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Résumé

3DUWDQW GX FRQVWDW GG XXpiHidativheEdOre lifmi @ dhnésszipnatidues W
en économie du développement, cette thése propose une exphoigat@e a la formacrééconomique
et micr&conomique des données climatiquesrégitenda un double objectif consistaBt- XQ HAaSD U W
enrichir les connaissances concernant les données climatiques en fournissant une nouvelle base
données mondiale directement expl@taBlDU OHV pFRQRPLVWHV G-DXWUH S
H[SORLWDWLRQV YDULpHV HW j GLIIpU#é gameHvoppsekuhddisatibv GH O
macroéconomique des données climatigllesdoit permettrene meilleure appréhension des données
climatiques mondialed) ILQ G - D BgsOdomhbidsdhces sur les caractéristiques du changement
FOLPDWLTXH Gu& €coRigqa@EW.eG&haplifeproduit une base de données climatiques
disponible pour prés de 200 pays au niveau mensuel pour lalpéfode 6-DSSX\DQW VXU FH
travail, le chapit® propose une utilisation originale de la base en consturisamlicateur de
YXOQpPUDELOLWpP SK\VLTXH DX FKDQJHPHQW FOLPDWLTXH SRXY
O-DGDSWDWLRQ DX FKDQJHPHQW FOLPDWLTXH /D VHFRQGH S
microéconomiques dont le bbtVW G-DQDO\VHU OHV UpDFWLRQV GHV DJHQW
deux chapitres, les données pluviométriques pallient le manque de données concernant la productic
DJULFROH $X QLYHDX GX PpQDJH DI FRIQWYE XDHIRABHR G HX © KBS
EDLVVH GH OD SOXYLRPpWULH VXU O-pWDW QXWULWLRQQHO G|
UXUDX[ Q-RQW SDV OD FDSDFLWp G:-DVVXUHU RX G-DEVRUEH!I
céréalier ensuite,deapitre V-DWWDFKH | pMdex @ikatda OrochopiluiFAdkhEtR(De et met
en évidencd® D SUpVHQFH G pariztlieeserf 3uOdesvraRig@sintégrés ele petite taille.

Mots clés: changement climatique, choc pluviométrigld, VW qPH G:-LQIRUPDWLRQ
vulnérabilité, santé des enfants, g@#iéalierbulle spéculative, sécurité alimensirng estimateum-
TAR, Markov switching ADF.
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Introduction générale

Introductiongénérale

Ces dix derniéres années, le changement climatique et les récurrentes crises alimentaires mettent a
O -DWWHLQWH Milldnairgbw ld B&valdppe@e{®MD). Leurs conséquences économiques,
humaines et socialdsappen en pemierlieu des populationsaulnérables. Entre décemBfd1 et
mars2012, les prix mondiaux des denrées alimentaires ont augm8/te adeentuante risque
G-LQVpFXULWp DOLPHQWe payslinprtateurOde ¥est R 0C D W\ FOOHME® SS R U
Price Watch de la Banque mondiaeil 2012) En 2010, les catastrophes liées au changematitjake
ont touché environ 304illions de personnes$ grovoqué le déplacement deRRCOOLRQV2G:-LQGI
majoritairement situés dans les pays en développement. Aussi, une analyse des situations de cri
écologiques eatlimentaires, umaeilleure compréhension des conséquences du changement climatique,
des mauvaises récoltes et de la hausgwixieont prinordiales pour permettre le développement
économique et social des populations paumestfet, O-DQDO\VH GH FHV FULVHV GRL'
OHXUV LPSDFWV OHXUV RFFXUUHQFHYV HW OHXUV H[SDQVLRQV
YHUV OHV SRSXODWLRQV OHV SOXV H[SRVpHV &-HVW SRXUT)
mondiales actuelles commeaédmoignentOHY QRPEUHX[ UDSSRUWY G-RUJDQLVD\
sur ces thémes ces cing derniéres années. CitobsHa & -H[HPSOH OHV WUPBD X[ GX
,QWHUJRXY HU Q¥wRtHrQdY CIdnafHEC),deq édition2008 et 2010 du Rapport ser |
Développement dans le Monde de la Banque mondiale, respectivemenecpngaci@ JULFX OW XU+
changementimatique ou encore les Rapports du Programme des Nations Unies pour le Développement.
Une bonne appréhension de ces phénomenes est une des chevilles ouvriéres du développement. Or ce
FRPSUpKHQVLRQ SDVVH QRWDPPHQW S xtiyue, dd pRiOdR pMs BaNIditeeQ G -
en économie du développement.

'"HV LQIRUPDWLRQV FOLPDWLTXHV SUpFLHXVHV HQ pFRQRPLH

Les récentes étesl sur le changement climatiquees crises alimentaires mondiales ou régionales
positionnent les d@QQpHYV FOLPDWLTXHV FRPPH XQH VRXUFH G:LQIRL
développement.

1Rapport Food Price Watch, A2012, disponible sur le sitéernet
http:/siteresources.worldbank.org/EXTPOVERTY/Resources/3368811966520397/Fod@rice WatchApril-
2012.htm

2 Source site hternet du Programme Alimentaire Mondial, rapport de riférence des parties de Durban,
publié le 6 décembre 2Q1ittp://fr.wfp.org/histoires/7-faitssurlafaimetle-changementlimatiqueconsulté en
janvier 2012.
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Les conséquences économiques du changement climatique sont abondammeRagkidiassr
1995, Nordhaus et Boyer 20@@Carthyet al2001  $I1L Q G lgs\iE@Hropactdu phénomene,
les données météorologiques sont essentielles. Elles permettent de caractériser le changement climati
H Wap@éhendetes conséquences de ce dernier. Ainsi, différents indicateurs de vulnérabilité au
changement climatig(mar exemple, Kalt al2004, Baettigt al2007 Wheeler 20)1Imais également
des articles concernant ses conséquences sur le secteur(pagriesdemple Deschenes et
Greenston@007, se référent a ce type de données. Parce que ces dernidigsosdries au niveau
mondial et sur une longue périodles permettent une approche globale du phénoméne et une
comparaison objective entre les pays.

Dans le méme temps, les récentes crises alimentaires mondiales et régionales, comme celles ayan
lieu dans la Corne dedIULTXH H Q égalemémagperaitrées données climatigues comme un
élémentG-DQDO\VH PDMH X Unilli2gg I¢inoivblcePdd pervéihesldifectement affectées par la
crise alimentairdgérienne d2005(Bulletin Hebdontaire de Morbidité, de Mortalité et de Surveillance
Nutritionnelle au Niger, Séminaire épidémiologique3200B)QV GHV SD\V GRQW O:-pFRQR
dpSHQGDQWH G - X QeshhbeyigHememéude/eleip@ U ULIJIDWLRQ HQahe DLV «
FOLPDWLTXHY SHXYHQW DYRLU GHV FRQVpPTXHQFHY JUDYHV VX
la FAO, la famine en Somalg eesponsable de la mort dieaines de nligrs de personnes durant
O - povdp

Plus généralemem¢ climatsemble étre un déterminant important de la croissance économique a
toutes les échelles. Au niveau microéconomique, un ménage pauvre rural dont la principale source ¢
UHYHQX HVW O:-pOHYDJH HW RX O-DJULFXOW XU broldgigesWd qV R
PYQQHPHQW LQDWWHQGX WHO TX-XQH VpFKHUHVVH SHXW DYF
PpQDJH PDLVY pJDOHPHQW VXU O-pWDW GH VDQWp GHV HQ
PDFURPFRQRPLTXH OD FURLYVVdGH talpliERmIRG#iGueHet 6.2803 SD\V
Bridkner et Ciconne 20gewert r wUH PLVHY j PDO ORUV G-XQH SpULRGH Gt
considéré comme un facteur direct ou indirect de croissance économique aalenrd€achs et
Warner 1997&cemoglu et Robinson 2010

3DU DLOOHXUVY OHV GRQQpHVY FOLPDWLTXHY SUpVHQWHQW
SUHPLHU HVW O-H[RJpQpLWp GH FHV GRQQpHV $ORUV TXH O-L
écoromiques, les chocs climatiques ne sont pas déterminés par les facteurs ézdreamigfilesstion
en économétrie permet donc de mettre en évidence un lien de causalité entre deux entités économiqu
Le second avantage réside dans leur objectiviBVEN RQW HQ HIIHW PRLQV O-REMH
G-DXWUHV YDULDEOHV pFRQRPLTXHV FROOHFWpPHV $LQVL HO
UHYHQX RX OD UpFROWH GHV PpQDJHV G R Qrépor@d stiageO HF W H
LQIRUPDWLRQ FDFKpH /IRUVTXH O-DJULFXOWXUH HVW WUQqV G
SUHPLqQUH VRXUFH G-DFWLYLWp GHV PpQDJHV OHV FKRFV FOLF

36pPLQDLUH G-pSLGpPLRORJLH QXPpUREOHGXXU DK VLMNREWH O - HARI@WA
la Santé (OMS), au libattp://www.who.int/hac/crises/ner/sitreps/bulletin_niger_s33.pdf

4 Site hternet http://www.facsomalia.orgtonsulté en Décembre 2011.

50rPH V:-LOV Q Hle@lhngeRmenwessriovidiaestdonccompliqguésauf caparticuliersfluies acidgs
G-pWDEOLU XQH FDXVH SK\V LonoMigGekt UnHcRow Elintdt@eé.UH XQ pOpPHQW p
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revenu du ménagdensen 200@Iderma et al.2006,Maccini et Yang 200De la méme facon au
niveau nationaklles peuvent également étre utilisées dans des estimations de croissance pour pallie
O-HQGRJpQpLWp GH FHUWDLQHY YDULDEOHYVY RX OHXU PDQTXH

« HW SRXUWD QUX WQ ER UpIHS K

Bien que leurs intéréts économiques et empiriques soient abondané@ser® D GLIILFXOWp G- F
de ces données notammeduaé aux colts de collecte liméeais utilisationsLes colts de collecte des
informations climatiquesprésenterun investissement important pour des pays en développement dont
la capacité financiére est souvent limitée. Ces données sont également souvent complexes a utiliser
nécessitent de bien connaitre leur mode de collecte comme leur méthode de construction.

Si elles sont présentes depuis de nombreuses années en économie du développement et bien que e
exploitations augmentent, les données climatiques demeurent eneatibs&esis Aussi, la bonne
utilisation de ces variables en éconamiestitueun véitable enjeu de recherche nécessitant une
interaction multidisciplinairelle exige une connaissance des constructions de données climatiques mise
HQ +XYUH SDU OHV PpWpRURORJXHV DLQVL TX-XQH PDVWULVH
géogaphique pour finalement produire une base accessible aux économistes.

«GRQW FHWWH WKqgVH SUR GiRaletdu Xigeau hlES@eRmitbdnoimiy@e. R U L
Cette thése veut répondre a un double ohjectif

- G-XQH SDUW HQULF kdntkrram \és Eeh@éedDdinariduesFer Yournissant une
nouvelle base de données mondiale directement explmitalels économistebapitre 1) ;

-G-DXWUH SDUW HQ SURSRVHGELGIHV HQ B/GIF L PWKW DROGIW YGIHU C

-DX QLYHDX PRQGLDO DYHF OD FRQVWUhaWwdnRrQ G- -XQ
climatiqudchapitre 2) ;

- au niveau régional, en étudiant la présence de bulles spéculatives sur les marché:
céréaliers nigériefthapitre 4) ;

- au niveau du méndg HQ V -L @ VW pridlHWNNdD @&% enfantsrkinabés lors
G pigodes de séchered®mpitre 3).

La thése fait ainsi appel a plusieurs méthodes économétriques sur les données de panel et sur les sé
temporelles. Elletilise pJ D O HP H Qpoc&iéBtatistiguds/=IT XH OD FRQVWUXFWLRQ G
DPRQW GH FH WUDYDLO XQH H[SORLWDWLRQ GHQVH GHV V\
produire une analyse multidisciplinaire précise. Cette these, essentiellement a@gaigaat une
SRUWpH VWUDWPJIJLTXH SXLVTXH O-HQVHPEOH GH FHV WUDY|I
recommandations politiques argumentées.

Elle V - R U Jdn @euY plarties cortates chacune de deux chapitres. Ces chppitrent étre lus
indépendammeites uns des autres.
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La premiére partie propose une exploitation macroéconomique des données climatiques. Les deu
FKDSLWUHYV TXL OD FRPSRVHQW UpSRQGHQW DX EHVRLQ G:-XQ
mondialesD | L &néBoer ks conna¥ DQFHYV VXU OHV FDUDFWpPULVWLTXHV GX
de vue économique.

Le chapitre 1 produit une base de données climatiques disponible pour pres de 200 pays au niveau
mensuel pour la périol®062008. Il dresse un état des lieux des liEselonnées météorologiques
mondiales disponibles. Il propose également des indicateurs de mesures du clmagement
climatique et des chocs calculés a padéatenouvelle base climatique

6-DSSX\DQW VXU FH chapitid®2 pidpcs®VWh® Ytlidatibn @iginale de la base en
FRQVWUXLVDQW XQ LQGLFDWHXU GH YXOQpPUDELOLWpP SK\VLTX
JXLGHU O-DOORFDWLRQ GH O-DLGH®¢ O-DGDSWDWLRQ DX FKDQJ

La seconde partie de cette theseasitituée de deux études mécomomiques dont le but est
G-DQDO\WHU OHV UpDFWLRQV GHV DJHQWYV IDFH j XQ FKRF F!
pluviométriques pallient le manque de données concepradulgtion agricole.

Au niveau deménageagricols G - D E Réh&pitra B/ - LQWpUHVVH DX[ FRQVpTXHQF
EDLVVH GH OD SOXYLRPpWULH VXU O-pWDW QXWULWLRQQHO
enquéte sur les ménages burksatféectuée en 2008 avec des données de la Direction de la
OpWPpRURORJLH GX %9XUNLQD )DVR O-DQDO\WH VH SRUW&H VXU (
de sécheresse. Les do& HPLHUV PRLVY GH YLH GH O-HQIlBWpafiBdd W DLC
durant laguelle il est le plus vulnérable aux chocs climatigDe3.D O \ V Hju® IR Qnriades ruraux
Q-RQW SDV OD FDSDFLWp G-DVVXUHU RX G-DEVRUEHU FHV FKRF

$X QLYHDX G-XQ P DU F Kaghapgitpd4p\D O WHAIDAERIE ¢dctho Rl de©ptix face a un
FKRF SOXYLRPpWULTXH /HV SUL[ FpUpDOLHUV V-DYqQUHQW QH
marchésuréagissent a un choc climatique laissant supposer la présence de bulle spéculative. Aprés av
estmé les valeurs fondamentales des prix en utilisant notamment la pluviométrie comme approximatior
des données de production, le travail se porte sur la partie non expliquée par les fondamentaux. La mi
en évidence de bulles spéculatives est ensuitedeffattutilisant leurs propriétés statistiques, lamsi
testsutilisesUpYqOHQW OD SUpV HFtulidenetrsuVdep fhat@nd \Mie frd3 ate
petite taille.

6$LGH DOORXpH QRWDPPHQW SDU OH )RQG G-$GDSWDWLRQ HW OH )RQ
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Construire une base de données sur le climat pour mesurer la vulnérabilité a son
changement

Le role de la géographie etispparticulierement, du climat dans le développement économique et
VRFLDO GHV SD\V HVW O :RE M PRIvg p&eXénidrdERparadigiRedH B 8 B RS/HHOQWLL V'
la facon dont les caractéristiques géographiques des pays pelaveatée®lleur pauvreté.- X Q EF{Wp
la géographie est considérée copnmeo-déterminantees différences de richesse entre les pays et donc
XQH FDXVH GLUHFWH GX IDLEOH GpYHORSSHPHQW GH FHUWD
indirect qui joue tavers la qualité institutionnelle et la bonne gouvernarttatdes

Considérer la géographie comme un facteur déterminant de la croissance économique des pays est |
thése anciennée rble du climat sur le développement des civilisations est éapnguiesdécrits
G-$ULVWRWH HW G-+LSSRFUDWH &HSHQGDQW F-HVW ORQWHYV
fondateurs de latkéorie du climat( flimate thegisWHOOH TX-HOOH HVW GplILQLH GD(
1998 Dans son ouvradee @sprit desois Montesquieprésente les premiéres ébauches de ce paradigme
GpFULYDQW O :-H[LVW H Q & ldhaBulupblysFeRddnilypad Ddaével gpereniVEY idffet,
lachaleurLPSRVHUDLW j O-KRPPH &icuRdre/ddubbsiQancedCll sontes<dijférents
besoins dans les différents climats, qui ont formé les différentes maniéres eeceésrdifférentes
maniéres de vivre ont formé les diverses sortes déMorgesquieuDe /- (V Sdés Wk Livre 14,
chapitre5). Cette théoriejéveloppéej O -H[W UrPH ,S@rigneOa Dotsidéret Ue climat comme
SUpPpGRPLQDQW: ¥/XHPG LHRP kKt IEptemiDAY tous les empirgMontesquieuDe
/- (V Sdkk Wis Livre19, chapitra4). /-D XW H X Ual@4;l danR Iled/ différences géographiques,
O-H[SOLFDWLRQ GH OD SDXYUHWp HW PrPH GH O-HVFODYDJH Gl

+LVWRULTXHPHQW GpULYpHVY GH FHWWH WKpRULH GH QR
caractéristiques géographigues de certains pays comme étant les causes de leur faible développem
Ainsi, les pays situés en zanepicales seraient moins richesause de la forte prévalence de maladies
infectieuse§Sachs et Warn&948), de leur enclavement géograph{§aehst al2000) de codlts de
transport élevgSallupet al1998) RX G-XQH FXOW X Uiée dzpvdnmabil@éldy dlishaGalal LFLOH
pauvreté des sdBachst Warner 1997ala latitude des pays et leurs caractéristiques climatiques sont
alors des facteurs explicatifs dirdetseur faible développemednts travaux de SaatsWarnef1997a
et 199B) nourrissent ¢ littératureen montrant que les pays faiblement développés sont situés dans des
zones enclavées et fortemaégpendantes desoduits de base. Diamqmthnsun articlepublié dange
journalScienee 1997étudie égalemelat localisation historique des premiers agriculi@nss zone du
«Croissant Fertile, au Moye@rient et relie ledéveloppementle ces premiéeres civilisations aux
caractéristigues géographiques de la re§ibhWWH WKpRULH D VHU¥ ketlpdRBREUH G
croissance des pays africains, comme celle de Blsaoh€t998)L HV DXWHXUV DAIthed PHQW
URRW RI $IULFD:-V SRYHUW\ OLHV LDaNs th svtidl® eU20asQrdnbis O\ G L\
V-LQVFULWteQign® de €eb é@deéR &n affirmant que le développemsatidss fortement
GpSHQGDQWHYV e6ts -O@ DWW OnfiBs@GS¥Erdaditd caractéristiques géographiqué&sS U q V
O - D Xi&8 pexnigres civilisatiorsgtrémement dépendantes deslitions climatiques et des ressources

7 La définition du climat retenue ici est restreinte aux seules caractéristiques de température.
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naturellesprésentaient udéveloppemergéconomiqudortementlié a leur géographie et surtout a leur
climag. Dans cet article, iéalimente cette hypothése en utilisant une nouvelle méthode de quadrillage
géograpigue de la richess8elon ses calculdD| JpRJUD S KL H c@btitueurs désavantatie
économique par rappartcelle destgionsndustriellesempéréesles facteurs géographigues expliquent

20% des différences de revenu entre les deux zones. Le travail etesBelb@uteurg2009) met
également en avant la température comme facteur explicatif du revenu. En effet, le revenu national chu
VHORQ O8B% pettxdre Gettsius supplémeatai

Afin de valider empiriquement cette théorie, les auteurs utilisent les données géogeliphique
OD ODWLWXGH O-DOWLWXGH OD GLVBIDo@FHSac3 DIBWHesOD SD
variables muettes géographiques «AfrigiemelavemerSachs et Warner 189Bachset al2000)
comme facteurs explicatifs directs des variables économiques. Les facteurs géographiques &tant exoger
ils ne dépendent pdss criteres écomiqueset soaux et peuvent donc étre utiliséseai@ment pour
expliquer le revenu. Néanmoins, la principale limite de ces études réside dans la tres faible variabili
temporelle des données géographiques disponibles, qui contraint les analyses statistiques temporelles e
panelEn effet, les factesigéophysiqu¢ Q -pYROXHQW gBtiNde, iudendiavivd ity V
trés peyqualité des sols, climat)

Souvent accusées ddéterminisme géographigyeces théses se voient par ailleurs opposer le
paradigme des institutiorgelon ce ddLHU OHV LQVWLWXWLRQV HW OD ERQQ
processus de croissance économiqué&tdefAcemoglu et Robinson 201Qprruption, faiblesse du
systéme juridigue et administratif sont les premieres causes de la pauvreté des nataorts t&sdgren
HPSLULTXHPHQW OHV IDFWHXUV LQVWLWXWLRQQHOV VH KHXU
variables institutionnelles et de bonne gouvernance. La causalité inverse du développement économiq
sur le développement institutionnel Béats est, en effet, bien établierésumée dans les travaux
G- -$FHP&JA§2001) etRodrik et Subramanig20®). Ces auteursitilisent alors les facteurs
géographiques comme variables instrumentales desdostitééionnelles. Selon dexort impact du
climat sur le développement économique est en fait le résHitad -RPLVVLRQ GH YDULDEOH
transitent les effets du climat, notammequddité institutionnel{®odrk et al2004). Lesecherchede
Hall etJoneg199) montrent que lakfférences de richessentre les nations sont duesiastitutions
et politiquepubliguesAcemoglu, JohnsatRobinsondans leuarticleThe Colonial Origins of Comparative
Developm@&@01), attribuent également un role fonéatal aux institutions, dont le pessus de
développement est H4méme dépendant de la géograpB@éon les auteyrle climat est un facteur
explicatif du type de colonisatigni a ensuite orienté développement des institutiates pays.ds
zones présentant un climat défavoradtaient le lieu dERORQLH YV Galbr§ $@#esL20hBsvdé R Q
climat favorablérésentant donc une moindre mortalité des cotama)ent permides colonies de
peuplement. Dans cekerniéresles colonsauraent établides institutions permettant un meilleur
développement économiquee qui expliquerait les différences de richesses actuelles entre les pays

8&HWWH WKgqVH HVW pJDayeEfdddpeme® h Pldmod2@B)QV O -RXY
9 On considére ici par facteurs géographiques uniquiEmeriémentsgéophysigues OD SRSXODWLRQ Q
considérée comme exogéne par exemple.
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Easterlyet Leving2003 et Rodrik(2003)confirment égalemerjue le développement dépend des
instituions qui ellemémes dépendent de la géographie.

Ainsi, selon ces deux paradigmes, le climaéipewtonsidéré comme un facteur de développement
économique direct et/ou indirect/ -HIIHW GX FOLPDW WUDQVLWHUDLW &
O - D J U (Mex@rlabKret k2001, Deschenes Greenston2007),la santéGallup et Sachsl998 et
2001 Deschenes et More2®07, la productivit§Meeseet al1982)Jes conflitgMiguelet al2004) les
institutions politique@ruckneret Ciccone 2011), et& -HVW SRXUTXRL VRQ LQIOXHQFH
largement étudié. Ellepeuvent déterminde basculement des pays dans tragppe a pauvrepéet
RULHQWHQW OHV FDUDFW pU L VGuilatirdddt\et GudllaOmedeenHerm@R1GEp YHORS

La disponibilité de nouvelles bases de données météorologiques rfignelidiesphénomene du
changement climatiqge DOLPHQWHQW FHV pWXGHV HW HQULFKLVVHQW
problématiques de développement.

Ces dix dernierebQQpHYV RQW YX O-DSSDULWLRQ HW OH GpYHORSS}
mondiales, présentant un nouvel enjeu pour ces courants de reehestfiet,. les études concernant
O-LPSDFW GH OD JpRJUDSKLH VRXIIUDLHmp&es Gdobr&phiyugad Y HQ W
particulier les données climatiques étaient bien souvent peu hombreuses, peu fiables et peu disponible
De plus FRPPH QRXV O-DYRQV pYilesTvapabRd) ptlHge@elddeduleiw faible
variabilité¢ temporellewetteV JpRIJUDSKLTXHV UpJLRQDOHV ODWLYXGH
nouvelles bases de données mondiales, en revamutient une réponse cas faiblesseglles
proposeat, pour un grand nombre de pagssur une longue périodepuis 1900des donées de
caractériques(pluviométrie et températurdjsponibles suivant une fréquence élevéasudt). Ces
basepermettentdonc’G -DSSURIRQGLU FRQVLGpUDEOHPHQW OD FRQQDLV

- des canaux de transmission par lesquels les chocs climatiques pectentlaaf
croissancéMiguel 2004, Barrioset al201Q Briickner et Ciccone 2011

- GH O-LPSDFW GLUHFWNGrahduQ@0BDeWetEX00§OH UHYHQX

Toutefois, construites par des météorologues, elles demeurent encore peu connues et leurs utilisatio
VRQW O-REMHW GH GpEDWV HQ BpreEdRr@RtPCi¢ctongZD0R QliglElRY HU V H
Satyanatf2010, 20113ur les méthodes de calculs dexs climatiqgues en attedbe la qualité de
O - H[ S O R LoashEé¢sRI® d@hhies déperfihbilité des résultate chapitrd dressaun état des
lieux des ks de données météorologiques mondiafemiblest de leur utilisation en économie du
développement/-REMHFWLI GH FH FKDSLWUH HVW |j OD IRLV GH Grg
FDUDFW pUL \base TX donndes X@teorologlueH W G - H Q ure WiRiSaRovi Hal niveau
macroéconomique
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Le rble duchangementOLPDWLTXHP HHDMQIWWQRIX G X QRPEUH HW GH O
climatiques étant avéleCC 200(@ O-pWXGH GHV FKRFV FOLPDWLTXHV H
développement présentent un nouvel enjeu. Il parait en effet important de bien comprendre quels sont le
pays pdiculierement touchés par le changement climatique et sous quelles conditions. En placant le
FKDQJHPHQW FOLPDWLTXH DX F+tXU GHV SUREOpPDWLTXHV SR
SURSRVH OD FRQVWUXFWLRQ G-X@ au@ahdeDoittiatiquéel sMoseptle U D E
GH JXLGHU O-DOORFDWLRQ GH O-DLGH j O-DGDSWDWLRQ GDQ
OLPLWpPpHV &HW L Qlehaseblimatioxdhondi@lesofstruitddavisi®chapitie



Chapitre 1

ElaborationG - XQH EDVH GarbcBrRiguespHY GH
dimatiguesationales

Résumé

/ - R E M t#feFc#/ tHapitrest deSUpVHQWHU OD FRQVWUXFWLRQsG-XQH
GLVSRQLEOH DX QLYHDX QDWLRQDO SRXU O-HQVHR&OH GH
principales bases de données climatiqoediales pouvant étre utiliséassances économiques
sont décrites et caractériségses avoijustifiée O - XWLOLVDWLRQ GH OD EDVH GH
(base quadrde a 0.5° de longitude/latitydeus transformons cette grille en une base de données
nationalesLa nouvellebase aisi construite présente le cumul pluviométrique mensuel et la
température menslesmoyenne pour prés de 200 pays et territoires sur la pério9dR0e
chapitre présente enfin les principales caractéristiques de cette rmasellen construisant
différentsindicateurs a partir de celle
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Chapitre :JElaboratio® - XQH EDVH GH GRQQ pHnAatiGheEldés FD U |

1.1.Introduction

'"HSXLV TXH OH FKDQJHPHQW FOLPDWLTXH HVW DX F+xXU GHV
météorologiques ont vu leur nombeemultiplier. Les indices construits a partir de ces données semblent
IRXUQLU GH ERQQHYV DSSUR|[L P DReiyRtN0G H Dansply R&ne \iempsQess X F
économistes du développement trouvent dans ces bases de véritables rEssthuncesntation
(Miguelet al. &HV GHUQLqUHV IRXUQLVVHQW HQ HIIHW GHV GRC
complexe a obtenir ou indisponible. Par ailleurs, les bases de données météorologigues sont de plus
SOXV QRPEUHXVHYV ickitLdé TiX niiliplicetidn Be @adéles et logiciels de meilleures
performances, permettant une exploitation rigoureuse des informations climatiques. Ainsi, la demande ©
données météorologiques apparait de plus en plus importante tandis que leurégttemesit
grandissante.

Ce chapitrea pour but de construire une nouvelle base de données climatiques gippanible
O-HQVHPEOH GHV SDdVde doSrgds\propdsée HaRidiessdulVillmott et leDocteur
Matsuura deO -8QLY HUVLWep T&hdstridd QD Zédnperature version 2.01 et Terrestrial
Precipitation version 2.4%°. La base produite dans travaikest exploitable pour prds 200 pays et
territoires au niveau mensuel sur la période 1900 a @@b@pitrdait égalementn éta des lieux des
principales bases de données météorologiques disponibles en présentant les caractéristiques de chac
/[ XWLOLVDWLRQ GHV LQIRUPDWLRQV FOLPDWLTXHV VRXIIUDQ\
notre but est déournir les clésle compréhensiode ces bases météorologiques et de proposer une
nouvelle basg@ermettantainsiune exploitdon originale et rigoureuse des variables climapiguéss
économistes.

Les bases climatiques sont extrémement nombreuses. Nous choisisstensashbonner notre étude
a certaines bases aux caractéristiques précises.

Le travail se focalisgnsiV XU OHV EDVHV GH GRQ QgpHtilek yuv Kuirissent uggW H U !
information climatiqueosis forme de quadrillagges dernieres annédsR XV O-LPSXOVLRQ GH
sur le changement climatiqde, nombreuses données de quadtillaige la précipitation et de la
température terrestomt été développéflai et Del Genid 997, Newet al2000) Nous ne présentons

LFL TXH GHV GRQQpHV PRQGLDOHV SXLVTXH QRWbleéHolEXW H\
O -HQ VH P E Qi mBridé/etSBriidulierement les pays en développeme@ taisr XHOV O-LQIR|
climatgue peut étre complexe a obteni

/-DQDO\WVH SRUWH VXU GHX[ pOpPHQWYV FO®LPOWLDXIHWV GHY Wa
les plus utilisés par les économistes du développement car ils présentent un lien souvent trés étroit av
des variables économiqagsicoles tidsque les rendemer{@ultanet al2005). Les chocs climatiques
sont de bonnes approximations des chocs de revenu des ménages rurauBeggereles 2006 au

10 Températureterrestres et précipitations version 2.01.

11 Nous utilisons ici indifféremment les termes quadrillage et grillage pour faire référence au résultat final de la bas
GH GRQQpHV LVVXH G- XQH LQWHUSRODWLRQ VSDWLDOH

12 Dans la plupart des cas, les bases présentées plus loin fournissent égalemenHdésEHBQFHUQDQW G-
YDULDEOHV FOLPDWLTXHV SUHVVLRQ DpULHQQH WDX[ G-KXPLGLWp
disponibles dans ces bases.

11
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niveau micréconomique. lls sont également de bons facteurs explicatifs des \véeiatiorssnce
économique au hiveau map@RQRPLTXH SRXU GHV SD\VW GRQW O:-pFRQRPL
secteur agrico{®arsouri 2004, Miguet al2004).

Les bases de quadrillage moesigid variables climatiques peuvent étre groupées entdgoxiaa
VHORQ O-RULJLQH GHV GRQQpPpHV Stydesd teyeikcesGW. D R X4 mARICRQV
utilisées les stations météorologiqu@isermometre et pluviomeétre) ou les satellltes stations
produisent unemesuredirectede la pluviomée et de la températur&n revanche les satellites
produisent une mesure indirette grandews climatique. lls envoient des signaux qui, ap@gement
pardes D O JR UL W K P HpéuvenlL&pre&yddllitseh Br@ndeur climatigitempératurepluviométrie).

Ces deux techniques sont sujettes a des erbguits des instruments de mesure dans la premiére,
erreus de modélisation des signaux satellitaires dans la sedcdn@IRUPDWLRQ LVVXH GH
stations est actuellement la plus\vipiH GDQV OHV pWXGHYV pFRQRPLTXHY (OOH
et est disponible en quantité importante méme pour les pays en déveloNpesiehbisissons de

limiter notre analyse aux bases utilisadtWw W H V R X U F Bils$t ahaEER UameBSY LifR Qesta

dire de données climatiques effectives, mesurées par des appareils de mesure didposés au sol

A partir de ces relevigssituGH X[ W\SHY GH EDVHV SHXYHQW rWUH SURGX
spatiale des données permet ldymiion des bases de donmégsost ,O V-DJLW GH EDVHV QI
sur la pluviométriet la températur DVVpH '-DXWUH SDUW LO HVW pJDOHPHQ
domées des projections climatiques bases ainsi produites sont degegiions de situations
climatiques faites a partir de données climatiques passées. Dans ce qaeplasbades variables
ante GRQQpHV SOXYLRPpWU lparnekempe RXY EDVAHQHPM -DSSXLHQW VRX
VFpQDULL QG G@X¥ RFAOXWDRV 1RWUH pWXGH V-DWWDFKH XQLTXHP]I
climatiques sur la période passée. Nous nous focalisons sur les données climatiques disponibles de fa
rétrospective, et non sur des projections.

La premiere partiedu chapitreprésente lebases dalonnéesquadrilléesmondiales les mieux
UHQVHLJQpHYVY j O-KHXUH DFWXHOOH D IDQnéla fieuxient HxrtieVhoSsU L Q F
expliquons les raisons pdesquelles nous avons rete@lD EDVH GH O-8QL& HIIVLWp
comment nous avons constiwile base de données météorologiques des aires géopolitiques a partir de la
base quadrillée. Enfin, la troisieme partie, propose différents indicateurs établis a partir de cette nouvel
base

13 Nous ne présentons pas les basastes» issues de donnéessitiet de données shitaires telles que la base
produite pas l&lational Aeronautics and Space Admiis@ApnGlobal Precipitation Climatology(GPGEt

Cette base utilisée par Briickner et Ciccone (2011) est disponible pour un quadrilldgegiatitied®°® x 2.5°

sur la période 197909. La derniere version actuelle disponible de cette base est la version 2.1. Pour plus
G -L QIR YIrDAMIErE: @I(2003). Notons que cette base est comparédéiguael et Satyanath011) a celle du

Climate Researddnit (décrite dans la partid)les données de ces deux bases (une issue uniqguement de données
insitu O-DXWUH LVYV Xéds$) ht pBlRcQr@lpddijuaPdt Satyana?fl11).

12
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1.2.Les bases de donnée§ OLPDWLTXHV LVVXHV G- XQH LQWHUSRODW

Les bases de quadrillage mondial fournissent des informations météorologiques parfois complexes
obtenir.Ellessont obtenues a partir de différentes méthodes dont nous exposons les grands principes el
lesLPLWHYVY G- XWLOLVDWLRQ 1RXV SUpVHQWRQV LFL WURLV ED
respectivement au sd@niversités allemande, anglaise et américaine.

1.2.1. vasClim0 OD EDVH LVVXH G-XQ NULJHDJH
Présentation de la base

La base de dogms Variability Analysis of Surface Climate Observai&&Clim0, ede résultat
@un projet de recherche mené par le Global Precipitation ClimatologyfGFOQE et I'Institut pour
I'Atmosphére et 'Environnement de I'Université Johann Wolfgarige @detankfort. Ce projet s'inscrit
au sein dun programme allemand de recherche sur le : clDelim(Deutschen
Klimaforschungsprogramm). Sous la responsabilité de trois ché@Beats J.Grieser et B.Rudolf),
VASCIImO a pour but dapporter au pangme DeKlim une base de données météorologiques
permettant une analyse de la variation du climat sur cinquante ans. La base propose un quadrilla
mondial de quatre variables météorologiglegprécipitation, la température au sol, la couverture
neigeuset la pression de I'air depuis 1951 suivant une résolution temporelle mensuelle. Le quadrillage de
données couvre la totalité de la surface terrestre suivant troismésgatiales différen{@sbiat./lon.,
1.0°lat./lon. ou 2.%4t./lon.). Labas®$6 &OLP HVW WUqV SUpFLVH VXU FHWWH
pas été prolongé

La construction du quadrillage repose sur l'interpolation de données pluviométriques issues de diverse
stations météorologiques réparties dans le monde. La méifedeoldition utilisée est duwigeage
ordinaire.

Principe de construction

'DQLHO * .ULJH SURIHVVHXU j O:-8QLYHUVLWp GH :LWZDWHUV
élaborda technique dkrigeagP ILQ G-pYDOXHU OHV GésvnSridi@bEAn@ihodepestGHYV L
développépour la premiére fois en 19Ktige 1951). Ellestformaliséen 1962 par Georges Matheron
GDQV O:Rni¥Ude Jgdostatistique applansgee document, G.Matheron donne le nom de
O-LQJpQLHXY ORBRGVBRKFIDIXH G- LQWHUSRODWLRQ $SUqV VRQ X
minieregKrige 1951), l&krigeag® pWp WUqV UDSLGHPHQW XWLOLVp HQ PpW
données climatiquéBecket al2005. La méthode est égalematilisée en sciences économiguesstes
et al. YLD O-pFRQRPpWULH VSDWLDOH RX HQYLURQQHPHQWDC

Le krigeagel VW XQH PpWKRGH G-LQWHUSRODWLRQ VSDWLDOH X\
comme support de calcul. Ce principe simplelfgdfin G - REWHQLU SRXU XQH VXUIDFH (
la valeur de la série étudiée en chaque point de la superficie de référence. La knigtbagstdeasée
VXU XQH HVWLPDWLRMRe @tLde pd LddidhceGa pader iddnsaes spatiabisé Plus

13
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SUpFLVpPHQW LO V:DJuaNogeanéi@H B [5 O RUWH WRLHRQWGHX PpWeK RGH G
une estimation linéaire non biaisé a variance minafe des données estimées. Pour les données
météorologiques, keigeagmnsiste affectuer une interpolation entre différentes stations en pondérant

les stations selon la distance du point & chaque station périphérique utilisée et selon la distance de cha
statiors entre elles. Ainsi, pour une méme interpolation, deux stations pumehele I'autre ont un
poidsrespectiimoins important que deux stations éloignées. La méthkdgedemermet de régler le
probleme de [I'hétérogénéité dans la répartition géographique des <skatbnane méthode
G-LQWHUSRODWLRQ@ NVNSBQOBDOHHE RFHOHXEXO-LQYHUVH GHV GLV\

Ainsi comme le montre la Figudrd, pour une aire donnée contenant 6 stations auxquelles sont
associées des données météorologiqueskeigdagioit permettre de déterminer pour chacgmtre
i(RX FHQWURWGH GX ¥ MDadul @0l® dbhnddivio@étiigué) KHonsidérant une
FRUUpODWLRQ HQWUH OHYV YDOHXUV GH OD GRQQpH GDQV OH\
ces stations. Le nombre de stations cBoigiX U O-LQWHUSRODWLRQ SHXW YDULHU

Le principe dikrigeag VW WUQqV SURFKH @dioh paidlk tchditidmhBlld. \LeSréiNtans L
REWHQXV DYHF FHWWH PpWKRGH VRQW VLPLODL({Q%680ydedH X[ RE)
méthodesle triangulatiopar pondération inverse de la distdree@articularité dkrigeagd VW G- XWLO LV
fonction de distribution spatiale révélée par la série et non une fonction de distribution exogeéne.
/-DYDQWDJH Gddt d&Doump Vel KeR&Wd@ HY HUUHXUV SRXU O-HQROHPEOH C
cette base, les auteurs notent que la méthodex@edSét le krigeage ordinaire donnent des résultats
VLPLODLUHYV /-DOJRULWKPH GH 6K H&BsUWEdohveds dettiteHpaieD X N U L.

FIG. 1.2Principe dikrigeage

G

DG
A Dy N

A N A X0 = (D X6.Ds. X DyiXo)

N D,

R

A

A
X4

14| e variogramdwinit la variance de la série en fonction deténde entre les points de données.
5/D SUpFLVLRQ GX TXDGULOODJH HVW GplLQLH HQ DPRQW GH O-LQWH
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On distingue plusieurs tyme krigeagde krigeagemple, ordinaire ou avec dérive/tendanhe® S U q V
Goovaert41997), soitiun point a estimer et; le point voisin renseignduy) HVW O-HQVHPEOH G|
YRLVLQV XWLOLVpV GDQV O -HVWZ*Rpde/la Reye@el dOI®séfipeditH $ORUV

an;
<UScFL s Ll &> S FIL,:? @
@
Avecm(u) moyenne espérée dgi) et «le poids dé&rigeagessigné Z(u ) SRXU O-HVEWPDWLRC
Notons que le poids deigeagessigné a un mémgpeut étre différent selon le point estimé. De plus, le
poids dekrigeagpst défini comme le poidermettant la minimisation kdevariance des estimateurs

é;22>;L8:N<0:>;F<:>;: @
Sous contraint&s - XQH HVWLPDWLRQ QRQ ELDLVpH
<0 :F =L )

/-HV W L P D) ¥steR<piteedécomposée entre une valeur résifiyatajne tadancen(u).

La distinction des différents typeskdgeag¥¢ H IDLW VXU O-HVWLIhRUR ¢ kiyeag&H OD
simpleonsidére la tendanmemme égale a une constantiee krigeage ordiraireontraire considére que
la valeur de la tendance est égale a la valeur de la tendance du poim{tysisnfu ;). Finalement, le
krigeage avec tendance,@ppiéiéaassi méthde universelleonsidére la tendanogu) comme une
combinaison linéaire des valeurs moyennes des points voisins en intégrawori#amnées
géographigse

l: ;L1 :TAt L= ExTE=U @

La méthode dkrigeageposeV XU GH QRPEUHXVHV K\SRWKgédHrégsutatd. O L P
G- XQH WHOOH 71RXWWH B SIREDRDUNGL RMD WHFKQLTXH UHSRVH VXU XQF
données. Cette hypothése e SR U W D Q Wpos& ¥ palemeHdD @ivellement des données. Les
chocs ponctuels et trés locaux sont de fait lissés kpayelegéa méthode d'interpolation utilisée ne
permet pas de prendre en considération les microclimats, ni méme les phéwrensants. Elle ne
tient pas compte non plus de la distance du point a la mer. Le travail nécessite de plus un nettoyac
préliminaire des données qui permet de régler les problémes de points aberrants dus aux erreurs
mesure ethemogénéiser la laette étape lisse également les épisodes extrémes localisés. De plus, pa
construction cette méthode crée une corrélation entre les pointsi @elldoit théoriquement
reproduire que la corrélation liée a la géographie et aulLcliomaariance erd les points, illustien
effet le variogramrde la zone &HSHQGDQW LO V:-DJLW G-XQH FRQVSUXFWIL
VasClimO doit donc étre utilisée avec précautigtt@momie et en économétili@ base peudtre
exploitteS R X U O - ppheXdmEnes Hevlong termea tgle le changement climati¢@eeser et Beck
20B) /-HVWLP kigdeaBet tQuUplUlrs associée a des erreurs. Les auteurs associent aux points
estimésdes erreurs de mesure qui peuggetprissHQ FRPSWH ORUV G-XQH H[SORLW
base.
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Caractéristiques de la base

/HV GRQQpHV LVVXHV GH 9biyeagrtiRaireV/RIQQW HUGRID\D @ LRQ XWL!
compte 9343 station§-igurel2). Les auteurs retiennent trogsurces principales de données
@rganisation des Nations Unies pour l'alimentation et I'agriedi{@esoient 1300 stationd'unité
de recherche sur le clif@RU correspond aux donnéesdifimatic Research Woiént %00 stationde
réseau delimatologie historique andial(GHCN: Global Historical Climatology Neso@mkt 22500
stations. Les stations sont identifiées selon leur position géographique, leur altitude, leur nom et leur coc
de I'Organisation Mondiale de la Météoro(@M ou code WMCEIllessont ensuite harmonisées. Par
exemple certaines stations sont identiques dans les différentes bases mais ne présentent pas les mé
valeurs. Dans ce cies auteurs doivent faire un choix powalaur la plus crédible engte Honnés en
concurrence. De plussl méthodes d'agrégatmont différentes seldforigine des mesurese qui
nécessite une harmonisation des donhégstationsne présentant pas asdezvaleurs sur la période
19512000 ont été supprimées. Finaten®0%des stationsetenues proposent des données depuis 1951
sans valeur manquanédin d'éviter leproblemesd'hétérogénéité, les auteurs ont préféré solliciter le
moins de sources de possibles. C'est pourquoi les données natinhpkes utilisée@auf pour
contréle) car leur systtme de mesurepassharmonisé au niveau mo#tides étapes de validations
VRQW FRPPXQHV j O-HQV HR&e ¢ttt paiaaSCUmO\CRRIEpNIHIQ W p H V

Labase9DV&OLP Q-HV\isiohive XireQunel Fekdde Wus restreinte que les autres bases
présentées-apres 19562000.

Fic. 12-Répartition géographique des 9 343 stations utilisées

Source: Beadt al(2005

16 Ceci devrait bientdt étre le cas grace au travail de 'OMM.
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Labase pWp H[SORLWpH SDU GLIIpUHQWYV D X Wlelxeltdm@dRékdioR P H Q W
du changement climatiqdiasi, Grieser et Beo0®) ne PHWWHQW SDV HQ pYLGHQFH
tendance dans la pluviométbeX QLYHDX JOREDO VXU. I8 distihyudribbtEfdisdesH OD S
ruptures de tendancasivantdes sougériodal’”. Les auteurs montremé¢sdifférencesmportantes dans
les valeurs de ces tendances selon les réyRng Vifavaille ur donnéasnuelle®t au niveau de
chaque point de quadrillgBecket al2009. Cette baseégalementd¢YL j OD FRQVWUXFWLRQ
la production primaire nette liemasséGrieseret al2006).

/D EDVH GH O-XQLWp GH (QUikabK Rdséalkchi URIO L PD W
CRU TS3)®

Présentation

/D EDVH &58 HSowcalexdnidéds Hlivhatiques plus utilisées. Le CRU est une unité de
recherche rattachgg O-8QLYHUVLWp G- (DVW/-X¥QLOWD IRRUEQRIND FBWIS X UW (
années des grilles de données dont les couvertures spatiales et temporelles banhgWetuannées
1990, ne numérotation des versi@été mise en plates données CRU les plus récentes disponibles
actuellement socelles de la troisieme version de la:HaB&J TS3. La base CRU TS3 doit regrouper &
terme les sériede plusieurs variables cliopaes depl V M XV T ¥récipiation terrestre
température couverture nuageuse, fourchette de température diurne, fréquence des jours de gel,
température journaliére et moyenne mensuelle, température minimale et maximale, pressior
atmosphérique, fréqueraes jours de pluie. Toutes ces séries ne sont pas disponibles actuellement. La
base CRUTEMP3 est une sous catégorie de CR&IES®ntient les donnéestelmpérature aérienne
au dessus de la surface terrestre et les anomalies deutenmpénsuelleedl850 a 20Qur une grille
de 5fat/lon. Elle est associée a la base HadCRUT3 qui regroupe a la fois les séries pour la surfac
maritime et terrestre. La description de la construction de cette version est faite dagtsaRRGl0H).

Les données dempérature de la base CRUTEMP3 ne sont pas exprimées sunldevaleursnais
G-DQRPDPIDQRIDOLH HVW GplLQLH HQ PpWpRURORJLH FRPPH O-p

Principe de construction

La base de données CRUTEMBBuUne amélioration de la versiate 2a base CRICRUTEMP?2).
Elle HVW OH UpVXOWDW GH O-DPpOLRUDWLRQ VXFFHVVLYH G-X
Research Institute dila desannéed B0 (Jonest al1986ab etc,Jones 1994).

7/HV FRQVpPpTXHQFHYV G-XQH WHQGDQFH HW G- X QoissdrXs duonanigue desw H Q G
pays est également étudiée par Batrad§2010) a partir de la base CRU présen&peas.

18 Cette partie a étédigée avant la publication &Q YLH U G H O ebdllsbricermaHt I&nduv&l Qbase
CRUTEMP4 eavant la diffusion des donnéesaeril 2012 sur le site CRU. Dans cette derniére vessideges
GRQQpPHV GH WHPSpUDW X Udécshibe R01@rilly SBPRLEOHY MXVTX-HQ
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La bas est développé&elon une grille de précision de 5° de longitude/latitude. Cette précision est
UHODWLYHPHQW IDLEOH HOOH FRUUHVSRQG DX QLYHDX GH C
méthodologie décrite dans Broletnal(200§ consiste assigner chaque station au quadrillage dans
OHTXHO HOOH VH VLWXH /D GLVWDQFH HQWUH OD VWDWLRQ H
PpPWKRGH QH WLHQW SDV QRQ SOXV FRPSWH GH O-DOWLWXGH
climats CAM(Climate Anomalies Met@R XU GpYHORSSHU O-LQWHUSRODWLRQ
et température

/HV DXWHXUV HIITHFWXHQW OHXU WUDYDLO G-LQWHUSRODWLF
Ce travail présente plkusis avantage &RPPH LOV XWLOLVHQW GLIIpUHQWHYV \
G-pYLWHU OHV SUREOqPHYV G-DJUpJDWLRQ TXH SHXW SRVHU O-
exprimat leurs donnéesomme desléviations a une moyenne calculée [opériode ou le plus grand
nombre de données est disponildl661 6:-LO HILVWH XQH GLIIpUHQFH FRQV
données sourcekiée par exemple a unfféience de calcul systématRjeette derniére est ainsi purgée
GDQV O-HUUHI¥Janohhlies Gont spatialement plusservatrice que les données en
niveauJones et Hulme 1996e qui répond mieux awobléme engeiné par les données manquantes,
QRWDPPHQW O RUkeTrXext@mes della ¥onElIHWUDYDLO VXU O-DQRPDOLH
sur les valesrabsolues de température perm@D OHPHQW GH SDOLHU DX SUREO(QqPH
au niveau mensuygui peuvent varier lsa les pays) ete ne pas prenelen compte les problémes liés
aux altitudes différentes des stations de |gdmssda différence de niveau systématique passe dans
O-HUUHXU

De plus les auteurs montrent que, la valeur en niveau peut étre regfonuéecalcsimplea partir
desDQRPDOLHVY LQWHUSROpPHV WHO O HBEA eff sHoD GeFnit |&/grigk \astidie) p V H Q
Tr comme une moyenne pondgegdec Wpoids de la station) des valeurs des différentes stations i de la
]JRQH 5 SRXUTQob®QpH N

¢
6 L1 Syyp ©
Vo3

$ORUV RQ SHXW HIIHFWXHU O@D PO RGAHYWHYPROB W ERQ FXQp E

moyenne pour la périotde

1L 604F 6 6

Ainsi, on retrouverlliéea cette interpolation

¢ ¢
& LI SyeyeE | Sy U]

De plus cette méthode permet de prendre en compte une différence de variabilité selon les stations €
LQWpJUDQW O:-pFDUW W\SH GHV VpULHVY GH VWDWLRQV GDQV O

18



Chapitre :JElaboratio® - XQH EDVH GH GRQQ pHnAatiGheEldés FD U |

Aprés avoir sélectiontes stations selon la disponibilité speriode dL Q W p U r Wes-awwontalle® F X O p
pour ces données souras auteursffectuent une moyennes données de stations disponibles dans
chaquayrille. /D IDLEOH UpVROXWLRGQG:BYERR B QipaH desHyies &HjubBriiage de
5° au mais une stationAinsi, chaqueentroide est associé a la valeur du point de station dans le
quadrillage ou & une moyenne des poingtations dans le quadriljafans les versions antérieures a
CRUTEMP3,drsque des ijes ne contenaient pas de dorieés valeus étaient calculééspartir des
valeurs des grifl@oisinegJoneset al2001)La versiorde CRUTEMP3 décrite pBrohanet al(2006)
Q-DXWRULVH SOXV FHWWH FRUUHFWLRQ D X \&stiictibrHgehwtmhmeQ HV FLC
meilleureSULVH HQ FRPSWH GH O:-LQFHUWLW X Gdstinéés Wed ldeBnkiged | F I
climatiquesont trés dépendantes du nhombre de stations disponibles dansdia lgritierrélation entre
les siés et de la variabilité templerele la série estim@eneset al1997). Les auteurs présentent donc
toujours ¢s erreurs et la variardela séri@lonest al1997et2001).

Notons que pour certaines aires géographigquesiadrillage plus préaigtéréalisgyrace da forte
densité de données dtations dmniblegparticuid HPHQW GDQV O-KpPLVSKqUH 1RUG

LaPpWKRGH G-LQWHUSRODWLRQ SURSRpeplhoHiieds. B&sp\heliteP S O
WRXWHIRLV j XQH YRORQWp V\Va&quR® WHXXOHP@AEIRSIE préeididd U OHV
du quadrillage. Le nombre de donnésmikces augmentant dans le tempsgaedonnéeinterpolée
est corrigée du nombre de statigtiiséespour la produiréBrohanet al2006).

FinalementelsgrilesGH GRQQpHV Q-pW D Q¢/supérficiexeqaldsXabi€uts lcar@énd H
leusdonnées de la superficie du quadri{llyes 1994elesque:

6L Al ? KO =P 6y 1
¢ RS ? KO =fP

(¢)

Caractéristiques de la base

Les auteurs développelat base CRUTEMPa partir derelevésde stations météorologiques
disponibles dans teonde entier. La base de données brutes de référence est la méme que celle utilisé
pour la construction de CRUTERIBoneset Moberg 2003)Cettederniére a ensuite été complétée
QRWDPPHQW DYHF O-LQFOXVLRQ GH VWDWLR @dhg6 Xle ®Di3¢, GH
G- $XWUIG-ER WD FW LT Xles donhEesVtiEEESOedt issu principalement, des services de
météorologie nationa(données collectées directement par le CRUBHCN (Global Historical
Climatology Network)des données du World Weather Rec@pdblication a partir de 198@es
données nationalaiffusée SDU O-2UJDQLVDWLRQ OOMNR CéesQiehisTséid OR QG
décrites et classées en cinq catégories selon leur source, leur période et leur aire géographique
couvertureGDQV O -DUWLF O H((2803) FiRaleri&hied SiteuR EeltidddenB49 stations mais
aprés suppression des doublons et héndéigption desodnées les auteurs utilisent seuledh&B8
stationgFigure 1.3)En effef les auteurs procedent a de nombsus®ogénéisatigrdes sériesmise
au format mensuel, harmonisation des mesures, détection de séries.abanntegenterpolation,
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les séries de valswlépassant cing écatgpespar rapporta la moyenne Ti sont exetudes bases
sourcegBrohanet al2006).
FiG. 1.3Répartition des stations météorologigtibséepour la construction de CRUTEMP3

-150 =100 -50 u} S0 100 150

Note La cartpréseries stations utilisées dans la bass @Bidt®irsnarquettutes les stations, les cenctBquamtdes stations
supprimées entre CRUTEMP2 et CRUTEMP3 Hesupaiots les stations ajoutées et Igmtiongenpdifices. La plupart des stations
PRGLILpHVY Q-RQW HQ IDL \¢oivesteiun&euld valéuabekdn® pad.exdmpw)V PLQH XUV

Source Brohanet al(2006)

La bas CRU V.-DSSXLH GRQF VXU XQ QRPEUH SOXVpréodnee Wp G
précédemmerfVasClim0) eta résolution géographique est plus faible. Toutefois elle est beaucoup plus
utilisée dans littérature. s bases météorologiques construites par @RUtisées ans plusieurs
rapports du GIEC*URXSH ,QWHUJRXYHUQHPHQWDO G- ([S(Hdlandet VXU O
al.2001) et ar des modeéles agronomiqu@s plusellesbénéficiaet GH O-H[SHUWLVH UHFRQC
CRU dans le domaif@remiée base krigée en 1994). La base CRU a également été associée aux travau;
du centre de recherche Tyndall sur legdraent climatique qui fournih modéle derojection de
changementlimatique a horizon 2100 a partir des données historiques de la Basar &R
périodel9012000(Mitchellet al2004) De plus cette base a donné lieu a une publication comparant trois
bases mondiales similaires produites par le CRU, le NCDC et (#064SS%t Wigley 2010). Ces deux
derniéres sont des basks donnéesle température aérienne terregtemaritimequadrillées. Leurs
résultatsont trés similaires a celexla base CRU

La base CRU est égalemént XQH GHV VHXOHYV E D disgpohiBerhuhivéaD GationalP R Q G
grace au travail de Mitchetllal(2004). Elle peut donc étre utilisée au niveau mondial cammeau
régional ou naton# RPPH O-RQW GpMj |DL@®urkeldtlad0m® BQrkiosettaR@QOR PLV W HV

20



Chapitre :JElaboratio® - XQH EDVH GH GRQQ pHnAatiGheEldés FD U |

123 %DVH GH O-XQLYHUVHdeWROOH 'HODZDUH
Présentation

La base de&O -8 QL Y HU V L Wqifresure 'grille Dezdomhiles climatigues mondiale pour la période
19002008. Les auteurs principaux sont les profes§éimott et Matsuurd.a basest produite au sein
du Centre de recherche sur le climat du département db §&ddtH GH O-8QLYHUVLWp GH '
Unis. Elle regroupe des données de pluviométrie et de température medispeligble pour
O -HQV H P E Oftte terrest@Ddu\gel) La précision de la gridlst de 0.5°lat./lanLes auteurs
fournissent galement plusieurs versions de leur base, celle présentée ici est la plua sEmmtde
version: Terrestrial Air Temperature: 1:2008Gridded MonthlyTime Serie@/ersion 2.01 datant du 22
juin 2009.

/ID WHFKQLTXH G:LQW HoméOd3 W iplR € dectte Odhs Hibéverts GiitIksott
et al1985, Willmotet Matsuura 199%Villmott et Robeson 1995

BULQFLSH G- LQWHUSRODWLRQ

/HV DXWHXUV XWLOLVHQW XQH FRPELQDLVRQ GH GLahpUHQW
de précédents articles. lls utilisent une combinaison du modeéle d'élévation rDEENQue
LOWHUSRODWLRQ DVVLVWpH SUpVHQWpPpH SDU :LOOPRWW HW
présentée dans DUWLFOH @tHal(1285)0® R/MWQWHUSRODWLRQ GH FOLPDYV
ordinateuflAQO) décrite pr Willmott et Robeson en 1995.

Dans leuv WUDYDX[ QR Wd2PLP93,QMIImGt: BtUMAtEURI@ Hhontrent que la prise en
FRPSWH GH(O-pPOMYDWKGRH) GX SRADVE U BHXW RDX 3PHH QWIHQUWV HU SR
MXVWLILH VHORQ OHV DXWHXUV O-XWLOLVBWL.@®RJ X®DHG WDLOQ N
terrestre. De fagon simplifiée, chaque station est abaissée au niveau de la mer, selon ufe regle lian
WHPSpUDWXUH j O-DOWLWXGH /HV DXWHXNW\O Bl WWH.PPHIQNMD WOQUHK
+6.5°& SDU PgWUHV GH (®ilnott st MaGirdd1PH).W LW X G H

Ensuite une interpolation simple des données est effgct&D U W laldorithrmé @e Shepard
Finalement chaque point de grille est relevé a son altitude et la température est augmentée selon la mé
UgJOH TXH SRXWiltnod & Matswidd PI9%). W
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/I -LQWHUSRODWLRQ HVW UpDOLVpH Dnéldd Skeard, qid enplor Qne/ S K p
PpWKRGH DPpOLRUpH GH SRQGpUDWLR&n &hpte @ dpl@Eihditdgobe GH OD
terrestrgShepard 1968Villmott et al. /-DOJRULW K R1968} ekt GikerHh@h oS simple
G -LQWHUWHRPDWURQ XWLOLVDQW O:-LQYHUVH GH OD GLVWDQFH
estimée de la température au point i est définie comme suit
A3 Su
A?&SUY

&L ©

Laformule est similaire & celtdisée pour lerigeage. Dans ce @gasHVW O-LQYHUVH GH OD
le point & estimeret la statior, Tjest la valeur de la tempérdfkda station la plus proche du point a
estimer i et n laombre de stations influebDgQ W O -HVIWNQWVODWDBWLFOH GH OHV
que la prise en compte de la sphéricité du globe pour une interpolation mondialdeanétiotats
G-HVWLCPH WLRQJRULWKPH &HWWH GLVWDQFH VSKpULehtxeH DPpO
dDQV O -D 0@ RXWQHpdaPiktakpoler les valeurs de la grillegGetD X W gddir &&tebmiver la
station la plus proche du point a estimer. Au total, le nombre de statiansL Q | O esHhalign@ XA O -
pointaugmenté20 stations en moyennejans les versions précédentes).

/HV DXWHXUV XWLOLVHQW pJDOHPHQW O L @MWhatddgR @Qidew L R Q
interpolation /D PpWKRGH HVW SUpVHQWpPpH GDQV OHDW W-LLFO/HS IGUHH : GOl
de Legates et \Iviott (199@& et199M).20

/HV DXWHXUV SURFqGHQW j XQH YDOLGDWLRQ FURLVpH GH
FDOFXOpHV FRPPH OD GLIIpUHQFH HQWUH OD YDOHXU YUDLH G
si cette derniereHVW HQOHYpH @/Hmadl-eRKaBQuia LLIOE)RI@s erreurs sont ensuite
TXDGULOOpPHV VXLYDQW OH PrPH SURFHVVXV G-LQWHUSRODWL
erreur estimée.

Caractéristiques de la base

Les auteurs utilisentupleurs sources de données climatiques dont cellésedu mondial de
données climatologiqué&lobal Historical Climatology Netamsksa version la plus récGHECN22Y).
/H *+&1 HVW j O K pMdrpditénitl Kaseode ttbndBdes de statioiitsre accgPetersonte
Vose 1997).Les autres sources proviennent du Service de l'environnement duAfaoagheric
Environment Service/Environment C&hadaO -, QVW LW XW K\GUR P p\RGgersbdrr@ir JL T X H
StateHydrometeoroloditaituje du réseau de climatologie synoptigueNé&@he Global Synoptic
Climatology Netywoxku projet de la station météorologique automdtigieersité de Wisconsin
Madison), et du projet surface du globe résumé dGJobal Summary dDeyeGSOR>2

19Un travail similaire est effectué pour la pluviométrie

20/HV UpVXOWDWYV GH O:-LQWHU S Riodddgidd QotaRiQam dlleQoé L efaie® ¢tVRIQOtp vV D
(1990a et 1990b)

21| a description de la base GHCN2 est disponible sur:letgitéwww.ncdc.noaa.gov/ghcnm/v2.php

22 | e projet Global Summary of Day (GSOD) est un projet du National Climatic Data Center (NCDC), de la
«National Oceanic and Atmospheric AdmirigDAa#gren{éricain et plus particulierement du sefvieeNational
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La base de référence de la base Udel est celle du GHCN2. Les séries ont été complétées pour plusie
VWDWLRQV j SDUWLU GH GRQQpHV LVVXHV G:-DXWUHV VRXUFH
partir de données journalieresKRUDLUHY /RUVTX-XQH VWDWLRQ SUpVHQWH
source les auteurs définissent la valeur source comme la médiane des deux valeurs concurrentes. Si
coordonnées des stations ne sont pas exactement identiques, les auteurb@aNsidex -LO V-DJLW
stations trés proches mais différentes. Ce choix entraine un nombre de stations disponibles au cours
cette période qui varie de 1600 stations a environ 12200 selon les années. Comme le montre la figure 1
le nombre de statior@LVSRQLEOHY DXJPHQWH DYHF OHV DQQpHYV /[/HV V
la surface terregs. Les moyennes mensuellesed®gératureet depluviométrie sont interpolées selon
une précision de 0.5°latitude/longitude.

La base Udel est utiliggg Dell et al(2009 qui revisitent les études de croissance grace a cette base.

FIG. 1.4Localisation et nombre des stations uslides Udel pour la période 12008
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]

T T T T T T T T T T
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Soure :http://climate.geog.udel.edu/~climate/

Le Tableau 1.2 résume les caractéristiques principales de ces trois bases mondiales. Nous y joignc
une base régional&e Climate Change Profile CodtyR G XLWH SDU O-8QLYHUVLWp G-
des Natios Unies pour le Développem@NUD). Cette base est décrite plus amplement en annexe.
Dans le Tableau 1.2, il apparait que la base VasClimO est celle disponiélimdartéarporelle la plus
courte En revanche la base CRUTEMP3 est disponible simgotla méme période que la base Udel,
mais sa grille de quadrillage est moins précise que la base Udel Nous décidons donc de produire u
nouvelle base d®nnées climatiques pour les aires politiques a partir de la base Udel.

Environmental Satellite, Data, and Information Service¢NESDMErnet de NCDC permet un acces libre a de
nombreuses données historiques de stations climatiques
http://www7.ncdc.noaa.gov/CDO/cdoselect.cmd?datasetabbv=GSOD&countryabbv=&georegionabbv=
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TAB. 1.2Présentation des différentes bases météorologiques

Climate Change Country

Bases de VASCIim0 CRUHad3* UDel inge
données Profile
3 P.Brohan, J.J.Kennedy, I.Harrig 3 M. New, G. Lizcano et
auteurs C.Beck et J.Grieser S EB Tett et P.D.Jones C.J. Willmott et K.Matsuura C.McSweeney
Global Precipitation Climatology .
laboratoires CenterfGPCC) and Institute for | Climate Research Unitniversity | Center for Climatic Reseatgdhiversity O)gghdngNngﬁggnz[gh%Z?g?e
Atmosphere and Environment of East Anglia of Delaware Geoara r? and thé Environmen
JW.GoetheUniversity of Frankfort] graphy
. L . . ... | températurgdrécipitatioi indices
séries récipitation anomalies deempérature aérienn %Teﬁireariggir?;rﬁnlne' %ﬁecrféﬁiif; de tenpérature journaliére
disponibles precip sur la surface terrestre et maritin indices y extréme/4 mdices de précipitatior
journaliére extréme
quadrillage 0.5°latlon. 5°lat/lon. 0.59at/lon. 2.5°atlon.
disponibilité
temporelle 19512000 18502006 19062008 selon pays
fréquence mensuelle mensuelle mensuelle mensuelle
disponibilité . : . :
géographique mondiale mondiale mondiale nationalg55 pays)
principales GHCN2, GGNet, Service
bases de . réseau CLIMAT, GHCN, World environnement Canada, Institut | CRU, Udel, GPCC ERA40, NCE
données de FAO, reseau CRU, GHCN Weather Records K\GURPpWpPpRURQ@RJL HadEX
stations utilisées Petershrg
nombre de S
stations 9 343 4138 1600 a 12 200 selon pays

sites I nternet de
référence

http://www.dwd.de/

http://www.cru.uea.ac.uk/cru/datal

http://climate.geog.udel.edu/~climate

http://country-
profiles.geog.ox.ac.uk/

disponibilité de
la base

libre acces

libre acces

libre acces

libre acces

article de
référence de la
base

Becket al(2005

Brohanet al(2006)

Willmott et Matsuurél995)

McSweenegt al(2010)

* comme partie de CRUTS3 a venir sur la méme résolution spatiale données de pverfureX VH SOXYLRPpWULH WHPSpUDWXUH GLXUQH S2068VVLRQ DWRPF

**hase régionale décrite en annexe
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1.3. Création de la base climatiquepays» a partir de la grille UdeF.

Les bases de données mondiales préssntépsu utilisées nitilisables sous la forme de quadrillage
par les éconoiste$®. Lesinformationséconomiques sogénéralemertisponibles au niveales aires
géopolitiques états, régiondl est donc impoant de disposefe baselimatique au niveau desaires
En nous inspirant du travail de Mitclelhl(2002) pour ldbase Newet al(1999,200035, cette partie
consiste a créer une base de données climatipags> a partir de la grille de données Udel
précédemment décrilee but de ceravailest de fournir des données climatiques nationales, calculées
FRPPH OD PR\HQQH SOXYLRPpWULTXH GHV SRLQWV VLWXpV DX

Nous choisV VRQV G-H[SORLWHU OD JULOOH Gibl 1% Re&pt& gerhitre8 G H O
préesentetGHX[ DYDQWDJHV 7RXW G illage RplGs ptézi® die 0.B°MatUIQoit BOKDE T XD G
O-(TXDWHXU &HWWH SUpFLVLR Qe teliede BatbBsRE % 6/08.0 Ma\bak® S R U W
Udel posséde égaleméd données les plus récentesX(V T X - Hdlbrs que les dewutres bases
V - D U U r W H(@aaCIkQ) et 2006RUTEMP3.

&HWWH EDVH IDLW O :RE M H VBrigkneeHCiEd W) TlesuBuBsquvgnentD U W L F
le probleme duQRPEUH GH VWDWLRQV GH UplpUSaQdfiehns R DS WOV HXD \ V
QRPEUH GH VWDWLRQV GH UplpUHQFH DORUV TX-LO HVW U
péricde 1960 D WHQGDQFH j GLPLQXHU DYHF OH WHPSV UHQGDC
reJDUG GHV FULW qUriddue@iHndnb2edde stations inégal dans le temps est recevable pour
les versions antérieures de la {@siekner et €onnese référent a la versibfill de la base dans leur
artice) /' H QRPEUH GH VWDWLRQV GLVSRQLEOHYV DYHF OMHMeWVHPSV
diminue avec le temp€ela est vragén général eplus particulierement pour les pays d'Afrique
subsaharienne. Aprés les années 1980, la wetddn présentant des donnéedd®1996 est basée
sur relativement peu dennéegsle stationsubsahariennest leursdistributions spatialesntvariables
dans le tempst inégaled.a versiorl.02, pésentant les données climatique9861999repose quant a
elle sur SOXV GH VWD Wsulsghariehead pdrtirTdeshnnéed 990 et mais surtoutjeurs
distributions spatialesnt plus représentativésnalement laevsion2.01 présentée (diomées de 1900
a 2008) est bassgrencoreSO XV G-HQ U HJLV VWjlktHeR bQed/prédddantasizipariReqivsrment
SR XU O shbkahdri¥nhees animationdes distributionsiensuelledes stationsont visbles sur le
site web de la basd.a Hgurel.5 propose une illustration du nombre de stations utilisées pour
O -L QW H dessIR pluvidiéRie erctobre2008. Aussi les auteuts la base, Willmott et Matsuura
UHFRPPDQGHQW G-HPDWBILYH DO M etréi@dssdvD G- RROW O -pWXGH

2/D EDVH GH GRQQpHYVY HVW GLVSRQLEOH VXU GHPDQGH DXSUqV GH O-
24([FHSWLRQ IDLWH GH O-H[SORLWDWLRQ RULJLQDOH SURSRVpH SDU 1
25 Sur le site du Climate research Unit, sont disponibles par pays et selon ce diésodpagées de précipitation

et de température par pays pour la période1B3Bl(Mitchelket al2002) et pour les périodes 12000 ainsi que

des scénariil9012100 et 2072099 (Mitchekkt al2004).

26 L e choix de cette base Udel a été effectué avant la diffusion des données CRUTENPOXkh Cette

nouvelle base rend désormais disponibles des doiiméégues a précision de 5°lat./foRV T X - H Qre2pF0H P E
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Source Sitehttp://climate.geog.udeldu/~climate/htm| _pages/Global2 Ts 2009/T2000 2008 loc.html

Notre travail pour la construction de la base climatique des aires politiques consiste a associer le
points de quadrillage de la grille Udel quayse dans lesquels ils sont situés. Comme den DUWLFOH
Mitchellet al(2002), le terme pays doit étre pris avec précautdnDIJ LW G-XQH DJJUHJDWLI
cdimatiquesselon OHV 1UR QW L q UH¥: $GZomidiihiey par WedHme@bids des Nations Uhies
Afin de pemettre uneexploitation la plus facile possible nous distinguons les territoires de certains pays
lorsque ces derniers possedent des caractéristiques climatiques homogémssdéifféuentpays. Par
exemple, la Polynésie francaise ou la Guyane sont cemsidipendament de la France
métropolitaine de méme pour les fles Malouines. BlpQ pUDOHPHQW OHYheMsbhy ULWR |
considérés séparént.

/H WUDYDLO G-DSSD UL H P HiggivielMaphifoHLddHilE WoxXgialg (SBUtidelle) G X
méne systeme de géo référencemgume la carte des frontieres géopolitiques sollicitées pour
O - D S S D UNdddPGEQddtic System 198AGS84).

&KDTXH SRLQW GH OD JULOOH HVW DVVRFLp DX SD\V GDQV O
dequDGULOODJH XQH PR\HQQH GHV SRLQWYV HVW HQVXLWH HIIH]
le point de quadrillage qui donne la valeur awcpaysie indiqué dans la Figure 1.6

/| -DSSDULHPHQW VH IDLW VHORQ Odu qrairfdaye IAVsBi WheRt@mt&xiX FHQV
XQH SHUWH Galh@dddelpigsdshteRdégariables climatiquesus formeG - X Q H. Qhadue O H
donnéeclimatiqueest associée au centre des cetlalés grilleLe logiciel Maplinfo utilise le centreale |
cellulgle centoide) comme repére. Si le centre de la cellule est a l'intérieur de la frontiere du pays, le
cellule est considérée comme faisant partie du paymbclimatiqueade ce point est donc associée au
pays. Dans le cas inverse, el p&s prise en compte pour le pays. Ne disposant pas des coordonnées
géographigues des frontieres marititaes;entroides qui ne sont pas situés sur le domaine terrestre ne
sont pas explo#é comme le montre la Figuré.1Cesdonnéesme sont assocEe& aucun payke
nombre de points de quadrillage considérés pour chaque pays est présenté en annexe (Table Al.2).

27/H WUDYDLO D\DQW pWp HIITHFWXp B5VRXGW @@ DF H HHFHRWQ@ILIHLLYY VD QFSIDE B W
données.
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FiG. 1.6Mise en correspondance des coordorgémgaphiques et des frontiéres

Fond de carte géopolitique Base de données Udel

(I

A chaque centre de cellule est assoc¥=tria
pluviométrique

J

Note Comme nous le voyons sactrtsigpoi@is VRQW H[FOXV GH O-p
La donnée climatique du pays A sera la moysdes gdesagkuréme pour le pays B
LadonnéEOLPDWLTXH G Hva&euw GupodatcVHUD FHOOH

La construction de la base pour les aires politiques fait face a deux groblémes
- lasurface inégale du quadrillage de la base

- le découpage de la base@adrillage qui ne permet pas de respectéerarat les lignes de
frontiéres.

7TRXW G Ii®d &Rém@le géoréférencement W&Ene permet pas un quadrillage suivant un
découpagedmogéene de la surface terredee cellulede la grilley'ont pas tows la méme superficie.
&KDTXH SRLQW GH GRQQpHYVY HVW FRQVLGpUp FRPPH OH FHQWU
du globe terrestre. Chaque donnée est donc pondérée par la slafeaseda laquelle il est associé, ou
au cosinus de la tatle du centroid@Mitchellet al2002)
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Selon la formule suivante

6 Aﬁgs ? K:® =6y p
Al ? KO =P

(19

&HWWH PDQLSXODWeé e (e wirsshlad+&t \bobsbuit® @ partir de7®8 points de
guadrillage, elle est diponible pour 189 pays et territoires.

Afin de comprendre les différences de résultats etvesans pondération de la superficie du
TXDGULOODJH QRXV DYRQV HIIHFWXp OHV GHX|[ FD QpérdeV S XL\
19002008. Les résultats sont présemténs la Figure 1.6. Pour chaque pays nous avons calculé la somme
des différences entre les deux bases, élevées au carré pour chaque année de la-2@0&deal900
Figure 17 présente cette somme. Les diffées entre les deux bases apparaissent importantes pour les
grands pays septentrionaux. En gfietfait de la courbure du globes quadrillages sont extrémement
«déformés> dans cette zone. De mé@eHV SD\V VLW XpV O HqDd&RIEhili€onKfQmée UL G L+
de point de quadrillage de supifirés différentda différence entre une moyenne pondérée et non
pondérée est donc plus importante pour ce type de pays.

Fic. 1.7Somme des écarts moyens entre les deux bases élevéalka@®)ré

Moyenne pluviométrique nationale avec et sans pondération, suivant la superficie d@équadrillage

10000
- 100000
- 500000
- 1000000

Note La carte préskrgemme des diffénesss au carré entre lessdauiala@éode 12008.
Entre parenthése le nombre de pays dans chaque classe

La méthode choisie est une nmoyepondérée par la superficieqdadrillage lorsque le centroide de
ce dernier est situé au sein du pay#efois, comme le montre la Figu de découpage ne suit pas
rigoureusement les frontiéres du pays. Afin de compléter notre analyse nous comparons les différences
superficie des pays suivant le quadrillagelanleursuperficie officielle. Les résultats sont présentés par
la Figure B. Les différensede superficie apparaissent significativar des pays de grande taille ou
dont les frontiéres sont tréslécoupées: Chine, Canada, Etats Unis, République Dénoperadu

B7TRXWHYVY OHV FDUWHY TXL VXLYHQW VRQW LVVXHV GHV FDOFXOV GH

28



Chapitre 1 (O D E R udbhask BeQlofners des caractéristignasarimegiques

Congo. Une solution pour remedier a ce probleme serait de suivre exactement les frontiéres du pays ¢
divisant systématiquement les quadrillages situéessiimontiere Les pondérati@nseragnt ensuite

effectués uniquemensur la superficie diuadrillage site§ O-LQWpULHXU GX SD\V &HWW
effectué SRXU O-DQQpH OHV UpV X O WeiienugaY IR QatthodeHraditdhrdlleU H Q W
PDLV LOV VRQW EHDXFRXS PRLQV IDFL O Haftion des ddhheéeS X ¢thaquelL O V
IRLV TX-XQ TXDGULOODJH HVDIMe¢ pig) 2 toutbire d8 Dlbbe XeprestréeleB @rdE L g L
complexe a prendre en compte dans cduaasle du faible apport de cette manipulation nous préférons
QR XV FDQW Rdle riédcademniz @ Sécrichaque donnée de quadrillage est asaocpays

dans lequel le centroide du quadrillage est leisudonnées sont ensuite aggsegeriveau nationpar

une moyenne pondérée par la superficie de chaque quadrillagé.concer

Fic. 1.8Comparaison des écarts de superficie suivant la grille ou les frontiereéeddanys

- Légende
O 40000 - -10000
-10000 - 10000
[] 10000 - 40000
[@ 40000 - 1000000

La base de données climatigasi construite propose des données de température et de
pluviométrie au niveau mensuel pour 189 patgsriévires pour la période9002008 soit 24212
données par séries climatiques.

1.4 Indicateurs construits a partir @& la nouvelle base ddonnées climatiques

Cette partie propose différents indicateurs construits a partir de cette nouvelle base de donnée
climatique. Afin que la base fournisse de bons indicateurs du climat, des chocs climatiques ou du
changement climatiqueus définisson§& - D E R U Gneb. PNs WiUus groposons une séBe L QG L F D W H X
construits a partir de cette base et pouvant étre de bonnes approximations de ces éléments.

1.4.1 Temps, climat, choc climatique, changement climatique quelques
définitions
Le temps(wedteren anglais) est une situation météorologique a un moment §rédiv.W O -pW D W
systéeme climatique décrit a un instant donné. Il se distinglimatyclimaten anglaisjjui est un
ensemble de conditions météorologiqnegennetempérature, prgsfations,etc. G-XQH UpJLRQ
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G- XQ. IDHEXUgV OH *CERrdppart duHeo@EMenit QW HUJR XY HBQadP sulgWD O G
Changement climatiq(PCC 2003, Glossai)® le climat désigne tetemps moyeA G-DSUQqV FHYV
définition, le climakse référe a une description statistique fondée sur la moyenne et la variabilité de
JUDQGHXUV SHUWLQHQWHY VXU GHV SpULRGHY DOODQW GH TX
Ces grandeurs sont le plus souvent des variables de siefacpig¢ela température, la hauteur de
SUpFLSLWDWLRQ HW OH YHQW 'DQV XQ VHQV SOXV ODUJH OH
VD GHVFULSWLRQ VWDWLVWLT X Higue 'MDriglidl¢OMND, 12 Péritd® bypeDsww L R Q C
lagude cesconditions moyennes peuvent @akeulées est de &fs Ainsi, le climat esin élément de
caractérisation géophysique. On distingue diff@anats, parmi les plus connugopical, équatorial,
tempéré. Il est important de notpre les contlbons moyenreemais aussi la variabilité de cesain
composargs climatiques, instabilité des pluies par exemple, entrent dans la définition du climat.

L instabilité ou encorela variabilité du climat peut étre considérée comme un élément de
changementlimatique ou comme un élément de définition du climat. En effet le rapport du GIEC
distingue dex définitiors: la variabilité interne i [ WHUQH '-DSUqV OH *,(& OD YDU
constituée des « DULDWLRQV GH O :pW D \lqudBcaH«Lypdd Vphdhoinenye extr&masw D W
etc.) du climat a toutes les échelles temporelles et spatibdgs dmi la variabilité propre a des
phénomenes climatiques iseléSette définitiopropose deux sortdg variabilité

- lavariabilité interne est due a des processus internes naturels au sein du systeme climatique
- lavariabilité externeest liect GHVY IRUoDJHV H[WHUQHYV TX-LOV VRLHQ!

Le changement climatique est défini comme kout changement du climat di a sa vatébili
QDWXUHOOH RX UpV X0 WPBCIC\200&HSIssaE Vi IConventioaadtd @& Qdtions
Uniessur les changements climatiq@&&NUCC) définitteuxci comme des @hangements qui sont
attribués directement ou indirectement a une ackit® DLQH DOWpUDQW OD FRPSRVI
PRQGLDOH HW TXL YLHQQHQW V-DMRXWHU j OD YDULDELOLW|
comparables®. Selon cette définition, la variabilité externe entre directement dans la définition du
changement climatique.

Un choc climatigue est un @énement météorologique extrérma épisode LQDWWHQGX &-H
«évenement rare selon les statistiques relatives a sa fréquence en uniighCioanéa, Glossaile
La définition de la rareté est fiome de la probabilitds - RFFXUUHQFH , ®Hjouds: pefog @H P H Q \
rapport du GIEC «phénoméne météorologique extréme devrait normalement étre aussi rare, sinon plus,
que les dixieme ou quatiegtdixieme percentiles. Par définition, les carattdri&tHV GH FH TX:-RQ
«conditions météorologiques extréme¥ DULHQW G-XQ HQGURLW j O-DXWUH

2/ -HQVHPEOH G H#&seBtpdd dadsthe lsectpd sént issuescdaapport
30 Définition reprise sur le site du GEFdbal Environment Faailitgsulté en avril 2012 et disponible sur le site
http://www.thegef.org/gef/node/2518
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1.4.2Indicateurs calculés a partir de la nouvelle base de données

Nous utilisons la nouvelle base de données climatiques des aires politiques dansttaitgsrtie
précédente afin de calculer des indicateurs de climat, changement et choc climatique.

La base céé permet différents découpages géographiques et temporets. suivant
- la période temporelle choistepuis 1900, 1950 ou 1970

- au niveau régmal ou national c'eadire suivant les moyennes nationales ou pour chaque
point du quadrillage

- au niveau mensuel ou annuel.

Nous présentons les résultats depuis (3800pour les calcudencernant lehangement climatique),
sur données nationales a1 niveau annugW HPSpUDWXUH MRXUQDOLgQUH PR\HQ
pluviométriqgue annuel).

Caractérisation du climat

/ID FDUDFWpULVDWLRQ GX FCdofmmbed/ mdydhhésiliesV Burhulg dBmuelv LU
pluviométriques moyens et |ésmpératures journalieres moyennes permettent une premiére
caractérisation. Les Figures 1.9 et 1.10 présentent respectigeauenttigluviométrquesannued
moyers et les valeurs dempératurgournaliéresnoyennspar pays calculées depuis ¥900

Fic. 1.9Cumus pluviométriqueannued moyers calculé sur la période 19D08

1200
1800
2400
3000
3620

Les pays équatoriaux sont ceux connaissant le cumul pluviométrique le plus lrapratteit9
met en évidence des zones de trés faibles précipitations au niveau des grandes zonesSabsedjques
Namibie et Australie par exemple.

31 Puisgue le climat peut étre défini selon des calculs de moyenne sur une durée minimale de 30 ans, le mém
exercice peut étre effectué a partir de 1970 seulement.
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Fic. 1.16Valaurs de émpérature moyersjeurnalierecalculégsur la période 19D08

Légena

19 - -10
10 - 3
3 - 3
3 - 10
10 - 22
2 - 29

Comme attendu, lesveaux de température journaliere moyenne les plgssélaveituées au niveau
G H gOat€ur. Les pays septentrionaux sont au contraire les pays présentant les températures les pl
basses.

/H FRHIILFLHQW G -DV\PpWU L Hske¥h¢pdimes EgaMmént EixeVedr&@risatiery V p
du climatFigurel.11 et 1.02Le coefficiehdeskewness HVW GplLQL SDU OH PRPHQW G

tel que
. TFT¥

Avec T& moyenne de la sérieRtO-pFDUW W\SH GH OD VpULH 8QH ORL Q
G-DV\PpWULH QXO 6L OH FRHIILFLHQW G:DV\P [gyfitédqudndds/ldd SRV
SOXV pOHYpHV VRQW j JDXFKH $X FRQ Wd&dstladidité. L OH FRHIILFLE
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FiG. 1.11Asymétrie de la distribution de la pluviomé&tkiewness)

Légenc
098 - 01
01 - 01
01 - 1
1 - 2
2 - 324

Concernant la pluviométrie, la Figure 1.11 montre que les pays présentant un @efiiciehP p W U L
négatifsont les pays développés tels que les&@tkV OH &DQDGD O-$OOHPDJQH H'
Ces pays présentent une asymétrie de distribution vers la ldrditequence des distribusicohe
pluviométrie au dessus de la moyessteplus importantdnversement les pays s#ugn zones
désertiques présentent plutdt wikewnegmositive, indiqguant une fréquence des sécheresses plus
importante, ces pays connaissent un déficit structurel de leur plevetnériques épisodés«tes de
pluviométriginondations) plus rardsesvaleursde skewneségative sontpariculierement éleggpour
le TcKDG RX O FFSMWWH. FLHQW G-DV\PpWULH HMWYBHKHXAR B & VIROOKM
estpositif que IsT X - LQ pHIDW LI SRXU O-HQVHPEOH GHV SD\V GX JOREH

FIG. 112-Asymétrie de la distribution de tempérgakewness)

Légenc
22 - 05
05 - 0
0 - 05
05 - 22
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/D GLVWULEXWLRQ GX FRHIILF teH BeaGeoDpvpl s hdtdtogéeGaleu®sD W H P
GX FRHIILFLHQW G D V\P pVyueuMedR §ViesRIR p@dmEtReS GrirsthBrqua/ddie les

SD\V FRQQDLVVDQW OHV

G- (XURSH &HQWU D e paysQenUddvélDppdmeht et particulierement lesfiicgiss
connaissent un cbéLFLHQW G-DV\PpWULH SRVLWLI LQGLTvBaiWeX Q H

températuplus importante en dessous de la température mdlymunel.12).

[-pFDW®H GH OD VpULH D (@ ValeuT abikole pa-darie\e uReRMby/ENne ou une
tendance de long terme peuvent également étre censié@née up bonne approximation de la

YDULDELOLWpP FOLPDWLTX H-tyBeXpoRdis \de fAGRMWIRIQ Yortd ¥l é\@nenfedts) W

I[UpTXHQFHYV G:-pSLVRGHV GH FKDOHX

I

extrémes par rapport a la moyenne des éoavideur absolf& X pFDUW PR\HQ SXLVTXH C
DX FDUUp GDQV OD IRUPXOH GH FDOFXO GH O-pFDUW W\SH
extrémegchocs) procure également une information sur cette variabilité du climat des pays et

particuliéerement la fréquence des événements extrémes.

FiG. 1.B-Ecarttypede la pluviométrie, répartition par quartile

Légenc
0O - 14
14 - 90
90 - 167
167 - 836
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FiG. 1.4-Ecarttypedes séries dempératurgépartition par quartile

Légena
0 - 02
02 - 13
13 - 52
52 - 148
/HV )LIXUHYV HW SUpVHQWHQW OD YDOHXU GHV pFDUW

du globe.2Q UHPDUTXH TXH WypeQdé pMvidmétde ©stpfub nwbrtant pour les pays
équatoriaux celui de la sérigatapérature est plus fort pour les pays septentrionadsuat souligne
O-LPSRUWDQFH GX FKRL[ GH rv@auwactbh HREORIFPLO'WY HT »$0 KUWM. O XW¥p &
la pluviométrie semble étre un bon indicateur pour caractériser les pays en développamerdrstué
égquatoriale, les pays septentrionaux et tropE®RIQ QDLVVHQW G Hype Qlus}elddisx[laG-pFD U
série deempérature.

Fic. 1.b-Coefficientde voussurdes séries de pluviométkiartos)s

Légenc
2 - 4
4 - 8
8 - 12
12 - 16
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Fic. 1.16Coefficientde voussurdes séries de température journaliére moflemtaes)s

Légenc
2 - 4
4 - 6
6 - 8
8 - 11

Le kurtosisend compte de la fréquence des événementsextiérst calculé partir duguatrieme
moment de la série] que

8
L HI D i
La valeur deakurtosiso - XQH ORL QRUPDOH HVW &HW pOpPHQW HQWU
Figures 1.15 et 1.16 présentent les valekustdsipar paysespectivement pour la série de pluviométrie
et detempérature. Les pays tropicaux présentent les niveaurtodis les plus élevés, c'éstire les
PYJQHPHQWY H[WUrPHV OHV SOXV LPSRUWDQWYV -typel ¥ @B\V pT>
important.

Finalementla combinaison des valeursskewnessdekurtosipermettent une bonne appréhemsio
des caractéristiques climatiques des pays. La Figure 1.17 propose une combinaison de ces deux indicat
pour rendre compte de la diversité climatique mondiateq@dgles pays sont ici représeBidscette
figure le Niger présente une asymétle® D GLVWULEXWLRQ GH OD SOXYLRPpWU
le coefficient positif trés élevé poupags. L&urtosisidiqueun niveau supérieur a 3 laissant supposer
XQH IUpTXHQFH LP S REXMEME(Mdhe@ssey ouQramiatiQradf-rancequi posséde un
climat dit ¢empéré obtient des \alrs deskewnestkurtosigés prochede la loi normale.

2 Le kurtosisUHQGDQW FRPSWH GX UDSSRUW H @ ¢htidss@Hes BdbadiitesE L O LW
G-pYqQ@EHPMQWPHY LO HVW LPSRUWD QWk@tesis$ Bl Y @&HjU O DO I RIMS WLHAD G M HX ©
IRUWH GHQVL¥eptr@nepR X @HRBEWRUWH FRQFHQWUDWLRQ GHV pYqQHPHC
puisgX -LO V-DJLW GX UDSSRUW GH IUpTXHQFH HQWUH FHV GHX[ GHQVLW
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Fic.1.7-&RHIILFLHQW G-DV\PpWULH HW G-DSODWLVVHPHQW (

NoteDans chaque cadre eseamtilgué distribution de la pluviométrie pour le pays et en rouge la distribution No
associde. RUGRQQpH j O-RULJLQH GX JUDSKLTXH UHSUpVHQ
De cette figurél ressort que les pays aux climats tempérés apparaissent comme leplysmys les
proches de la distribution normale de pluvioméwstadire, symétrie des chocs, et gsale
distributions mesokurtiggeLa plupart des distributions de pluviométrie présentkenmaegssitive.
/HV SD\V LQVXODLVBKDGBLHQQHXHW GE$SPpULTXH FHQWUDOH VRC
distributiors les pludarges

Enfin, lecod ILFLHQW GH YDULDWLRQ GH OD V ptyedur & mbyeQne ésR P P H
pJDOHPHQW XQH GHUQLQqUH IDoRQ LetHéstkgNtangathhi s caefficigntd L P D
de variation sont présentés dans les Figures 1.18 et 1.19.
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FIG. 1.18Coefficient de variatiate la pluviométrigar quartile

Légenc:

0 - 005
005 - 012
012 - 017
017 - 068

HG. 119Coefficient de variationtdenpératunpar quartile
Légenc
29 - 0

001 - 002
002 - 003
003 - 55

Lavariabilité saisonnierepeutétre SULVH HQ FRPSWH GDQV OD FiydoeWpULYV
la kurtosisSGHVY PR\HQQHV PHQVXHO Otpé aartdielOiRyed devpiuiehtétricOsopt-de U W
bons indicateurs de cette variabilité saisonniere.
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FIG. 120-Variabilitésaisonnierdela pluviométriparquartile

Légena
0o - 2
2 - 18
18 - 61
61 - 150
FiG. 1.23Variabilitésaisonniérdetempératug parquartile
Légena
0 - 02
02 - 13
13 - 52
52 - 148
/HV )LIXUHV HW -ty SelUap Ve YW @didat€ur glE 2 Wakiabilité saisonniére

G-XQ SD\V &Hayppsrdl p@sHigitante Hhour la pluviométrie dans les pays tropicaux et
LOWHUWURSLFDX[ FDUDFWpULVpPpY SDU GHX[ VDLVRQV GLVWLQ

Cancer, présemteune variabilité saisonniére de la température plus importante.
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Barrioset al( SURSRVHQW G-DXWUHYV IDoRX@G lkn EadUl&EnF W p UL V|
corrélation température, pluviométrie. Suitaries ces caractérigig les pays peuvent étre groupés a
S D UW LACRzBa(ripset al201033. Les auteurs mettent alors en évidence une forte varisilité
résultats au sein des pdyisang4 Leurs résultats sont également trés différents suivant le découpage
géograph TXH FKRLVL /-$&3 SHUPHW GH PHWWUH HQ pYLGHQFH C
entre pays.

Changement clim@tique

Le changement climatique est usuellement défini a partir de 1950 @elll87&l.2009). Le
phénomeéne peut étre identifiéavers la présendaine tendance dans la moyenne de long terme des
variableslimatique rais également une tendance dans la variabilité de cedrs@eesaussiester la
SUpVHQFH G- XQH WHQGDQFH GDQV OHV F\FOHV VDLVRQQLHUYV ¢

Ces calculs dendances somipprofondisdans le chapitre 2. La tendance-pgatmise en évidence
aussi bien dans la moyenne que dans la variabilité interne du climat. Elle peut étre calculée sur les donn
annuelles ou sur la base de moyenne gligsarieans paxemplecommee font Barriogt al(20103%.

La Figure 1.2résente la valeur des tendsdeela température par point de quadriliagartir de
1950 Elle est calculée avec des muettes diiesafin de permettre un ajustement de la saisoravaié
une constante telque

Ti= i ¢++ ¢ pour chaque quadrillaige

Avec

T;: données de température mensuelle

t: tendance

i - muette mensuelle

¢« WHUPH G-HUUHXU

/[ -HVWLPDWLRQ HVW IDLWH HQ XWLOLYVD,Q@o chdguéqudiiirge H GHYV

33 e travail est effectué a partir de la base CRUTEMP3

33D\V HQ GpYHORSSHRB&h®i#inG -$IULTXH 6XE
35 Cette partie est plus longuement développée dans le second chapitre.
36_es auteurétudient dans cet article leptures detendance.
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FIG. 1.2-Tendance&ans les ségde température par quadrillage

Légenc
00028 - O
0 - 0,0006
0,0006 - 0,001
0001 - 0004

Comme indiqué dans de nombreuses éiiRle€ 200& World Bank 2010),le changement
FOLPDWLTXH HVW H[WUrPHPHQW LeQteddar@es® Xenbletlp@s suieHes - X Q
IURQWLqQUHY ORUVTXH O-pWXGH BrVMuterdis Qipud pbuxor® ndtét Que 16 X T
5XVVLH O-(XURSH HWTQ®&H\OIHH 1RUBWE 1B GH $P p Q \DsXdffedtdepak O HV
une hausse de température

Chocs

Les chocs des séries de pluviométrie et de température sont calculés au niveau annuel et menst
Classiquement un choc est identifié lorsque la valelgédie lau moment t est supérieure a deux écarts
types par rapport a la moyenne de long terme ou une tendance. La période de définition de la moyenne |
ORQJ WHUPH RX OH FKRL[ G-XQ FDOFXO SDU UDSSRUW j XQH V
GHUQLHUV G-LQWpJUHU RX QRQ OH SKpQRPqQH GX FKDQJHPH
GpILQLWLRQ PRLQV UHVWULFWLYH GX FKRF j SDUWLU G-XQ pFLC
peut également étre retenue.

Notons que la sommesl chocs climatiques peut entrer comme une définition de la variabilité interne
du climat. De méme aéventudétendanceGDQV OD IUpTXHQFH RX O-DPSOLWXGH
ERQQH DSSUR[LPDWLRQ G-XQ GHV(vdit thpit2>5 X FKDQJHPHQW FOL

Nous calculons un indicateur de choc pluviométrique et de température par pays, au niveau mensuel
DQQXHO j SDUWLNous axoQdHe dogh@d dp Fatk saisonmaditéintégrant des muettes
mensuelles lors des calculs de chocs arrasetésultats sont présentés dans le chapitre 2.

,,,,,

représentation plus originale au niveau de la grille.
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1.5.Conclusionet perspectives

Aprés avoir présenté différentes bases de données climatiques quadrillées au niveau mondial,
FKDSLWUH SUpVHQWH OHV WHFKQLTXHV @elLde \ted UBE&@EDIRIISR Q \
OLPLWHYV G- XWLOLVDWLRQ 'GIHSO XX\Q HOG % RsB\R dEBn\Chhidt{uisank L W D W
a partir de cellel des données au niveau national et en calculantlideteurglimatiquesationaux
Les différats indicateurs construits a partir de cette nouvelle basaill@stley SRVVLELOLWpV G
de cette derniére. Ainsi, la base de données clisptiogigite présente de nombreux indicateurs du
climat, du changement climatique ou des chocsiguliesatll est &s important de bien distingues
GLIIpUHQWHYV FRPSRVDQWHV DLQVL TXH OHV GLIIpUHQWYV LQ
importante au sein de la littérature entre ces éléments agbpimximationDe nombreuses pistes
G -piditation de cette nouvelle base de données sont possibles.

Les chocs climatiguesnt VRXYHQW LQWpJUpV DX[ pWXGHAE lppRme® RPLT)
approximationdes chocs de revenus au niveau microéconomdmue au niveau macroéconomique.

De part sa construction au niveguays», la base peut toatfait étre combinée de nombreuses
bases de donnéeSndicateurs mondiauxle développement par exen{@lerld Development
Indicators). LIRWRQV pJDOHPHQW TXH O-HQVHRE pddvestHtréobpes@a R Q Q p H
différentes autres bas&6 H TXDGULOODJH VHORQ O-REMHW p&utkenOpgs W X G H
exemple étrpondérées par la densité de population de la zone géogiajlaEguhocs climatiques ont
potentiellement un impagW= SOXV LPSRUWDQW V:-LOV RQW OLHX GDQV GH
proportion importante de la population. Ce travail peut également étre stfietoE legégiors
administrativelorsqudes frontiéres deelles-ci sont disponibleBe méne bk FAO propose une base de
données regroupant les cycles des principales cultures agricoles par pays. Certaines périodes de la cu
sont beaucoup plus sensibles aux fluctuations climatiques que daeutlesc a également des
conséquencedifférenes selon le stade de développement de la culture. ,Aiissérait fortement
intéressant de pondérer les clsaiganies moments auxquels ils se produisent. Ce travail demande une
étude au cas par cas pour construire la base de données mais atagét davprendre en compte
l'importance relative de chaque chdd. FKRF FOLPDWLTXH SHXW pJDOHPHQW rV
économique de®gions touakes Suivant par exemple le travail de Nord{2086) il est possible de
donner un poidplus impaotant aux régiondynamiques économiguement ou au comiaax régions les
plus pauvrés Il est également possible de pondérer selon la vulnérabilité économique des zones
géographiques considér&3e travail permettrait de rendre compte de facon ppégse du
fonctionnement d'une économie

38 a base ainsi pondérée est égalemenhibiEpaupres des auteurs.
3 /. DXWHXU XWLOLVH OD GHQVLWp GH SRSXODWLRQ FRPPH SURI[\ Gt
développement.
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Finalement,el choix GH O-LQGLFDWHXU GH FOLeskkWuRaite@s! Migddt Et FO L
Satyanatf2011) prouventlrobustesse de leurs résultats avec deux mesures différentes et s@vent mise
en opposion (Brickner eCiccone2007 2011)Les auteurs souligneMiguel et Satyana®01) T X -D X
GHOj GH OD FRQVWUXFW L Rignt @ousQpBopdsbritiaidsX tevhapite LuBidMns T X H V
définitionle ctoix et la compréhensiodes bases de donnéeldmatiques utilisées apparaissent
essentisl«Relativi® thémportance that data construction and coding choices play in driving the results in
conflict literature, issues of the functional form of rainfall measures usattles apgaanéotbevarside
ISSUBA04L,

40 «Par rapportlanportangee peuvent avoir la constesctionnédesethobe codagpmdes résultats de la littérature
empiriquies confliss questionta derme fonctionngllaidsatiliséemme variables instrursentblent &ine question
secondaire

41 es données dont parlent ici les auteurs ne samigasmentlimatiques.
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Annexes

Base Climate Change Country Profiles

/- pFROH GH JpRJUDSKLH HW G-HQYLURQQHPHQW G-2[IRUG HQ
Unies(PNUD) met & disposition des données climatiques de pluviométrie et de température. Ces donnée
sont disponibles au niveau national p@pays essentiellement en développement. La base fournit des
données de pluviométrie et de température ainsi quOIGILFDWHXUV G- p Y@@tk WV H]
les températures et quatre pour les précipitations).

TaB. Al.1Liste des pays disponibles pour la base Climate Change Country Profiles

Africa Asia Carribean Central Americ:
Angola Kenya Afghanistan Antigua and Belize
Benin Malawi Armenia Barbuda Guyana
Cameroon Mali Cambodia Barbados Mexico
Cape Verde, Mauritania Nepal Cuba Nicaragua
Chad Mauritius Pakistan Dominica Suriname
Comoros Morocco Vietnam Dominican
Equatorial | Mozambique Yemen Republic
Guinea Sao Tome Grenada
Eritrea and Jamaica
Ethiopia Principe St Kitts and Nevis
Liberia Senegal St Lucia
Sierraleong Tanzania St Vincent and the
Ghana Togo Grenadines
Gambia Uganda The Bahamas
Gabon Zambia Trinidad and
Guinea Tobago

Source site htern jp://count[y—profiles.geog.ox.zﬁllk/

Les auteurs croisent des données de différentes staurdesxiéme version de la base CRU décrite
dansNew et al(2002), la base Uddhns sa premiexersionWillmott et Matsuura 28)) la baselu
Centre de Climatologie de Précipitation Glét{@mbal Precipitation Climatology Center GPCC), les
bases NCEP et ERA 40. La base HadEXgmement utilisée pdes événements extrémes.

42 Cette base combine des données de stations et des données satellitaires.
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TaB. A1.2Nombre de points de Pays Nb Part*3
uadrillage par pays Estonia 26 0.03

q g€ par pays. Ethiopia 377  0.44

Pays ND Part®3 Falkland Islands 5 0.01
Afghanistan 251 029 Fiji 2 0.01

: ' Finland 251 0.29
Albania 12 0.01

: France 253 0.29
Algeria 855 1.00 .

French Guiana 26 0.03
Angola 418 0.49 F h Pol . 1 0.00
Antarctica 24,110 28.43 rench Folynesia :

- French Southern Ter. 2 0.00
Argentina 1,116 1.30

- Gabon 84 0.10
Armenia 13 0.02 Gambi 4 0.00
Australia 2,783 3.24 ambia -

; Georgia 31 0.04
Austria 39 0.05 G 189 022
Azerbaijan 68 0.08 ermany :

Ghana 77 0.09
Bahamas 5 0.01 G 52 0.06
Bangladesh 44 0.05 reece :

Greenland 2,634  3.07
Belarus 114 0.13

: Guadeloupe 1 0.00
Belgium 17 0.02

] Guatemala 40 0.05
Belize 6 0.01 ;

: Guinea 79 0.09

Benin 37 0.04 . .
GuineaBissau 11 0.01
Bhutan 13 0.02
L Guyana 67 0.08
Bolivia 365 0.43 Haiti 13 0.02
Bosnia and Herz 22 0.03 Ha| Id 37 0'04
Botswana 205  0.24 onduras :

: Hungary 43 0.05
Brazil 2,831 3.30 Iceland 74 0.09
Brunei Darussalam 2 0.00 cetan '

. India 1,166 1.36
Bulgaria a7 0.05 Ind . 627 073
Burkina Faso 87 0.10 ndonesia . '

. Iran, Islamic Republic of 648 0.76
Burundi 10 0.01 | 170 0.20
Cambodia 63 0.07 Iraﬂ q 20 065
Cameroon 148 0.17 Ire ar; 9 0'01
Canada 6,763  7.88 Itsrf‘e 120 015
Cape Verde 2 0.00 Jay . P 0.00
Cayman Islands 1 0.00 Jamama 156 0.18
Central African Rep. 205 0.24 apan '

Jersey 1 0.00
Chad 430 0.50
: Jordan 33 0.04
Chile 309 0.36
. Kazakstan 1,377 1.61
China 3,787 4.41

: Kenya 188 0.22

Colombia 374 0.44

Korea, Dem. People. Rep. 47 0.05
Comoros 1 0.00 .

Korea, Republic of 41 0.05
Congo 110 0.13 K it 8 001
Congo, The Dem Rep. 764  0.89 uwal :

Kyrgyzstan 85 0.10
Cook Islands 1 0.00 Lao P le's DerR 73 0.09
Costa Rica 14 0.02 ao reopies Dermep. :

: Latvia 35 0.04

Croatia 28 0.03

Lebanon 4 0.00
Cuba 40 0.05

Lesotho 12 0.01
Cyprus 4 0.00 Liberi 31 0.04
CzechRepublic 38 0.04 Iberia . :

PO Libyan Arab Jamabhiriya 592 0.69
Coted'lvoire 111 0.13 Lithuani 23 0.04
Denmark 27 0.03 thuania '

o : Luxembourg 1 0.00
Djibouti 6 0.01 Macedoni 12 001
Dominican Republic 16 0.02 acedonia, '

Madagascar 199 0.23
Ecuador 87 0.10 4

Malawi 39 0.05
Egypt 357 0.42 .

Malaysia 104 0.12
El Salvador 8 0.01 Mal 424 0.49
Equatorial Guinea 9 0.01 at :
Eritrea 39 005 Mauritania 362 042

Mauritius 1 0.00

Mexico 702 0.82
“*Nb : nombre de points de quadrillage dans le Moldova, Republic of 16 0.02
pays. Partpourcentage de points de la grille Mongolia 745 0.87
dans le pays.
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Pays Nb Part43
Montenegro 6 0.01
Morocco 160 0.19
Mozambique 267 0.31
Myanmar 234 0.27
Namibia 287 0.33
Nepal 51 0.06
Netherlands 17 0.02
New Caledonia 6 0.01
New Zealand 118 0.14
Nicaragua 45 0.05
Niger 404 0.47
Nigeria 302 0.35
Norway 320 0.37
Oman 110 0.13
Pakistan 293 0.34
Panama 25 0.03
Papua New Guinea 148 0.17
Paraguay 142 0.17
Peru 427 0.50
Philippines 94 0.11
Poland 165 0.19
Portugal 43 0.05
Puerto Rico 3 0.00
Qatar 3 0.00
Romania 110 0.13
Russian Federation 11,711 13.65
Rwanda 10 0.01
Réuwion 1 0.00
Saint Vincent and the G. 1 0.00
Samoa 1 0.00
Sao Tome and Principe 1 0.00
Saudi Arabia 695 0.81
Senegal 67 0.08
Serbia 37 0.04
Sierrd_eone 25 0.03
Slovakia 27 0.03
Slovenia 9 0.01
Solomon Islands 11 0.01
Somalia 205 0.24
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Pays Nb Part43
South Africa 449 0.52
S. Georgia Is 2 0.00
Spain 213 0.25
Sri Lanka 23 0.03
Sudan 835 0.97
Suriname 49 0.06
Svalbard 22 0.03
Swaziland 5 0.01
Sweden 311 0.36
Switzerland 17 0.02
Syrian Arab Republic 71 0.08
Taiwan 13 0.02
Tajikistan 59 0.07
Tanzania, United Rep. 307 0.36
Thailand 172 0.20
Togo 18 0.02
Trinidad and Tobago 2 0.00
Tunisia 59 0.07
Turkey 323 0.38
Turkmenistan 230 0.27
Turks andCaicos Islands 2 0.00
Uganda 82 0.10
Ukraine 300 0.35
United Arab Emirates 27 0.03
United Kingdom 133 0.16
United States 4,474 5.21
Uruguay 69 0.08
Uzbekistan 200 0.23
Vanuatu 3 0.00
Venezuela 295 0.34
Viet Nam 114 0.13
Virgin Islands, U.S. 1 0.00
West Bank 2 0.00
Western Sahara 92 0.11
Yemen 140 0.16
Zambia 250 0.29
Zimbabwe 136 0.16
Total 85,794 100.00




Chapitre 2

Un indicateur deuwnérabilitgphysique au changement
climatiqgue aquelssont les pays en développement les
plus vulnérables

An Index of Physicalnétability to Climate Chdrmarev
the most vulnerable developir®y countries

Résumé

Le chapitreexamine la vulnérabilité des parysdéveloppememru changement climatique
GplILQLWLRQ GH FHW LQGLFH V-DSSXjLB® -HODLIRYQW®RHY QM \H
G - D Q D Oawtiné@bilité économique/-LQGLFDWHXU GH YXOQpPUDELOLWRP
climatigugPVCC)) repose sudes composants reflétant les conséquences physiques du changement
climatique qui peuvent directement affecter letdigtUH HW O -DFWLYLWp GHV SRS)
une évaluation de ses conséquences économiques. Simultanément cet indice @& \aunérabil
changement climatique vise a refiétéuementa vulnérabilité qui ne dépend pas de la volonté
présente des pays, autrement dit la vulnérabilité physique ou structurelle, laissant de coté la résilier
/IHV FRPSRVDQWYV GH OtpesG@e Rdduasmids\au Yhanyenwnt@lndtjque: ceux qui
correspondent a une intensification des chocs réc(eassles sécheresses) et ceux qui
correspondent a des chocs progressifs et irréveiinieseO -pOpYDWLRQ GX QLYHDX G

/- p W }aiG &pparaitre une forte hétérogénéité entre les pays quant au niveau de vulnérabilité
physique au changemeRtOLPDWLTXH PrR3H XQo - WPpWIpRQHRXX /GLRY QG LFRIQ\
permet égalementde caractériser la vulnérabilité au changementigquémates pays en
développement, servant aisX[ SROLWLT X H¥ceGh: [pear&ipabow tréiante de la
communauté internationale pour mobilides ressourceafin de faire face aux problémes
G - D G D S wdid&/ B\RCQ| peut permettre de mieuxomprendre ce que sordsl défis du
changement climatique pourpags en développemeatR XV VXJJIJpURQV TXI-XQ GIQRGL F
de vulnérabilité physique au changement climatiqueX itGHV FULWQqUHV SHUWLC
géographiquées ressourdé¢ SRXU O-DGDSWDWLRQ

“Ce chapitrest XQH YHUVLRQ G -XQ BuUlime@.H FRpFULW DYHF 3
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2.1. Introduction

The recognition of climate change as a dominaatfmihe globabconomy and polidyas led to a
search for resources for financing mitigation and adaptation. Raising funds for mitigation and for
adaptation meets the same problems, but their allocation should be ruled by different criteria. The creatio
of the Adaptation Fund by the Restto the Kyoto Protocol of the UN Framework Convention on
Climate Change illustrates the awareness of the international community of the need to mobilize humal
and monetary resources in order to deal with adaptation problems, and the specificitgptétiba a
issues. Adaptation is defined by the Intergovernmental Panel on Climatgl@b@nge their 4th
Assessment report B8 "DGMXVWPHQW LQ QDWXUDO RU KXPDQ V\VWHP\
climatic stimuli or their effects, which modsrdtarm or exploitE HQHILFLD O REBCERIOHM X QLWL
Glossar), The resources already mobilized to meet the adaptatiappaiato be well below what
would be required. This makes it all the more necessary to allocate these resources adtenieing to c
ZKLFK UHIOHFW WKH FRXQWULHV- DGDSWDWLRQ QHHGV DV ZH
this end. From that perspective, the counftynerability to climate change could be considered as one
of the most relevant criteria fime allocation of adaptation resources between developing countries. So
an appropriate indicator of vulnerability to climate change available for all countries concerned is require
for this purpose.

According to the Adaptation Fund website, resourcekeareeds of development and adaptation
FDQQRW EH WKH VDPH "+HOSLQJ WKH PRVW YXOQHUDEOH FRX(
challenge and duty for the international community, especially because adaptation to climate chang
requiressignificant resourcéis additioto what is already needed to achieve internationally-@gyreed
GHYHORSPHQW REMHFWLYHV VXFK DVAtgpdtion ELdDwesite). Kwen'iHY H O
this separation is sonme¢s debated, it seetncorrespaod to an actual trend.

The aim of thighapteiis to present an analyafghe vulnerability to climate change likely to lead to a
guantitative and comparative assessment. An original assessment of the vulnerability to climate change
proposed, focusingn the vulnerability which depends onlypbygsicafactors. Factors considered as
physicalare those which do not depend on the present will or policies of the countries. As for the
vulnerability to climate changfeese factors are essentiallygesiFDO 7KLV "3K\WVLFDO 9XO
&OLPDWH &K [PQA) pr@serts| yarious results for developing countries. Mptieesudy
lays out a first step for the design of criteria for the allocation of adaptation resources.

In the recent politicaletbate about the implications of climate change, the need for an index of
vulnerability to climate change has been recognized, noticeably in United Nations circles, and at th
Adaptation FUunUNFCGC, 2008ab, et c). However, no clear recommendationb@as made as to
what kind of index is required. Tentative indices have been propsseersimterngionalandresearch
institutionstwo major examples were giwerAdgeret al2004and bythe World Bank ithe World
Development RepdR, 279 . Howeverall previous indices raise issues of definition, database, purpose,
and use.
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The new index presented in tbigapteronly reflectsthe physical components of vulnerability to
climate change. Moreover, it relieaéew components, both relevant and reliable, which are available
for the whole set of developing countries, and which are easily understandable, so that the index can
used m a transparent manner. the developmenfor such an indext is useful to refebackto two
streams of literature. First, the environmental literature offers various definitions and concepts of
vulnerability, on which we draw as far as needed, altheudyh not include the adaptive capacity and
resilience to vulnerability,generallglone in this research stream. Secondlirthed Nationgndeavour
to measuré¢he structural economic vulnerability to external and natural shocks for the identfication
the Leat Developed Countri@sDCs) has led to build a related indicator, calexd Economic
Vulnerability IndeXEVI; United NationsCDP 2008, Guillaumont 2009a&bgtThe EVI, which does not
ignore environmental vulnerability, includes componef BDWHG WR QDWXUDO VKRFNV
RI KRPHOHVV GXH WR QDWXUDO GLVDVWHU LQGH[u DQG WKH "L
components reflecting thepesure to these shogksich dow population size)t iis not focusedn long
term vulnerability to climate chartfymyeveranddoes capture ontiie likelihood that they-pecur ina
near future through recurrent shocks.

This study shows a highgree oheterogeneity among countries in their level of physical vulnerability
to climate change, even within the same regional area or cdhgshemts both the high vulnerability of
African countrieselative to the rest of the world as wethaglifferenes among those countries, mainly
due to the risk of droughthe PVCCI index permits the characterization of climate change vulnerability
for developing countries, laying foundations for improverrehe design of adaptation policies. With
regard to thgrowing concern of the international community about the ways of mobilizing resources to
deal with adaptation, such an index sheds light on the challenges of climate change for African countrie
In partiazlar, the PVCCI carbe considered as one of thievant criteria for the geographical allocation
of resources devoted to adaptation.

The first part of thehaptepresents the various concepts of vulnerability to climate change. It tries to
connect development economics and environmental researchdimg lauiphysical vulnerability to
climate change concept and index. The second part discusses the composition of the index and it
calculation. The third part peess the results developing countries.

2.2. What is vulnerability Aout?

Beginning with # main definitions of vulnerability to climate change, this section tries to define
SK\VLFDO YXOQHUDELOLW\ WR FOLPDWH FKDQJH 7KH "YXOQHL
what is a rapidly growing literature, relying on various figktseafch, such as climate science, disaster
PDQDJHPHQW DQG GHYHORSPHQW HFRQRPLFV 7KLV SDUW LV
between ecoldgV WYV DQG W&RQM.PLFV
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2.2.1. General economiawnnerability versus structural economic vulnerability

7KH ZRUG YYXOQHUDELOLW\- KDV EHHQmatyresarchergVik foo® UL R X
security, natural hazards, disasterpigkic health, global environment, climate change or development
economicgfor a sample of applications of the concept of vulnerability in these variousdeelds
Timmermaril981 Blaikiel994 Cutteret al1996 Guillaumont and Chauve&t001 McCarthy2001
UNEP 2002chapitre3, Prowse2003 Turner et al2003. In development economics, the notion of
vulnerability has been used mainly at the edimnomiclevel(seefor instanceDercon et al2005
Yamancet al2005. It has also been usedls macr@conomidevel, with the search for measurable and
comparable indicéhis literature is véiewed in Guillaumor2009ab).

Inthe PDFURHFRQRPLF FRQWH[W WKH YXOQHUDELOLW\ RI D FR
exogenous, generally unforeseeanWV R U {CkiRaBmMovia009a). Based on several decades of
researclin particular on export instability), this macro vulnerabiliywiswidelyconsidered to be an
impediment to growth. Economic vulnerability can be seen to consist of three maiermpock,
exposure and resiltimmeks are exogenous and generally unforeseeltestemtal e.g. the instability of
exports, or natural e.g. typhoons, hurricanes, earthquakes, droughts). Exposure corresponds to factors
which the direct impactf shocks depends. Resilience is the capacity to react to shocks, which can be
considered, when weak, a part of generedrabilityMiller et al2010)

Assessments of vulnerability retain some or all of these three components. When the three element
are considered, a general or overall vulnerability is assessed. When the size of the exogenous shocks
the extent of exposure to these shocks are the only components considered, the vulnerability considered
HVVH Q \atiu@udaD Y 00 °Q H Bdilience) ewah\if ibmay include some structural elements, is mainly
related to policy factors. Structural economic vulnerability is the kind of vulnerability captured by the
Economic Vulnerability Ind€EVI), used by the United Nations to identify theadt Developing
CountriegLDCs). This index intends reflect the likely size of recurrent external natural shocks, and the
main structural factors of the exposure to these shocks, using al miniber of indicators in a
transparent mannégeven indetors). It refersnainlyto vulnerability in lovncome countriesee UN
CDP website and Guillaumor2007 2009ab). In the samepirit, thischaptettries to define an index of
structural vulnerability to climate change, using only a small number of indicators related to the size o
climate shocks and to the exposure to these shocks.

2.2.2.Structural or physical vuilnerabilityto climate change: cant be identified?

Vulnerability to climate change is defined here as a vulnerability to environmental shocks resulting
from climate chege. These shocks assumedo be the physicaxpressiomf climate change. They
appear aan increase in the numtgrdroughts, floods, and storms, as well as through the rise in sea
level; and they are reflected by the change in the mean values of climati¢svatisddeemperature or
rainfall), and by related changes in the instability of these variables.

50



Chapitre :22Un indicateur de vulnérabilité physique aclohatigament

Climae chang&asalways been associa@dhe vulnerability issu€or instangelimmermar(1981)

considers the thinking on the vulneitgbdoncept to be at the core of climate change research. He
GHILQHVY YXOQHUDELOLW\ DV "WKH GHJUHH WR ZKLFK D V\VV
KDJ]DUGRXV HYHQWp )RU WKH :RUOG 0HWH RttRa@ri®uricéd>g0sl2 UJ D Q |
"GHWHUPLQLQJ WKH FKDUDFWHULVWLFV RI KXPDQ VRFLHWLHV
either especially vulnerable or especially resilient, to climatie z&rO L W\ R U9FK Depddadp  , Q
QRWHV WKDW WKH FR Qa5 h&Ww reRiedYoX €qdteld BoEdo@epte \such as resilience,
PDUJLQDOLW\ VXVFHSWLELOLW\ DGDSWDELOLW\ IUDJLOLW\ D
as a biophysical condition, and pslitical economigsue

There has beerfertilerecent literature on vulnerability to environmental change and more specifically
to climate change, and also on vulnerability to nharatds, which partly overlap®t surprisingly,
there is no universally accepted definition of vulner&ditiiynate changand there is even a different
definition in each IPCC reperbowning and Patwardhan 2R(Beyond the semanticussadefinition
of vulnerability is obviously needed to make the theoretical concept clear. The choice of the definition
influences the orientation of the vulnerability anal&is¥ Udt HI@007) The main references to
environmental vulnerability inclugelger(1999) Kelly and Adgef2000) Olmos(2001) 2 - % U &tH Q
al.(2004) Downing and Patwardh&005) Yamanoet al2005,Fiisse{2007) lonescuet al(2009) and
to vulnerability to naturdazardsCardong2003),Birkmann(2006, Birkmam and Wisnef2006) or
Thywisserf2006).

The definition and the assessment of vulnerability have encountered two difficulties. First, the notions
have been used wittariousmeaningsdepending on the isatific fieldHinkel 2008, Brickn@010).
Secondwithin each fieldrarious conceptual frameworks have been defined. As a result, this literature has
EHHQ TXDOLILHG RD Wo(DaB&9eR [t Ostrom J)DFLQJ WKLV "WRZHUp I
suggested building a formalized common frank€lonescuet al2009, HinkeR008201). The above
mentionechuthors agree that the multiplication of frameworks and definitions leads to the blurring of the
message drawn from the analyses.

To identify the structural or physical vulnerability to climate chianggseful to refer to the three
usual components of economic vulneralsiitg of the shocks, exposure to the shocks, resilience), and to
consider that structural vulnerability is mainly captured through the shock and exposure components
while resiénce is more related to policy. We now briefly review the literature on vulnerability to climate
change with the aim of seeing whether it isolates these structural or physical components of vulnerabilit
to climate change. For the sake of this revievudengfy three main approaches in the literature on
vulnerability.

2.2.3.Main current approaches to climate change vulnerability

Let us call thehronological appeoeudst/exante analysibe sequential analysis of a shock that
compares the sitian before and after the shock. Elements defining the environment before the shock
occurs constitute the context. The consequences and impacts of the shock are defined and assessed a
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the shock occurKelly and Adgef2000)adopt this approach by defining the end point vulnerability and
VWDUWLQJ SRLQW YXOQHUDELOLW\ 7KH\ GHILQH WXiHthevy WD U W
environment thawvorsen(exantgthe consequences of shocks w@ge by an increase in the sensitivity

of the environment). This vulnerability is affected by social and economic dynamics, and by political anc
institutional characteristics.eT$tarting point vulnerability is linked to the human security framework and
LV UHODWHG WR WKH FRQWH[W 7KH "HQG SRLQW YXOQHUDELO
is captured by an assessment of the losses from the shock, rélatedatacteristics and size. The
assessment tfeend point vulnerability has been the subject of studies; for inatadtcedt Bl(@Q007)

whouse a similar distinctiorhe authors deal with an outcome vulnerability and contextual vulnerability
whose definitions are close to the end point and starting point vulnerdtdity and Adgef2000) To

a large exterthe starting point vulnerability corresponds to what is considered in the economic literature
DV WKH "H[SRVXUHup WR VKRFENV EXW WeKdfl thd @BckS Rid@ith& H S H (
resilience, including structural factorsjrasiddegolicy factors as well.

What can be called tmeatriochkagpproactonsists of elaborating a progressively encompassing
concept of vulnerability. The aim of this framework is to make the definition of vulnerability gradually
more complex following different scdtden geographic scales). This type of analysis is¢uidpp
Birkmann(2007). The author considers the core of the vulnerability definition as intrinsic
vulnerabilitfvulnerability defineds an internal risk factdfje introduces a continuum of definitions of
vulnerabilityspanningfrom the tightest to theZLGHVW GHILQLWLRQ "PXOWL GLF
encompassing physical, social, economic, environmental and institutiongl(Bigkorasn 2006). A
similar DQDO\VLV LV IRXQG LQ WKH byrBog&d) amd) BirRrBARMUN tis@ RS RV 1
enlightening approach, but not adapted t@orpose imsmuch as policy factors may interfere at each
VWHS RI WKH FRQFHSW:-V HQODUJHPHQW

Thesocial and ecological dichotomis afsproaatork which finds its roots in the ecological literature.
Adgeret al(2004)distinguish a biophysical vulnerabiliyn a social vulnerability. This separation is
close to that presented Byooks(2003)who identifies two kinds of vulnerability to climate change in the
literature. Biophysical vulnerability is defined by environmenttstscia terms of physidabtential)
damage caused to a system by a particular-céfattd event or hazgidichollset al1999 Jones and
Boer 2005 winerability being analyzed in terms of the likelihood of occurrence and impact of weather
andclimate related everfiichollset al. 7KH VHFRQG W\SH RI YXOQHUDELOL
WKDW H[LVWV ZLWKLQ D V\VWHP E(AIlER 2093lnvthiHRrBE® K Qlugeitd V D K
WKH "VWDUWLQJ SRLQwWand Adye2000D EhigOis \Aldq aRcordirbOt® Brooks, the
definition of social vulnerabili§ocial vulnerability depends on biophysical factors, but also includes the
setof socktHFRQRPLF IDFWRUV WKDW GHWHUPLQ Harg)effRe Q003)- tDEL O L
can be seen as including what has been called exposure and resilience factors, and following bo
structural and policy factors. The distinction madBrdagks(2003)led him to aggregate social and
biophysical vulnerabilitgto a unique syste(see alsdé-Usseland Klein 2006)This concept must be
GLVWLQJXLVKHG IURP FOLPDWH KD]DUG DVVHVVPHQWY ORUL
VRFLRORJLFDO V\VWHPpu WKH GLVWLQFWLRQ EHWZHH$2eVRFLD
part 2.2.1 Adger(2006)proceeds in the same way: after distinguishing two main streams, entitlements
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and natural hazardse gathers these two streamie mgloEDO IUDPHZRUN QDPHG “VR
VAVWHPu

Finally, most influencialtte , 3 & & -V D BHe IPRO lraK precise definition of vulnerability which
is often used in climate change vulnerability andlysi$PCCdefinesvulnerabilityDV "W KHoGHJUH |
which a system is susceptible to, and unable to cope with, adverse effects of climate change, includir
climate variability and extremes. Vulnerability is a function of the character, magnitude, and rate of climat
change and variation to which a sgystés exposed, its sensitivity, and iadaptive
F D S DACWAQ0A,Glossary. This definition is close to the definition of economic vulnerability,
previously presented with the three components of shock, exposure are . rd@$ibediagram given by
Flsse(2010), see Figure 2.1, helps to understand, what in the IPCC definition concerns structural
vulnerability and what does not: the 6tgp Q H[W WR D IDFWRU LQGLFDWHV WK
LQIOXHQFH RQ YXOQHUDELIRXMWW EHHX B GHMRALRRG PYDFXOQ HUD
This framework with three components is also recognized byothmit@e for Development
Policy(UN CDP 1994 of the United Nation@rtickner 2010).

FIG. 2.2Vulnerability to climate change framework, the reading of IPPC definition b{261i8kel

Regional Biophysical Socieeconomic | Socieeconomic
climate change sensitivity exposure capacity
) ) (+) 0
Biophysical impacts
)
Social impacts

FiG. 2.2Vulnerability frameworks in the light of the Shdekgosure and Resilience definitions

20LROu R
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Kelly and Adgel O'Brieret al. Birkmann Brooks Adger Fussel
(2000) (2007) (2007) (2003) (2006) (2010)
. < . . ©
SHOCKS Intrinsic 2 _ Regional climaty .© « %
End point Outcomes | vulnerability Biophysical |2 _ Natural 8 o change =3 20
vulnerability | vulnerability Vulnerability |2 £ disasters |9 £ sg|lgse
EXPOSURE/ 53 S8| Biophysical |@~ | EZ
SENSITIVITY Human centred 2o g sensitivity =2
vulnerability < £ o c - - 8 ®
T = 8 S | Socieeconomic exposur| & o
Starting point Contextual Multidi ional Social 8 Entitlements L @ 3
RESILIENCE vulnerability vulnerability l;lll,lllnlgl]'ggﬁilglna Vulnerability 2 Socio economic capacif

--—: Continuum of vulnerability concepts
~~~~~~ : Approximate delimitation
in grey the structural components of vulnerability

53



Chapitre :22Un indicateur de vulnérabilité physique aclohatigament

Results are summarized in Figurel@.2ny case, when referring to environmental vulnerability to
climate change, the distinction established with reference to macroeconomic vulnerability between shocl
exposure and resilience should be kept in mind. This can help to take account ofploosatsoof
climate change vulnerability that are not structural, in other words those which depend to a large extent o
the present policy of countries, which make them mdeesoresilient to shockssdful frameworks of
vulnerability to climate changecluding the various vulnerability dimensions, have been presented.
However, the building of an indicator useful for guiti@gllocation of resources involves taking
accountthe present policy components, mainly capthyethe resilience condeglhis choice is
QHFHVVDU\ WR SURGXFH D "6LPSOH OHDVXUDEOH $FFXUDWH

2.2.4.From analysis to measurement of vulnerability to climate change
Existing indices: not focused only on structural vulnerability

The autlrs of the existing indices point out the growing need for such afainteed also
expressedybthe international communityvhile ofterstressing at the same tithe confusion resulting
from the multiplicity of conceptual frameworks for the analyi® impact of climate change. As for
the indices related to climate chamggefirst note that some indices aefiect the evolution of climate
change, without assessing an impact of vulnerability. These include the Climate Change Indek of Baettig
al.(2007) and the National Climate Change Indices of Diffenbaw@2007) and of Giorg2006).
These indicators can be seen as essentially reflecting the size of the shocks without consideration
exposure and resilience. Moreover, these indioes agree on the areas where the phenomenon is the
most severe.

As for the indices more precisely focused on the vulnerability to climate change, their siumber ha
recentlyexploded. The aim of the authgreducing those indicés to make available measure of
vulnerability to climate change, andet@alhe differentiabf impact of climate change between socio
economic unitée.g. nation, states, local governments or colledtiViteesan cite, among other indices
the Environmental Stainabilityndex(Esty et al2005), the VulnerabiliBedience Indicator@osset
al.2001), the Index of Hhwan Insecuritonergan et all1999), the Predictive Indicators of
Vulnerability(first calculated in Brooks al2005), the Environmental Vulnerability Index to Climate
ChangdEVI-CC, Kaly2004), the Indicator of Vulnerability thn@te Chang@VCC, Barret al2010),
the Global Distribution of Vulnability(Yoheet al2006ab), the Social Vulnerability Indé&VI, Cutter
et al1996)the indicators of Downingt al(1995)and Buy®t al(2007) and thestimulatingapproach of
Wheelef2011) These indices often present the same strengths and weaknesses as the theoretice
frameworks that they refer to anévpously presentdtheypropose a measuregibball RU "JH@HUL
FusseR010) vulnerability to climate change and nobjustructural vulnerability, which is what we
propose
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7TKHVH LQGLFHV RI "JHQHULFpu Y X0 QH U DeBide litévatuvé RodutGhel D W H
method of calculation and country ranking. For instance, 08831 comparehe workof Kaly et
al.(2004),Yoheet al(200&, b) and Diffenbauglet al(2007). In these papers, after analyzing the existing
vulnerabilig to climate change indices, @4D7) and Flisg@009) note that most of the indices are
unstable and very sensitive to their proxy and to the aggregation method. Also, the indices are no
comparable even though they refer to the same frameworkecadyndlos®t al(2001), Gal2007),
Fusse(2009), Eriksen and Ke(B007).Some authors also criticize the choice of a national scale
considering it to be irrelevant to assess the effects of a phenomenon which does not follow
bordergEakin and Luer2006). Tie substitutability of components in building the indezrlbalseen
noted(Tol and Yohe 2007). The generic indices of vulnerability to climate change are widely criticized
EHFDXVH WKH\ SUHVHQW "PHWKRGRORJLULFDIO Qde®GrRMeR2010/fofY HU H
a good review of the major idefncies of these indices).

There are two main reasons why the indicator is a physical indicator, which differentiates it from some
otherrecentattemptsThefirst is that this indicatantends to provide for the allocation of resources for
adaptation to climate change. Therefbshould not includeomponerg of vulnerability depending on
the policy, or the willingnest countries. @ the one handhis wouldmean givingnore resources to
countries vulnerable because of their inadequate policy. On the otfent¢etie vulnerability assessed
is a vulnerability in the very lan, it is not possible to anticipate what the pulittyoein the future.
Moreoverthe @mponents of an dicator related to policy could be statistically maniptiagedecod
reason that differentiates omdicator fromthose presentedearlier is that thefocus on physical
components does not require estimadimgaction of agricultlinaroduction to climate changehese
reactions are nohkwn with sufficientertaintyeven lesso as the time horizémcreasesA major factor
is uncertitudgncluding change in agricultural production technigues that climate change itselfiwill not fa
to arouse.

Concerning the relevance of an index measured at the country level

The impact of climate change does not follow couMiinyders. Some effects viitipactonly a
certain arem agivencountry,whileothers willhavethe samémpact in te neighboring countriesf a
particular region. Although the choice of a national scale for the index does not follow climate change
characteristics, it corresponds to feasibility comstimiportant forthe constructioof the index.

As noted at thbeginning of the chaptdhe index we propose should be used as a criterion for the
allocation of the resources for adaptation between countries, leading to allocation of more resources t
countries which are more vulnerable to climate change. Of, tdoairsglexdoes not capture other
factorsthat shouldbe taken into account in the allocation of reso(e@pspopulation size and poverty
level). For this reasotine choice of scale for the analysis is the c#uftys, even if some authors
express gervations abothis particular framewo(Eakin and Luers 2006); others choose the national
level for the reasons developedigokset al(2005)andBarret al(2010)

45D.Wheeler VS PuBddes a similar goal
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More than the geographic scale, the time frame of the index raises an ingpertdiat veghat extent
can the indicators rely on past trends and characteristics to forecast vulnerability to future shocks’
Conponents can be calculateceranteor expostlt seens possible to rely on forecasten data are
available and relialféeg.likelihood of sea level rises). Other components can be cakxpatsfdom
past trends.

The demand for an index of climate change vulnerability has become bigggerarithisigrowing
demand has deinternational institutions and researchers to provide related frameworks and indices.
However,n the large literature on vulnerability to climate change, there seems to be neither a common
frameworknor a universally accepted definition. Thisbeasen aghe result of a lack of connecton
between the design of frameworks and indices and the goal #rgyuatedo attain. This is why we
have tried to define a vulnerability to climate change index with the aim of guiding the allocation of
adaptatin funds Derived fromthe literature, this design allows us to combine various existing
frameworks based on the split of the vulnerability of climate change into three elements: Shocks,
Exposure and Resilience. This framework permits the assessmepafdahgulnerability to climate
change which can be considered as physical or structural, and essentially relies on shocks and expos
components.

2.3. Components of the Physical Vulnerability to Climate Change IndéRVCCI)

The expanding literaturen ahe economic consequences of climate chaskgefora distinction
between two kinds of consequences and relatedisisksfrpgressleockandrisks ohcreasingcurrent
shockshese two categoriek risk roughly correspond to the second #me first of the three broad
categories of hazard identifiedNolgieret al(2004) namely:

"&DWHJRU\ "LV F U H Wakl trehdiénX pthéhbiniekié skidh Jd3 bt@nvs, droughts and extreme
rainfall events.

Category 2: Continuous hazards, for example increases in mean temperatures or decreases in me
rainfall occurring over many years or decades, desiccation suckxperibated in the Sahel over the
final decades of the 20th centiiiftylme 1996Adger and Brooks 2003)

46 These elements are often linked to the notions of vulnerability in the literature but they are very difficult to
guantify. They partly overlap the notions of resiliandgheir rolén guidngaid allocation is controversial.

The analysis of vulnerability to climate change undoutateethe usual distinction between adaptation to and
mitigation of climate change. Adaptation primarily seeks to moderate the adverse effects of climataighange th
actions targetedt the vulnerable system by reducing system sensitiiity reducing the consequent level of
damageMitigation consists in limiting the numtserd the magnitudef potential climate hazards due to climate
changgle.g. byreducng the emissions of greenhouse yaBeth are likely to lower the vulnerability to climate
change, but not in the same wWdyigation has a direct effect on the size of climatic shocks while adaptation may
either consist in lowering the exposure tokshocin enhancing the resilieinghe searcfor an index to be used

for the allocation of resources devoted to adaptation, it seems useful to focus on the structural need for adaptation
namely the structural components of the exposure to climalis.g9hor more information on the relation between
mitigation and adaptatisee Smit and Wandel (2006), Jenak2007)andBuob and Stephan (201
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There is a third and important cgiery idatified by this author coveringGLVFUHWH VLQ
K D] D (¢@.\shifts in climatic regimes associated with changes in ocean cirdhlatpaioclimatic
record provides many examples of abrupt climate change events associated with the onisedtif new cl
conditions which then prevailed for centuries or mill¢Guilenet al200Q Adger and Brooks 2003)
But the assessment of such risks is out of the time horizon we consider, andafhisaschk

Starting from the distinction between the riskrognessiveshocks ath the risk ofincreasing the
shocks, our aim is to identify reliable indic#ét@tsare good candidatescomposean index of physical
vulnerability to climate change. Since uin#soidably uncertato assess the final impact of climate
change, inditars should rely on intermediary and measurable consequences, estimated either directly o
by the means of proxies. Differing from other attempts to asdesgability to climate changer
assessment only considbesexpectespactof climate changmn physical variables. Ehevariablesre
of coursdikely to have soceconomiaonsequencebut they are not soesronomic variables. Using
physical indicato(e.g. sea level, rainfall, temperature) means using only objective or neutral data. It
awids reference to indicators partly influenced by policy or resilience factors. Itidoelyeadsessg
the expected impact of climate change on variables such as health and agriculture sapd earahe
intermediargtepto assess the link between climate change and these economic variables.

In any case, the set of indicators presented below should be consitradiveesThey try to
capture the main chamne¢hrough which climate change is a factor of vulnerability. It should be
remembered that a good index should Uisgitad number of componentgransparerand focused on
the most relevant issues.

2.3.1.Risk of progressive and durablshocks

The risk ofprogressivshockdqor continuous hazard) refers to possible persistent consequences of
climate change at the country level. The twotymeasof such risks, as identified in the literature, are rise
of thesea level and increasing aridity, which nthioldasertification.

Risk of flooding from the rise of sea level: shock and exposure

The vulnerality of a country to the rise tfe sea levak essentiallthe risk of this country being
flooded. Its assessment involves making a distinction bdtevs@e tof this sho@nagnitude ofherise
of the sea level) and the exposure to this galtitkde). An assessment of the vulnerability of zones
likely to be flooded then depends on the two following factors:

- the exposure to séavel rise depends the relief, since it influences the likelihood of flooding,
50 that the indicator should take into account the distribution of the heights of arabtéhiands
distribution of the population accordinghe height of occupied lands

- the shock coulbde estimated by the distribution of the likelihood of-keselarise in future
years.
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The combination of the exposure and potential shocks filote assessment of the likelihood of
flooding resulting from the sea level(iiseyears).

The measurement of the exposure component does noingaiperabldifficulties Its assessment
relieson a good knowledge of the geographical configuration of the cliuh&yindex refers to the
distribution of land heighttie matter of possible debat onlythe type of are® beconsiderede.qg. all
areas of the country, only arable areas or areas with a mmipapulation density?).the distribution
of the height of population location is referrecatebatemayonly arise from thexpeotd changen
this distributiorover timealthoughthe structurallnerabilityshouldnot really depend on this change).

It is more difficult to assess the riskiaf sea level rise, for two reasons. Fitigye is still some
degree of uncertaintiaut the rise of the sea leval @ given time horizon, the probability distribution
being debated among climate specialists. Sedundgiyobability distribution is changing over time with
rising average sea levels and increasing dispersion. Let us suppose that we know the probabili
distribution of the sea level rise for each of thexngadrs. ie impact on thexpectegercentag of
flooded areais itself changing, andn be expressed gwesent value, using a discount Tatis.should
be done€for two reasons. e uncertainty of estimatioissincreasings the time horizois extending
althoughthis growing uncertainbanbe already captured by the increasing dispersior pfdabability
of sea level rise.N&hthe sea level rise each year is expressesamlgverage level, then it is legitimate
WR GLVFRXQW IRU WKLV UHDVRQ DORQH H®% RMHHRQ GV K H DFIRWD
generated by a given sea level can be considered as higher the earlier it occurs; the later it occurs, |
higher the capacity of a country to face it. So a logical indicator would be the present value of the
likelihood of floodedreas over the nepytears.

HQy @

With: SLR sea level rise indicator

i, country indicator arjdthe meters of sea level rise;

h;, probability that the sea level risgssters for thecountry;

ands; the part of arable lands belaweters in country

t: number of years from npw

r: discount rate

A warningis needed about the discount rate. As far as it reflects a pure time preferenak, it shoul
normally differacrosscountries, bt in this casdlifferences would reflect differences in the capacity to
adapt, a component of vulnerability whichtist\dd DO O\ "VWUXFWXUDOu
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If it thenseems arbitrary to apply a discount(rat@), a simplified indicator could be the likely part
of flooded areas yeargthe time horizon of years being also arbitrary):
v

5.4 £DyvH Qy @

Risk of increasing aridigsrasgé from past trends in temperatureasadnitiaifatinditions

The literature on the consequences of climate ckhogsthe risk of some arid countrigs
particular Sahelian countries) being affected by theteisgeratures, and therefore being threatened by
overaridty, see for instan¢d>CC 200d, chapter)9To set up a proxy indicafor this riskwe rely on
the distinction previoushyadebetween the exposure to shocks and the size of shocks.

Proxies for the exposure to the risk of an increasing aridity can be either theeaagelevel of
rainfall in the country, or preferably the actual part of dry lands in the country, whicts tedtaskitof
desertification. The lower the rainfall level or the higher the dry lands percertagetiy, ahe more
exposed the countto a long term decrease of rainfall or inciedsmperature.

As for the size of thiuture) shocks, it seems relevant to use the past trend in annual average
temperature in each country other pastwo or three decades. The hypothesis is thaisthef world
temperatures will be distributed over couniniéise same way as during regadtdecades. In other
words, taking into accoumbssible non linearities, sugpposed that past trends can be extrapddated
each countryThe information o this future distributiorgonstructed in this wagould bethenused to
assess the rigsr the country. A similar and complementary proxy of the shock measurement for the risk
of increasing aridity can also be found in the decreasing trend of aidedigevel. It supposes that the
past trend in average rainfall is determined by climate change and will continue follovgary¢de
trend in each countgossibly a non linear ond}t the country level, theogressivshock resulting
from climaé change, and evidenced in a rising trend in temperature or a decreasing trend in rainfall, is
thus assessed by an extrapolation of recent past trends. If and when more relevant and reliable projectio
of the temperature and raintadtome available ahe country level, it would be possible tothiem
instead of thénon linear) extrapolation used Heee for instandbe Climate Research Unit data base).

2.3.2.Risk of increasingrecurrent shocks

Climate change can also generate more frequemdreracute natural shocks, such as droughts,
typhoons, and flooqsVorld Bank2008). Here again the only variables to be considered should be
unambiguously linked to climate and its change: suctiakamad temperatuvariability.

The vulnerability toecurrentrainfall and temperature shocks has two main kinds of components,
corresponding to the previous distinction between exposure and shocks. The exposure components at
here given by the average frequency ofrpagtll or temperature) shocksjohitreflecthe climatdout
not its change: this average frequency during previous years can be taken as a proxy to the exposure. T
shock components, more forwdodking, are drawn from the trend in this frequency, asstimsing
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trendis determined byimate change, and likely to go on in the future. These two kinds of components
are considered in the same way for rainfall and temperature.

Average present frequency as an indicator of exposure

When the Economic Vulnerability IndEXI) was developed dhe United Nations byhe
Committee for Developmentolty(CDP) for the identification of the Least Developed Countries,
indirect and synthetic indicators used were likely to capture highly heterogeneous natfi@dtocks
typhoons, droughts, humites, and earthquakes) with highly unequal intensity and consequences. Among
the components of the Economic Vulnerability Ifg@®%), the risks of natukahocks were assess&d
posby a measure of shock incidence over past years. The two relatedsiotitbe EViwerean index
of the instability of agricultural product{®), and an index of the percentage of homeless population
due to natural disaster¢iL). The instability of agriculture productisasa square deviation of the
agricultural production with regard to its trend. These two indisat@averaged in a natural shocks
index:NSI= (IA+HL)/2 .

Within the EVI this natural shock index, although calculatpdstis considered as reflectings#
for the future, due to the recurrent nature of the related shocks: the average past level is taken as a pro
for the risk of future shocks. Thiglexis indeed likely to change overdijnbut ahigh past level can
simultaneously be considered asrmg¢ing a handicap to future economic growth.

As forthe vulnerability to climate change, the present approach is different. First, the average level of
past shocks is related to rainfall and temperature, two variables clearly linked to climate, while the
instability of agriculture production or homelessness also depends on natural shocks not all related t
climate. Thus, the index of exposure to climate change, relying on past average levels of rainfall ¢
temperature instabilities, is unambiguouslycahyand by no way influenced by policy or resilience
factors. Our preferred measurement is the year to year instability of rainfall or temperature, for instance
calling 4.the index of rainfall in year t:

r F ar+

with 4 the trend level ofl,

Second, the past average level of shocks is considered as an indicatxqpasuiteeto an increase in the
frequency and size of thesevlsbbakscaptured by a specific index of the size of the shocks as explained
below.

47 The latter index coesfrom the Center of Research on Epidemiogical Disedéesalso produces ath
indicators, such as the percentage of population affected by natural disaster
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Trends in the intgsipast shocks as a proxy of future shocks

The risk ofincreasingecurrent shocks associated witnatechangds hereassessed in a forward
looking manner. It is assumed that the more significantly their intensity has been increasing ie the past, tt
more likely is their increase in the future. In other words, if rainfall and temperature shocks have increase
due to climate change, they are assunkegpoincreasing in the near futdifee proxy used will then be
the trend in the size of instability

For instancethe proxy for the risk of increasing rainfall shocks will bpasiéve) trend in the
absolutdor squared) deviation of the yearly average of rainfall from its owrStrppdsing a linear
trend it will be measured fram

F a+
—ré L LB&E> @
r

with . being the trend in the intensity of rainfall instability.
Assuminga (possibly more appropriate) Aorear trend, the measurement will be

F a+
— 5 LRs&ERc4~E > ©
r

The index of the size of futyrainfall) shocks then depends on the time hosizl@ttedas is the case
for the rise of the sea level, since this rise may also correspond to a non linear trend.

In the same way, it is possible to estimate an index of the size dfefupreature) sicks from the
trend in the intensif temperature instabilify ).

2.3.3.Aggregation of components in a synthetic index

Each of the previous component indicators gives information which oaad independently from
each otherMaking available tineeasure for each component andcarbponent will allow researcher
to use them separately or to combine them in an aggregated index. A synthetic index may indeed b
requiredin particular, as we have seen, for aid allocation. The aggregation of tuenglomemnts, once
they have been expressed as indices on a common scale, raises several issues.

Let us begin by noting that the structure of the index can be presented in two ways. The first one,
illustrated by the graph below, distinguishes betweerelasi&d to progressive shocks iaskk related
to more intense recurrent shocks, both considered as resulting from climate change. The progressiv
shocks cover those due(ifothe sea level rise drifithe trend in average rainfall and temperatuee. Th
intensification of recurrent shocks correspondi)toainfall shocks ar{ty) temperature shocks. For
each of these four main compong@is exposure indé¢x italics) and a shocks index have been
computed The second way of presenting the structutbe index, still starting from the distinction
between progressive and recurrent shocks, is to split up the recurrent ones into two mains
componentya) the past average level of rainfall and temperature instability, a proxy for exp(sure, and
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thetrend in the size of these instabilities, a proxy for the shock itself. This presentation has been used i
tabledn the appedix.

A traditional aggregation issue is related to the weight given to each component. Since the componen
are forwardooking(in particular sea level rise), it is not possible to decide on weights from an
econometric estimation of the expected respective impact onecsnoimic variable such as economic
growth or poverty reduction; a method whichlisadydifficult to apply ér the EVI(Guillaumont
2009a). A simple and normal, although arbitrary, solution is to use equal weights: here equal weigh
would be given to the two main categories of shocks, then to the four main components, then to the eight
subcomponents.

Finally,the way by which the values of the components are averaged is an important issue. The usue
averaging practice for the calculation of synthetic indiceanshmeticone(asit is donegor the Human
Development Index or for the EVI). However, one shbelaware that any of the main components of
a vulnerability index may be of crucial importance for a country, more or less independently from the leve
of the other components. In that gasean be relevant to use an averaging method reflectirgd limi
substitutability between compondassalready examined for the EVI in Guillaumont, 2009a). It can be
obtained either by a quadratic average of the components, or by a reversed geomefric average
defined in the following way

U éi
)AL SF ON :sF #; ©
p@s
with A the index value of the k component.

As an examplelet us take an island with a very large share of area likely to be flooded, or an arid
country suffering from a higtincreasing trend in the level of temperati@ch of these two cavies,
where a component is close to one, will evidence a high vulnerability to climate change by using thi:
modified geometric average.
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FIG. 2.3Composition of the Physical Vulnerability to Climate Change Index

Note: The boxes correspondinglastthews/of the diagram refer to exposu@datipenasiie of the shocks
componemispectively

In the above presentation, the physical vulnerability to climate change index gathers eight sub
components into four components reflecting kinds of shockprogressive ones and increasing
recurrent onesfpllowinga unified framework.

2.4. Calculationand robustnessof the Index

The physical vulnerability to climate change index has been calculated from data beginning in 195(
covering tk last sixty years. The indarbe updated and calculatedularly, for instanewery three or
five years.

2.4.1Data

The calculation of the risk of flooding due to sea level rise has not been possible due to a lack of
agreed data on the evolutadrihe average level rise, and even more on the probability distribution of this
rise. HowevemDasgupta and §2009)providedata for the calculation of the exposure to sea level rise,
supposing a rise up 1 meter: so, a convenient proxy for thedfislooding due to sea level rise is the
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LQGH[ RI WKH "SDUW RI FRXQWU\ DIIHFWaScatuldedby Dasgita P HW
al.2009).

Rainfall and temperature data cémomm the Global Air Temperature and Precipitatiom @rilligeshd
Annual Time Sefiérsio2.01)interpolated and documented by Cort J. Willmott and Kenji Matsuura,
with support from IGES and NASA, University of Delafaremore informatn see Legatest
al.1990a,b, and Willmott and Matsudi205). Tis is the monthly total precipitation for the years-1900
2008 interpolated to a 0.5 by 0.5 degree grid resolution. We associate each kriging point to a country, al
then aggregate our data to obtain a mean rainfall for each country. Trends are patcuatrdde
rainfall country data since 198flen considered thstarting yeaof climate chang®) For thiswork we
coulduse the Climate Research (DRU) as used by Burké al(2009) to assess the roleglgbal
warming in futures conflicts inr&f. The results would be similar but could open a discussion about this
database.

Trends are calculated on monthly data, before a seasonal adjustment according to:
4,L UEUSE @E ¥, @

For each i countnyand with:
4¢ monthly rainfaliiata;

t: trend;

@ dummy monthly variahle

Y: term of error,

48 \We usethe database for 72 countriesinlylandlocked (we assign the null value for these elements). For the
other countrigswe propose an approximation of the indecoraling to the geographic features of the country
(altitude, distribution of population). We test the validity ofvithtsome tests of sensitivity (rank correlation).

49 For countries where kriging points are not exactly in the country (13 countties)buféering technique and
couple the point closest to the country in the country where data are missing.
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For instance, the results of estimation of trend in Benin on rainfall data since 1950 areirpresented
Table 2.1.

TaB. 2.3Trend in rainfall in Benin

VARIABLES Rainfall
Trend -0.0338*+*
(0.009)
d2 24355
(2.907)
d3 21.0107%+*
(2.525)
d4 68.9388*+*
(4.850)
d5 108.6456**
(5.504)
dé 143.0438**
(6.051)
d7z 198.5777+*
(8972
as 254.7878**
(9.007)
do 246.6013**
(8.841)
d10 100.0894**
(6.154)
di1 12.1215%*
(3.079)
d12 1.9435
(1.728)
Constant 34,0590
8.177)
Observations 708
Rsquared 0.824

Robust standard errors in parentheses
*** nvalue0.01, ** pvalue0.05, * pvalue0.1
Note ignonthly dummies with Januarycatégyanyce
If the trend is not significant at the leveebesiyi the null valus$abtbmponent.

In this version of the index, we have retained a definition of shocks slightly different from that
presented in the conceptual framework ofPYMECI, but likely to better reflect the increasing risk of
rainfall or temperature shocks. Shocks are identified(lam®titiely) events over two standard deviations
of the trend in the temperature or rainfall. Then a trend in the number of shocKstisd;akking into
account only the negative shocks for rainfall andheggsitive shocks for temperature. In all instances,
data are seasonally adjusted. All estimations are done with the method of Ordinary Leé3t.Syuared

with heteroskedasticitgbust standard error.

Data on the exposure of dry lands come froritied Nations Development Prograh®ffice to
Combat Desertification and DroudiiNDP/UNSO (199), andfrom the United Nations Environment
Program/Global Resource Information DatalfgdéEP/GRID 1991)They are available on the World
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Resources Institute web®it¢ KLV LV WKH SDUW RI GU\ ODQG FRQVLGHUHG
zonesthe arid, senarid, and dry sulk XPLG JRQHY DV D SHUFHQWiaRdre®! KH FRXQ

Eachcomponent is normalized following the method

“%F IEJ, .

0, -
/oOLIZT%FIEJ/aUSrr ()]

With
CN : normalized component
C:value of component

2.4.2.Sensitivity analysis
Beginning and length of the trend

As there is no consensus on dteting date of climate change,decide taindertake a robustness
check by changing tlsartingyear of thetrendto 1970 The date of 1970 is often considerad a
dternative date for tHeegimingof climate chang®ell et al2009). There is no significant differences in
the lanking of countries if we chodk@70 as date of start for calculation of the trend. In fact, the
number of significant trea higherfor temperaturéhanfor rainfall. Twelveountries obtainedoth a
significantemperaturérend wherthis one iscalculated from 1970 but no significant trend from 1950.
For rainfall resultsare more complicatebecause 36ountries who haveegiséred a significant trend
from 1950, have no mesignificant trend since 19R@sults and list of countries conedrare listed in
the Table 2.3t is important to note there is no major chandke ranking of the countriemticeably
due to the fact that countries concerned haxgaltrend oratrendwith a slope cloge zero(if there is
anegativarendfor temperature axpositivetrendfor rainfall).

TAB. 2.2Comparison of results considering the starting date for trend

Nb countries | Nb countries

Rainfall Temperature
startingtrend 1950 sgn. trends 107 186
starting trend 1970| sign trends 77 174

Test for non linear trend

Thepreviougmeasuref indicatorss based on the assumption of a linear tiéntay not be the case
and t is possible to estimate the trendaimfall and temperature without imposing the linear trend
assumption

50\World Resources Institute (W Rifip://www.wri.org/project/earthtrendsy/ )
51)RU WKH FRPSRQHQW "WUHQG LQ UMW G IDDF 28 ¥pOXHV DUH QHJIDWL

adérala
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Wealso test for non linear tresfdllowing the estimation of :
E L sEB> EFE E for eactrountry ©)

With Rj:monthly rainfall data
t: trend;
j : dummy monthly variable

¢ term of error

If we only consider countries wdlsignificantandpositive ¢ anda significantand negative¢ for
temperaturghere is some dater aturning pointbeyond which interpretation becomes incautliviss
the same wheminfallis considered faountries witla significany negative¢ andsignificarly positive
¢.

What matters is thain this case, the results make the indidatoshocks depend on the time
horizonlf the trend is polynomial, tiggowth of average temperature or rainfall may cancel or take the
opposite direction beyond a certain date. However, tests carried out on a term of 50 years show that th
ranking of countries is not significantly modified for one and the other (tegiqesature and rainfall),
depending on whether one adopts a lineapotynomial trendAs aconsequencave prefer to retain
the linear trendssumptionThe estimations present various forms of estimated agugipresented in
the Table 2.3

TaB. 2.3Test for non linear trend

Temperature Rainfall
¢ ¢ negative | notsigrificant|  positive ¢ ¢ negative | nasigrficant|  positive
negative 0 0 34 negative 0 0 25
nat sigrificant 0 76 5 nat sigrificant 0 111 2
positive 73 0 0 positive 50 0 0

Measament of the shocks

The measure of instabilipandthe trend can be dory two ways. The most usual method is to
consider the mean absolute valugeviationgor the qadratic mean of deviatiorfsdm the trend as a
ratioto this trendWe henexaminavhether hesedeviations from the trersthowthemselvea tendency
to incrasein other wordswe calculatea trend in thestabilitfa trend in the size of the deviations from
the trend)Another method is tmentifythe numbepf shocks not set upper bounds e #two standard
deviationsand consider whether this number is increaShmgy advantage of the second method is to
retain only those events as a shock of some magnitude. Its disadvamageossider the size of the
shocks themselves.
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Components averaging

Different methodsof aggregation of the components have been tested: arithmetic, geometric
modified(*- TXDGUDWLF PHDQV $V IR Ua grindipgaKdahhpQrennakai(BER)P SR QH
was implemented test the impact of an alternative weighting, compareddquhkeweights retained.

Finally the sensitivity of resultstested througsome rank correlation te€pearman and Kendaluj

The quadratic and the modified geometric average enhance the value of the index if one of the
vulnerability components has extremelhigh valuéGuillaumontet al2010). Nevertheledsetween
these two methods of aggregation the rank differences are not significant. ,Nfurem@methods
highly correlateith the arithmetic methods.

As for weights, comparing the ariétic average results obtained with equal weights, and using
weights given by the PCA, we observe that there is no significant differencebetwaek the two
indices, and their correlation is H@AO with level of signification of 0.0 may le seen as
validating the choice of equal weights.

Finally the quadratic averafjas been retained, instead of the arithmetic average, although the latter is
the simplest method. Differences with other methods are ver{ssmedsulisresented in Tabk2.1).
We also test the sensitivitytioé ranking between three methods of aggregation: arithmetic, geometric
DQG *- DJJUHJDWLRQ : Hthe BoSdiue @due/ die tliffrenePifl tberamking. We find
a moreimpartant difference in the riaing between the arithmetic and theadratienethodg5.85) than
betweethe DULWKPHWLF D Q@G.660). Axhk$ltgdstadlimtie\explanation afjregation
formula countriedor which the variation in the rankisghe most important aceuntrieresenting a
highdegree ofulnerability only for one of the componentthefindexmostly islands vulnerable to sea
level ris€vVanuatu, Seychelles) but also countries exposed to increasiyzaiddijan). Moreovehe
smallest differee in the ranking is betweaba * - D J J U H J Dife qudgatio y&age.

2.5.The wilnerability to climate change of developingcountries

2.5.1.Why aredevelopingcountries consideredso vulnerable to climate change?

Let usfirst recallthat global warming due to CO2 emissibas beemssentially generated by non
developing countrieét the same timajeveloping countriesay beparticularly vulnerable to climate
change. Referring to an index of physical vulnerability to climate chastgmyewdenceof a high
vulnerability to climatehange. The reasons bettimd vulnerabilitarerevealedhrough tte lens of the
components of thimdex. In doingo,we do not forget thahese countries aaéso likely to have a lexw
adaptive capagitmainly due to a low level of income per capita, which may exacerbate thd impac
thar physical vulnerabilitfour main reasons fa high vulnerability afeveloping countride climate
change should be taken into consideration.

52The same types of comparison of rank are made to test the sensitivity to the proxy.
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First, most of thee countriesand in particularAfrican and South Asiaeconomiesare very
dependent on climate sensitive sectors such as agriculture, forestry and fishery. Agricultural production i
manyof thesecountries and regions is likely to be sevaffelgtedby climate changddany African
countries are classified as arid or-addhiand climate change is likely to reduce the length of thmggrow
season in thesegions Projected reductions of yields could be as much as 50% by 208t
countriegIPCC2007a chapter 93. The smaidscale poor farmers wpllobablybe the most affected. This
effect on agriculture would result bothliower economic growth, andafower food security.

Second, extreme events, such as droogfiods, have major effects aeveloping countrie$he
impact of droughts has been thorougblgumentedh numerous studies, which show various economic
and social consequences, incluaimgigration(World Bank2010). During the mitid80sthe economic
losss due to droughts weestimatedat several hundred milli@hS. dollar§Tarhule and LamB003).
Droughts are prevalent in the Sahel, the Horn of Africa and Southern Africa. Somanifricsian
countries also experience flomkents, which can resuita significant economic deprivatidfirza
2003).

Third, climate change exacerbates the water stress currently faced by somdtcalantgeserates
water stress in countries where this problem did not previously exist.

Finally the sea level ris¢onglyaffecs small poor islands, often considered as particularly vulnerable.
SIDS and most Least Developed Countries islantt®seemosexposed to the phenomenon.

To sum upit is particularly interesting to anatJgeatevulnerability in developing countries, because
these countriesyhile notresponsible foclimate change, are the omb® are affected the most by this
phenomenonBecause of their low incomdich impedesheir capacity to adajhese countrieare
likelyto bethe first victins of climate change.

2.5.2 What the PVCC/ shows

The Physical Vulnerability to Climate Change Index is particularly useful to assess thestiedyee and
the channels of this vulnerability davelojing countries. It should cast lighh the characteristics of
vulnerability to climate change witlparticular geographicakea or group of countriesThe
interpretation othe subcomponents of the PVCCI give information about the type of vulnerability
thatcharacterizeach country

Aggregatesults: Bradidepancies according taycoupiing

Results are summarizedha mags below(Figure 2.4 and 2.9)he index is estimated at the country
level, notat a regional levdt appears that in a region usually consideredlressable or exposed to
climate changthere may be significant differences between countries.

By geograjahiareat the regional leyalve distinguish different areas. Globally, coumri®euth
America and South East Asia present a low levelngfrability. Pacific islands, West and Central Asia,
Sub Saharan and South Africa countries are regions where vulnerability to climate change is the highest.

53|n South Asian countries, date of starting mossooitsathilation also determiriee agricultural production.
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All these consequences affect economies, which are alreadyinafid @frican countries, 28e
classified as Least Developed Countries. An IPCC report considgifrictné facing an annual loss of
1 to 2 %of annual GDP because of climate variaitgC 200, chapter ) The climate change
impact is likely toeinforceexisting development challenges, and its consequences are generally expectec
to be bigger in lower income countrgsch manyAfrican countrieare

By Categoriésuntry grouping results are presentedenable?.4below The resultshow the high
physical vulnerability to climate change of Least Developed Cub®igs already found to have a
high economic vulnerabil{gccording to EconomictNherability Index). LDCare found to hava high
degree ofrulnerability to climate change, paddd U O\ GXH WR WKH "UHFXUtheHQW VI
index Small Islands Developing Sté&BS) and Landlocked Developping CounttieBCs) are
characterised ky high level of therpgressiveshockscomponent butthe relatively high level tifis
componentoes not trace batk the sameffectof climate chang8&IDS are more vulnerable to the sea
level rise risk and LLDCs are more vulnerable to the risk of increasing aridity
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TaB. 2.4PVCQA quadratichy group of countrigd/3)

f _ PVCCI PROGRESSIVE SHOCKS RECURRENT SHOCKS

roup of countries . . .

o ourea Mean Medan DTl | e Mean Median o TSN e Mean Medan TS
All Developing countries (DCs) 116 4210 4162 7,66 116 3243 2887 14,83 142 4738 46,10 7,64
Least Developed Countries (LDCs) 46 461 4417 8,33 46 3320 26,32 16,84 49 51,82 51,71 7,65
All Developing countries non LDCs yy 40,79 3934 7,37 yy 3251 2949 14,33 95 4514 44,76 6,60
Low and Lower Middle Income countrig 84 4362 4372 781 84 3398 3043 15,82 95 49,19 4921 7,66
Low and LMI countries non LDCs 39 4221 41,87 7,08 39 3449 32,18 14,72 47 46,35 4552 6,61
Small Islands Developing States (SIDS 29 42 3714 10,33 29 32 2493 18,76 31 47 4592 717
SIDS non LDCs 18 3882 36,86 7,98 18 2823 2441 14,70 20 4560 4547 488
SIDSLDCs 11 4660 4534 12,21 11 3855 2885 23,36 11 50,49 4984 959
Landlocked Developing Countries (LLL 27 4451 4575 733 27 3807 4254 16,34 29 4752 4897 8,26
LLDCs non LDCs 11 4730 4845 6,08 11 4954 4996 981 13 4402 42,99 6,43
LLDCsLDCs 16 4259 40,31 7,67 16 30,19 2392 15,36 16 50,35 49,66 8,66
African Developing countries var| 44774 4498 6,63 43 3399 32,66 12,94 47 51,84 5104 717
African LDCs 30 4497 4552 6,35 30 32,71 27,66 12,72 32 5315 5311 7,24
African Low and LMI countries 37 4439 4498 6,09 37 3305 29,60 12,22 40 5199 51,38 7,18
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TaB. 2.4PVCQA quadratichy group of countrig®/3)

f _ PROGRESSIVE SHOCKS Sealevel rise Over aridity

roup of countries , , ,

o s Mean Medan o SRR | s Mean Medan BT | s Mean Medan RS
All Developing countries (DCs) 116 3243 2887 14,83 122 535 099 16,79 135 43,63 3850 18,84
Least Developed Countries (LDCs) 46 3320 26,32 16,84 48 751 067 24,19 47 4250 3641 1848
All Developing countries non LDCs 2 3251 2949 14,33 76 517 129 14,32 0 4393 39,06 19,00
Low and Lower Mitle Income countries 84 3398 3043 15,82 88 6,70 084 21,22 91 4564 40,70 19,00
Low and LMI countries non LDCs 39 3449 3218 14,72 41 559 1,00 17,06 45 4848 4549 19,28
Small Islands Developing States (SIDS 29 32 2493 18,76 29 23 380 34,39 31 31 2814 781
SIDS non LDCs 18 2823 2441 14,70 18 1998 583 26,36 20 2932 27,79 7,38
SIDSLDCs 11 3855 2885 23,36 11 2910 284 4554 11 34,29 3348 787
Landlocked Developing Countries (LLL 27 380 4254 16,34 28 012 0,00 0,62 28 5455 60,33 22,98
LLDCs non LDCs 11 4954 4996 981 12 0,00 0,00 0,00 12 7035 72,16 13,27
LLDCsLDCs 16 30,19 2392 15,36 16 021 0,00 0,82 16 42,69 3382 21,71
African Developing countries 43 3399 32,66 12,94 45 190 0,26 6,56 44 4781 44,02 18,64
African LDCs 30 32,71 27,66 12,72 31 101 036 142 31 46,75 40,70 1791
African Low and LMI countries 37 33,05 29,60 12,22 39 094 016 134 38 4713 44,02 17,23
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TaB. 2.4PVCQA quadratichy group of countrig8/3)

RECURRENT SHOCKS Rainfall shocks Temperature shocks
group of countries number of countries Mean Median Setandard Mean Median Staﬂd?fd Mean Median Staﬂd?fd
viation Dewviation Dewviation
All Developing countries (DCs) 142 47,38 46,10 7,64 4331 43,39 10,77 4331 43,39 10,77
Least Developed Countries (LDCs) 49 51,82 51,71 7,65 47,74 49,06 11,91 54,32 50,18 10,90
All Developing countries non LDCs 95 4514 4476 6,60 41,00 40,62 9,28 4811 45,09 8,97
Low and Lower Middle Income countrig 95 49,19 4921 7,66 4571 45,60 10,73 51,37 4811 10,71
Low and LMI countries non LDCs 47 46,35 4552 6,61 4345 43,25 8,86 48,26 45,63 9,55
Small Islands Developing States (SIDS 31 47 4592 717 40,72 41,18 9,75 52,10 48,50 10,97
SIDS non LDCs 20 45,60 4547 488 40,70 41,18 590 49,39 4715 84
SIDSLDCs 11 50,49 4984 9,59 40,77 39,62 1481 57,02 5247 12,95
Landlocked Developing Countries (LLL 29 4752 4897 8,26 4457 4353 11,37 4947 46,05 9,61
LLDCs non LDCs 13 44,02 42,99 6,43 40,95 38,06 10,78 46,33 44,39 491
LLDCslLDCs 16 50,35 49,66 8,66 4751 4957 11,31 52,02 46,15 11,73
African Developing countries 47 51,84 51,04 717 47,92 49,06 11,49 54,22 51,76 10,59
African LDCs 32 53,15 5311 724 49,36 50,43 10,87 55,52 53,37 11,04
African Low and LMI countries 40 51,99 51,38 7,18 48,26 4957 11,56 54,25 51,79 10,40
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Chapite 2 Un indicateur de vulnérabilité physique au changement climati

Heterogenmsilts even within broaikbsadiéigetragd bjfrican countries

Most African countries frequently deal with risks resulting from climate, such as droughts, a frequent
event in serrid countries of StBaharan AfricaThe impact of climate change is likely to be
considerable in tropical regions. Overall, crop yields may fall by ¥0inata® period t@050because
of warming and drying, but there are places where yield losses may mermseverglones and
Thornton 2003).The effects of drought are exacerbated in these regions by deep rural poverty, limited
government capacity, and exposure toiangitshockéKazianga and Ud8006). Such climatic risks
particularly affect poor countries, and it is a growmgem that climate change will worsen these events
through increased rainfall variabflRCC 200& chapter P Among developing countries, many in
Africa are seen as being the most vulnerablienttecichangglingoet al2005). Africarcountries i
generally considered more vulnerable to the effects of climate change because they have &ylower capaci
of adaptatiofWisner 2004, Thomas and Twyr@@A5).High levels of vulnerability as well as limited
financial and institutional ability to adapi; per capita GDP and high poverty tend to exacerbate the
consequences of climate chaAgearesultthere is a considerable and increasing activity by development
agencies and governments to support the development of appropriate adaptation Atrgoegies.
knowledge of the vulnerability in climate change faced by each country is necessary to guide the aid for
adaptation.

6RPH SUHYLRXV ILQ G L QN&asurerrRe@ts Lot tReHsBpdosedicKridedueéntell pf global
warming in Africa: since th860s is recognized by scientists. While this trend seems to affect the whole
continent, the change is not uniform. For instamcouth Africa and Ethiopia, minimum temperatures
haveincrease@Conwayet al.2004 2005, but Eastern Africa haxperiened a trend of decreasing
temperature. As for precipitation, the situation is more complicated: rainfall exhibits spatial and temporal
variabilitye.g., Hulmet al2005). In Westn Africa a decline in annual rainfall has been observed: 20 to
40% notedbetween the periods T9BO60 and 1968990(Dai et al2004). Inthe tropical ranfiorest
zone, the decline is smaller, and some other regions, such as Southern Africa, shmnmoHhange
in rainfall. Increased interannual variability has beeweab#ethe post970 period, with higher rainfall
anomaliefRichardet al2001). Southfrica has registered a significant increase in rainfall(€oentsy
et al2005. This heterogeneous picture is confirmed by the results of ouisimderarizedni Figure
2.5)

A high average level of vulnerability to climate ch8npSamasaidéican countries have a higher
averageuadratid®VCCI thanthe other developing countri@&able 2.4and Figure 2.1 This level is
higher on averagdecauseof the impact of the increasing recurrent shipokan for [Rveloping
Countries: 47.38d for Afican Developing countries 53,8%t of progressive shogksean around 33
for the two group®

54Table A24, ingppendix presestesulsfor arithmetic PVCCI
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As for the level of the index of the risk associated wigngssive shocks, this is a result of a rather
low impact of the sea level rise in Africa: a difference of 3 points in the mean between DCs and African
DCs. Compared to other developing counthAé$ca does not include many small islanth are
morethreatened by this trend). This difference in the composition of the group explains the high level of
standard deviation for sea level rise in the group of developing c(@sjesind the low level of
standard deviation for the African group, whiatiudes more landlocked countries. Thaver
vulnerabilityto sea level rise isompensatedy a greater vulnerability to increasing aridity. The
FRPSRQHQW "LQFUHDVLQJ DULGLW\u LV 4 @intd & \différdrceth h® SRUWD
mean)and the trend in temperature increase is more acute in Africa. Finally, the index of the risk of
progressive shocks is not significantly different in Africa and in other developing countries, because of
these two opposed effects. It should be noted thateveere comparing Africa and other developing
countries through simple averages or median levels, consistent with the aim of our index. If the country
indices of the risk of progressive shocks were weighted by populatiweigtited) average would
probably be higher for Africa because the simple average of other developing countries is affected by the
level of numerous small islands threatened by sea I¢aslsisavn by the simple average for SIDS).

As for the index of increasing recurrent shdlek$igherlevel in Africais due both to the trends of
rainfall and of temperature instabilities, from departure levels which are themselves rather high. For these
componentghe difference between DCs and African DCs is large and non ambiguous.

Country group results presented in the table below also show the high physical vulnerability to climate
change of the Least Developed Countries, already found to have a high structural economic vulnerability,
as evidenced by EVI, a feature used for taitificatior(Figure 21

Heterogeneous levels, heterogeneous kinds of vulnerab8itycantiomindenrigiestimated country by
country, it exhibits a large heterogeneity in the levels antypdseof vulnerability among
countriegfAppendk A2.2 and A2)3Its measurementwhile showing a high average vulnerability to
climate change in Afriffaigure 2.5also showlevels veryneveracros#frican countries, and this is so
for various reasons.

On a scale including 147 countries in thdédwiive PVCCI rankin@n increasing ordere.from the
least to the most vulnerable) varies for African countries betwgesdd3o) and 14 amibia). The
ten most vulnerable African countries with regard to the PCCVI are Namibia, Senegal, Botswana,
Gambia, Burkina Faso, Mali, Zambia, Sudan,,BexirBurundi. These countries present a high level of
overall physical vulnerability, generally due to a high level of several components ofFike maéx.
regions can be distinguished: the three vaobstrable sukegions seem to be WarstAfrica, a group of
Eastern Africa countries and Southern Afriotiincluding South Africa). North Africa and a group of
Central Africa countries presatawer vulnerability than the restlo continent.

As for vulnerability to progressive shocks, the level of this comyduerntd two suzomponents,
sea level rise and intensification of aridity) is for some African cdBotgesna, Chad, Comoros and
Mali) at the highest level in the world. This hig# & vulnerability to progressive shocks is in Africa
generally not mainly due, to sea level rise, except in the case of SBygaeMEgan countries are
landlocked and so not exposed to sea level rise, but many of them are highly exposedgaiititga
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Indeed mostAfrican countries with a high level of vulnerability to progressive shocks are those exposed

to anincrease of aridity. This vulnerability seems to be high for countries in desert areas Mali, Burkina
Faso, Sudan, Namibia and Batsa. The ranking of African countries vulnerable to aridification is the
highest in the world, along with some Central Asia coletgies\fghanistan, Turkmenistan). Some

African countries also face bdypesof progressive shocks: Senegal is higlmgrable to progressive

shocks because of a high level of vulnerability to an increase of aridity in the North of the country, but
also because of the sea level rise in the Senegal rivarstteitar vulnerability is found in Gambia). It

should be not& WKDW WKH VWDQGDUG GHYLDWLRQ RI WKH "LQFUHDVL
group than in the group of other developing countries.

$V IRU WKH "ULVN RI LQWHQVLILFDWLRQ RI UHFXUUHQW VKRFI
countres, also shows significarariationbetween African countri@genked from 1Xor Chad, the
lowest, to 201 for Zambia among 201 countries). After Zambia, the African countries most vulnerable to
an intensification of rainfall and/or temperature recustemtks are Namibia, Burundi, Sierra Leone,
Madagascar, Senegal, Angola, Guinea, Rwanda aneBGsmghese ten African countries are among
the thirteen countries in the world with the highest level of vulnerability to the increase of recurrent
risks)These high levels are either due to a very high level of the indices of intensificatizainfalioth
andtemperature shockdambia, Namibia, MadagaStdasuinea)mainly due to the intensification of
temperature shockBurundi, Rwanda, Sierra Leo8enegal), or mainly due to the intensification of
rainfall shock@GuineaBissau, Angola). Of courgbose countrieamong the most vulnerable to the
intensification of recurrent shocks are to a large extent vulnerable typésth shocks. Some other
African countries appear to be essentially vulnerable to one kind dCshwmios and Sao Tome to
temperature, Zimbabwe, Malawi, Eritrea, Mali, and Gambia to rainfall).

Thus, although many African countries seem to be highly vulnerable to climatircphaggieal
reasons, the precise reason or channel dphlyisical) vulnerability may significantly differ from one
country to another. These various profiles of vulnerability to climate change may help in the design of
appropriate adaptation policies.

55The vulnerability of Madagascar is not a surprise dudamhaumber dfyphoons whiclaffectthe country
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FIG. 25-PVCCI in African Countries and by components

PVCCI Quadratic

0 - 352(15)
B2 - 428(14)
428 - 482(13)

482 - 611(13)

Progressive shocks :gtensificziti%n o|£
ecurrent shocks
0 - 154(15) 0 - w0705
;5’;1 ] 21’3 2133 407 - 495(13)
11 - l,l 15 ] y
311 - 43112 495 - 3541(15)

541 - 679(12)

78



Chapite 2 Un indicateur de vulnérabilité physique au changement climati

Segaltypesf vulnerabildgmtifiech:enativeypology

Countries in the same geographical areaent some important differemiretheir vulnerabilityTo
help understanding teevarioudypes of vulnerabilityit is useful to classify countries accortinte
various components of the ind@able 2.5)A tentative typolodgpresented beldus likely to be refined
accordingo precise thresholds of components.

TAB. 2.5Tentative typology of thgpesof vulnerability as drawn in the index

PROGRESSIVE INCREASING
Name of category SHOCKS RECURRENT SHOCKS Examp|e of countries
’ Sedevel risa Increasing  Rainfall | Temperaturg concemed
aridity shocks shocks
o | e
Vulnerability to i El SalvadoBurundi, Sierra
recurrent shocks Leone, Zambia
pr\églrr;?nk/)eli;nz;gks +++ Tunisia, Mrocco
Grenada, Micronesia, Fe
Vulnerability to it Sts., Seychelles, Kiribati
5 sea level rise Maldives, Marshall Island
§_ Tuvalu
S KazakstarBotswana,,
8 Vulnerability to Uzbekistan, Burkina Fasq
+++
% increasing aridity Turkmenistan Afghanistay|
o Namibia
O - Namibia, Banglash
ke Vulnerability to A
2 | increasingrainfall +++ Myanmar, Gui ;
£ shooks Angola, Mongolia, Sao To|
% and Principe
£ Vulnerability to
> increasing 4 TimorLeste, Comoros,
temperature Rwanda, Guatemala
shocks

This table shows thatwkloping countries are not affected by the same type of vulnerability. This
finding legitimate the usé geometrical/quadratic average particular if the index is to be used as a
criterion for the aid allocation for adaptation. Moreover, the identification of the source of vulnerability to
climate change may help for the design of a relevant support to countries willing to implement adaptation
policies.

2.6.Conclusion

This chapte presents a first attempt to build a Physical Vulnerability to Climate Change
Index(PVCCI) and preliminary results developingcountries. The indediffers from the abundant
literature on vulnerability to climate change by considatintpe part ofvulnerability whit does not
depend on preseat future policy. To this aim, it relies only on physical components reflecting the likely
impact of climate change, without any use of socioeconomic data. It is an index of physical or geo
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physical vulnerdlty to climate change, changing only progressively and Islbrslydiffersfrom the

more general environmental vulnerability indices, which inetiiignce and policy components and
environmental varialslether than climate. It also différem the Economic Vulnerability IndézV1)

used by the Committee for Development P@IBP) for the identification of the Least Developed
CountriegLDCs). The PVCCI isrelated only to structural vulnerab{litdependent fronthe present

will of countriesput covers all kinds of exogenous shocks likely to affect economic growth, not just those
resulting from climate change.

The components of the PVCCI index capturetypesof risk related to climate change: the risks of
an increase of recurrent shogkeh as droughts), and the risks of progressive and irreversible
shockgsuch as flooding due to higher sea |eled).assessment of these risks relies on components
referring both to the likely size of the shocks and to the cod¥rpgsure to these shocks.

The calculation of the index of physical vulnerability to climate change shows both a higher average
level fordevelopingcountriesin particular for African countriemnda significant heterogeneity among
them and among Afdaa countriesFive main regions have been distinguished: the three most vulnerable
subregions appear to be Wast Africa, a group of Eamin African countries, and Southern
Africa(excluding South Africa).nOthe other handNorth Africa and a group ofe@tral African
countries preserd lower vulnerability than the rest of continent. The ten most vulnerable African
countries with regard to the PCCifipear to b&lamibia, Senegal, Botswana, Gambia, Burkina Faso,
Mali, Zambia, Sudan, Benand Burundi. Tése countries present a high level of overall physical
vulnerability, generally due to a high level of several components of the index.

The high physical vulnerability to climate change of many African countries is itself the result of
various combinatiorsf the components of the index. The higher average level of the African PVCCI is
due to a greater intensification of recurrent sti@kgall or/and temperature), more than to progressive
shocks. In facthe impact of progressive shocks in Afridaflisencedby the fact that many African
countriedeinglandlockedirenot threatened ihe sea level risehilemany of them are concerned by a
trend of increasing aridity. The higher level of risk of increasing recurrent shocks appears to result either
from rainfall or temperature shacks

The UN Economic Vulnerability IndéxVI) has been proposed as a possible criterion for the
allocation of development assistdmetgveen countrig&uillaumont 20085 uillaumontet al2010).In
the same wayhe PVCClcould be used as a criterion for the allocation of the international resources
available for the adaptation to climate change. It would be a relevant criterion precisely because it does not
depend on present policy, and only gives an indication of teéonesthptation. The two indices EVI
and PVCCI can have a complementary role in the allocation of international resources, as far as these
resources are provided from separate sodiicessignificant differerem rankinbetween PVCCI and
EVI VXSSRUWV WKH LGHD RI WZR VSHFLILF DVVHVVPHQWYV RI "QHH
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Appendix
TAB. A2.1Sensitivity of index to components averaging
. CCVI arithmetic CCVI quadratic CCVIG' _Rank
countries difference
value rank value rank value rank | (1-2) (1-3)
Afghanistan 45,25 136 54,05 138 53,88 138 2 -2
Algeria 28,68 27 33,40 30 30,59 28 3 -1
Angola 38,69 109 45,70 110 43,08 106 -1 3
Antigua and. 31,73 56 36,94 58 34,41 58 2 -2
Argentina 33,05 67 37,89 64 35,24 64 3 3
Austria 24,25 5 28,56 6 25,64 5 -1 0
Azerbaijan 34,93 80 42,79 94 40,06 92 -14  -12
Bahamas 46,48 138 47,05 119 47,02 124 19 14
Bangladesh 33,32 71 40,42 78 37,70 78 -7 -7
Belgium 26,66 18 30,44 14 28,08 15 4 3
Belize 28,39 26 31,44 21 29,60 23 5 3
Benin 43,83 130 50,45 127 48,57 127 3 3
Bhutan 26,19 15 31,50 22 28,19 16 -7 -1
Bosnia andH. 24,88 8 29,48 8 26,47 8 0 0
Botswana 47,60 139 56,69 140 57,76 140 1 -1
Brazil 35,76 84 42,46 90 39,79 87 6 -3
BruneiD. 25,42 12 30,58 15 27,30 12 3 0
Burkina Faso 45,46 137 53,63 137 52,66 135 0 2
Burundi 40,05 118 49,00 126 47,74 125 -8 -7
Cambodia 34,12 77 40,35 76 37,51 77 1 0
Cameroon 32,89 66 38,97 71 35,89 69 5 -3
Cape Verde 30,50 45 35,19 39 32,54 41 6 4
Central African Re 30,18 41 35,45 42 32,42 40 -1 1
Chad 33,15 69 40,58 80 37,33 75 11 -6
Chile 31,94 57 36,08 50 33,78 53 7 4
China 35,42 81 40,53 79 37,91 79 2 2
Colombia 27,93 24 32,41 26 29,62 24 2 0
Comoros 36,39 91 45,34 106 43,88 111 -15  -20
Congo 29,03 30 34,94 38 31,56 33 -8 -3
Congo, The DerRep.| 32,31 62 39,01 72 35,77 68 -10 -6
Costa Rica 33,50 72 41,43 82 38,88 83 -10 -11
Cuba 32,14 60 36,71 54 34,41 59 6 1
Cyprus 36,37 90 42,48 91 40,08 93 -1 -3
Czech Republic 26,04 14 30,15 13 27,41 14 1 0
Denmark 51,80 143 59,12 143 100,00 143 0 0
Djibouti 37,38 100 42,88 95 40,83 95 5 5
Dominican Republic | 30,24 42 34,71 36 32,10 37 6 5
Ecuador 36,23 89 41,87 85 39,23 85 4 4
Egypt 30,97 50 35,60 44 33,02 48 6 2
El Salvador 44,96 135 53,17 136 52,75 136 -1 1
Equatorial Guinea 28,72 28 34,13 33 30,99 31 -5 -3
Ethiopia 32,43 63 37,25 61 34,72 60 2 3
Fiji 29,91 37 34,70 35 31,98 36 2 1
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. CCVI arithmetic CCVI quadratic CCVIG' _Rank
countries difference
value rank value rank value rank | (1-2) (1-3)
French Guiana 29,87 36 37,27 62 33,97 54 -26 -18
French Polynesia 34,26 79 42,06 87 39,85 90 -8 -11
Gabon 31,21 53 37,24 60 34,05 55 7 -2
Gambia 48,98 140 55,99 139 55,84 139 1 1
Ghana 33,54 73 41,95 86 38,39 81 -13 -8
Greece 34,15 78 38,92 70 36,47 70 8 8
Grenada 41,78 126 42,96 96 42,71 102 30 24
Guadeloupe 28,01 25 32,73 28 29,98 26 -3 -1
Guatemala 37,95 105 46,61 115 45,06 119 -10 -14
Guinea 38,32 107 44,98 104 42,40 100 3 7
GuineaBissau 37,96 106 44,36 100 42,10 99 6 7
Guyana 26,50 17 31,43 20 28,37 17 -3 0
Haiti 29,24 31 33,49 31 30,95 30 0 1
Honduras 31,37 54 36,35 51 33,61 50 3 4
Hungary 27,77 21 32,28 25 29,43 22 -4 -1
India 39,83 112 45,86 112 43,35 107 0 5
Indonesia 30,73 47 35,70 47 32,98 47 0 0
Iran, Islamic Republi¢ 40,23 122 47,47 122 45,45 120 0 2
Ireland 29,77 35 30,75 16 30,20 27 19 8
Jamaica 33,16 70 37,14 59 35,02 61 11 9
Jordan 35,59 83 41,25 81 38,43 82 2 1
Kazakstan 40,09 119 50,62 128 51,79 134 -9 -15
Kenya 39,34 110 45,52 109 42,87 105 1 5
Kiribati 50,16 141 58,29 141 100,00 143 0 -2
Korea, DenPeoRep | 33,09 68 39,50 74 36,51 71 6 -3
Korea, Republic of 29,96 39 35,92 48 32,72 45 -9 -6
Kuwait 35,59 82 42,16 88 39,94 91 6 -9
Kyrgyzstan 37,36 99 45,00 105 42,59 101 6 -2
Lao PeoDem.Re. 28,89 29 36,04 49 32,15 38 20 -9
Lesotho 26,38 16 32,23 23 28,64 18 7 -2
Liberia 33,65 74 40,40 77 37,28 74 -3 0
Libyan Arab.J 31,00 51 35,61 45 33,03 49 6 2
Luxembourg 23,26 1 27,27 2 24,49 1 -1 0
Macedonia 27,67 20 32,24 24 29,36 21 -4 -1
Madagascar 40,18 121 47,28 120 44,87 118 1 3
Malawi 33,89 76 40,03 75 37,10 73 1 3
Malaysia 24,95 9 30,06 12 26,81 10 -3 -1
Maldives 56,91 145 62,77 145 100,00 143 0 2
Mali 44,45 133 51,74 133 49,73 130 0 3
Marshall Islands 61,28 146 66,05 146 100,00 143 0 3
Mauritania 36,80 95 41,80 83 39,40 86 12 9
Mayotte 36,63 93 45,36 107 44,01 112 -14  -19
Mexico 37,61 102 42,64 93 40,42 94 9 8
Micronesia, Fed. Sts| 36,23 88 36,77 55 36,54 72 33 16
Moldova, Republic off 36,87 96 45,45 108 43,47 108 -2 -12
Mongolia 44,02 131 51,80 134 49,92 131 -3 0
Morocco 37,28 98 44,92 103 42,84 104 5 -6
Mozambique 36,45 92 42,51 92 39,81 89 0 3
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. CCVI arithmetic CCVI quadratic CCVIG' _Rank
countries difference
value rank value rank value rank | (1-2) (1-3)
Namibia 52,59 144 61,07 144 60,89 142 0 2
Nepal 31,05 52 37,72 63 34,32 57 -11 5
New Caledonia 25,27 11 29,65 9 26,88 11 2 0
New Zealand 24,32 6 28,49 5 25,73 6 1 0
Nicaragua 38,33 108 44,82 102 42,71 103 6 5
Niger 39,84 113 46,30 113 43,72 109 0 4
Nigeria 37,65 104 43,87 98 41,14 97 6 7
Oman 23,78 3 27,30 3 24,85 3 0 0
Pakistan 39,86 114 46,36 114 44,13 115 0 -1
Palau 32,16 61 38,05 65 35,31 65 -4 -4
Panama 29,98 40 35,64 46 32,58 42 6 -2
Papua New Guinea | 29,37 32 34,69 34 31,62 34 2 -2
Paraguay 31,57 55 36,58 53 33,71 52 2 3
Peru 35,95 86 42,44 89 39,79 88 3 -2
Philippines 29,57 34 34,79 37 31,85 35 3 -1
Puerto Rico 27,87 23 31,19 18 29,18 20 5 3
Qatar 29,93 38 32,61 27 31,11 32 11 6
Réunion 39,87 115 47,38 121 45,92 121 6 -6
Rwanda 36,64 94 45,75 111 44,11 113 -7 -19
S Vincent and th&. 30,40 43 31,16 17 30,73 29 26 14
Samoa 25,75 13 29,98 11 27,31 13 2 0
Sao Tome and.P 40,82 123 46,74 118 44,59 117 5 6
SaudArabia 30,78 49 35,43 41 32,69 44 8 5
Senegal 50,71 142 58,75 142 58,81 141 0 1
Seychelles 37,27 97 39,34 73 38,39 80 24 17
Sierra Leone 40,04 117 48,22 123 46,83 123 6 -6
Slovakia 25,16 10 29,72 10 26,72 9 0 1
Solomon Islands 30,46 44 35,55 43 32,81 46 1 -2
Somalia 39,35 111 46,62 116 4412 114 -5 -3
South Africa 35,85 85 41,85 84 39,04 84 1 1
Sri Lanka 30,69 46 35,25 40 32,63 43 6 3
St. Kitts and Nevis 35,95 87 38,32 66 37,49 76 21 11
Sudan 44,08 132 51,10 130 48,90 128 2 4
Suriname 27,83 22 32,82 29 29,89 25 -7 -3
Swaziland 32,54 64 38,54 68 35,48 66 -4 -2
Switzerland 24,55 7 28,94 7 26,01 7 0 0
Taiwan, Prov. of Chiy 30,74 48 34,08 32 32,16 39 16 9
Tajikistan 39,94 116 46,72 117 44,14 116 -1 0
Thailand 32,11 59 38,34 67 35,20 62 -8 -3
Timor-Leste 44,85 134 53,17 135 53,03 137 -1 -3
Togo 37,63 103 43,57 97 40,93 96 6 7
Tonga 41,45 124 44,38 101 43,81 110 23 14
Tunisia 40,15 120 48,44 124 48,13 126 -4 -6
Turkmenistan 41,97 127 51,01 129 50,77 132 -2 -5
Tuvalu 61,28 146 66,05 146 100,00 143 0 3
Uganda 32,59 65 38,75 69 35,73 67 -4 -2
United Arab Emiratey 27,38 19 31,30 19 28,87 19 0 0
Uruguay 24,17 4 27,89 4 25,41 4 0 0
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. CCVI arithmetic CCVI quadratic CCVIG' _Rank
countries difference
value rank value rank value rank | (1-2) (1-3)
Uzbekistan 42,54 128 51,63 132 51,61 133 -4 -5
Vanuatu 29,41 33 36,87 57 33,66 51 -24  -18
Venezuela 32,02 58 36,78 56 34,14 56 2 2
Viet Nam 33,69 75 36,38 52 35,21 63 23 12
Western Sahara 23,57 2 26,95 1 24,57 2 1 0
Yemen 37,39 101 43,99 99 41,44 98 2 3
Zambia 43,26 129 51,48 131 49,55 129 -2 0
Zimbabwe 41,69 125 48,45 125 45,98 122 0 3
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TaB. A2.2Elementary components of the PVCCIA@ncanCountries

2. 3. da. 4b. 5. 7.Trend in 8.Trendin
countries Size ofléea leve Share of flood Share of Trend in Trend in Rainfall 6. -Esrt';%ﬁ@tu e rainfall temperature
areas drylands temperature rainfall instability instability instability

Algeria 1,00 0,37 20,90 45,73 67,18 2344 39,67 31,97 54,08
Angola 1,00 0,02 19,30 3541 71,62 87,50 40,50 39,22 69,32
Benin 1,00 0,53 87,50 27,16 72,03 7344 4545 32,37 58,06
Botswana 1,00 0,00 100,00 73,34 70,91 64,06 53,72 36,82 54,08
Burkina Faso 1,00 0,00 100,00 38,75 75,13 65,63 46,28 40,77 54,08
Burundi 1,00 0,00 0,00 61,98 70,04 62,50 72,73 35,62 83,57
Cameroon 1,00 0,02 13,00 14,73 7781 67,19 28,93 39,28 68,30
Cape Verde 1,00 0,69 1540 14,82 66,42 56,25 37,19 34,94 54,08
Central Af. Rep. 1,00 0,00 20,10 4,30 74,32 57,81 28,93 36,17 59,10
Chad 1,00 0,00 68,20 42,69 69,42 9,38 47,11 39,11 45,39
Comoros 1,00 0,71 0,00 74,86 87,93 50,00 100,00 0,00 54,08
Congo 1,00 0,01 0,10 15,30 74,58 56,25 33,88 35,78 61,16
Congo, Dem.Rep. of 1,00 0,00 040 31,05 71,98 54,69 58,68 35,76 57,39
Cote d'Ivoire 1,00 0,20 14,63 79,20 70,31 35,54 32,37 54,08
Dijibouti 1,00 147 7340 36,12 66,42 29,69 34,71 35,58 62,63
Egypt 1,00 0,67 7,80 42,16 65,79 50,00 43,80 32,81 54,08
Equatorial Guinea 1,00 0,10 0,00 17,35 84,68 37,50 28,10 41,43 70,92
Eritrea 1,00 83,00 17,15 66,42 79,69 23,14 35,99 62,04
Ethiopia 1,00 0,82 57,70 23,28 66,42 29,69 43,80 32,37 44,44
Gabon 1,00 0,19 0,00 19,94 79,01 60,94 32,23 4017 65,32
Gambia 1,00 133 97,30 38,23 86,37 53,13 57,85 56,59 54,08
Ghana 1,00 040 66,20 31,30 73,02 0,00 60,33 32,37 54,08
Guinea 1,00 0,20 14,10 32,46 85,61 59,38 64,46 4783 60,14
GuineaBissau 1,00 0,77 590 35,38 88,40 71,88 34,71 58,27 64,85
Kenya 1,00 0,04 68,00 26,10 66,42 62,50 51,24 32,37 54,08
Lesotho 1,00 0,00 0,00 0,00 71,77 54,69 26,45 32,37 61,61
Liberia 1,00 0,10 0,00 24,80 82,47 65,63 59,50 32,37 57,25
Libyan Arab Jam. 1,00 0,69 22,70 63,14 66,42 28,13 40,50 32,37 54,08
Madagascar 1,00 0,20 23,10 35,32 66,42 85,94 73,55 32,37 54,08

561n greycountries nousually classified as Skdharan Africa.
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2. 3. 4a, 4b. 5. 7.Trend in 8.Trend in
countries Size ofléea leve Share of flood Share of Trend in Trend in Rainfall 6. -Esg%ﬁ;;tu e rainfall temperature
areas drylands temperature rainfall instability instability instability

Malawi 1,00 0,00 0,00 63,77 74,79 75,00 3140 4135 54,08
Mali 1,00 0,00 80,20 4704 71,09 75,00 4959 37,70 54,08
Mauritania 1,00 0,69 45,60 46,90 69,56 54,69 4215 34,12 54,08
Mauritius 1,00 0,00 22,03 66,42 59,38 39,67 32,37 50,51
Mayotte 1,00 0,95 0,00 74,86 87,93 50,00 100,00 0,00 54,08
Morocco 1,00 0,25 92,30 33,22 69,41 4219 23,97 32,37 54,08
Mozambique 1,00 014 37,60 3535 74,20 81,25 25,62 37,21 54,08
Namibia 1,00 0,07 90,80 75,02 70,04 90,63 69,42 36,57 60,25
Niger 1,00 0,00 62,10 52,60 69,08 64,06 52,07 36,12 4357
Nigeria 1,00 0,07 58,20 34,42 71,49 46,38 48,76 32,37 61,49
Rwanda 1,00 0,00 0,00 58,01 66,42 40,63 73,55 36,30 80,42
Sao Tome and P. 1,00 0,69 54,90 798 81,31 65,63 32,23 60,83 62,77
Senegal 1,00 084 94,10 53,66 79,04 53,13 81,82 4401 59,60
Seychelles 1,00 11,00 0,00 0,00 62,80 67,19 30,58 26,95 54,08
Sierra Leone 1,00 0,35 0,00 4205 97,36 2344 93,39 71,95 59,04
Somalia 1,00 0,09 79,90 35,26 66,42 3594 4215 34,99 70,31
South Africa 1,00 0,02 66,20 26,45 70,12 46,38 38,84 32,37 54,08
Sudan 1,00 0,02 66,80 63,83 66,42 68,75 61,98 35,71 54,08
Swaziland 1,00 0,00 49,00 49,38 72,61 3281 34,71 28,71 54,08
Tanzania, Un. Rep. 1,00 0,02 24,37 66,42 7344 4215 32,37 54,08
Togo 1,00 0,19 33,60 27,77 72,46 75,00 55,37 26,53 58,91
Tunisia 1,00 1,08 93,70 65,12 68,16 34,38 3140 32,37 54,08
Uganda 1,00 0,00 16,20 32,37 66,42 46,38 51,24 32,37 64,68
Zambia 1,00 0,00 16,30 4642 70,74 95,31 66,94 4263 66,34
Zimbabwe 1,00 0,00 67,30 34,36 71,68 81,25 3140 38,52 62,07
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Risks related to
progressive shocks due to intensification of recurrent shocks due to Index of the T'Sk .I ndex .Of th_e risk PVCCI
of progressive | intensification of uadratic average
Sealevelrise | Intensification of aridit Rainfall shocks Temperature shock shocks recurrent shocks | 9
countries Vaue Rank/155 Value Rank/188 Value Rank/201| Value Rank/201 Value Rf‘:g’ Value R;‘gf’ Valuge Rﬂ}k/
Algeria 1,46 82 38,68 112 27,70 16 46,87 116 20,07 77 37,29 32 3340 30
Angola 0,08 44 36,41 104 63,36 196 5491 158 18,24 64 59,13 192 45,70 110
Benin 211 92 68,55 168 52,90 170 51,76 149 35,33 126 52,33 168 50,45 127
Botswana 0,00 1 86,06 187 50,44 159 53,90 156 4303 140 | 5217 167 56,69 140
Burkina Faso 0,00 1 7847 179 53,20 175 50,18 145 39,23 131 51,69 165 53,63 137
Buundi 0,00 1 33,00 81 49,06 155 78,15 199 16,50 52 63,60 197 49,00 126
Cameroon 0,09 46 29,63 67 53,23 176 48,61 133 14,86 37 5092 159 3897 71
Cape Verde 2,76 106 28,01 55 45,60 136 4563 100 15,38 42 4561 118 35,19 39
Centrl African Republic 0,00 1 29,70 68 46,99 143 4401 76 14,85 36 4550 117 3545 42
Chad 0,00 1 62,13 157 24,24 5 46,25 110 31,06 115 3525 11 40,58 80
Comoros 2,84 109 40,70 119 25,00 7 77,04 197 21,77 83 51,02 160 4534 106
Congo 0,05 41 2252 17 46,01 139 4752 122 11,29 9 46,77 128 3494 38
Congo, TheDem.Rep.g 0,01 40 25,96 37 45,22 135 58,03 172 12,98 22 51,63 164 39,01 72
Cote d'voire 0,80 63 51,34 163 4481 86 48,07 135
Djibouti 5,87 135 62,34 158 32,63 44 48 134 34,11 120 40,65 64 4288 95
Egypt 2,66 103 30,89 73 41,40 112 4894 137 16,78 54 4517 112 35,60 44
Equatorial Guinea 0,38 52 2551 34 3947 92 4951 140 12,95 21 4449 103 34,13 33
Eritrea 62,39 159 5784 187 4259 50 50,21 153
Ethiopia 3,29 119 51,28 139 31,03 30 4412 78 27,28 100 3757 3 37,25 61
Gabon 0,76 61 24,74 29 50,55 160 48,77 136 12,75 17 49,66 147 37,24 a0
Gambia 531 133 79,80 180 54,86 181 55,96 160 4256 139 5541 184 55,99 139

57In greycountries not usually classified asSaftaran Africa.

58The ranking presentedebased on all the countries in the wbtltare differing according to the index components due to data availability. The number of ranked countries is
indicated in the rank column of each component.

59 Themearvalue of the PVCCI considering all the countries in the (&di}lis 406,
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Risks related to
: - S Index of therisk | Index of the risk
progressive shocks due to intensification of recurrent shocks due to of progressive | intensification of uadI:a\jljgg\I/era l

Sealevelrise | Intensification of aridit Rainfall shocks Temperature shock shocks recurrent shocks | 4 9

countries Vale Rark/155 Vaue Rank/18§ Vae Rank201| Vaue Ranki20] Vale o | Value ot | vaues RN
Ghana 1,60 87 59,18 152 16,18 1 57,20 168 3039 113 | 3669 25 4195 86
Guinea 0,82 65 36,57 105 53,60 178 62,30 177 1869 66 5795 14 4498 104
Guine&Bissau 3,08 118 33,90 88 65,07 199 49,78 143 1849 65 5743 189 | 4436 100
Kenya 0,16 48 57,13 150 4743 145 52,66 152 2864 107 | 5005 151 | 4552 109
Lesotho 0,00 1 17,94 4 4353 120 44,03 77 8,97 2 43,78 A 3223 23
Liberia 042 53 26,82 46 49,00 153 58,38 174 1362 26 5369 175 | 4040 77
Libyan Arab Jamahiriya| 2,74 105 43,74 127 30,25 27 47,29 119 23,24 90 38,77 43 35,61 45
Madagascar 0,78 62 36,99 106 59,15 190 63,82 180 1889 69 6148 195 | 4728 120
Malawi 0,00 1 34,64 91 58,17 188 42,74 51 1732 56 5046 156 | 4003 75
Mali 0,00 1 69,63 170 56,35 184 51,83 150 3482 122 | M40 177 51,74 133
Mauritania 2,77 107 51,92 141 44,41 132 4811 126 2734 101 | 4626 125 | 4180 83

Mauritius 2211 14 45,87 137 45,09 93 4548 116

Mayotte 3,80 123 40,70 119 25,00 7 7704 197 225 8 51,02 1® 4536 107
Morocco 1,00 70 7181 174 3728 73 39,02 18 3640 128 | 3815 40 4492 103
Mozambigque 054 55 46,19 135 59,23 192 3985 23 2337 91 4954 145 | 4251 92
Namiba 0,26 49 81,67 183 63,60 197 64,84 187 4097 133 | 6422 198 61,07 144
Niger 0,00 1 61,47 156 50,09 158 4782 15 30,73 114 | 4895 142 | 4630 113
Nigeria 0,29 50 55,58 147 39,62 %} 55,12 159 2793 105 | 4737 132 | 4387 98
Rwanda 000 1 31,11 74 38,46 87 76,99 196 1555 43 57,73 190 | 4575 111
Sao Tome and Principe| 2,78 108 49,77 138 63,23 195 47,50 121 2628 98 5537 183 | 46,74 118
Senegal 334 121 80,22 182 4857 152 70,71 191 41,78 137 59,64 193 58,75 142
Seychelles 44,00 147 15,70 1 47,07 144 4233 a7 2985 109 4470 106 39,34 73
Sierra Leone 1,39 80 34,85 92 47,70 149 76,22 194 1812 63 6196 196 | 4822 123
Sonalia 0,36 51 65,37 163 35,46 61 56,23 162 3286 116 | 4585 122 | 4662 116
South Africa 0,08 43 57,24 151 39,62 A 46,46 112 2866 108 | 4304 89 418 &4
Sudan 0,08 45 65,96 165 52,23 168 58,03 171 3302 118 | 5513 182 51,10 130
Swaziland 0,00 1 55,00 145 30,76 29 44,39 79 2750 102 | 3758 35 3854 68
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Risks related to

Index of the risk

Index of the risk

progressive shocks due to intensification of recurrent shocks due to of progressive | intensification of uadI:a\jljgg\I/era l
Sea level rise Intensification of aridit] Rainfall shocks Temperature shock shocks recurrent shocks q 9
countries Vaue Rank/155 Vale Rank/188 Value Rank/201| Value Rank/201 Value Rf‘:g’ Value R;‘gf’ Values Rﬁf‘yk’
Tanzania, United Rep.of 0,07 42 5290 170 4811 126 5051 157
Togo 0,75 60 41,86 123 50,77 162 5714 167 21,30 81 5395 176 4357 97
Tunisia 433 132 80,77 181 33,37 45 4274 51 4225 138 38,06 38 4844 124
Uganda 0,00 1 32,80 80 39,62 A4 57,96 170 16,40 50 48,79 140 38,75 69
Zambia 0,00 1 3744 108 68,97 200 66,64 188 18,72 67 6781 201 5148 131
Zimbabwe 0,00 1 60,16 154 59,88 193 46,74 114 3008 110 5331 171 4845 125
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TAB. A2.4PVCCI arithmetic by group of countries

' PVCCI PROGRESSIVE SHOCKS RECURRENT SHOCKS
oupofooumes s Men Vedan  STUE | ey Mean vedan SRR | Monmes  Mean Medan o T

All Developing countries (DCs) 116 359 3581 6,74 116 2433 2153 11,60 142 46,72 45,75 748
Least Developed Countries (LDCs) 46 3793 37,38 783 46 2492 1880 14,22 49 5103 51,02 7,58
All Developing countries non LDCs 72 3495 3361 6,39 72 2441 22,70 10,87 9%5 4456 44,60 6,40
Low and Lower Middle Income coestri 84 3725 3684 716 84 2553 22,37 13,00 95 4892 4892 750
Low and LMI countries non LDCs 39 36,22 36,23 6,29 39 2592 26,22 1154 47 4585 4540 642
Small Islands Developing States (SIDS 29 37 3316 10,00 29 27 1942 17,74 31 46 44,86 6,85
SIDS non LDCs 18 3513 32,15 8,46 18 2493 1861 14,70 20 4504 4456 473
SIDSLDCs 11 4029 37,96 11,85 11 31,69 21,77 21,97 11 4889 49,75 937
Landlocked Developing Countries (LLL 27 3717 3687 6,2 27 2698 30,08 11,55 29 47,02 4879 812
LLDCs non LDCs 11 3943 40,09 496 11 3503 3533 6,94 13 4364 4297 641
LLDCsLDCs 16 3561 3352 6,65 16 2145 1691 1091 16 49,76 4945 850
African Developing countries 44 37,76 3745 597 43 2464 2337 932 47 5060 5045 6,87
African LDCs 30 3811 3814 572 30 2363 20,09 9,29 32 5244 5201 714
African Low and LMI countries 37 3761 37,65 549 37 238 2177 8,86 40 51,25 5097 727
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Parte2 (YDOXHU O-LPSDFW GHV FKRFV SOXY

(YDOXHU O L P S hlEwWematHgJedskrRaFscurité alimentaire

En juin 2009, la FAQ@-ood and Agriculture Organization) annoncait que pour la premiere fois, le
QRPEUH G:-LQGLYLGXV VRXIIUDQW GH OD IDLP GDa¥cumd# PRQ
alimentaire esDX FxXU GHV SUpRFFXSDW LpGiFurdaghées BEQ Z000L IBrQ &uO H 'V
Sommet du Millénaire au siege des Nations Unies, le prem@bjetdss du Millénaire pour le
DéveloppemenOMD) établipar la communauté @rhationale estt® UpGXFWLRQ GH O-H[WL
et de la faim® /-DWWHLQWH GH FH EXW HVW QpDQPRLQV PLVH j PD
économiques subies par les pays en développement au cours de ces dix dern{areNeyanées
2005 par exemple) et la crise alianmenmondiale de 26@608(FAO 2011).

Pourtant, en théorie, pour faire face au risque, les agents économiques peuvent mettre en plac
différerts mécanismes de protection: assurance, épargne, transferts, thveddfcaulturesSile
risque esparfaitement assuré, les conséquences du choc sont quasi nulles. Mais, ces processus sc
FREWHX[ HW O-DVVXUDQFH DX VHLQ GHV PpQDJHYV bMeUk HV HV
risquesie sont pas assutétalement{Morduch 1995, Towserd®95 Christiaensest al2007.

Ces chocs non assurés peuatots rwWUH j O-RULJLQH G-XQH SDXYUHWp WUI
choc, les ménages sont, par exemple, contraints de rédugenderfgoraire leur consommation
courante. Cette pauvreté transitoire implique un retour anoianate» a terméokshin et
Ravallior20®). Cependant, lors de chocs plus séveres, les ménages vulnérables peuvent étre forcés
vendre leurs actifs de puotion comme le bétail, pour compenser la perte de revenu. Dans ce cas, le
FKRF PrPH V.:LO HVW WHPSRUDLUH DIIHFWH QpJDWLYHPHQW C
un impact chronique, persistant, voire permanent sur les reven(Rdstunaneigt Binswanger 1993
Rosenzweigt Wolpin 1998 b, Jalan et Ravallid®98 Morducii999 Jalan et Ravalli@d01, Dercon et
Christiaener201). Ainsi, les chocs a&sés a des risques non assWé& QW VRXYHQW j O-R
basculement des ménatgs plus vulnérableansdes piegesa pauvreté, siegee cercles vicieux
irréversiblef_okshin et Ravallion 200®arris et Karfakis 200€es cercles vicieux enferment le ménage
dans un équilibre de bas niveau, liant pauvreté économique iewvéstésement humain se traduisant
HQ SDUWLFXOLHU SDU XQH GLPLQXWLRMDryéadt ad2Q0Q)Yetl YW LV V HF
détérioration de la sarié@coby et Skoufia897) Par exemple, Beegleses coauteu(80®) montrent
TX-HQ 7D ¢imQdeHevenu subi par les ménages tend a favoriser la déscolarisation et le travail de
enfants. De Janvrgt al(2006) observent également un phénoméne de forte persistance voire
d'irréversibilité des chocs économiques sur la scolarisationrdesaarBaésil. En analysant les effets de
la sécheresse au Brésil, Hodinott et Ki@8é\1) confirmeritt LPSDFW GHV FKRFV GH UHYHC
HQIDQWYV 2U XQ PDXYDLV pWDW GH VDQWagnt ¢/ céhXéqixeQdds IDLE
importartes sur sa productivité future et son-tigUH | O - BhHemIO8) CevvrEpercussions sur
le long W H U P HtaGdeXdantifagle GH O-HQIDQW QH -¢dindgDérebQet\Hoddindtd V R XV
2003 Strauset Thomas2008 Ferreiraet Schady 200@ldermarn201). Les chocs auxquels sont soumis
OHV PpQDJHV FRQWULEXHQW GRQF j OD SHM&AUWHNIO)FH GH OD S

60 Plusprécigment la cible numéro 3 de cdijedtif est la réduction de moitié, entre 1990 et 2015, de la proportion
de la population qui souffre de la faim.
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Parte2 (YDOXHU O-LPSDFW GHV FKRFV SOXY

Consciente des conséquences désastreuses a long terme que peut avoir la malnutrition, la communa
internationale et scientifigue se consacre largement a la définition des conditions de la sécurité alimentai
Dans son Rapport sur le Développement dardande paru en 2008 et intitwlAgriculture for
developmens, la Banque Mondiale réaffirme le r6le de la production agricole dans la sécurité alimentaire.
La définition de cette derniére est centrée sur deux caractéristiques essentsfEmitiie et
O-DFFHVVLELOLWp GHV UHVVRXUFHY DOLPHQWDLUHYVY & SURG.
/[ -DFFHVVLELOLWpPp HVW XQH QRWLRQ SOXVnaR BBDEcphbmige &tH FR
social aux denrées alimentaifdssi, le revenu des ménages, les transferts et le prix des denrées
DOLPHQWDLUHY HQWUHQW GDQV OD GpILQLWLRQ GH O-DFFHVV
HVW OH UpVXOWDW G-XQH pYROXWLRQ sGdirgevitaif@s.DFe8damt kdel Q V L |
nombreuses aeRes, les crises alimentaoes étéessentiellemenHQYLVDJpHYV FRPPH OH U
GplLFLW GH O-RIISé&h(198) Driy@iat\ ke diiénsion supplémentaile manque
G-DFFHVVLELOLW pmbasavix Ben@@sasi, \O DX&Qepke ldoncept microéconomique de
vulnérabilité des ménages comme facteur explicatif central des situations de mabtatstion is a
matter of some people not having enough food to eat, artenmtingnaiterrafibh fosd Cesdtavaux
identifientde nouvelles origines possibles des crises alimeDmiresivelles causes dues aux faibles
FDSDFLWpV GHV PpQDJHV j DHFPpBHQpPpH D -B Q LY XpMUEHMNEERIR & G QR
O-RITUH WUDGLWLRQQHOOHPHQW UHFRQ QX0 GH (B\OLV VOH I3Q RQ MV 8 |
O-RITUH YHUV XQH VDWLVIDFWLRR caSaMrenp @ H DROK LOK HO [ -G M |
GpIDLOODQFHV GHV PDUB®BKIpQIRRPQ WALHR,Ec REE BDEXWF Op W WGH HV
partielle.

Cette partie de la thése vise adgmenterla littérature existante sur les origines des crises
alimentaire€Sen 1981, Ravallion 1883 Q V-DSSX\DQW VXU GHV GRQQpHV GH SO
la production céréaliere. Les chapitres qui suivent visent a comprendre comment deux entités
économiques distincteles ménagé€s) et les march€®) réagissent face a un choc de productio

Lorsque la récolte est mauvaise, les ménages font face a un choc de quantité, impactant directeme
leur revenu. Le quatrieroeapitreVHU D Gétudlede Ig réaction des ménagaguxa un choc de
revenuCes ménages sont parmi les premiersro@scgear la malnutritiorB8% des personnes qui ont
IDLP YLYHQW GH O - DpEthefDXeOSbhXitte201R. XAirGiHé EhBpitre4 examineles
FRQVPTXHQFHV G-XQ FKRF GH UHY H QXissage\tdeRquxbnsbmmatidits D X[ D J
pariculierement iIV-LQWpUHVVH DX[ FRQVpTXH Q F HNtriGonielledds HODreF K R F -V
enfants au Burkina Faso.

61 | a disponibilitt RPSUHQG OD SUpVHQFH HQ TXDQWLWp VXIILVRIQWWH HW

O-DSSURYLVLRQQHPHQW HVW DVVXUp SDU OD SURGoPWE RQ QDWLRQD
62«La famineQ -HVW SDV G DODXSVMMHREFB G - mpur\WPH QG H W RPOULWL /XYW {W FHOO
populations a assez dmirriture pour mangex.
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Les écrits de Sen décrivant une offre alimentaire sur les marchés relativement abondante et des pi
alimentaires démesurérnélevés sont des travaux de référence sur le role des défaillances de marchés
dans les crisedimentairefRavallionl985 /- R BuMthpitre3 HVW GH P R QaWwdadtidorExX - X Q H
PDUFKpV FpUpDOLHUV DX[ FKRFV F OmBepsMesTpXixd decanHeXtds daNduH |
valeur fondamentalA. partirde séries de prides céréalei Niger, nous montrons que la présence de
bulle spéculative rationnelle sur les marchés peut expliquer ces hausses de prix Sputas dave
utilisé les données pluviométriques comme facteur explicatif de la valeur fondamentaleedes prix,
chapitte V-DWWDFKH j GpWHFWHU OHV SURSULpWpV VWDWLVWLT X
fondamentale. Dans cette étude, ibregsie les marchéarréagisseatdes chocs climatiques éntat
des hausses de prix importantes, déconnectées des chocs de quantités.
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Chapitre 3

Impact des chocs climatiques sural®esdes efants
au Burkina Faso

PSDFW RI FOLPDWH UHODWHG V
Faso

Résumé

Le but de ce chapitid VW G - B VIWPIBEBEROKS de revenus sur la santéedémnts dans les
ménages ruraux du Burkirasoles ménages burkinabés pratiquent majoritairement une agriculture
pluviale fortement dépendante des conditions climatiguésvail assoces données de sant
LVVXHV G:-XQH HQTX2008Hsek p€3 Ddrdédd prigt@drologigesis identifionsuin
kJH FULWLTXH D Xaftiguiéden@ntvQin&apeH @ VWRPSSDUDQW O:-LPSDFW P
pluviométrique connus a différents aliyesis observons également un impact différent des chocs
sur ks filles et les garcons qui npati refléeter XQ pYHQWXHO ELDLV GH JHQUH
ressources au sein du méngel Q G - H VcAfAckéHdds @déhages a lisser demsommation
noustesbns G - X Q H efdd dsywnébigue des chocs de plkliensleurampleuret G-DXWUH SD!
| impact relatifies chocs selon les dotations ménages.es résultats montrent une forte relation
entre & chocs pluviométriquesnnus durant la période prénataléa premiere année de vie de
O - H &t épQ MAat d santéLes ménages ne semblent pas camibke prémunirR QW UH O-HIIH)
FHY FKRFV PrPH ORUVTX:LODé faderQplis hatteh@uie Ee® fille® dpSabaidseht
moins affectéegue les garcondes résultés sont renforcés par destimations en double
différencset ensibling DLQVL TX-DYHF GHV UpJUHVVLRQV SODFHER

*&H FKDSLWUH HVW XQH YHUVLRQBGnjeaQerBlBWiehOH FRpFULW DYHF & $LU
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Chapitre 3mpact des chocs climatiques sur lafzaistau&iekinad-as

3.1. Introduction

Burkina Faso is a low income and a landlocked country located in the Sahel part of West Africa anc
UDQJLQJ DEUREMEDD/HG FRXQWULHVHY RUOG %DQN ,QGHHG
of growth, accounting for about a third of GDP growth. Most of the poor live in rural areas (70%).

Like in many other developing countries, rural households who depagdcultural activity for
subsistence face large income fluctuations originating from weather rstltbekabs$encef a formal
insurance markdipuseholds can hardly protect themselves against these shocks. As evidenced by a larg
literature, informarisk mitigating and risk coping strategies set up by farmers only afford a partial
protecton against income risk (Deaton 1992, Morduch 1995, Townsend Aldi9%an and
Haque2007). Income diversification is a source of inefficiency while savingandredormal safety
nets cannot protect against large or covariate shocks. As a consequence, income risk translates ir
consumption fluctuations.

Uninsured risk may have dramatic consequences on household welfare in the short and long run
Householdsmay be forcedto reduce theircurrent consumption, including health and schooling
expenditures, as well as investment in their farm. In the most severe cases, agricultural households &
forced to sell productive assets such as cattle to compensate ferlassoBy negatively affecting the
productive capacity of the household, a temporary income shock may have a persistent impact on futur
income Rosenzweig and Binswanger, 1993; Rosenzweig and Wolpin, 1993, Morduch 1995, 1999)
Uninsured risk is thereforeidely considered a cause of chronic povéatgn( and Ravallion PO0
Lokshin and Ravalli®000 Dercon 2004Dercon and Christiaeng01).

The empirical literature has paid a particular attention to the consequences of uninsured risk on
investments in human capital. Numerous studies have shown that negative incoteadshmbkwer
investmentn child health and education. Jacoby andi&&dquP97) showed that income fluctuations in
,QGLD KDYH D QHIJDWLYH LPSDFW RQ FKLOGUHQ:V HGXFDWLRQ
RQ FKLOG:V ZHLJKW LQ %DQJODGHYVKtHerH\SWMROGLVH R QG B D AIGQ W R
works (1998) have shown thdeprivationexperienced in infancy aedrly childhood haslongrun
FRQVHTXHQFHYVY RQ DGXOW IXWXUH ZHOIDUH $FFRUGLQJ WR %
have suffereffom nutritional deprivatiom utero or fran stuntingand underweigtduring their first
couple of years of lifeavepoorerperformance at schoallowerincome levelalower social status aad
lower life expectanggee for instance, Dercon and Hoddinott 2003, Strauss and Thom&er260s,
and Schad®009 Alderman 2011

Mostauthors agret® recognize that young children are vulnerable to economic shocks but empirical
studies diverge as to the critical period of life during which a shock has irreversible effects. This critica
period can be the foetal period (Barker, 1998), the first rdittsnod life (Dobbing 1976), the 6 to 24
months period (Martorell and Habicht, 1986 and Maroi@L994) or more generally the post weaning
period until age 286 months (e.g. Aldermat al.2001, Hoddinott and Kinsey 2001, Alderrain
al.200120@®). As a general rule, nutritionegiasider thastuntingin the first twoyears of lifeannot be
offset laterso that the sizat three years is a goodicator of the sizan adulthoodMartorell 1995,
19971999).
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To identify the impact of econonmgbocks occurring during childhood on adult health outcomes,
recent studies exploit naturally random events such as pandemics or violent conflicts (e.gt@llderman
2006 Almond 2006Banerjeet al2007 Akreshet al2009,2010, Gorgenat al2012) A few studies aim
at assessing the impact of climate shocks on health by exploiting the spatial and temporal heterogeneity
these exogenous shocks. Among this natural experiment literature, Maccini and Yang (2009) working o
Indonesia, evidenced a sgorelationship between birth year rainfall and adult height, suggesting that
nutrition in infancy varies with edig rainfall. Jensen (2000) shows that children living in regions of
&RWH G:-,YRLUH WKDW H[SHULHQFHG DR WIGHIHU ¥ K LOHGEDMAIQHY N
health. Alderman and al. (2006) established a causal relationship between child and adult height ai
schooling by exploiting exogenous events such as the civil war and droughts in Zimbabwe. Gajigo an
Schwab (2012) contribuo the debate on the ability of households to offset income shocks by showing
how seasonal variations in child health relate to seasonal fluctuations in agricultural income and matern
nutrition in Gambia. Other authors who question the impact dirttegecchange, such as Skoufias and
Vinha (2012), find indirect evidence of a causal relationship between climate variability, agricultura
income and child height in rural Mexico.

Drawing on this literate, the main objective of the chajstd@o explore the consequences of weather
VKRFNV RQ FKLOG:V KHDOWK LQ UXUDO %XUNLQD )DVR $ VSHF
is generally not clearly taken into account in the empirical literature. Weather shocks translate into a
income and nutritional shocks with a delay that depends on the crop calendar. With the high degree o
precision of the survey data, we are able to accurately characterize the nutritional conditions prevailin
GXULQJ WKH ILUVW PR @\tis\tareiulyWwdesigrirtkeLsBaeks\cal@mdidd and conddct an in
GHSWK DQDO\VLY RI KRXVHKROGV:- UHV SR QWK cantRburel fdhé K HU V k
literature on economics of riakdinsurancehealth economiandgender issuds/ providng valuable
LQIRUPDWLRQ RQ WKH KRXVHKROG:-V EHKDYLRXU LQ D ULVN\ H
household resource allocation, and the factors affecting resiliency.

Health data is drawn from a nationally representative survey esbmducine, 2008. Those data are
combined with rainfall data produced by the meteorological office of Burkina Faso, used to define rainfall
VKRFNVY DW WKH FKLOG OHYHO :H ILUVW HVWLPDWH WKH PDU
healthm order to identify the critical period in the child life during which deprivation has the most severe
FRQVHTXHQFHY 7KHQ ZH ORRN IRU D GLIIHUHQW LPSDFW RI Vk
a gender bias in intra household resourcat@iocWe also assess the household ability to smooth
consumption by testing for an asymmetric effect of rainfall shocks according to their size and identify
more resilient households by testing the impact of shocks relative to household endowments

Resuk show the importance of weather conditions on child nutritional status. Rainfall in the prenatal
period is positively correlated with hefghtage zscore of children under five while rainfall in the first
and second year of life does not have anyicagh effect. Mre surprisingly, boyppear to be more
vulnerable than girls to weather fluctuations. Children living indbelteuseholds with access to safe
water are less impacted by negative rainfall shocks. However, households usuéiltycooh pdrhsate
for even small negative shocks. Results are robust to different specifications of the test equation, ir
particular to the introduction of maternal fixed effects that control for genetic and socioeconomic factors
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specific to the child. A calisglationship between rainfall shocks and child stunting can be established by
exploiting the spatial variability of rainfall during the 2006 climatic year and the heterogeneity in the time
of birth. Robustness tests, including placebo regressions) canfiesults.

The remainder of thehapteris organised as follows. The second part provides information on the
relationships between climate and nutrition in Burkina Faso. The third part provides descriptive statistics
for child health and rainfall. Pa@# describes the conceptual and empirical frameworR.5Raxposes
the main econometric results aladt B6 details various robustness tests.3Facbncludes.

3.2. The relationships between climate and nutrition in Burkina Faso

Rainfed agriculta is the dominant production system for food and cash crops with the result that
food production, farm income and health environment are highly dependent on weather conditions.

3.2.1. Climate and agricultural cycle

The intertropical climate of Burkina Faso defines two seasons which determine the crop calendar and
the agricultural year. The wet season runs from May to October and the dry season runs from Novembe
to May.The agricultural year runs from Septerntb@ugust Plantingtypically takes place from May to
July at the beginning of the rainy season. The main harvest occurs from September to ecember.
VHFRQG KDUYHVW RI OHVVHDVRRS KDW D @¥Fitm JariBri t®RWMasch D F
(Figure31).

In this tropical country gacultural production is highly dependentharainfalllevel as well am
the distribution of rainfall during the rainy season. The occurrence of dry spells during the rainy seasot
and a delayed onset of the rainy seaegatively affect crop yields (Suittanl2005). Precipitations
being the main determinant of the agricultural production in Burkina Faso, we will consider rainfall as the
main indicator of weather conditions.

Rainfall is themainelement determinirggreecologicakones. It explagboth theagricultural land
use intensity antthe farming specialisation in different crops larestock The northern part of the
country, namely the regions of Nord, CeNted, and Saheis characterized by a shorgeowing
season, higher rainfall variability, ameks diversified agriculture. Milleie main local food crojs
predominant in the dry nortiecause of its nature lofv water consuming crop. Crops mixes are more
diversified in the South considgrihe greater flexibility offered &ynore generous climate and soils.
Cash crops are commonly cultivated in the south. Cotton, the main cash crop is mainly produced in the
Hauts Bassins region andhe neighbouring regignghere climatic conditionedavourable& DWW OH -V
breeding isnoredevelopedh the north.
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3.2.2. From weather shocks to child heath

Climate shocks can lead to increased malnutrition through two main channels: the development of
weather related diseases and an insufficient food intake resulting from reduced aggcouku(alg.
Skoufias and Vin2012).

Weather has a direct and iedliate impact on health kepnditioning the development and
propagation of vector borne and waterborne diseasaddkglighaelet al2006 Githeko 2007). The
prevalence of some parasitic and infectious diseases such as such as malaria and chdlsiagexpands
the rainy season. By contrast, respiratory illnesses are more widespread during the dry season. As
consequence, there are seasonal fluctuations in morbidity and its causes correlated with weath
conditions. In turn, infectious diseases affed® Duability to absorb nutrients, leading under
nutrition. In particular, repeated exposure to diarrheal infections may have dramatic consequences on tf
motor and cognitive development of the child.

Climate has also lagged effects on the nutrititatas of children through its impact on the future
KDUYHVW DQG WKH IDUP LQFRPH )LUVW D UDLQIDl2as2dVKRFN
HQWLWOHP H Q shiyhoRultiKaRe X0d tHddp<O(8981). A rainfall deficit may entail a decrease i
IRRG SURGXFWLRQ DQG IRRG LQWDNH RI WKH KRXVHKROG:-V P
from malnutrition during pregnancy or lactation period will exhibit poor growth rate and lower weight.
Poor nutrition provided during early childhood ssalverse health effects on weaned children.

Second, a rainfall shock translates into an income shock which in turns affects the living standards ©
WKH KRXVHKROG +RZHYHU WKH UHODWLRQVKLS EHWZHHQ U
income iggenerally assumed to be positively related to the rainfall level. This is the case when the croj
affected by the rainfall shock is a tradable good which price is given by the international market. In
Burkina Faso, a negative (positive) rainfall shocgewdlate a decrease (increase) in the income of
cotton and rice producers the main exported and imported crops.

By contrast, the correlation between rainfall and income may be weak for non tradalfle goods.
rainfall shock may result in an inverse variafithe price of local goods that dampens the impact of the
VKRFN RQ IDUPHUV:- LQFRPH OLOOHW DQG VRUJKXP ZKLFK DUH
traded on international markets. Their prices fluctuate according to domestic suppiyaadd d
conditions. In case of a negative rainfall shetlsellers of grains may therefore benefit from the price
increase if it compensates for their production loss. Conversely, a positive rainfall shock will have a limite
SRVLWLYH LPS bdoie uOtd heJdrict Bfféct.L

Most studies have shown that grain markets within thegab are spatially integrated (Araujl.
2012). Trade flows should therefore prevent large local price variations in response to local productior
shocks. As aoosequence, the compensating effect of price variations on income should be of little
importance when rainfall shocks are spatially lirmntedse of a widespread drought, surplus farmers
benefiting from the price increase should be very few. The intdneevast majority of farmers is
expected to be negatively affected by the rainfall deficit and consumers negatively affected by the pric
increase. We thus consider in thiapterthat aUDLQIDOO GHILFLW KDV D QHJDWL"®
income which in turn undermirescess to food and health care.

99



Chapitre 3mpact des chocs climatiques sur lafzaistau&iekinad-as

3.2.3. The time path of climate shocks

While the impact of a climate shock on the prevalence of diseases may be immediatepnts impact
food availability, income and nutritmecurs with a deland last oveseveral months relation with
the agricultural calendar.

Generally, farmers sell paft their grain at the time of the harvast. Quring September to
December) to meet thdinancial needs. The rest of the harvest, intended for family consumption and
seed production, is stored on the farm until the next harvest or beyond.

The amount of grain stored depends directly on the production level which itself is conditioned by the
rainfall distribution during the rainy season. Insufficient precipitations result in a poor harvest, low stocks
and a food shortage during the period preceding the next harvest which occurs 12 months later. The
situation is most critical during the leas@gi.e the periodvhich precedes the new harvest and during
ZKLFK IDUPHUV:- VWRFNef aR0lp). The Bt Of thS leat WdasoM\Riries across years,
UHJLRQV DQG KRXVHKROGYV DFFRUGLQJ WR Wiei nbra&iRrultulaD Q FH F
income but generally runs frdome to August (see FigBr.

FiG. 3.2The crop calendar

Sowing and growing Main harvest Off-season harvest Sowing and growing Main harvest

Rainy season Dry season Rainy sason

May June | July | Aug Sept Oct Nov Dec | Jan Feb Mar Apr May Jun | July Aug Sept Oct

<YXX }viu] Z}

Source: fie authors

In this chapter we consider that a rainfall shock translates into an income and nutrition shock with a
delay varying from 1 to 12 months. Therefore, a rainfall shock not only affect children alive during the
shock butalso children born within a year after the shock. In the case of a deficit rainy season, children
are at risk of under nutrition during the following twelve months. Therefore, a rainfall deficit occurring
during the 2004 rainy seagaqhune to September@®pD2 will affect the nutritional status of children alive
during the shock period as well as the children born during the following crop year running from
September 2004 to August 2005.

It is very important to take this delay into account in order tomme@ésuprecision the impact of a
climate shock on child health and to identify the critical period of life during which children are more
vulnerable to deprivations.

64also referred to as the hunger season.
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3.3.Data

3.3.1.Child heath

'DWD RQ FKLOGUHQ: -V QXWULWENRANDSOrvayWdddcked ibJuie add)Ioly Q | U
2008. This survey covers the whole country and is representative at the regional level. Anthropometri
data- weight, height and arm circumfereneere collected on 15.669 children below 60 months. We
restrict ouranalysis to children living in rural areas as the main impact of rainfall shocks is likely to be felt
by households involved in rural activities. Our sample is made up with 12.571 children living in 273
municipalitiesocated in 45 provinces (seeFigure34 the location of the 273 municipalities represented
by black dots).

To measure child health, we focus on the hgighge indicator that measures ‘@ng nutritional
status. The heightr-age indicator is preferred to the weightige indicatowhich mainly reflects
shortterm scarcities or illness episodes experienced by children shortly before the survey. In contrast
heightfor-age is associated with chronic malnutrition also referred to as stunting. This is a stock variable
reflecting currerdnd past health investments (Martorell and HabichtL198&mayet al2008§.

The heighfor-age indicator is expressed-asareshas. Z-score is given by the difference between
WKH FKL Gd@-aye dnd théKiadian heifghtage for the samaged reference population divided
by the standard deviation of the reference population.-3tmes have been calculated using the
ANTHRO 2005 software program and the 2005 World Health Organization reference.

FIG. 3.2Prevalence of moderate stuntieg € -2) by age in months

Source: The authors based on the ENIAM database

Burkina Faso experiences high rates of malnutrition chronically. The avetaige agescore is
1.53 (seedble B2 in the appendix). 39% of children can be considered stuntedh@ulielaw- 2),
and 16.3% of children are severely stunted (hattbalow- 3).
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FiG. 3.3Average heighibr-age zscores by province and quartiles

Legende

-138 - 1,07 (10
155 - 1,39 (12
163 - 155 (10)
203 - 163 (12

6RXUFH 7KH DXWKRUV:- FDOFXODWLRQ E

Chronic malnutrition increases rapidly dudivgg first year of life (FiguB). The prevalence of
moderate stunting is on averado in the first 6 months. It increases to 28% between 6 to 12 months
and reaches approximately 40% after 12 months of life. Prevalence of moderate stunting remains at a hi
level, between 30 to 60%, until 5 years old. Malnutrition exhibits greathetgorgeneity={gure3.3).

Chronic malnutrition appears to be more severe in the East and the South West parts of Burkina Fasc
The regions with the highest rate of moderate stunting are the Cascades (46.5%) and the East (42.5¢
whereas the rate of chromalnutrition is about 31% in the Centre.

3.3.2.Rainfall data

Our data set includes decadal rainfall data originating fravadtB8r stations distributed throughout
Burkina Faso and covers the 12988 period. We follow a festep methodology despkd by Maccini
and Yang (2009) to calculate a rainfall variable at the child level.

First, we calculate a decadal rainfall index for each municipality represented in the household surve
For each decade, each municipality is matched to the closeststatiih. In case of missing data, the
rainfall data of the second closest station are used. As a consequence, the rainfall index for a give
municipality may come from varying weather stations. On average the distance between the municipali
centroid ad the closest informed weather station is 156 &nly 5% of the municipalities in the
sample are distant of more than 40 km. The median of the mean distance is 12.7 knB(5ee Table

65 Two municipalities whose distance to the closest informed weather station was greater thaavédgeé&m
dropped from the sample.
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For 40.5 % of the municipalities, the rainfall indicator has tr@@ated using data from only one
station; for 48.5% of the municipalities, data come from two stations and for 10.1% of the municipalities
data come from three stations. Only one municipality (Bagré) uses rainfall data originating from 5
different statior’8 On average, slightly less than two weather stations (1.92) are used to compute the
municipality rainfall indicator. Therefore, we can confidently say that the municipality rainfall index mostly
reflects the precipitation level measured at the cloadstmatation.

TaB. 3.1Distance between the municipaléntrod and reference weather stations (km)

1ststation 2nd statior 3rd station 4th station 5thstation Mean Min Max
mean 143 334 371 378 41.39 156 04 60.1
max 59.1 96.2 64.1 378 41.39 352 05 96.2
min 0 15 219 378 41.39 134 0 508

Second, an annual rainfall index is calculated by municipality. This index is set equal to the cumulate
rainfall level during the crop growing season that runs fromstlongeptember 80Figure34 shows
the mean rainfall index aggregated at the province level calculated over the p2€6i0872T03 map
illustrates the important discrepancies in the average rainfall that ranges from 400mm in the North to
1200mm in the south of Comoé. The amhrainfall level is higher in the South West region. The North
East provinces (Oudalan, Seno, Yagha) features a low level and a large variability of precipitations, tw
phenomena that are common to Sahelian areas.

66 The 4" and 9 stations areespectivel\37.8 and 4lknawayfrom this municipalityEstimations have been

conducted with and without the Bagre municipality which includes only 37 children. Results are not significantly
affected.

67This period corresponds to the date of birth of the children in the sample.
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FIG.34-Mean annual rainfall by province

Legend

480 - 690
690 - 770
770 - 883
883 - 1138
(in mm)

Rainfall stations
Municipalities

Source: The authors

Third, annual rainfall shocks are calculated as the cumulated rainfall deviation from the norm of the
municipality which is calculated annually. Norm at igegiven by the mean rainfall over the -PO0B
period excluding yetrShocks are expressetkims of percentage of the nétm

Figure35 displays the rainfall shocks aggregated at the province level. Blue areas correspond tc
positive shocks (positive rainfall deviation over the long term mean), while red areas represent negati
shocks. 2003 a8 a good year in terms of rainfall while 2004 marked the most severe drought in the
period.

Fourth, we use the date and place of birth reported in the database, to define a rainfall shock variabl
at the child level. Shocks are calculated at difegesit In what follow, we focus on rainfall shocks in
prenatal period which are given by the rainfall shock registered in the rainy seaspm dhgear
municipality of birth of a child born after the shock, between Septamiekugust1. This varible is
FDOFXODWHG IRU HDFK FKLOG ERUQ EHWZHHQ -DQXDU\ DQ
nutritional deficienoyhile in utero and durirtigefirst months of life.

S

s8Rainfall shock at year tis given Ryt I?Lg“’with HL %

Adgs 4 fori zt.
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FiG. 3.5Rainfall Shocks by province and&jear
2003 2004

2005 2006

2007 2008

Legend

-1 - 025
025 - 0

0 - 025

025 - 05 Source: The authc

3.4.Conceptualand empirical framework

The conceptual framework for the empirical approach is a static mazfeldfdrealth demand
RULJLQDWLQJ WR %YHFNHU:-V ZRUN RQ WLPH DOORFDWLRQ ZLW
wellestablished literature (see for instance Sahn and Aldermaiddfiiott and Kinsey 2001
Behrman and Skoufias 200ihnemayret al2008), we consider that household utility depends on child
healthH, consumption of goods, leisurd., and is affected by household characteristicBhe utility
function of households can be written as:

7L 7:%&&dq; ()

69Data by province are calculated as the average value of the musticipladity
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Households are assumed to maximise utility under two constraints namely the health production
function and the budget constraint.

The production function of child health is given by:
* L (10408 gl &, e

N are health inputs including nutrigmteke, health care practices and time spent by parents taking
care of children, among othek¥s; are child characteristics such as age and gEndefers to
environmental factors that are assumed to influence healtR;agidres unobserved charasties of
WKH FKLOG SDUHQWYV KRXVHKROG DQG WKH FRPPXQLW\ WKDW

The household faces a full income constraint given by:

NES.E2Z0L (+ (€]

P, w,andR, are the price vectors of consumption goods, leisure and health inputs. The fulFlinisome,
given by the value of the time endowment of the household aladboonincome.

Maximisation of (1) subject to (2) and (3) yields the reduced form demaod fguztiild health
that takes the form:

* L 02 BSA H o g A @

Fullincome is an exogenous varidid¢does notdepend on the allocation of time by the household
members, while the wage iatgiven in the labour mark&bnsequently, reduced form demand equation
(4) can be estimated by OLS since althiyid side variables are exogenous (Kassouf and Senauer 1996).

For agricultural households, the full income includes the farm @ofihg value of the time
endowmen(E) of the household and néabour incomeT):

(+L €ES' E6N @)

Unfortunately, our data set does not include income or expenditure data. So we cannot directly test th
impact of income fluctuations of child health. Following Jensen (2000), we introduce rainfall shocks in the
health demand equations assuming thatlralmfaks influence the level of household income.

The estimated health demand equation is given by (6):
*LUGE Ypa oF Yed g EYa& s EY4 &1 EY ©®

H is the heightor-age zscore lfaz.
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T is the rainfall shock variable. We consider successively rainfall shocks in the prendtg) ipetthed (
first year T1) and in the second year of life).( Children are aged [in utetd2 months], [2 to 24
months] and [14 to 36 months] during tbenemic shock that follows a rainfall shock in the prenatal
period, in the first year and in the second year of life, respectively.

Xc is avector of child characteristiosluding: age in months, sex and being a twin.

Xw is avector ofmaternatharacteristick QFOXGLQJ DJH HGXFDWLRQ PRWKHU:-V
Xu is avector ofhouseholdharacteristiagacluding: the household size, a household wealth index, the
age and education level of the head of household.

Xy is avector of municipalitgummies.

His a stochastic term including unobserved characteristics of thé bbiladnotherd, the householdd
and unobserved random shocks

E, W, B, & are vectors of parameters to be estimated along with the pathmeter

Jmeasures the impact of a rainfall shock in the considerégtyganr t+2) on the nutritional status of
birth cohorts [Sep& Aug-1].

35. Main results

We first estimate the impact of a rainfall shock in the prenatal period and first years of life. In a second
stage, we look for gender and asymmetric effects of shocks according to their sign and size. Lastly, we te
for the ability of households to capith shocks by introducing cross variables in the test equation.

3.5.1./mpact of rainfall shocks in prenatal period

Table32 reports the estimation results of equation (6). They show the positive impact of a rainfall
shock in the rainy season precettiegchild birth on her nutritional statlibe height for age-gcoreof
children under five increases by Ow&n rainfall in the prenatal period is one percent higher than
normal. These children are aged [in k&b months] during the economic shock period that follows the
rainfall shock.

Results also give several interesting insights on the determinamdnuifition. Bys are
systematically more stunted than ghis;finding is consistent with other studiesductedn Africa
(e.g. Svedberg 1990, Marcoux 2002, Wamani and)alTp@OF KLO G-V VWDQGDUGL]HG K&t
with age; it is a commdinding that chronic malnutrition increases rapidly during the first years of life.
Twins have a higher risk of being stunted while children with older mother have a |IGherBisty
Mass Index (BMI) of the mother which offers a simple measure efushbdalth appears to be a
VLIQLILFDQW GHWHUPLQDQW RI FKLOGUHQ: -V QXWULWLRQDO V\
of the mother has a positive impact on child nutritional status. In contrast, only secondary schooling of
the househdl head (98.7% of the head of households are male) is positively and significantly associatec
with heightfor-age. The age of the household head does not appear to be a significant determinant of
FKLOGUHQ -V QXR&gdrdivigLtrehbuSehylilg Dtw#rdsNcs, the household size is negatively
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correlated with heigifidr-age zscores but nerignificant. Thewealth index (based on a principal
component analysisee Appendix AJ.&nters positively and significantly.

TaB. 32-Estimation results withkLOG PRWKHU DQG KRXVHKROG:V F

Dependent variable Children's Height for agscore

Rainfall shock in birth year 0.442%
(0.090)
-0.264*+*
See(L=md (0.028)
Age (in months) -(zggg"l")*
Household size (-888%
Twin 0510+
(0.125)
Mother's age 0(8‘(1)(;’;‘)*
Mother's age? -%)0088;‘*
Body Mass Index of the mother 0(840%’;)'*
Mother's literacy (8-8245)
Mother's primary education (()01831;

i ; 0.274*
Mother'ssecondary/higher education 0146)
Mother's other education (8%?2)
Age of the household head (8.88%
Household head literacy (882%

i ; 0.018
Household head primary education (0055)
; ; 0.186*
Household head secondary/higlexcation (0.097)
Household head other education 683;2)
i 0.038*
Wealth index 0019
Observations 12572
Rssquared 0.124

Absolute value of standard errors in parentheses.
* indicates significance at 10% level; ** at 5% level and *** significant at 1% level of confidence.
The estimation includes municipality dummies. The standard errors are corrected for clustering at the muu
The positive impact of rainfaocks in prenatal period on child health is robust to controlling for the
introduction of various time trend specifications: a municiygdityof birth specific time trend as well as
a municipalitynonth of birth specific time trend &ble3.3). Theseross variables capture the temporal
variation in the outcome variable that is specific to each municipality and date of birth.
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Results are also robust to controlling for household fixed effects or for maternal fixed effects (sibling
estimators). The housdth (maternal) fixed effect regressions control for all observable and unobservable
household (maternal) characteristics that are constant across siblings such as biological and socioeconol
factors. The impact of rainfall shocks on child height forsampeezis higher (0.536 to 0.601) when using
the sibling estimator. This means that children without brothers and sisters are less impacted compared 1
those with siblings. We can make this assertion based on the fact that household (or materaetl) fixed eff
regressions exclude households with only on&.ohifabssible interpretation is that only those children
whose parents invest more in their health are protected from external fluctuations.

TaB. 3.3Impact of a rainfall shodkQ W K Hbirthi§/ead G - V

Dependent variable Children’s Height for agecore
oLS OLSwith  OLSwith  Household  Mother

trend trend FE FE

. . . 0.442%* 04667 0444 0536  0.601**
Rainfall shock in prenatal perigid (T
[in Utero- 12 months] (0.0904) (0.088) (0.0876) (0.108) (0.148)
Child characteristics Yes Yes Yes Yes Yes
Mother characteristics Yes Yes Yes Yes No
Household characteristics Yes Yes Yes No No
Municipality fixed effects Yes No No No No
Year of birth municipality trend No Yes No No No
Month of birthmunicipality trend No No Yes No No
Observations 12572 12571 12571 9,769 6 262
Rsquared 0.124 0.123 0.122 0.098 0.114

The children age during the 12 months following theatiefalt shoekd shock period) in brackets
Robust standard errors are in parentheses. Standard errors are corrected for clustering at the municip
* indicates significance at 10% level; ** at 5% level and *** significant at 1% level of confidence.

3.5.2.The critical period of life

To identify the critical period during which an economic shock has the most severe impact on the
FKLOG:-V KHDOWK ZH WHVW WKH LPSDFW RI D UDLQIDOO VKRF
aged, [2 to 24 months] and [14 to 36 months],atasde during the economic shock period that follows
the rainfall shoclResults are given imfle34. They show that rainfall shocks occurring in the first and
second year of life do not have any significant impact on the child long term nutritional status.

70The sibling dataset reduces to 6,262 children when restricting the sample to children with at least one sibling unde
five years (tab&3).
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TaAB. 3.4Impact of a rainfall shock at first and second year of life

Dependent variable Height for agegacore

OLS with OLSwith Mother O!‘S OI.‘S Mother
OLS trend trend FE OLS  wih — with FE
trend trend
Rainfall shock in 1st year (T1) 0001 0016 0024 0157
[2-24 months] (0.113) (01120 (0.113) (0.204)
Rainfalbhock in 2nd year (T2) 0153 0127 0094 0492
[ 14- 36 months] (0.109) (0.110) (0.110) (0.356)
Municipality fixed effects Yes No No No Yes No No No
Year of birth municipality trend No Yes No No No Yes No No
Month ofbirthrmunicipality trend No No Yes No No No Yes No
Observations 10164 10164 10164 4869 7370 7370 7370 3,659
Rsquared 0080 0080 0075 0012 0095 0098 0093 0.071

In brackets the children age at the time of the economic shaickahabfodlows the
Robust standard errors are in parentheses. The standard errors are corrected for clustering at the muni
* indicates significance at 10% level; ** at 5% level and *** significance at 1% level of confidence.
All regressiamdude child, mother and household characteristics.
We thus conclude that children are more vulnerable to a weather related shock during their in utero life
and the first months of their early life. During this period, the vast majority of childreastes o
of the mothers in the sample declare to have breastfed their childeg)gvgenerally occurring

between 18 and 24 months.

These results are in line with a large medical and economic literature showing a strong relationshi
between maternalitrition, foetal growth and after birth weight and size (see for instance Gajigo and
Schwab 2012). They confirm that the nutrition of mothers during pregnancy and breastfeeding play &
critical role.

3.5.3.Gender effect

Table35 shows that the impadt @ rainfall shock is significantly lower for girls. Girls do not benefit
as much as boys from an increase in income following a good harvest but they are less affected by
negative shock. This result supports the idea that there is Awusthold geler discrimination
detrimental to girls in Burkina Faso. In contrast, boys appear to be more sensitive to the quality anc
quantity of nutrition during the foetal and lactation periods than girls.
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TaB. 3.5Impact of a rainfall shodk Q W K Hoirthk/&ysgevider

Dependent variableHeight for ageacore

(1) ) € @
Rainfall shock in prenatal periel (T 0.442% 0.565% 0.583%* 0.548%*
(0.0002) (0.110) (0.111) (0.111)

To* Girls 0.256* 0.235¢ 0.209
(0.126) (0.130) (0.130)
Childcharacteristics Yes Yes Yes Yes
Mother characteristics Yes Yes Yes Yes
Household characteristics Yes Yes Yes Yes
Municipality fixed effects Yes Yes No No
Year of birth municipality trend No No Yes No
Month of birthimunicipality trend No No No Yes
Observations 12572 12572 12572 12572
Rsquared 0.124 0.124 0.123 0.122

Robust standard eararsparentheStandard errors are corrected for clustering at the municipality level.
* indicates significance at 10% level; ** at 5% level and *** significance at 1% level of confidence.
The greater vulnerability of boys to climatic shocks during their first year may be due to biological
factors. It is a common finding that boys undexaisyare structurally less healthy than girls in Africa. In
poor health environments, the male to female sex ratio at birth tend to decrease and the rate of mortalit
of boys to increase relative to girls (Garenng.2d02egenerally, there is some madévidence that
human males are more fragile than females (Kraemer 2000).

3.5.3. An asymmetric impact orainfall shocks

An interesting feature emerges when studying the asymmetric impact of rainfall shocgs@ccordin
their magnitude and sigraple3.6). We distinguish large positive and negative shocks from small positive
and negative shocks. Large shocks are above one standard deviation. Small shocks are above a percer
Dof the standard deviation. The reference categity iegressions pretshin Table3 6 is constituted
by children who experienced a rainfall level at birth year close to the long term average.

Results show that large positive and negative shocks have a symmetric impact on the child nutritionz
status while the impact of dhmsitive and negative shocks differs significantly. Children do not benefit
from small positive shocks but they are significantly and negatively affected by small negative shocks. |
other words, all negative shocks matter while only large positike\Vshbd® SDFW FKLOG KHDO\
vulnerability to small negative shocks suggests that households are not able to smooth consumption eve
when negative shocks are of low magriitude

These results may reflect the precarious nutritional situation of adosh.ciA small reduction in
food supply has adverse effects on health while a large improvement in a child diet is needed tc
significantly alter her nutritional status.

71 According to Wald tests, the impattsmall and largaegative shocks is not statistically diffeirerdll
regressions.
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TaB. 3.6lmpact of severe rainfall shocks in prenatal period

Dependent variable Height for ageacore
OLS Mother FE OLS Mother FE OLS Mother FE
D=10% D=10% D=25% D=25% D=50% D=50%

Large positive rainfallshoc ~ 0.145* 0.143 0.174+* 01877+ 0.208*** 0.267*
(0.077) (0.109) (0.059) (0.088) (0.048) 0.079)
[2997 [2997 [2997

Small positive rainfall shoc 0,104 0.128 0.063 0.0778 0.057 009
0.075) (0114) (0.060) (0.094) (0.057) (0.091)
[4113 [3447] [1839]

Small negative rainfall shc ~ 0,132* 0.242* 0.140* 0.2526** 0.126* 013
(0.075) (0.124) (0.059) (0.101) (0.062) (0.106)
[3737] [3127] [1839]

Large negative rainfall shc  -0.231** -0.295* -0.200%* 0.2530"*  0.168** 0.1
(0.086) 0.141) 0.072) 0.117) (0.061) (0.108)

[1545] [1545] [1545]
Municipalitfixed effects Yes No Yes No Yes No
Observations 1252 6266 1252 6266 1252 6266
Rsquared 0.126 0.117 0.127 0.118 0.126 0.116

Robust standard errors are in parentheses. The standard errors are corrected for clustering at the muni
* indicates significance at 10% level; ** at 5% level and *** significant at 1% level of confidence.
All regressions include child, mother and household characteristics.
In brackets the number of children in each class of shocks.

Large positive (neghtek} s=1 if the shock variable is above (below) the mean + one standard deviation; = 0 oth
Small positive shocks =1 if the shock variable belongs to the inteaD]rednotineavise
Small negative shocks =1 if the shock mgadbléthbéatderval [mean; 8&ah = 0 otherwise

3.5.4. Shocks mitigation

The ENIAM survey provides information about household expendituieg theanonth and the
year preceding the survey. We use this information to calculate an expenditure variable for the 2007/200
agricultural year which may be considered as a proxy for the permanent income of households. We the
test whether children living in We@r households are less impacted by negative rainfall shocks.

According to our estimations, incon@es no direct impact on the nutritional status of childnese
results are in line with previous studies showing that sanitary conditions, aaidssdochand food are
PRUH LPSRUWDQW WKDQ LQFRPH WR SUHGLFW D FKLOG:-V QXWL
variable, income becomes a significant determinant of the child nutritional status. This shows that
wealthiehouseholds are able to pacthynpensate for income drq@olumnl of Table3.7). Betteoff
households are able to padbmpensate for an income loss following a deficit rainy dedsthis
offsetting effect is of minor importance.
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TAB. 3.ZFactorsof shocks mitigation

Dependent variable Height for agescore

) )
04397 0448
(0.149) (0.150)
0815% 0911
(0.276) (0.307)

Postitive rainfall shock in prenatal periogl (PT

Negative rainfall shock in prenatal periog) (NT

Expenditure -6.20607
(6.04607)
NTo* Expenditure 7.48d)6™
(3.746)
Access to safe drinking water 0.0756
(0.0485)
NTo* access to safe drinking water 0.703*
(0313
Municipality fixed effects Yes Yes
Observations 12572 12572
R-squared 0.124 0124

Robust standard errors are in parentheses. The standard errors are corrected for clustering at the muni
* indicates significance at 10% level; ** at 5% level and *** significant at 1% level of confidence.
All regressions include child, mother and household characteristics.

(1) Annual per capita expenditure including food, health, educational expenditures, agricultural inputs, livestoc
household goods, ceremonies, housing, debts repagsnent and remitta
(2) Improved water access refer to tap water, drinking fountain and piped water

Access to safe drinking water, through communal standpipes or private tap water, has more importan
mitigating effects. Children living in household having accesswatsafare less impacted by negative
rainfall shocks. The safe water access variable is only significant in interaction with the negative rainfz
shock variable. Having access to an improved water source appears to be of most importance in a droug
periodwhen the wells and rivers run dry. An interpretation is that pregnant worokitdag whose
bodies are weakened by poor nutrition after a drought are more vulnerable to water borne diseases.

3.6 Robustnesgests and discussion

Results from the previopsirt suggest that rainfall shocks in the prenatal period have a significant
impact on the nutritional status of the child. In this section, we test the robustness of these results by
using the differende-differences estimatocponducting placebo regressions and sensitivity tests to
measurement errors in some exogenous variables.
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3.6.1. The difference in differences estimator

There are several potential sources of bias in estimating the impact of climate shocks on child healtt
First, rainfall shocks may be correlated with the mean rainfall level resulting in a selection bias: childre
living in poor arid regions are more vulnerable to shocks than children living in wealthier regions with
better weather conditions. Second, chilgr-V H[SRVXUH WR UDLQIDOO VKRFNV SI
crop decisions. In both cases, the rainfall shock variable is correlated with the error term. To control for
these potential endogeneity biases, we focus on the impact of the negatisieoekafedicorded during
a specific year in order to use the differendeéferences estimator (Akre=thal2009, 20171

The 2006 climatic year appears to be a good candidate for this identification strategy. The rainfal
shocks are fairly well spajiaistributed in 2006 and a rather large population have been affected by
drought (42 % of children aged® months). However, shocks had no significant impact on grain prices
which stayed at a low level in 2006 on the main markets of Burkina Fasongex@erce, the
production loss induced by rainfall deficits clearly resulted in an income loss for farmers affected by
shocks.

In contrast, the number of children born in 2003 is too low tk @0 the 2002 rainfall shock
(Table38). In 2004, all urbaand rural households have been affected by the general food price increase
that followed the 2004 droughthe most severe rainfall shock of the last two decades. The 2004 shock
therefore violates the stable unit treatment value assumption (SUTVANc@idi# is also not a good
candidate for a difference in differences analysis because there is no counterfactual sample. As tt
database includes children born until July 2008, all the children were born at the time of the rainfall shock
of 2007.

TAB. 3.8-Number of childremaccording to their year of birth

2003 2004 2005 2006 2007 2008
Birth cohort size 671 2573 2676 2768 3112 1480
Male 335 1383 1331 1423 1554 734
Female 336 1190 1345 1345 1558 746
Ratio Male/Female 1,00 1,16 0,99 1,06 1,00 0,98

The estimated equation is given by (7):
*LUG{:&E VﬁaOEl/ﬁEa/EEl/‘AaAE%laTEl/@éloEY @

Xcis a vector of child characteristi€gjis a vector of maternal characterisigsis a vector of
household characteristi¥s;is a vector of municipality dummiXs;is a vector of month and year of
birth dummies

T is the treatment variable.LV HTXDO WR LI WKH UDLQIDOO VKRFN L
than minus one standard deviatiois; equal to 0 otherwise.

Gis a dummy variable that takes on a value of 1 if the child was alive during the shock or born in the
following 12 month; equal to O otherwise.

114



Chapitre 3mpact des chocs climatiques sur lafzaistau&iekinad-as

Jmeasures the impact of the 2006 drought on children born until August 20Gngand regions
DITHFWHG E\ WKH UDLQIDOO VKRFN WKH VR FDOOHG "WUHDWH
during the economic shock period that follows the 2006 drought.

TaB. 3.9Estimatiam results from the DD estimator

Dependent varialte : Height for agescore

@ @ ©)

Bom before the shock * shock region -0.0539
[In utero- 51 months] 0.122)
Cohort Sept 2006 to Aug 2007 * shock region 0.283*
[In utero- 12 months] (0.128)
Cohort Sept 2005 to Aug 2086dck region 0.259
[2- 24 months] (0.167)
Cohort Sept 2004 to Aug 2005 * shock region -0.0505
[ 14- 36 months] (0.138)
Cohort June 2003 to Aug 2004 * shock region 0.0691
[ 26-51 months] (0.175)
Bom after the shock * shock region 0.0547

(0.122)
Municipality fixed effects Yes Yes Yes
Year of birth fixed effects Yes Yes Yes
Month of birth fixed effects Yes Yes Yes
Observations 12,569 12572 12572
R-squared 0.169 0.169 0.169

Robust standard eararsparenthe3ésstandard errors are corrected for clustering at the municipality level.
* indicates significance at 10% level; ** at 5% level and *** significant at 1% level of confidence.
All regressions include child, mother and household characteristics.

The impactRI WKH GURXJKW RQ DOO "WUHDWHGH FKLOGUHQ
(Table39,Columnl). However, when interacting the shock variable with the birth cohort, younger
children appear to be significantly and negatively affected byutjie erbile older children are not.
Children born during the crop year following the 2006 drought in a deficit region have a 0.283 lower
heightfor-age zscore.These results corroborate the previous ones: children under one year are more
vulnerable to ecamic shocks than older ones.

As a robustness check, we test the effect of the 2006 climatic conditions on children born after August
31, 2007. These cohorts have never been exposed to the 2006 weather shock (even at time of conceptic
so that the impactif ¢he shock on these children is expected to bexistent. Results do not show any
systemati bias in our results (TaBl8, Column2), the coefficient of the shock variable being not
significantly different from zero.
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3.6.2. Other obustness checks
An impact limited to rural areas

Rainfall shocks if not generalized to the whole country should have no impact on the income of urban
households and food intake of children living in urban areas. As expected, when restricting the sample t
children livingn urban areas, the rainfall shockabée becomes nesignificant (@ble3.10,Columrs 1
and 2). In this placebo regression, the height forsageezof children living in urban areas is unaffected
by rainfall shocks in the rainy season precedingittiedate.

TAB. 3.10Impact of rainfall shocks in prenatal period on restricted samples

Dependent variableHeight for agegcore

Mother Mother

oLs FE oLs FE
Rainfall shock in prenatal peric 0.1828 02714 0.5356+ 0.6522%+

(0220) (0.460) (0.105) (0.181)
Child characteristics Yes Yes Yes Yes
Mother characteristics Yes No Yes No
Household characteristics Yes No Yes No
Municipality fixed effects Yes No Yes No
Sample Urban areas Urban areas | Date of birth certifier Date of birtrcertified
Observations 1974 768 9575 4668
Rsquared 0.144 0.179 0.145 0.152

Robust standard erensparentheSemdard errors are corrected for clustering at the municipality level.
* indicates significance at 10% level; ** at 5% level and *** significant at 1% level of confidence.
All regressions include child, mother and household characteristics

6HQVLWLYLW\ WR WKH FKLOG:V ELUWK GDWH

To identify rainfall shocks in prenatal pengelneed precise information on the year and month of
birth of the children. This information is available in the survey. Mothers were asked to show written
records (such as child health cards or birth certificates) to the survey team. If the loitle oextifi
available, the date of birth was taken directly from it. If written records were missing, the age in months
was determined using a tool known as the calendar of events. The most useful events are generally rela
to the agricultural calendar fyaseason, dry season, planting, harvest, etc.) and religious festivals or
public holidays. In this case, the birth date may be measured with error. In the estimations presente
above, we did not distinguish between children whose date of birth is kifoeertainty and the
others

7R WHVW D SRWHQWLDO ELDV GXH WR PHDVXUHPHQW HUURU
the children whose birth date is certified by a written réesdlts in Qumrs3 and4 of Table3.10
confirm our previous findingEhe estimated coefficients are significant and even larger when the sample
is restricted to those children whose reported birth date is supported by written evidence
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Sensitivity to the measure of shocks

The sensitivity ahe main results to the measure of shocks have been tested by calculating the long
term rainfall mean as the average rainfall during the@®Pperiod, and alternatively, as the average
rainfall during the 1928902 period prior to children birth. Bsdition resultsAhnex A3.3 and A3.4re
unchanged.

3.6.3.Discussion
Rainfall shocks and diseases

Rainfall is a key determinant of the harvest yield which conditions food availability, income and
nutrition over the following twelve months. Rainfall also acts on the prevalence-bbrezidiseases
during the rainy season. Vediorne diseases andofl supply are affected by rainfall in opposite
directions: a high level of precipitations favors the expansion of malaria and cholera for instance, but is
condition for a good harvest. Our results mainly capture the impact of rainfall through fpaihseppl
we measure the impact of rainfall on unborn children at the time of the rainy season. In this respect, oul
estimates should be regarded as overestimating the global impact of rainfall on health.

Potentiadlection bias

Like other studies dhis type we are confrontedith a potential attrition bias due to migration,
selective mortality and conception rate in relatidwe rainfall shocks.

Migration is a potential source of attrition bias which direction is undeteMuneduulnerable
households may have migrated from rural to urban areas in reacti@gative rainfalhock They may
also send out children to relatives living in areas preserved from food shortage. Whether wealthier o
poorest households migrate is unknown. In the seg, fostered child can be the more or the less
healthy (Akresbht al2009). Unfortunately, the survey does not provide any information that could shed
light on this issue.

TKH HVWLPDWHG LPSDFW RI D U RIsdKdy@ole GtkréstimMsiBhQcks KLO G -
result in selective mortality. Timepact of shockss estimatedn surviving childremvho may be
genetically different according to the nature of the rainfall shock in prenatal period. Large negative shock
are likely to resuih increased mortality so thsairviving children may be genetically more resistant to
deprivationThe survey does not provide information on child mortality nor on miscarriage and still birth.
However, descriptive statistics do not show evidence titaondiias at the aggregate level.

Weather conditions may also determine parental choice regarding the timing of birth. Some types o
parents may decide to delay birth after a negative rainfall shock (or conversely), generating a selection bi
However the magnitude of this phenomenon should not be overstatedbisihceontrol and
contraceptive means are not widespread in rural areas of Burkina Faso. Moreatlan tamily
estimates controlling for parental characteristics should contrd pmtémtial bias.
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Keeping these potential selection biases in mind, our resultsbghiotddoreted as the impact of
rainfall shocks on the nutritional status of children conditional on the surviving child to be recorded in the
survey (Akresat al2011).

3.7. Conclding remarks

The econometric results emphasise four important points. First, the significant impact of rainfall
shocks in prenatal period on child health shows that households are not able to smooth income shock
related to weather conditions. Children are vulnerablenty to large negative shocks but also to
negative shocks of lesser importance.

Second, young children below 12 months are more vulnerable to economic shocks. The in utero
period and the first months of life appear to be a critical period. Negatksectooirring at a age lower
than 12 months should be considered as having a permanent effect. These results are consistent wi
those of Akreskt al(2013. Based on a sample of children living in the Nahouri region of Burkina Faso,
these authors fourttlat children exposed to a negative rainfall shock while in utero or in their first year
of life have lower cognitive abilities.

Third, rainfall shocks translate in nutritional shock with a delay. In this respect, a drought has an
adverse effect on thetritional status of children born within 11 months after the shock. This is a
consequence of the lack of diversification of rural household income. The farm income which is
concentrated over a short period of the year determines the access to foath aadehéading the rest
of the year.

Fourth, results do not confirm the existence of a bias detrimental to girl in resource allocation within
households. On the contrary, young boys appear to be more vulnerable to shocks than girls. This finding
is consient with the higher rate of mortality of boys during the neonatal period that is commonly
observed in Africa. This gender effect should not be interpreted as reflecting a behavioural but rather «
biological phenomenon.

Results have important policy imggions. First, they provide additional support for public
interventions aiming at protecting rural households from climate shocks. In this respect, promoting the
development of weathyased insurance tools appears to be highly desirable. Results falso cal
strengthening the early warning systems and the aid disposal in case of crop deficit. Second, results he
implications on the targeting and timing of assistance in case a negative rainfall shock. Assistance shol
be more specifically targeted agpant women and young children who are the most vulnerable.
Distribution of dietary supplement to rural women in case of drought will have a positive impact on the
health outcomes of the unborn child. Assistance should be provided as earlier as {hessiole year
and not only during the seDOOHG "KXQJHU VHDVRQu 7KLUG UHVXOWYV
household resource allocation. The poor nutritional status of children may reflect gender inequality in
food access within the householthieen men and women.

118



Chapitre 3mpact des chocs climatiques sur lafzaistau&iekinad-as

Appendix

17 variables have been used to calculate the household wealth ind&31T@boldes the scoring
factors of the five principal components. The five factors with an eigenvalue larger than 1 have been kepi
The first compnent accounts for 22 percent of the total variation across the 17 indicators.

TaB. A3.EComposition of the wealth index

Variable Component . Component : Component . Component: Component! Mean Sd
Radio 0,220 0,002 0,259 0,369 0,238 0,742 043
Table 0274 0,175 0,255 0,158 0,242 0,380 0,485
Chair 0,350 0,495 0123 0,100 0,019 0,653 0,476
Bed 0,236 0,232 0,279 0,087 0,242 0434 0,496
Cart 0,302 0,200 0,067 0,013 0,137 0513 0,500
Plough 0,350 0,495 0,123 0,100 0,019 0,653 0,476
Phone 0,286 0,178 0,042 0,211 0,091 0,303 0,460
Television 0,235 0,249 0,195 0,172 0,214 0,066 0,248
Bicycle 0173 0,221 0,098 0,138 0,231 0933 0,250
Motorbike 0,327 0,094 0,019 0,157 0,174 0,333 0471
Car 0,071 0,135 0,596 0,153 0,236 0,003 0,053
Wallsincementor 147 0,266 0,188 0,305 0157 0036 0187
stones

Improved roof

(cement, tiles or 0,285 0,178 0,023 0,377 0,079 0,392 0,488
cogurrated iron)

Improved floor

(cementorties) 0,261 0,248 0,023 0412 0,040 0,226 0,418
Electricity 0,010 0,093 0,545 0,182 0,424 0,004 0,064
Improved water

access (@pwater, ) 535 0,007 0,128 0,482 0627 0853 0476
drinking fontain,

piped water)

Improved toilet

faciliies (private toile 0,191 0,206 0,027 0,032 0,087 0,156 0,363
or flush toilets)

Eigenvalue 3,744 1,755 1,148 1112 1,025

Share ofvariance 5 0,103 0,068 0,065 0060

associated
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TAB. A3.2Summary statistics

Variable Obs Mean Std. Dev. Min Max
Weightfor-height (\WH2Z) 12403 0,62 1,26 5 494
Heightfor-age (HAZ) 12572 -153 164 6 5%
Weightfor age (WAZ) 12497 1,31 1,26 5,95 5
WHZ<2 12403 0,12 0,33 0 1
HAZ<2 12572 0,39 0,49 0 1
WAZ<2 12497 0,27 045 0 1
WHZ<3 12403 0,04 0,19 0 1
HAZ<3 12572 0,16 0,37 0 1
WAZ<3 12497 0,09 0,29 0 1
Child age (in months) 12572 27,14 1657 0 60
Child sex (male=1) 12572 051 0,50 0 1
Twin (=1 if a child has a twin) 12572 0,03 0,16 0 1
Household size 12572 12,05 6,69 2 61
Moather's age (in years) 12572 29,93 757 15 60
Household head age 12572 47,88 13,56 17 100
Moather's literacy 12572 0,08 0,27 0 1
Moather's primary education 12572 0,06 0,23 0 1
Mother's secondary education 12572 0,01 0,12 0 1
Mother's other education 12572 0,00 0,05 0 1
Household head literacy 12572 0,10 0,30 0 1
Household hegmfimary education 12572 0,10 0,30 0 1
Household head secondary educatio 12572 0,03 0,17 0 1
Household head other education 12572 0,03 0,16 0 1
Wealth index 12572 0,01 0,90 141 742

120



Chapitre 3mpact des chocs climatiques sur lafzaistau&iekinad-as

TAB. A3.3-Impact of a rainfall shock Q W K Hoirkhi§/eaisingtwo alternative measures of-long

term rainfall mean

Dependent variable Children's Height for agscore

@ @ €] @

Rainfall shock atbith ~ 0.449%* (05783 0.481** (0.6139**
year () (0.0943) (0.114)| (0.0987) (0.121)
To* Girls 0.2622* 0.2711*

(0.120) (0.138)
Child characteristics Yes Yes Yes Yes
Mother characteristics Yes Yes Yes Yes
Household Yes Yes Yes Yes
characteristics
Municipality fixed effect  Yes Yes Yes Yes
Long term rainfall mea 19952002 19952008
Observations 12572 12572 12572 12572
Rsquared 0.124 0.124 0.124 0.124

To: Rainfall deviation from mean at birth year
NTo: Absolute value of negative rainfall deviation from mean at birth year
Robust standard errors are in parentheses. Standard errors are corrected for clustering at the municip
* indicates significance at 10% level; ** at 5% level and *** significance at 1% level of confidence.

TaB. A3.4Impact of a rainfall shoek age one and two with two estimatiolomdgterm rainfall

mean

Dependent variable Children’'s Height for ageare

@ @ € @ © ©
Rainfall shock i birth yeay) (T (()64399;3*; ?6433;)

. 0.0152 0.00745
Rainfall shock abe one (.F (0.115) (0.122)

. 0.153 0.165
Rainfall shock at age twg) (T 0112) (0119)
Municipality fixed effects Yes Yes Yes Yes Yes Yes
Long term rainfall mean 19952002 19952008
Observations 12572 10164 7370 12572 10164 7370
Rsquared 0.124 0.080 0.095 0.124 0.080 0.095

Shock variable: rainfall deviation from mean
Robust standard errors are in parentheses. The standard errors are corrected for clustering at the munic
* indicates significance at 10% level; ** at 5% level and *** significance at 1% level of confidence.
All regressiamdude child, mother and household characteristics.

121



Chapitre 4

Chocs bmatiques dbulles péculatres sur les anches
céréaliersigériens

Climate Shocks @pdculatiBabbles on Graiarkéts in
Niger

Résumé

Durant ces vingt dernieres années, les prix ddesiimarchés nigérieast connu de
spectaculaires hausses ayant des conséquences dramatiques. Les prix semblent al
FRPSOgQWHPHQW GpFRQQHFWpPV GH OHXU YDOHXUddRQGDF
retournements rapides pourraient étre alla présence de bulles spécutatationnelles.
Considérant le mil comme un actif alimentaire, nous développons un modeéle de prix et testons |
présence de bulles spéculatives pour quinze marchés du gek auaNitratégie économeétrique
XWLOLVpH FRQVLVWH HQ O-HVWLPDWLRQ G- XQH YDOHXU I
les propriétés statistiques des déviations du prix du mil de ledfordbuentaleUne battee
GH WHVWYV D\é&e6iver®R X U\ BEaXWERArE ou le processus non linéaire des bulles
HVW PLVH HQ SODFH &HV WHVWV QH SHUPHWWHQW SD\
UDWLRQQHOOHYVY SRXU XQ FHUWDLQ QRPEUH GHpdhSidnFKpV
HW G-H[SORVLRQV GHV SURFHVVXV GH EXOOHV VSpFXODW
situés en zones déficitaires et ereMv&/ RQW SOXV VXVFHSWLEOHV G-rWUl
des marchés situés dans des zones de prodtct®nonsommation importantes

“&H FKDSLWUH HVW XQH YHUVLRQ@B®@jed®Q DUWLFOH FRpFULW DYHF & $U
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4.1. Introduction

Over the past 20 years, grain markets in Niger have experienced numerous large positive price shoc
followed by rapid reversals. These shocks, whezsgluration is typically less theyear, are transitory,
but constitute a threat to poor househtidsare dependent on matk for food security HEse periods
of price spikes sometimes lead to severe food cris@emathe case in Niger in 2005.

Rearrent episodes of high local food grain pricemairdyrelated to a rainfall shock and a deficit in
domestic production. However, the extent of the food deficit and the price increase are not closely relatec
This may be due to the difficulty of meiagugrain production. Millet is produced by numerous small
farms scattered throughout the country, and production is poorly recorded. In fact, production data are
revised several times during the growing season and corrected several months aftert. the harves
Measurement erronsaytherefore explain the low correlation between prices and production.

Non-competitive markets may also explain the apparent discrepancies between prices and fooc
availability. In developing countries, traders are often cons&egedaasible for grain price increases.
They are blamed for taking advantage of their monopsony power, and for speculative stockholding.
+RZHYHU DQRWKHU H[SODQDWLRQ FDQ EH IRXQG LQ 6HQ-V ZF
decline in food avability.Consistently with this later explanatiRewvallio1985) showed that the 1974
IDPLQH LQ %DQJODGHVK FDQQRW EH H[SODLQHG E\ D-ULFH
RSWLPLVWLF SULFH H[SHFWDWLRQV s®&eh Khdwb foMstdok mdrkiist D W L R Q
this phenomenohas been seldom studied when applied to commodity markets in developing countries

The presence of rational speculative bubbles can explain the dramatic price increases followed by
sudden reversal tHadave been observed at different periods of tiéger grain markets. It may also
explain why the early warning system for preventing food crises, which is mainly based on the monitorin
of crop growth, has not been effective in anticipating steein fisiees despite technological advances
that allowfor more accurate monitoring of harvests.

Rational speculative bubbles result from afu#fdling belief based on intrinsically irrelevant
information that is not related to market fundameiddda and Grossman 198&or instance, if the
economic actors anticipate increasim grainpricewhereas thesxpectationarenot basedn changes
in thefundamentalghe grain demandill shiftthe price awalyom its intrinsic value. Aational bubble
is consistent with the efficient market hypothesis anddtebitraggcondition. It can be derived from
a basic asset pricing model assuming competitive markets and rational expitlctatidnformational
asymmetriesAgents know thahe asset is overvalued, but they prepared to pay more for the asset
than its intrinsic value if they expect to sell it at an even higher price. Thndnglaisies at the required
rate of return andurstswhen D J H éxp¢édtations return to normal

In Niger, grain marké@tvestoroperate in a highly uncertain environment that is likely to faveur self
fulfilling beliefs. Information on climatic and agronomic conditions of asop&ll as orconomic
variables is generally very pbaterventionsrom governmergtand external aid agenaieslerfood risk
are often unpredictable. As a result, incomplete or unreliable information provided by the public
authorities may fuel speculative bubbles.
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Rational speculative bubbles are difficult to detettdratis now an abundant literature which aims
to test for the existence of rational bubbles on stock markets chatitisr we consider millet as a food
asset that can be held for long periods. Using a model for a storable good we show that, like othe
financial assets, the price of millet depends on a fundamental component and a potential rational bubble
Following Evang§l991) we consider a specific class of rational bulebfg=riodically and partially
collapsing speculative bubl{egSB). PCBsra non linear processes; they are explosive during the phase
of bubble eruption, but they may be stationary over the whole sample period. To test for the presence o
such bubbles our empirical strategy consisteffastimating the bubble component oégs- taken as
the difference between the millet market price and its fundamenteébwadeguentlywe explore the
statistical properties of bubbles. First, we use the residual augmented least squé&idteDiekeyo
correct forskewnesand kutosis. Second, we test for asymmetry in the bubble process by using non
linear unit rot tests based on @MR model and on a Markov switching model. Third, rolling ADF tests
are conducted to detect explosiveness in bubble dynamics. The results du titg ppEsence of
rational bubbles aminemarkets among the 15 markets under study, buthejgcesence of bubbles on
Niger main markets.

The chapteris organized in the following manrart42 outlines the main characteristics of millet
prices during the last two decad&=cond parpresents the rational bubble model for millet, and the
theoretical characteristics of bubbles. The fundamental value of millet is estitastdd. iRart45 is
dedicatedio the non linear unit root té3art4 6 covers the rolling ADF tesBart4.7 concludes

4.2. Millet price fluctuations in Niger since 1990

In Niger millet is the staple dfet the local population, and the main food crop. It covers &5 %
cultivated land and represents ablmee quartersf totalcereal productiofiRD 2009). This is the most
suitable crop for the arid and samiil areas of Niger. It is a rain fed crop cultivated by small traditional
farmers using low input agricudtiupracticesMillet production is highly vulnerable to pest attacks and
adverseveather conditions.

Millet canbe storedfor morethanayear Threecategories aigentdold stocks farmerswholesalers
and public authorities. Mogjrain is storeavithin farms and thesestocksare difficult to assess. As a
general rulestocksarebuilt upduring the harvest season and held for at least one yeareTihended
to cover KR XV H foBdh€edg untihe next harvesand meet | D U Berand for seed$hat said
many farmers with low production levels are net buyers of grain. Their production may not be sufficient
to cover their food needs, or they may be forced to sell millet early in the crop marketiagnseason
their cash needsWholesalers holdosks over short periods, generally not exceeding two months,
resulting in a high rate of stock turndydser, 2010). Public safety stocks are renewed bydarigen
the yeds.

73Unfortunately, information on the level of public stocks and dates of operation is not available.
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The production cycle generates large seasonal price fluctuations. Millet prices are lower during th
harvest and postarvest seasdhat occurdrom September to Janudpyicesthen graduallyncreas¢o
reach their peak at the end of the lean séasom July to September. Timagnitudef the seasonal
movement in prices is particulémiportantin Niget Prices rise by 40%n averagbetween January and
August.

Millet is subjecto intensive crodssorder trade inhe Wesern Africa region but it isnot traded on
international markets. Niger is structurally an importer of ffiéetountry purchase millet mostly from
Nigeria, but imports from Mali and Burkina Faso have dresringduring the last decade. Because
weather conditions are similar wittiie countries of the swgion, trandorder trade does not really
play a regulating role. The dampening effect of trade on prices is weak, and millet prices are subject 1
large variations from one year to the next.

Fic. 4.2Millet prices in NigeFcf/kg, January 1990 to October 2008

Source: SIMA

At the end of the 1980s naarket information systg@®IMA) that collects market pricks major
agricultural productsas implemented in Niger. Margate information is disseminated to producers,
consumers and traders through the medisvo decadeSSIMA hasbeenaccumulang a large amount
of datawhich allow researcherstitace the evolution of food prices in large geographicaioar@avide
range of commodities.

74The lean season is the period that precedes the harvesthich granaries are depleted.
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We selected a sample of 15 millet markets from the markets covered by the SIMA. Market selectior
was based on the quality of available information: maitkess hight proportion afissingdatahave
beendropped fromhe sample. fie selected sample includes a variety of markets that differ according to
their location remotaess border proximity, production araad localityThe observation period starts
in January 1990 and ends in October 2008.

Figure 41 displayghe evolutiorof millet pricesn the pastWZR GHFDGHV ([FHSW IRU 1
end of the period, prices follow a common tygnmttuated blargepostive shocks. Figure2focuses
on the evolution of real millet price in the capital city, Niamey, relativeumthated rainfall during the
preceding ye@r Considering that rainfall is the main component of the fundamental value of millet,
Figure 4.2 shows periods during which prices deviate from their fundamental value.

Except for the 2008 showkichcorrespondto the international food crisis, most episodes of price
boom have been recorded after a rainfall deficit. This was the caselBp898& 2005. The price
increase during 199698 matcheswith three consecutive years of rainfall deficit, the lgygest
increase being registered in 1997. Prices reached highg&nmel2005, after the 2004 droudhts
worth noting, howevethat the severe drought registered during the 1990 rainy season did not result in a
sharp price increase in 1991.

The urnusual price changes in 1994 are partly the consequence of the Franc CFA devaluation. The
severe rainfall deficit recorded during the 1993 rainy season, the most important deficit during the perioc
investigated, was not followed by a sharp increase irprigégFigure 4.1). In real terms the millet
price fell due to the high level of inflation generated by the devdkigtiom 4.2).

FIG. 4.2Price shocks in Niamey and rainfall siibcks

6RXUFH 6,03 DQG DXWKRU -\

75The rainfall variable is delayed to take the production cycle into account.
76 Shocks are calculated on an annual basis as the difference between the price (cumulated rainfatiplevel at year
the mean price (cumulated rainfall) for the-2998 period. They are expressed as a percentage of the mean
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A more puzzling situatiooccurred in 2062002. After two consecutive years of excess rainfall, a
small rainfall deficit generated a sharp price increase in 2001. Moreover, the price kept increasing in 20(
whereas the rainfall level was above its mean. In 1992, milletjistex®dea positive shock that was not
related to a rainfall deficit. These abnormal price evolutions relative to rainfall may reflect the presence c
speculative bubbles.

4.3 A rational bubble model for millet

According to the preceding observations, speculative behaviour on millet markets may have
exacerbated climate shock effects, leading to price spikes and increased food insecurity. Before proceed
to econometric tests for the existence of bubbles, wiepgl@veimple asspticing model assuming
rational expectations. We then focus on a specific class of rational bubstiedydmeir statistical
properties.

4.31. The millet pricing model

We consider a simple model for millet price with linear sugptiemand?. Market equilibrium is
given by the set of equatidh} 2 (3).

Net supply 3) in period t is positively related to the current price of millet:

3. L= E>2EH P @

whereP; is the millet price level in period t

anda is an indexhat depends on current and lagged valuesaotgctor of exogenous supply and
demand variables.

Farmers and traders withhold supply if they expect the future price to be sufficiently high to
compensate for storage costs and logsssiming riskeutal stockholds, demand for stocks in
periodt (S) is positively related to the price spread between the future expected price and the current
price:

5 L %' 2.5 F 2 E@E S, P @)

dt is an index that depends on a vector of varrafilesting the opportunity cost of holding millet.
' ¢ 2>5is the expected price of millet in periils
' ¢is the caditional expectations operator

Hand wt are zermean, finite variance, serially uncorrelated disturbance terms. They are for
unaccounted variables on the demand and supply side.

77This model draws on Ravallion (1985), Pindyck arthBetg (1990), Quddus @wtker (2000).
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The millet market equilibrium is given by:
S L 3pE 5 &)

S..is the initial stock.

The market elaring price solves equat{@nat each point in time so that:

'e255 LAZET,EQ @

L8 _ »
where: | L=31and T, L = F @ QL % FS.E &5

T; is a forcing variable; it is an index that depends on a vector of variables reflecting market
fundamentalsQ is an error term including the initial stocks, which accounts for unobserved variables to
the researcher.

Equation(4) relates the curreLOOHW SULFH WR WKH QH[W SHULRG:V HIS
fundamentaJ&ind to an unobserved varigle It is a first order difference equatioR.iGiven that the
eigenvalue of the systém) is greater than unitshe forwardooking solution of equatidga) for P
involves two components:

2. L S E( ®)

F: is the marketundamentals component and Bt is a potential ratiohbles componefBlanchard
1979 Blanchard and Wats@A82 Diba and Gossmari987, 1988).

Under the assumption that Et(x R:;) does not grow at a geometric rate equal or greated #tds
a convergent su(@iba and Grossman, 1987):
1
((L'gl @UST0E Qo ©)
Uan
The markefundamentals component of the millet price relates to the expected value of the exogenous
variables determining supply and demand.
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In contrast to the fundamental component, the bubble pag,nBt stationary.. B the solution to
the homognous expectational difference equation:

"eBeos F AS LT @)

If Bt is different from zerothere exists a rational bubble that isfeilfing. The conditional
expectations of the bubble are explosive:

oSy L A'S, for all j>0 ®

Thepresence of a sdiflfilling rationabubble does not violate the-abitrage condition. The bubble
is expected to grow at the required rate of return.

4.3.2.Periodically and partially collapsing bubbles

Following Blanchard and Watg2882) and Evar{$991), we focus on a class of rational stochastic
bubbles that periodicatipllapse and regenerate: ttealbed Periodically Collapsing Buli®@B) given
by (9a) and9b):

S5 L 85,Qus s Q2 @)
S5 L dUE— 'S, F #50:0Q.s 3 P2 ()

@Gnd Tare positive parametews; is an exogenous independently and identically distributed positive
random variable witB:u.1 = 1. 7+ takes the valugf 1 with probabilitySand 0 with probability- 1S
where 0 <& 1.

The PCB process switches between two regimes dependingasitithve of thebubblewith respect to
the threshold value

This bubble process satisfies equéfipgaince the expected growth rate of the bubble is alWayrs
B: < ¢ the bubble increas slowly at mean ratglf B rises above the threshdtdexpands faster at the
mean rate Q8 , but may collapse with probability £ The bubble grows at a higher rate during
expanding phases to compensate the investor fiketi®odof collapseWhen the bubble collapses, its
growth rate falls to a mean value@#nd the processsumegEvans, 1991).

This type of bubbgnot only accounts for occasional asset price crashes but also for fapgdimun
asset prices before a crash.
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4.4 The fundamentalvalue of millet

To test for the presence of periodically collapsing bubbles we first need an empirical model for the
fundamental value of millet. Following Pindyck and Rotted98@), we assume that forecasss iof
equatior(6) are basedn its current and past valuesincludes observable exogenous variables that
determine millet supply and demand, and all relevant information about future net supply.

Most previous studies have shown that milletketsa in Niger are fairly weilhtegréed
spatially{Araujo et al2013. Consequentifthe fundamental value of millet in Niger is assumed to be
determined at the country level. The fundamental value is only allowed to vary between markets by .
constant term. These market specific effecth chfferences in price level that are related to the
geographical location of markets. In other words, specific effects measure fixed transaction costs
associated with the location of markets.

The fundamental value of millet is therefore estimatedpasielydata for the 15 millet markets for
the period 199Q008. The estimated equation is givéh®)y

56
2l W4=EIJBEHEHH QIQ@HEJBEHHH2E L)=OKHEJATJ »E GE & (10)

b
Pt is the millet price on markieat timet. Rainfallis the monthly rainfall level. This is an information
variable that is useful to predict yfedd of thefuture harvestCumul rainfdh the cumulated level of
rainfall over the rainy seagfstom May to October) in the main production &rdatakes a constant
value from Octobet-1 to Septembet (the crop year). This is an exogenous variable which aims to
capture the state of millet availability for the current p&idsdline the price ofagoline in Niger. This
variable is a proxy for production and trade costs that vary with the dilRirisetheNiger consumer
price indexMs are monthly dummies that capture seasonal price varidgfwasnarket specific fixed
effects. @is theerror term. It includes all factors not explained byhagid variables.

The fitted value oP;: is taken as a measure of the fundamental value of i@ikkethe apparent
deviation of the price in thenarket from its fundamental value at time

Estimation results are given in Tdble Asexpected, gasoline price entgositively in the
fundamental equation. The current rainfall level and the cumulated rainfall level, which represent
respectivelythe future harvest and the current availabflityillet, negatively affect the fundamental
value of millet. Mean prices in Maradi, Zinder, Dogondoutchi, Gouré, located in the main producing
region of Niger, close to the Nigerian borderpalow the average price level. The highest mean prices is
inl1l-*XLPL ZKLFK LV ORFDWHG LQ D UHPRWH DUHD FORXH WR \
averag@é NiameyKatako), 1 L J Hrldin\consumption market.

78 Rainfall data confeom Global Air Temperatand Precipitation: Gridded Monthly and Annual Time Series (Version2
interpolated and documented by Cort J. Willmott and Kenji Matsuura (with support from IGES and NASA),
University of Deleware. For more infornmatieee Legates al(1990a eb) and Willmott and Matsuura (1995). The

data base gives monthly precipitation for the-2@08 period, interpolated to a 0.5 by 0.5 degree grid resolution.

The variableRRainfalland Cumulated rainfaié the mean rainfall level and the mean cumulatél rigwvel
repectivelycalculated on observations below 14 degrees latitude (considered as the limit of the production area in
Niger).
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TAB. 41-Estimation of the fundamental value of millet

Dependent variable: current milleprice Fixed effects
Gasoline 0.039 Agadez 4.683
(0.000) Diffa 7436
CPI 1995 Dosso 9441
(0.000) Gaya 5.337
Cumulated Rainfall 0.225 KatakoNiamey) 11.846
(0.000) Maradi -25.684
Rainfall -0.202 Tahoua 14.119
(0.000) Zinder -20.859
Monthly fixed effects yes Goudoumaria 1.702
Crosssection fixed effect yes Nguimi 19.625
Adjusted Rquared 0.753 Dogondoutchi -15.798
No. of obs 3331 Loga 5.704
Filingue 0484
Goure -11.427
Tillaberi 15567

P-value in parenth®itionarity tests are given in the appendix.

As an illustration, Figure 4.3 shows the estimated fundamental component of the millet price in
Niamey(Katako market). The deviation between the current price and the fundamental caraponent
be interpretedsahe bubblecomponentThis figure highlights four periods during which the millet price
in Katako rose dramaticatigyondits fundamental valuel 998, 2001, 2002 and 2005. A deeper analysis
shows that apparent bubbles break out at the beginnindeafrttseason, and end with the drmivine
new harveqiAraujo et al.2012) In other words, prices increase exponentially from Mardhto
July/August. Thegrash to their initial levafterone or two months.
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FiG. 4.3Fundamental component of timdlet price in Katak{Niamey)Fcfa/kg)

The standard ADF tegfable 4.2) rejects the unit root null hypothesis for apparent bubbles in all
marketsThis test is not very informative, howewdren data exhibit bogkewnesand excess kurtosis
which is the caghere.The Jarque Bera test rejects normality for all markets except Maradi and Loga, at
the 5 % confidence le&hble 4.2). Note that nemrmality is consistent with the presence of
periodically collapsing bubbf€aylor and Rg 1998Payne and Waters 205

Thereforewe have implemented the residaatgmentedickeyFuller(RADF) test, developed by
Taylor and Pe€1998}°, which is robust to skewness and kurtosis in the distribution of the residual term.
t-teds in the RADF equatigffable 4.2) confirm the presence of skewness and kurtosis in the potential
bubbles. The RADF test does not reject the unit root hypothesis for four of the 15 markets under study
'RIRQGRXWFKL *RXUp .DWDNS&mbre mwerftilxhaR the ABH_test\vl idataating
periodically collapsing bubbles, but it does not alone provide sufficient evidence for the presence of
bubbles.

79 See also Im and Schmidt (2008).
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TAB.42% XEEOHV:- FKDUDFWHULVWLFV

Agade:z Diffa Dogondoutch Dosso Filingué Gaya Goudoumari: Gouré Katako Loga Maradi 1 -* X L Tahoua Tillabéri Zinder
No of Obs. 226 221 217 226 210 226 215 226 226 216 226 218 226 226 226
Skewness 0.736 0.611 0.326 0.571 0.700 0.433 1.354 0.405 0.501 0.315 -0.027 0.710 1.065 0.504 0.864
Kurtosis 4.307 3.123 2.600 3.350 3.788 3.324 6.371 3.979 3.435 2.777 2.668 3.107 5518 3.705 7.038
Jarque Bera  36.509 13.872 5.289 13.412 22.589 8.042 167.527 15.22F 11.215 4.028 1.067 18.405 102.42( 14.257 181.67¢
Prob 0.000 0.001 0.071 0.001 0.000 0.018 0.000 0.000 0.004 0.133 0.587 0.000 0.000 0.001 0.000
ADF test!
/ -0.166 -0.161 -0.200 -0.150 -0.319 -0.237 -0.276 -0.153 -0.142 -0.160 -0.149 -0.169 -0.213 -0.255 -0.223
t-stat -4.509 -4.288  -4.760 -4.265 -6.139 -5.487 -5.618  -4.259 -3.975-4.036 -4.136 -4.346 -5.190 -5.705 -5.280
RADF test?
T -0.172 -0.135 -0.101 -0.133 -0.210 -0.181 -0.151 -0.094 -0.099 - - -0.123 -0.166 -0.215 -0.159
w -5.092 -3.973 -2.715 -4.248 -4.444 -4.541 -3.699 -2.767 -3.151 - - -3.391 -4.539 -5.210 -4.386
t-stat: Kurtosis 4.223 7.569 8.746 4787 9.169 6.969 12.666 7.277 7.751 - - 7.139 8.725 4.116 8.703
t-stat:
Skewness 2.426 2.640 0.252 1.398 1.107 2.021 -1.221 1.678 0.609 - - -0.004 4.858 1.032 -4.281

t TestequatiomA$, L 0 $¢-5 E Ai@s Op ASep EQ
2TestequationA$, L a$.,s E US; E agsee details in the appendi)

Critical value foMV: -3.54 at the 5% lev@arno and Taylor 2003 for a sample size equal to 156 observations)
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4.5. Testing for asymmetry in the bubble process

As shown by marguthorgsee for instance Evab®1, Charemza and Deadman 132 Norden
and Vigfusson 1998Vaters2008), linear unit root tests ar@ble to detect collapsing bubbles which
only exhibit characteristic bubble properties during the expansion phase. Therefore, we implement twc
non linear unit root tests looking &mymmetry in the bubble process.

Wefirst use a generalization of the Diekaller test proposed by Enders and Grafi®98) and
Enders and Siklg2001) that relies on a momentum threshold autoreg(dt3iddR) modelAs shown
by Bohl(2003)and Paynend Water§2005, the MTAR model is well suited when the adjustment
exhibits more momentum in one direction than the other. This is the case for PCBs which increase
exponentially until they reach a certain threshold level and suddenly collapse.

The MTAR equation for thbubble component of millet pri(f is given by:
R

A$; L :SF +:6%05 E £+6%05 ET QASLUE ¥ (11)
Vas

I:is an indicator function that depends on the levdb.af

g the unknown threshold valuds an iid process with zero mean and constant variance.

The MTAR model allows the speed and direction of adjustmant %, to depend on the previous
SHULR G -V BF Robogih¢i PayQe and Wat@@07) our teststrategy is based on the test of the null
hypothesis of symmetry whtre null hypothesiof unit root is rejected. The rejection of the null
hypothesis of symmetric adjustmesith ~%~> ~% ~is evidence for the presence of a periodically
collapsing bubbl Bohl(2003) demonstrated that this test has sufficient power to detect asymmetry when
WKH '"*3 LV JLYHQ E\ WKH (YDQV - EcSEficiont LPikgEatisteallygignificidid HV W L
and negative, and larger in absolute termsihhere is evidence of a sharp correction when prices rise
above a certain threshold relativin&r fundamentals.

The threshold valud#é estimated using tlghan(1993) proceduresearching over all potential
threshold values so as to minimize the clusguared errors from the fitted model. The lag length is
selected according to the Akaike information criterion.

Under the null hypothesis of a unit rooBinz= %= 0. The distribution for the test statistic is not
standard; the critical values @rovided by Enders and Grand®98) and Enders and Sik2301). The
null hypothesis of symmetry is tested by the restrietiong using the usual$tatisticg ) ).
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The MTAR estimation resul{§able 4.3) lead to the rejection of the unit root hypothesis for all series.
The F tests reject symmetry of adjustment at the 5%denoe level for six markeBogondoutchi,
Filingué, Goudoumaria, Gouré, Tahoua and Zinder. As a consequence, the girepeacdative
bubbles cannot be rejected for these markets. We note that symmetry of adjustment is rejected at the 10
confidencdevel for three other markeosso, Gaya and-Suimi. Symmetry of adjustment is also
rejected for Maradi and Katako, he toefficientst and £ do not satisfy the condition > ~% ~

These resultgherefore do not provide evidence fepeculative bubbles on the Maradi and Katako
markets.
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TaAB. 4.3Results from the MAR model

Agadez Diffa  Dogondoutchi Dosso Fiingué  Gaya Goudoumaria Gouré Katako Loga  Maradi NGuimi  Tahoua Tilabéri  Zinder
W 0124 0190 0.143 0093 0226 0167 0154 0040 019 0169 0198 0.124 0.097 0286 0129
t-stat 2471 4362 -3.067 -1951 3342 2805 -2439 0816 4540 -3684 4802 -2.698 -1.568 4562 2319
W 0218 0076 0404 0220 0479 0315 0461 0277 0016 0118 0003 0286 0303 0222 0350
t-stat 4003 -1021 -4.463 4218 5934 5035 6.141 5443 0240 -1598 0.040 -3.892 -5.580 3465 5470
R2adj 0.087 0.081 0.120 0.085 0.187 0.126 0171 0.116 0.081 0.068 0.090 0.092 0.128 0.125 0.133
threshold 3714  12.893 11977 1526 10249  5.800 13.239 4483 10958 8209 6.463 13.176 3.347 2.387 5.069
Fests
) 1621 1.768 6.566 3.249 5811 2953 9.776 11397 4697 0334 5676 3484 6.334 0.507 6.818
proba 0204 0185 0.011 0073 0017 0087 0.002 0001 0031 0564 0018 0.063 0013 0477 0010
W B0 11.067 10.033 14.663 10802 23193 16611 21.829 15147 10335 8062 11529 11.213 16800 16411 17647
No. obs 224 217 209 224 198 224 207 224 224000 208 224 212 224 224 224

Critical values fdflo: W= W= 0: 5.5810 %); 6.625%); 8.821%)(Enders and Siklos, 2001).
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An alternative test for asymmetry in the bubble process is given by thesiisching ADRMS
ADF) tests developed by Hatl al(1999). This tess based on a two states Markwitching Model
allowing for the possibility of two regimes in the data generating process: the datstadi@naonin
one rgime and stationary time othey collapsing back towards the fundamental solution. The probability
of observing the collapsing regime is assumed to follow a first order Markov process. Evidence that one
regime is nostationary, possibly with an explosive root, while the istls¢ationary, indicates the
presence of a bubble.

The Markov ®itching specification, with a stochastic transition from one state to the other, is less
restrictive than the WMAR model, bumore thanhe original model of Evans, where the transition from
one state to the other is deterministic, depending on the bubble growth rate. However, the main
advantage of the Markov switching model compared toT#RMnodel is to allow for a natationary
regime.

The Markov switching ADF test equation is giveh2jy

A$. L &:sF5;  E&S EXisF5  EGSBrs EI BypisF5; EdspS? $op EByisF 5 E&SA (12
P@s
with

whereS is a discretealued random variable that can take two V@lwesl). IfS = 0, the process is
in regime 1; i = 1, the process is in regime 2. The random sequ&isespecified as a homogeneous
Markov chairfsee Hamiltod994) with transition probabilities:

Pr{3=1§1=1}=p;Pr{S=O§1:1}:1-p;

13
P{S=0S:=0}=q:P{S=15:=0}=1-q (13)

This specification allows all parameters, including the variance of the residual term, to vary accordin
to the regime. The bubble process is expected to bstationary, possibly with an explosive
root (b t0), in one regime, and stationary in the ¢fer 0)° The unit root test is based on the t
ratios associated with the maximum likelihood estiofidieand E. The null hypotheselg=0 and =0
are tested agairibe onesided alternative>0, and E<O, respectivelySince the null distribution of the
test statistics is unknown, simulated critical values are obtained by parametrically bootstrapping the nu
model(corresponding tdg= E=0) using the estimates & A, | o |1v Wand l¢. Estimation results
are given in Table 442

80 By convenience the non stationary regime is set to be regime 1 and the stigtinaasyset to be regime 2.

81MSADF test cannot be computed for series with missing values.

82 Estimations have been performed usindviaitab toolbox: MS_Regress. SSBEUOLQ O 206B5HIJ
the MATLAB Package for Markov regime SwitchilgGHOVuy DYDLODEOH DW 6651

|http://ssrn.com/abstract=1714016
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TAB. 4.4Results from the Markeswitching ADF test

Agadez Maradi  Zinder Dosso Gaya Tillabéri Katako  Goure  Tahoua

B 0088 0023 0088 0009 0035 0266 000388 0032 00256
(tstal)  (2258) (0751) (2631) (0250) (0908) (6027) (0129) (0330) (0610)

E  -0208% 0852 0630 -0333* -0515% 0668 0562% 064" 0923
(tsta)  (4263) (4423) (2830) (3845) (4806) (10812) (4171) (1936) (11.99)

R 3.222 -1.997 -1.602 1,062

tsta)  (3.916) (2.644) (1676) (1002)
R 5987 4515 48.127 2095

tsta) (2852 L.773) (15581) (0.739)

VW, 46513 92533 101745 47194 108148 180430 60303 100937 175666
(tstaf)  (6066) (7951) (10909) (7.153) (6905) (9.714) (8842 (6845 (7.784)

W 351747 284232 1659485 436003 829100 36797 460400 235501 141595
(tstaf)  (6970) (L779) (3454) (6371 (5743) (1314) (4204 (2819 (2771)

P 080 031 093 073 08l 098 084 08 089
(Pvalue) (000) (008) (000) (000) (000) (000) (000)  (000)  (0.00)
q 074 088 020 051 058 045 026 048 054
(Pvalue) (000) (000) (033) (000) (000) (009) (004  (000)  (0.00)
Log likelinood

888.157 873014 -884.296 -886.130 953400 -917.674 -854.070 -889.367 -919.769
Expected duration ofregimes(months):
Regimel 499 847 14.93 373 521 46.72 6.31 7.02 885
Regime2 389 146 126 205 239 181 134 192 218
Critical value for gt-stat
10% 1455 3.763 2400 1296 2.397 2412 1680 3389 2719
5% 1849 4423 4615 1924 3675 4.898 2486 4578 4085
1% 3.746 7553 13045 5233 10.649 12105 4926 10050 8701

Critical value for Et-stat
10% 2919 -3.898 -3.084 -3.008 2975 -1.977 -2.632 3981 4297
5% 3.391 5579 5.149 -3.825 -3.936 -7.467 -3.554 4914 5161

1% 6463 -13903 9584 -7.040 -13466  -14801 -7.214  -12546 -1352¢

Critical values calculated from parametric bootstrap with 500 replications
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The results in Table 4.4 show two distinct regiraasnit rootregimegregime 1), and a stationary
regimgregime 2). In the unit root regintee coefficientigis close to zero, but negative, except for the
bubble processes in Goure and Tahoua. In this regitats are well above standard values. However,
compamg these test statistics to bootstrap critical values, the unit root null hypothesis cannot be rejectec
for the explosive root alternative for any market.

Regime 2 captures the collapsing phase of bubbles. In thisthegooefficient&is large in absolute
value, indicating a sharp correction in millet price disequilibria. The unit root null hypothesis is rejected
for the stationary alternative at the 1% level for Gouré, Tahoua and Tillaberi, and at the 10 % level for the
other marketsgxcept for Zinder.

The unit root regime dominates over the whole p&iodveragehis regime lasts for seven months.
The expected duration of the collapsing regime islabbiny abouivo months on average. This regime
is also characteriseddtyigher volatilitfexcet for Tillaberi) than the nestationary regime

As an illustration, Figure 4.4 depicts the inferred probabilities of being in each regime for the bubble
process in Gaya. The model clearly identifies five periods of collapseabblthprboceds- September
1994, August 1998, Jdgptember 2002, September 2003 and August 2005. These periods of collapse are
roughly the same for the other markets.

FIG. 4.4Probabilities of expanding and collapsing regimes in Gaya

Results from thewitching ADF tests corroborate the previous ones derived frorATtAR Mhodel.
They show strong evidence of collapse episodes, but detect only weak evidence of explosive root, with tt
exception of two series, Goure and Tahoua, both of which presewbthalient characteristics of
periodically collapsing bubbles. By conttiastTillaberi series, which atationary in both regimes, do
not present any bubble characteristics. Results for the other markets are more divergent.

83With a probability of being in the collapsing regime larger than 0.95.
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The failure of switching Abtests to detect periods of explosive behaviour in the bubble component
of millet prices may be due to the shivedd nature of bubbleghis relats to the low number of
observations from explosive pesicglative to theéotal sample size. The testsducted in the next part
of the chapteaddress this issue.

4.6. Testing for explosive behaviour in the bubble component

Focusing on the expansion phase of bubkéeanplant the rollingDF test developed by Philligs
al.(2009). The rolling ADF gecan be ugkto detect explosive behavi@ndthelocation of the startg
and enthgdates of the bubble.iff expected to perform better than the previous tests in detecting short
lived bubbles.

The procedure consisté testing iteratively the umbot null hypothesis against the Figlied
alternative hypothesis of explosive process. The test equation is(jden by

A
A$; L AE UB,5 EI 6y $ovE Y Y-NID(Q, V) a4)
vas

The unit root null hypothesisHs: G= 1; the rightailed alternative hypothesiblis G> 1.

Under the rolling ADF test procedure, equdiidi is estimated repeatedly on a rolling subsample of
sizen. The first subsample includes the first observation tahthbservation. The secosdbsample
includes the second observation to(rihé)h observation. The ADFstatistic is computed for each
rolling subsample. In order to detect sheed bubbles the test is implemented for low subsample sizes,
keeping in minthat coefficients mdye poorly estimated when the sample size is too small.

The beginningdateand the collapse date of the explosive process can be identified comparing the
rolling ADF test statistics with corresponding critical values. The bubble phase is given byuthe consec
time intervals during which the ADF test statistic is significant. More precisely, we consider that the
endng date of a bubble is given by the last observation of the sample corresponding to the most
significant test statistic. The origination datdebubble will be the first observation of the sample
corresponding to the smaller but significant test stafieg critical values for each subsample size are
computed using Monte Carlo simulations with 100,000 repli¢stier’sppendix A4.2)est results ar
reported in Table 4.5 and iigire A4.1 in the appendix.
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TAB. 4.5Most significant ADF statistics

AR() Bubble period Subsample size
(tstat)
Agadez 0.114* 2003/072200508 n=25
(0.831)
0.039 1995/052199808 n=40
(0.409)**
Diffa 0.054 1994/102199806 n=45
(0.513)*
Dogondoutchi 0.148 1998/122200208 n=45
(0.934)y**
Dosso ns
Filingué 0.101 200308 2200508 n=25
(0.816)**
Gaya ns
Goure 0.228 1996/082199808 n=25
(2.193)***
Katako ns
Loga 0.062 200210 -200508 n=35
(0.586)**
Maradi ns
1-*XLPL 0.055 2003/072200507 n=25
(0574
Tahoua 0.091 2002/102200508 n=35
(0.968)**
0.039 1994/11-199807 n=45
(0.445)**
Tillaberi ns
Zinder 0.115* 1994/122199808 n=45
(0.713)

**: significant at the 5% level; ***: significant at the 1% level;
Laglength selection according to Schwartz information criterion.
ns: non significant
Table 4.5 gives the estimated coeffi¢i@nand the corresponditgtatistic, for the most significant

ADF test, and for different stdample sizes. Rolling ADF testsrfe25 do not reject the null of unit
root in favour of the rigkailed alternative at the 5% significance level for 5 maikesso, Gaya,
Katako, Maradi and Tillaberi. According to these rebglte is no significant evidence of speculative
bubblesin 1L J Hrbki markets. Maradi, Dosso, and Gaya are major markets located in the main
producing region; Katako is the main market of the cpaaiey. Tillaberi is a smaller market, located
in a producing region of the western part of Niger, nabfarthe border of Mali and Burkina Faso.
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Howeverthree periods of speculative behaviour caletaetedn the other markets. First, Agadez,
JLOLQJXp D Q&vedxpeKdnbed shelived bubbles during the 288305 period, while Loga and
Tahoua expéenced a more persistent bubble epioola October 2002 to August 2008). Second,
Agadez, Diffa, Tahoua and Zinder experienced persistent bubbles during the period running from
October 1994 to August 1998, while Gouré experienced a shorter episbbke dfdm August 1996 to
August 1998 inally Dogondoutchi experienced a long bubble episode during 1999 to 2002.

These results support the previous asymmetry test results that detected collapsing phases fc
Dogondoutchi, Filingué, Gouré, Tahoua, ZindelQ G WR D OHVVHU H[WHQW 1-*XLP
evidence of collapsing phases for Maradi, Katako, Dosso, Gaya and Tillaberi. Ressiltdeafer
Agadez, Diffa, and Logath the rolling ADF test detecting expanding phasdshe asymmetry test
reportingno collapse phases.

4.7. Concluding remarks

Econometric tests do not reject the existence of speculative bubbles of the PCB type for some of the
markets under study. According to these results, the 2005 food crisis may be partly causeiddy speculat
EHKDYLRXU LQ $JDGH] )LOLQJXp /RJD -19%Xdhfuld be@asid@diRXD +
a more important period of speculation; bubbles detattiide markets during this period tend to be
more persistent.

Most of the markets that have experienced a bubble episode are located in deficit and remote arec
ZLWK ORZ LQFRPH 7KLV LV SDUWLFXODUO\ WKH FDVH IRU 1-*>
region of the eastern part of the country, closeettiad border. However, bubbles have also been
detected in markets that are locatedeiteroff areas in terms of gebmatic and socieconomic
conditions. This is the case of Dogondoutchi, Filingué, Gouré, Logindedan important urban
centein the southern part of Niger).

The most important findings concern the main millet markets of Niger which are(Kidakey,
Maradi, Gaya and Dosso. The tests for asymmetry and for explosiveness in bubble process converge
reject the presence of ratibepeculative bubbles on these markets at the usual confidenctisevel.
provides evidence thapeculative behaviour should not be considered a widespread phenomenon in
Niger, nora source afmajor food crises.

The results are of particutatevancéor the definition othe food security policy in Niger. Actions
targeted atleficit and low income areas, which are more prone to speculation, shodktdien. To
that end, drade expansion program iigiat reducing barriers to trade within the tgushould be
considered priority.

The limits of this type of analysis are-kvelivn The tests for speculative bubbles are joint hypothesis
tests of an asset price model, and of the presence of bubbles. As a consequence, apparent evidence
bubbles an indicate a mgpecifiation of the market fundamentals. Alsgection of the presence of
partially collapsing rational bubbles does not rule out the possibility of other types of speculative bubbles.
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As a robustnesgheck the analysis has been reggzbausing alternative specifications for the
fundamental value of millet. First, the international price of rice has been introduced in the millet
fundamental equation to take into account possible substitution effects at the consumption level betweel
locd and imported cerealBhis price is never significaintour specification§&econd, millet production
has been introduced in the fundamental equation instead of the cumulative rainfall variable. The result
DUH XQFKDQJHG H[FHSW IRBtlexHibit KubBlé cHakalctenistics Riyior® Lastly, we
note that ADF type tests are invariant to linear transforswetithre series. Therefore a 1sycification
RI WKH EXEEOH:-V OHYHO GRHV QRW DOWHU WKH XQLW URRW W
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Appendix
TaB. A4.LUnit root tess. Sample period: January 1990 to October 2008

No of ADF KPSS
Obs. P.value LM -Stat

Region Market Min Max Mean

Millet pricgFcfakg) in:

Agadez Agadez 52 337 134 226 0,00 0,12
Diffa Diffa 41 328 138 221 0,00 0,09
Diffa Goudoumaria 45 371 131 215 0,02 0,08
Diffa Nguimi 55 333 148 218 0,01 0,06
Dosso  Dogondoutchi 48 270 114 217 0,00 0,08
Dosso Dosso 58 329 139 226 0,00 011
Dosso Gaya 42 315 124 226 0,00 0,10
Dosso Loga 50 279 123 216 0,00 0,07

Maradi Maradi 39 261 104 226 0,00 0,12

Tahoua Tahoua 54 369 144 226 0,00 011

Tillaberi Filingue 51 326 129 210 0,00 0,09

Tillaberi Tillaberi 58 306 145 226 0,00 011

Zinder Goure 52 319 118 226 0,00 0,08

Zinder Zinder 40 312 109 226 0,00 012

Niamey Katako 71 324 141 226 0,00 0,09

CPI(100=2005.05) 56.2 133 93.7 226 031 0.237
"(CPI) -4.42 942 0.28 226 0.00 0.08
Gasolingcfall) 210 670 363.3 226 0.24 0.34
'(Gasaline) -75 130 191 226 0.00 0.20

ADF test: kit I(1); KPSS Hg: 1(0). Tests implemented on current price values.
Source: SIMA aralithors' calculations.

TAB. Ad4.2Simulated critical values for the rolling ADF test

n=25 n=35 n=45
1 percent 1.196 1155 1119
5 percent 0412 0.380 0.357
10 percent 0.012 0.026 -0.040

ADF test with no constant and no trend
n:sample size
No. of replications: 100,000
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The Residual Augmented Least Squares Dickdyuller test(RALS Dickey Fuller or RADF test)

The Residual Augmented Least SqR¥EsS) Dickeyruller test developed by Taylor and @88I8) is
robust to skewnessd kurtosis in the distribution of the residual term and is more powerful in detecting
periodically collapsing bubbles. The RADF test equation is given by:

A$; L a$,5 EUS.E R (AL)
where are the residuals of the standaFddguatiofA2):

and $; L cQ F ud¥yQ;a: @ F & gThe vectorS; corrects the estimate éffor skewness and excess
kurtosis of the residual&? is the estimated variance@f Ris white noise.

The test statistic is L @& 8 = N&

s the estimated coefficient in FR); 8 = N&t is the varianeeovariance matrix of which expression is
given by Sarno and Tay(®003) as well as the critical valuesifor
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FIG. A4.2Rolling ADF test result
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Conclusion générale

Cette thesporte VXU OD DPpRPQR&®HU OHV FRQQDLVVDQFHYV HW O -XW|I
économiadu développemeriElle mobilise une approche multidisciplinaire, pour utiissmeplénent
GH O-pFR@RPLDESRUWYV G-DXWUHV GLVIELS 0dt€pidlvgi@as\Ve3dP HQ W ¢
santé et la financell&élaboreet exploitedes bases de données climatignesite utilisées polas
analysemacoéconomiquest microéconomiqse /-LQIRUPDWLRQ FOLPDWLTXH DLQ\
analyse origitea de la vulnérabilité au changement climdpgue 1: Construire une base de
données sur le climat pour mesurer la vulnérabilité a son changemprdu de la sécurité
alimentairgpartie2 (YDOXHU O - L P Shuvithéiiblués UK IR $€¢urité damentaire).

La premiere partfeurnit une nouvelle base de dées climatiques des paysiveau mondial pour
la périodd 90602008 puisprésentela constructionG-XQ LQGLFDWHXU GH YXOQpUI
changement climatique a partir de cette nouvelle base. Elle répond a un doubl@robjeetities
données cliatiques nouvelles permettant rdaouveler les analyses macroéconosniguguider
O - D O OR H DOSIRX@H O - Ddb bHangémabtirRafque

Le chapitre 1 présente une nouvelle base de données dliematigtionales. Aprés avoir passé
revuela littérature des différentes bases climatiques existantes, nousotmnatra nouvelle base de
donnéeslimatiques disponible pour &8s awniveau mensuel penddatpériodd 9062008. Nous
proposons ensuite différents indicateurs de climat ou de variabilité climatique construits a partir de cett
nouvelle base et poma@tre exploités dans des études macroéconomiques

Le chapitre 2 répondauprobléeme deO-DOORFDWLRQ GHV UHVYV Rbkabgemrant G-DL G
FOLPDWLTXH 6RQ RULJLQDOLWpP UpVLGH GDQV O:-DSSOLFDW
économlf XH GH YXOQpUDELOLWp ,0 SUpVHQWH OD FRQVWUXFWL
changement climatique. Disponiptaur prés de 2Qfays il D SRXU YRFDWIUR @G -G L'GHU H X
O-DOORFDWLRQ GHV U H VCGeR XdicBtanes &nsiUenGévidleh & SuneDpi4. Brénde
vulnérabilité au changement climatique de pays déja vulnérables économiquement tels que les Pays
Moins Avancé@MA).

La seonde partie de cette thesep@r but G-DOLPHQWHU OHV FRQQDLVVDQFF
alimentaires, plus particulierement pour l183/paG -$IULTXH GH Qespechvémént 3R leW D QV
Burkina Faso et le §&r,leschapitre8 et4 fournissent des résultats complémentaires sur lessmésa
sousjacents a une situation de crise. Dans ceschapitres,O - L Q | R U P D Wid 8sQutiised. poDrwW L T
pallier lemanque de données précises sur le revenu des ménages ou les quantités de productio
céréalieres.
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Le chapitre3 pWXGLH Ontg 8D Whfa@tsl d& Boins de cing ans suite a des épisodes de
sécheresse. Les déficits pluviométriques sont considérés comme de bonnes approximations des chocs
revenu des ménages ruraux. Les enfants subissant un choc méme peu important durargrisurs premi
années de vie présartan score dautrition(z-score) en moyenne plus faibles késub WV GH O-p W)
peuvent servir a améliotercibkgeGH O-DLGH DOLPHQWDL tfbht paOapidavaitte jdeQ R W H
différence de genre dans ces zddewlus, les enfants de moi@sn an étant les plus vulnérables il
VHPEOH LPSRUWDQW TX-LOV VRLHQW OHV SUHPLHUWYas&pQplILFL
O-REMHW G-XQ VXLYL VSpFLILTXH PrPH HQ FD petits défitisL EO H
pluviométriques affectent leur statut nutritionnel de long terme.

Finalementle chapitre 4 montre la présence de bulles spéculatives sur certains cerddliEss
nigériens. Dans ce chapitre, une valeur fondamentale du prix du afdukést cotamment & partir de
GRQQpHV SOXYLRPpWULTXHV IRXUQLVVDQW XQH DSSUR[LPDWL
EXOOH FRPPH @ripdt Balsleudfondabhéhtalelinous étuthenmopriétés statistiques de cet
écart afirde mettre en évidenke présence de bulles spéculateshapitre fournitle rouvelles clés
pour comprendreHV SKpQRPgQHV GH KDXVVH GH SUL[ GpFRQQHFWpPV
intégration des marchés et une plus large diffusion desatidosntoncernant aussi bien la production
que les conditions météorologig@®@sl Y UDLHQW SHUPHWWUH G-pYLWHU HQ SDU!

En plusdesrecommandations politiques progeshacun de ces chapitres, cette thése préconise une
meillewe cRPSUpKHQVLRQ GH O-LQIRUPDWLRQ FOLPDWLTXH WDQW
O - p FR Q R PHllel ptégoHise Qrie¢ large diffusion des données climatiques qui sont de egjéables
strat@iques et économiques. Correctement utiliséiss@tinéesces données peuvent en effet

-DLGHU j O-DOORFDWLRQ GH O-DLGH SRXU O-DGDSWDWLRQ D>
- produire des signaux aux marchés céréaliers et concourir ainsi a leur meilleur fonctionnement,

- participer aux anticipations des agéotmomiques et a leurs prises de déc{amiasnmentdes
agriculteuds

En complément de ce travail, les récents travaux concernant les assurances climatiques al
agriculteuréBarnett et Mahul 200Barnettet al2008 Clarkeet al2013 ou O -pYDOXDWLRQ pFRQR
valeur des prévisions météorologi(Riteret al201) devraient permettre des améliorations majeures
des systémes agricoles desgays en développemebe plus, FHVY UHFKHUFKHV V- -LQWqJU
DX FRQFH&MWmate- st@itl agricakul® HO O H T Xédth@éa Horde |pMi Conférence des
Partes(COP-17) en décembre SDU O-2UJDQLVDWLRQ GH 1DWLRQV 80Ql
O -$JULFXQ W BUWtanA FHWWH RFFDVLRQ O rRiE aBauink DdVnoRIPeused W H U
propositions visant a relevehree challenges of ensuring food security, adapting to climate change and c
mitigate climate change have to be considered at>theEdanse dinse défenda mise en place de

84 Définie comme une agriculture quaugmente la productivité de facon durable, la résilience (adaptation),
réduit/élimine les émissions de Gaz a Effet de Serre {GE& WpQXDWLRQ HW DLGH j O-DWWHL(
et des objectifs du dévepement> (FAO 2010). Cettiéfinition rappelléagriculture<écdogiquement intensive
recommandégar Griffon 2006, 2010

85« Trois enjeux que sontDVVXUHU OD VpFXULWp DOLPHQWDLUH O-DGDSWDWLR
effetsdu changement climatique qui doivent étre considérées emsemble
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SROLWLTXHV SHUPHWWDQW |j OD IRLV OD VpFXULWp DOLPHQ
FOLPDWLTXH /-RUJDQLVDWLRQ LQWHUQDWLRQDOH UpFODPH
internationale en termes de recherchéeetcapacité de développement liant agriculture, sécurité
alimentaire et changement climatifirece sens, cette thése constitie® une premiére étapers

O - p Wes @dtis @ntre sécurité alimentaire et changement climatique grace a des dormées climati
objectives et justement utilisées.

% Submission by the Food and Agriculture Organization of the United Nations (FAO) on issues related to
agriculture, as outlined in paragraph 69 and 70 of the Outctiraevofk of the Ad Ho Working Goup onlong
term ooperave aFWLRQ XQGHU WKH &RQYHQWLRQ GLVSRQLEOH VXU OH \

|http://unfccce.int/resource/docs/2012/smsn/igo/73.pgf
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