.4)

Minimale & Moyenne SmEEEE Maximale ——— Tendance linéaire (Moyenne)

3,00 y=0,0719x-1,1497
R2=0,3399
1,00 o

-1,00

Anomalies de
temperatures

-3,00

Figure4Variabilit® interannuelle des temp®r2015ur es mi ni
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Léanal yse 4ddeontré ane teridaner € | a hausse des t emp(
moyennes et maxi males. La tendance de | a tem
l e test doéHubert effectu®e, | a proc®dure de
ai nsi | 6al ternance e2002r 2003220¥0cet 2801201® rdonb @ s d e
moyennes sont respectivement de 27,24 AC, 28

Lébanal yse dé al p®wuwwli wm®ad m i cceoetet wdreel Aot eenp®ak
interannuelle

2.3 Changement <c¢limatiqgue et production agr

La mise en corr®l ation des donn®es de | a pl
et du maps s t2r0 ll5a i m®@ri igaucee que9d9 a modi fi cati on
positifsur | es rendements de | 6i daissendes hauteurstdala ma p s
pluie influence n®gativement | es rendements

9410 kg/ ha en ).En02015 pepdant qud lad ipd nuainee e st d®f |
rendements de | 6ignamedwesmenfis|l a bausse.tRadi .
l a pluie nbest pas |l e seul factyaaussdi® asud e gtsi
facteurs d®terminant s p®dgeletdestachngeesrd e ment s, t

2.4 Strat®gies dbéadaptations

Lesagriculteursut i | i sent di ff®rentes strat®gies doba
d®fi s que | es changements <climatiqgues posent
entreautres | a modi fication du caluén dcleemuit, lesyr i ¢ 0|
semis multiples] 6ut i | i sati on dels6édwegmandt staindrs dcerilma q
doi gnlabneedopti on de nouvelles wvari ®t ®s ou de
techni gues de clLatetleurrcehse aosus ol cO aRdeospetsi 0 {3 odyisgsl ec uc o
est | 6adaptation | a plagrsultearg8® %) a ils ®at cqntaamts | a me
doabandovnareir®tdikess ~ ¢ yle ksemis mudtiplg est(ladseconaa nsejlleure
straddéRegdeept ati on de | dagricultur e agricdteucshanger
enqu°t ®si. Cernddiest e ° produire deux ou trois
parcell e. I'l est ainsi obser vidRu |nébdpsissgoande at i o n
morelle.La non fertilisati oagriadiewss sat sl aseoude® ¢
chimiqueset il s ont aussi cherch® ° adapter | es ¢
Outrecesst r at ®gi es, | a mas$ b r bde@nodfi@ d¢eur gatendriec u |l t e u
agricole. Le tableabpr ®s ent e | e calendrier agrpouclesl e sui
cultures de. mapus et i gname

iy iy,
s

Rz limiteau @

bas-fond

Zone : Zonemon ! Zone i Zone : Zone : Zonenon :  Zone
pluviale i inoudable : inoudable iengorgée : inoudable : inoudable : pluviale

Figure 5 Distribution selon la topographie.
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Tableau 1Calendrier agricole actuelle

Act v Labour Semis Sarclage R®col t e
Ma u s Mai / Juin  Mai / Juin Juin /Juillet/  AcAo %t | Sej
Novembre
Igname Octobre/ D®c e mb r Auvril/ Ao %t |/
D®c e n Juillet Juin D®cembr e

Conclusion

les changements per-us au niveau des paran
di ver sement appr ®ci ®s. Si certaines opinions
sont contraires auex droDiRREa Dicsdo GUadalsy Dds er
au niveau des param tres climatiques, surtot
au niveau des populations | ocales qui ont al
leursc 0 n s ® q Paunleseagriculteurs, les chamgnent s cl i mati ques son
bai sses de rendement agricol e, de fertilit®
inondations, de | 6endettement des paysans, d
pays | i mitr oepshteast,i odne dlea |lda®fboirodi ver si t ®. Fac
s®curit® alimentaire de | a population | ocal
strat ®gi epodidacheaptratitor | l®anemwdementesaqesaa
perfectibles afin de r®pondre aux enjeux d®c
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FUTURE EXTREMES TEMP ERATURE AND RAINFALL : TRENDS
AND CHANGES ASSESSMENT OVER THE MONO RIV ER BASIN IN
WEST AFRICA

BATABLINLE L. (1), LAWIN A.E. (2) et CELESTIN M. (1)

(1) Institute of Mathematics and Physical Sciences, University of Abomey Calavi,|Bataih982 @yahoo.fr
(2) Applied Hydrology Laboratory, University of Aborr@glavi, Benin

Summary: This study assessed the rainfall and temperature future trends and changes over Mono river basin in
Togo, under the highest greenhouse gas emissions scenario RCP8.5Ketedhal trend test, ThéiSends sl ope
estimator (b)), ealmdge metHods tverevadopteddar data antlygsig. €hanges from the baseline
period (19712000) were computed for distant future (2€7100). The maximum and minimum temperatures
(including extremes) and rainfall (including intensity and frequency indice®) avealysed. As results, the future

trend indicates the mean annual and seasonal rainfall (only rainy season) increase (positive trend), and reduction
(negative trend) for the stations considered in the basin. Themoltd e | 6 s ensemb| eofgpfheedi ct ec
rainfall and an increase of maximum and minimum temperatures. Concerning the intensity and frequency indices
such as, consecutive wet days (CWD) and the extremely wet day (R99P), the results show a decrease and an
increase, respectively. Finallggsults predicted also an increase of TX95P (TX5P) and TN95P (TN5P) over Mono

basin in Togo.

Keywords: Temperatures, rainfall, trends, changes, Mono river basin

R®sumd@tte ®tude a ®valu® | es tendancetsemp®d ®&tsurcdsa ndan

bassin de |l a rivi re Mono au Togo sous sc®nario RCPS8.
pente de Theie n ( b) et |l es m®t hodes de variation en pourcel
donn®es.gelmesntcshegmr rapport =~ -200a0 Op)®roinotd e® gdael ern®fn®&r e@tc®
futur lointain (20732 1 0 0 ) . La tendance future annuell e et saisoni

et |l a r®duction pour lebassn Lsa maénnedessnubadn $ ied®PO®s i d amd e
des pr®cipitations et une augmentation des temp®rat
déintensit® et de fr®quence de pl ui etrtardesmeque hluens dje
resultats montrent successi vement une augmentation e
augmentation de TX95P (TX5P) et TN95P (TN5P) dans le bassin Mono au Togo.

Mot s Tcelngps®r at ur es, p r ®abhangements,tBassimMono t endances,

Introduction

People are already feeling the effects of climate change across Africa. Changes in
temperature and rainfall have affected the health, livelihoods, food productivity, water
availability, and overall security of th&frican people. For example, tidrican continent that
was particularly hit in 2007 by floods which affected more than two million lives in the Central
and Eastern parts in January, and 2.6 million victims in a large region from west to east in July
and August of the same yedwade et al.,2009). It is thus common that the developing
count r tHineand poputations are likely to be affected by factors related to global
warming, as West Africa one of the regions in the world that are most vulneratimatec
change. This is particularly true for rural areas in West Africa where agriculture is the most
prominent instrument for securing income and overcoming poverty. For the specific case of
Togo, according to the report of Togo Republic in 2009, floddsughts, late rains, high
temperatures and high winds, are the major risks in the country. It should be noted that among
the latest climatic events, flooding takes precedence over other risks with its share of material
damage and loss of life. It is becmm more and more dangerous across the whole country.
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Activities which are most exposed to these risks are farming, livestock farming, marketing of
agricultural products and market gardening. Mono river basin, which is our study area, has not
been sparedyithese events (batablinle et al., 2018). We noted that in the large part of the Mono
basin in Togo rakifed agriculture is the major source of livelihood. Therefore, it urges to
conduct studies climate change projection in Togo in order to take adapteasures to
accompany the communities in their development. The aim of this study is therefore to project
future trends and changes in rainfall and temperature in the period2@0OLusing multi

model 6s ensembl eof r egi on alunderltheightst emmsod e | s |
scenario (i.e. RCP8.5). In the analysis, the climatic variables include daily minimum and
maximum temperature and daily rainfall.

1. Study area location, data and Methods used

1.1 Study area location

Located on the coast of thaulGof Guinea in West Africa, Togo (TG) has a surface area of
56600km2, bordering the Atlantic Ocean in the south, Burkina Faso in the north, Benin in the
east, and Ghana in the west. The Togolese population was estimated at 6.3 million inhabitants
in 2007 according to the report of UNDP in 2007. The main important rivers are Oti, Mono,
Kara, Keran, Koumongou, Anie, Zio and Haho. Mono basin, which is the study area, is located

in the Gulf of Guinea region, mor e Randci sel )
20A25 E (Figure 1). Within the West African
rainfall in the study area. I n southern basi

which extend from midMarch to midJuly and from midAugust to October. In northern basin
(from 7A30 N to 9A20 N), there is one rainy
population of the basin is more than two million, with an annual increase of 2.9% (Lawin et al.
2019). In the south of basin, shpopulation has as main activities, agriculture (mainly rain fed);

in the lower valleys, fishing and salt farming are the major activities.

Figure 1. Study area location and considered statiéms ¢esBatablinle et al.2018)

1.2 Data and methods used

In order to develop future climate change projections over Mono river basin, the most recent
Regional Climate Models (RCMs) provided by the CORDEX Africa were used. These models
use different emission scenarios-cadled Representative Concentration Patysv(RCPSs)
which provide different assumptions of greenhouse gas emission pathways. We made the
choice to download the values of several climate variables of eight models available in a spatial
resolution O0.44A or 50 km. T haons Qi@ FoDrid Xat d o ma
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