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“The biggest risk to African growth is climate change.”
~ Paul Polman
Abstract

While climate change has harsh universal impacts, it is believed that its negative effects fall disproportionately

on hotter, developing regions. This paper examines these claims using a panel datasets for 84 OECD and Sub-
6DKDUDQ $IULFDQ FRXQWULHYV EHWZHHQ ,bGRFXPHQW ERWK WKH I
and the long-term economic impact of temperature and precipitation variations on GDP per-capita. Using

DbSDQHO DXWR UHJUHVVLYH GLVWULEXWHG ODJ PRGHO RQ WKH VDPSOH
unanimously increased for all sample-countries and that variations in temperature above historical norms
VLIQLEFDQWO\ UHGXFHG LQFRPH JURZWK 1R VLJQLEFDQW UHODWLRQVKL
JURZWK :KHQ LOQWHUDFWLQJ !ISRRU" DQG 'KRW" FRXQWU\ YDULDEOHV ,blF
affected both hotter and poorer Sub-Saharan African countries. In OECD countries, temperatures have increased

more quickly relative to their historical norms than Sub-Saharan African countries. Finally, while poorer and

developing countries are more adversely affected by temperature variations, they seem to recover more quickly

IURP WHPSHUDWXUH VKRFNV WKDQ VDPSOH DYHUDJHV ,bH[SODLQ WKHVH
implications regarding global sustainable development and greenhouse gas abatement.
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List of Abbreviations

SSA Sub-Saharan Africa

OECD Organisation for Economic Co-operation and Development
GDP Gross Domestic Product

ARDL Auto-regressive distributed lag

AIC Akaike information criterion

FE Fixed effects

Introduction EOH IHDWXUH Rl FOLPDWH FKDQJH
&OLPDWH FKDQJH LV DUJXDEHGHRYH RILFKHIPRNWLQ JOREDO
FRPSOH[ DQG GDXQWLQJ JOREW® UKD QOIHAHOINHRY XRIXHVWYV WKDW
WLPH ,3&& 6FLHQFH LV QRZHEBHIXDLWRKUMHOKDRY LQFUHDVHG UF
WKH H[LVWHQFH Rl FOLPDWH PKDQVH \HHWD UV ZHWWKDR Q/ X EVW D Q \
LQJ LWV HFRQRPLF FRQVHTXHIQF MWK 8 UFDWAHIRU WREPSHUDWXUH LQ
GLIILFXOW 7HQNDWH HW DO \HDUKH PEBUWZQRWID VSLNH LQ
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JUHHQKRXVH JDV *+* HPLVVIGRIQYLQ3I&M®FWRU DFFHOHUDWLQJ FO
.RPSDV 3KDP & KH "RUUNMQ D@\ ZLWK3&& %WURZQ HW DC
RXW DQ\ PLWLIJDWLRQ SROLFLHAKLIGMH BB VAV/RQ WK UEDDWHIQ \DRPH R \
IXUWKHU br& LQFUHDVH LQ BPRREADL R WHRSHOBRBXWHY* HPLVVLRC

E\ ZLWK SRWHQWLDOO\ G USHWUNE IF QAR RY HATKKHH QUFRHWWD O FDUER Q
RQ KXPDQ HQWHUSULVH +HUSWRBRUYWUREDWIRBDHYBUVH HITHFW\
$YHFHGR HW DO 5HKGDQ] ODGGLVRQ OHQGHO\

+RZHYHU ULVLQJ WHPSHUDWXUH®GIDYH RQDRGDUW RI
WKH SUREOHP 5HFHQW \HDUV KDYWDMWRNMVHEDWWHHV ZRUVH LV
LQ HIWUHPH ZHDWKHU HYHQW \Q HHYXF OXG HFR GRRXFI KWRZWK DQG ¢
IRRGV KHDWZDYHV DQG FROG69®DIIWHQOLWD WH OMWILYHO\ ORZ *':
DELOLW\ FDQ FDXVH VHYHUH OR GIDWHGPVRDFORBEBRQRPHBEDIHYV :RUOG
LPSDFWV WKURXJK FKDQJHV LQ SHYHHRL SIQFD\W DR'E G B\gWHI PR QV X P SWI
ULVLQJ VHD OHYHOV DQG H[WUHPHDIHEWKDO N RXDWOOXLWEDQ PLJU
'RUOG %DQN 8QLWHG 1DWLRFWHDVH&R DI LFXOWXUDO LQW
TXHQWO\ WKHVH FOLPDWH YD EDIWYVRQYRDQHBEBNWWUNHORU 66$"V H
DIIHFW WKH JOREDO HFRQRP\ E\ RIHGWF KQJYV EHHG X0BMEXFDIG DV WKH O
RXWSXW VORZLQJ LQYHVWPH®WZDQGVGDHDHIPQVWDORQV ODUWLQ
PDQ KHDOWK ZLWK WKH LQFUHDUHRERABWHDG RI QWK DNMIRZOHGJIH F
DQG WRXJKHU ZRUNLQJ HQY LU RQPEHVMD\Q VB MWHD @ HPSHUDWXUH ULVH
.DKQ HW DO 66$ RYHU WKH SDVW \HDUV DQG W|
‘KLOH WKHVH GLVWULEXWLRQIXQWKBQ 1LF LIDXHYWRHY* FRQFHQW
SDWWHUQV KDYH KDUVK XQLYHWFG DVI$ ZFHW W KIHW HYWSRAP HV  'LIIt
WXODWHG WKDW WKH EXUGHQDRIGFOHBWWE FKDQWHKHDBAW D QHH
GLVSURSRUWLRQDWHO\ RQ KRWHUWORZG LAXARP WRKRIX®UHYLRXV L
WULHV 7RO 'HOO -RQHV ZBRBQH KDYHXEHHQO RQ 663 UHODWLY
+VLDQ OLJXHO D $ SDUWLRSEDE W RRERXWURHW KKW DOVR ZKDW SR
OLWHUDWXUH KDV EHHQ RQ 6XE5 GDKDEDBDRWHKLEFIDY BRSHG DQG GHY
GXH WR LWV XQIRUJLYLQJ JHRWUWRD IS\ HHJ SRO/KEBIO GRR RSHUDWLR
SHQGHQFH RQ FOLPDWH VHQVLWD¥ B JWE RQ®RWP X B D®HWHHFMWRRSPH QW % \
DQG ORZ LQFRPH DOO ZHDNHRQIPDUMMW BDSDEQM GVORPLFYV WKHI
WHFKQRORJLFDOO\ DGDSW WR FIOHWHBWRJFHIQHRMV EEBGRWY RQ HFRQF
2GXVROD &RQWHP SR UD K6 MKHWDWRKKMWHVKOLPDWH YDULDW
JHVWV KRWWHU FRXQWUL MW GXEQG PPRI \EH\SRR UHUWFWY SROLF\PDI
LQJ WKHLU DELOLW\ WR DGDSW. @\K UWRI®XWFKHWUFKKRFHNVWR \WEDWH *+*
QDWLRQDO LQFRPH IDOOLQJ S IREZ HFHHUW VB KW UGIHUW DHGHDUWK R
&HOVLXV 'HOO -RQHV DQG 2OHNWHIMW X UHORQBRYWHUQJ WKH DJJUH.
WKH HFRQRPLF ODQGVFDSH RI ¥6% PDE&IF \H LW FRDWWLAOLPDWH FKD
ODUO\ YXOQHUDEOH DV HFRQRPLMWSHDIWRYPBHQEHH®RPLQDQWO\ G
ULFXOWXUH IRUHVWU\ WRXULWIPQHMQWD O\ RQEBIJFRBYDWDKD HIIHFW\
VHUYLFHVY DUH DOO GHSHQGHQRW FR XQWRDWW' GAYOWLAVY % XUNH
H[DFHUEDWLQJ DQ\ LPSDFW FOLPDWS$YMBHGREHWLMO KDV %\ GRLC
RQ HFRQRPLF JURZWK )DQNKDXNHW WR FBRMRUHWK HWHURJHQHR X\
DO JXUWKHUPRUH WKH YBIRUDWSE RQDRVDBRWKFRLWKLQ DQG E
WLRQ RI 66$ IDOOV RQ ORZHU OTRVIHRXYG MYV SR XQHDWX\GLHYV WH
SHU FHQW Rl DOO FOLPDWHVEKROWW\HE B BIPIDIFMW RUHFOLPDWH F
FRQFHQWUDWHG OHQGHOVRKQLWY ORQJ WHUP LPSDFWV RQ JUR?Z
7KH EURDG FRQVHQVXV DPRQ&DNFKHQ WM/ \D'® LV WKD&R QVHTXHQW
FOLPDWH FKDQJH LV DIIHFWH GDERADWKWHFRIQFWER WU FOLRQWH FKDQ.
RI *+*"V LQ WKH DWPRVSKHUH @DWXHGHRAHIGW DY WIQURFRQRPLF JU
SRJHQLF FRQWULEXWLRQV ZLGHRY ORGR VNOHLNWIE ONVIWKGE HITHFWV C



The Macroeconomic Implications of Climate Change on Sub-Saharan Africa: A Case for Sustainable Development

PXFK RI WKH OLWHUDWXUH IRFX\CHML. BBOHMR D) ¢ HFHAWLRRSIOWD JURZ\
DSSURDFKHV 6DFKV :DUQHUVSHFLERDWKBRYVDOVR RYHUFRPHV S
WKXV QHJOHFWLQJ WKH SR3/RHA QHDW\ DHOD VQRRYKURU KHWHUF
EHWZHHQ FRXQWULHV HFRQRP LFOLPRIWK FIXQ® O RMDSHU FRXQWU\ +
FKDQJH RYHU WLPH ,W LV SDUWHF&R P UXR FXWPPRIEDMPG VLIQF WKH OLV
DV LW LV VXEMHFW WR HQGRJHQHQW)\ SDBHQY WION BFOG/REDN WKH X
IHHGEDFN HIIHFWV DQG LQWHUDFWURQW ERQ/\Z HHHD POLPDHVWR KLV WR L
YDULDEOHV DQG *'3 JURZWK DEVROXWH WHPSHUDWXUH YDOXHYV
)XUWKHUPRUH PHWKRGRORJLBPDQHDAYXMY WKW FRIPEDWY WKH HER
HFRQRPHWULF VSHFLEFDWLRQRIDXWH GBHW Y B Q@ GHIE YD W.HHEOHY 80 W
OLWHUDWXUH H[SORULQJ FOL P DRAHOAKDNLIPI] DUHGV { PRAQR MLFE SROLF\ LF
JURZWK ORVW VWXGLHV DGR SWWWDKH) IVEHPIS HEUHDW OWRHS DHIY WO
DV D YDULDEOH UDWKHU WKDQ XWLOLVLQJ GHYLDWLRQ IURP
WHPSHUDWXUH UHODWLYH WR KLVWRLUiteratDro Review PV  'HO O
-RQHV  20NHOQ %XUNH +VYLDQQ WEBIHIXHBXU LQ SRSXODULW)
D $V WKH WHPSHUDW XUH FO@H.WPHO HVFB DMUMHQGHBDWH LQ UH
YDULDEOH LQFOXVLRQ DV D UHM BVERU SHURGXGHWTWWEBP SW WR
UDWLF WUHQGY EHWZHHQ W HFXHDWIW XU H | CHF®V QO RQ*HBFRQRPLE JU
SHU FDSLWD ZKIRZKWKDQ ELDV SVRDPHHWVHNLWKHU DWWHPSW WR G
.DKQ HW DO 'KLOH VRPRXV HPBRMVSTOOSHDOWH FKDQJH KDV
WDENOH VRPH Rl WKH LVVXHV FH@WLXRQHGHDBDRYRQWWKH\ 20NHQ
HLWKHU IDLO WR FRPSDUH 66% W8 WKH RVDKHU HFR XMAVULHY RU IRU
LPSRUWDQW ZKHQ FODLPLQJ 668 30 LFUWIHRRN WKFQLPDWH FKDQ
PRUH GHYHORSHG HFRQRPLHV I$IEJLHIRWHD EXOXNRIOQW VWUDWHJILHYV
VSHFLI\ DUELWUDU\ ODJ OHQJWIKW]WEKQW IDLORWMRB KD XV
UHFRJQLVH WKH H[WHQW RI FOLPOWHUXQDULDWILR®W LPESRRWQJV
RQ HFRQRPLF JURZWK DQG KRERWKI PFMMROXWWY\RRMHUXVHIXO LQVL.
PXOWLSOH ODJJHG \HDUV .DK@R®WLBO D JUHIRWHXVHRFXV ZLOO EH
RXWGDWHG GDWDVHWY WKDWWOH G MARH H QWX S WXIOHM M G IQH W K H
HITHFWV RI VKDUSHU FOLPDWH PIDWH P DRQM KBMKXDQ WRHFRQRPL
ODVW GHFDGH 7KHUHIRUH ,bFDQ EHWWHU GHWHL
+HQFHIRUWK WKLV SDSHU ORRKYD QUR BHOQO WEBHWRY WKW ULPHQW W
JDSV LQ WKH OLWHUDWXUH 8VLQY P 3PORFRIWRLEHIQEWLFURHF
VLYH GLVWULEXWLRQDO ODJ $5VLPRGH®DGEUFWLPHIWH FKDQJH K|
XUH FRXQWU\ VSHFLEF DQQXDO \WHRRYHRQ VEXUH BKR@IMWWILRQV
IRU D VHW RI  2(&' DQG 66% FRXPWHYLLHRX\E NWZXIBHAY IRFXV RQ KRZ
,PSOHPHQWLQJ D SDQHO I$BSDFR\VGVH OURZW K WKURXJK WZR GLP
ORZV IRU VLIQLEFDQW KHWHURPBGHRMFROWPHAQ WRXGQHY VXEMHF
WULHV FRQFHUQLQJ WHPSHUDWXUHOERD@JIH \F IRY 8 THWW R R X JK LW\
SHUPLWWLQJ EHWWHU FRPSDULWREX ®RWRKRPO@WRIXWSKRLEFURS \LHOG\
FOLPDWH YDULDWLRQV 1H[W ,bDR®BOWRHQYWH DORX 1 QWRMLRV XWLRQV
HFRQRPLF LPSDFWV RI FOLPDWR@HKWD QJHDRBQORJ SHIQMDFHYLF HW
FDSLWD JURZWK XVLQJ D SDQHRBGUO\PPGRORRBRORPLF DQDO\VLV
FRXQWU\ VDPSOH RYHU DQ XSGOWHGREWKHUOCRVUHYRWR DQ DUUD\ RI
EHWZHHQ /DJ OHQJIJWK B KDVIF VG WRIE ARBJQLWLYH ODERXU SU
XVLQJ DQ $NDLNH LQIRUPDWLRRQHAUEW HRQ®R GRH,.GVIVFRO LQVWDEL
EHWWHU PRGHO WKH ORQJ UXQRRIHHG HIIHE®WV-RQHRDWRONHQ
FKDQJH PD\ KDYH RQ JURZWK RIHLGRAROWLSOKBRPDQBWKDQ HW DO
ORUHRYHU XVLQJ D SDQHO $5JL D0 ORZWLHRIURFRQYLHZ Rl WKH OLW
UXQ G\QDPLFV DQG EL GLUHFW LFRIQPP® WHHEEDBNH KB¥W)MWHJIJDWLYHO\
EHWWHU PRGHOOLQJ WKH LQW H SDFRWN. REOXYOTHWPHH@ GOLYRDORSLQJ FR
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,bRIIHU SRVVLEOH PDFURHFR ®GIRRIQR P QR JRIRFAMRK FRK |8\ EMRGE /& D
QRPLF H[SODQDWLRQV IRU WKHWH 80D GH QN M FEDHHBWRXQ H LQFUHDYV

WKH OLWHUDWXUH E\ URXJKO\ SHU FHQW DQQXDOO\
VXEVWDQWLDO JURZWK UHGXFWLRQV
Adverse Temperature Impacts ORFDWHG FORVHU WR WKH HTXDWR

RQb'HYHORSLQJ &RXQWULHV 7KHVH UHVXOWV DUH FRUURERUDW!
'KLOH SDSHUV DUH XQDPELJXRXVUDOR WK QHIRMQYH D 8VLQJ L
HIITHFWV Rl FOLPDWH FKDQJHVRI®V RIRE FR HPRQIR-PLEHWZHHQ
JURZWK D QDVFHQW WUHQGHRI MDQUWLFOHVFRPBDHHWIEKH FRXQV
GHQFHG WKH DV\PPHWULF L P SPURN ¥OW PRV ELWKDIQUWHO | RYHU GLI
KDV RQ GHYHORSLQJ FRXQW UALRIQ/W YDRR DQIDEHINMZRHQ ZKHQ WK
HERQRPLHYV XWLOLVLQJ -RMIGEWHPSHUDWXUHNLY KRWWHU DQG
SURMHFWLRQ LPSXOVH UHVSRGRROXQFWKRQ ¥WHKRHWEREQG WKDW
HW DO IRXQG WKDW DQ Q XWDLR § HMHDHLYD BWX LDH) YIDYWH UDJH D Q QX
LDWLRQV KDYH XQHYHQ VKRUW bW& UPLIWR R OW QX W HMUPURQJO\ GH|
PDFURHFRQRPLF HIIHFWV RQ ORZHPGHRIMHWRRXYWRILHVULQJ WKHVH EC
DQG FRXQWULHYV FRQFHQWUDWWGRIQIRBWWERXWHIURGXFWQYLW\ DQ
SDUWLFXODU IRU WKH PHGLDGELIGHYHDWRISLQVY ERWRDMHQ GHYHORS
ZLWK DQ DYHUDJH WHPSHUDW XBERIXRIW Udri&V HEBIF K RDAGVGH. U
WLRQDO br& DERYH WKLV DYHUD-REZ YW HBYBAWHWB@W K % XUNH
E\ SHU FHQW DQQXDOO\ KRIZ®GHAUD QRDMHDIQG RRMRD"V VW)
WHU GHYHORSLQJ FRXQWULHWVHEWWR ®ROBYHEDOHL WHPHY UHJDU
SHUDWXUH Rl br& D IXUWKHUPHWWUL®G RPUSHDALHE PIRZHRY RI FOLPDW
JURZWK E\ SHU FHQW D Q Q XA\DUHIQ G HXGU RKKLHPDRRHU M DULDEOHV V X
WKH FXPXODWLYH LPSDFWV ZBHHHQRWM®HDG RUWHRSHUDWXUH Y
WHU WKH LQLWLDO ZHDWKHUKVKWRNLFROLOVKYSHDJAD SUMMXOWYV LQ
RXWSXWV UHPDLQLQJ SHU FBABWHORZDHUDIRHJWMHNYRU SURGXFH
LQJ HFRQRPLHV DQG SHU FRIQ\WRDR2R UJIHGU SHRIZFDSLWD JURZ\
LQFRPH HFRQRPLHV 7KHVH UBMXGWSLWOIJHRAWWKKDKADW PD\ ELD
GHYHORSLQJ FRXQWULHV D WRUHRYHUD GYVIQVBA MQBI2FKRD"V
IHFWHG E\ WHPSHUDWXUH Y D UW B WLCRSQWX D ®& GF &/ KWW W KRR D Q JH"V |
VWUXJJOH WR UHFRYHU IURP OIRIGIVW A K A\ DGH HUNWHVWIHOPRED O DY H U
SHUDWXUH VKRFENV VKRENV LQVWHDG RI FRXQWU\ VSHFL
BHPLQDO FRQWULEXWLRQV KD \DH B OV RHRIVHIUHIG FVQ PHORDQ WKHLU HFF
UHVXOWV ,Q D JOREDO SDQHO QSIDQOEWIL QJFARKWWWURBMQHLW\ WK
EHWZHHQ 'HOO -RQHV DERX®WHDHY QHYHU PLQG UHJLRQV
IRXQG WKDW KLJKHU WHPSHUDWBXYHWHKKMY M D/ALH ALEIERMWH YDULDW
QHJDWLYH LPSDFWV RQ HFRQRPR FHIQUHRRZXWIO\EXKMLRIQ®D\ QRW EH W]
LQ GHYHORSLQJ FRXQWULHV 7KBWRWRRURGEGAG WERWHD WKH OLW
br& LQFUHDVH LQ WHPSHUDWXR®! OBGXHFH EBERQRPLWXG\LQJ FOL
JURZWK IRU WKH VDPH \HDU E\ DO G\H U KHH QRWW BIRUIBRO WR FDSWXUH
YHU WKH\ IRXQG WKDW WKH WH®ISROWDHV K KBIQV K REN KKOQGGRWKHU VS|
VLIQLEFDQW ODJJHG HIIHFWV WKDWRDNU IS MIRMLEXTIBURNG6S$ 7KHU
DIWHU WKH LQLWLDO VKRFN VXWEDBRMGWR OO YHWDOLWHUDWXUH IR
FODLP WKDW WHPSHUDWXUH LQFRRIOYW V KDY HD QXCGE WWMDDRQUONR LG H
ORQJ UXQ HIIHFWV RQ ERWK W K VFEDW § W HVQEH WZRIHVQKFRX QW U L H V
SRWHQWLDO RI ORZ LQFRPH FARXQ WRROHQWEXWVEIQGE6OR EHWZHHQ
UREXVW HYLGHQFH IRU GHYHOGBBWGDBBRABXRRIOW 6LPIVRXIJKW WR L(
ODUO\ %DQVDO DQG 2FKRD FKB@PL'YH® SIKHWU B DUWLFXODUO\
ODWLRQVKLS EHWZHHQ JORED QR @ HFERMURIPL K U RE VI HAK H\ IRX QG
FRQWUDVWLQJ WR FRXQWU\ QSHBWEN HF KPRDFW RDFOGLPDWH FKD
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JURZWK UDWHV GHGXFLQJ WHKMDIHIBQ bW& H G UMM VI LK) R1 XQH T X I
WHPSHUDWXUH DERYH LWV DYHUPIHWUH G KPHI H3DIRIRQWKW GHYHORSH
LQ 66$ E\ SHU FHQW DQQXDOOMNQIKFRPQWRIERYGXEWWLWLRQDOO\ W
VHQVLWLYLW\ DQDO\VLV RQ WKL O GAR LGSR B SDWWOR IFDSW X U
FOLPDWH FKDQJH SHU FRXQWU\REGGLPDWH FWD/QKH WRRHFRQRPLF .
ODUJHU DQG PRUH GHYHORSHBLWKRIQR®HHVHRWIWXH XVH RI ODJJ
ULD DQG 6RXWK $IULFD JUHDW OEDRFHROH R RBW MROWH HYHRU XVH ED
PRUH VHYHUH LPSDFWV RQ SRPUIQUVSKYLWE QW DDLIORWR HQFDSVXO
$QDORJRXV UHVXOWYV DUH IRXQG WIQDERXQMKD Q/ISHW LEFD FRXQWU
HVWLPDWHV ZLWK $OL ZKR RPXIOGVER Q19 \WIHIUBWLRIQUV IROORZLQ
DQDO\VLV RQ (WKLRSLD WR VHH WKRWHMFRQRPLF JURZWK

LV VLIQLEFDQWO\ UHGXFHG IROORZLQJ FKDQJHV LQ FOL

PDWH YDULDEOHV" PDJQLWXG HP@iy D ULDELOLW\

ORUHRYHU VLPLODU UHVXOBR/ IWB WHKKFOWHH IIR¥@EHGQ SUHGRPLQ
66$ ZHUH DOVR VXEVWDQWLDWHG DLW XRUWK A O BBHWIHOIRBL QWK H HIIHF
UHJLRQV 8VLQJ D SDQHO RI FRXWMWELHVLMRPBQUELBBRQRPLF JURZ!
GHYHORSHG DQG GHYHORSLQJ FRKMWOLWW W EDE]IDQRFXVHG RQ |
ODGGLVRQ IRXQG WKDW D ESHWD FHRQWLRQMUHQ\DH) QXDO SUHFLS
LQ WHPSHUDWXUH OHDGV WR DLGHSHQFMXM GHRHUMBQMLDO HIIH
LQ JOREDO *'3 EXW ZLWK D PXFRB @P® USHUGIHFW B L PMDQMWIDFOQ GHYLDW LR

SHU FHQW *'3 UHGXFWLRQ LQR&HPYHBDRWIZEBHGRIEE DQG QRQ $I1UL
WULHV 6LPLODUO\ ZKHQ FRPSDUGLMU KILRK/O\WNO QHUDEDBL DQG 6W
UHJLRQV DFURVYV 66%$ DQG 6RXR® [(MFWHBYVBGKLDKEUOO"V LQFRP
WHPSHUDWXUHY ZHUH DVVRFLDWHG ZLYWKKHD QRIXQFG MDVIMVE L QFUH D\
SUHYDOHQFH LQ H[WUHPH ZHD WX W B8R RMLD MUHEV 2L XK IDWWHU LQFF
GURXJKWV DQG IRRGLQJ VLJQLEFD\QVDRW BIOPVHDKNHWUKH ,Q IDFW WK
HPHUJLQJ HFRQRPLHV OHQGHGORRQ HWUDQQIDOO FRQGLWLRQV
$KPHG 'LIIHQEDXJK DQG +HUWHOSHU FARWFRUWKH SHU FDSLWD
ZLWK WKHVH EQGLQJV GHPRQWMWHDWHEIKW ZHPI$SQ HBBH @OWEB WKH UHVW
WLRQ RI D QRYHO HFRQRPLF FOARPWAVGI DQDO\VLV IUDPH
ZRUN RQ GHYHORSLQJ FRXQWSLIPH\D DMK D WVK@OMW\D WHH GHPRQV\V
YRODWLOLW) DQG WHPSHUDW XD W \PKQDAWK VD®GD &/FULIFHDONL " V
LQFUHDVHG SRYHUW\ UDWHV $3DUWD G XFORXDW RIQHXUEBW ZHH Q
ZDJH HDUQHUV LQ 66$% IRXQG WKDW ERWK FXUUHQW DQG OI

&RQWUDULO\ QRW DOO FRQWRPSR WDWHY LSRN U\BMWHON SUHGLF
KDV IRXQG DV\PPHWULF LPSDFWRZWR GRYHARBUQWKHLU IROOR:
FRXQWULHV" FOLPDWH FKDQJHWHKOHEWAK HB VD@H D/BPRGID VKRZHG V
$5'/ PRGHO RQ D VHW RI FR X Q WRIRLHH W | EHHRFVWAH HIRP FXUUHQW DQG

.DKQ HW DO IRXQG WWIRW QRBUMBNQYHY DVbRSSRVHG WR
SHU FDSLWD JURZWK ZDV QHJDW 5\DHO\DL@DXHQ FHG DBEBRVRUFLQJ WKL
DOO FRXQWULHYV IROORZLQJ WHIXFHNQB W XLRIGYLFERYHRQV IRXQG
IURP WKHLU KLVWRULFDO QRUPWDALWR @O VKWRE DY YXDOLEFDQWO\ O
WHPSHUDWXUH GHYLDWLRQ DERYN RQ EGHORBIVKGLWRURFROHG RQ L
QRUPV ORZHULQJ LQFRPH JURZWRREK\QW ULBNUKHREWLPLODU HIITHFWV
&RQWURYHUVLDOO\ QR VLIQLEFDWMKLRBIL®HD FR IZOW HRX@WLRQ DQDC
IRU GLVSURSRUWLRQDO QHJDWWIGWH UR 8 DHFIWH/F RIVFRILPROVQUHY LQ Ul
YDULDWLRQV RQ KRWWHU RU ORQ@BUYDQUEPEH FIRWQRQ LMMWFRPH JURZ

7KHUH LV D ODUJH GLVSDULW)\DEHWEXE @ XMKHO DEX\W SO XWHOHYHOV

JURZWK UHGXFWLRQ HVWLPDWHV ERWHWHQ \AKXGHHVHYIHQUDO VW XGLHI
LQJ IURP SHU FHQW SHU Vi WEHFMSHBDRVY XSWHH FLSLWDWLRQ YD
LQFUHDVH B6WLOO WKHUH DUH UWRRPMK G DQF TS BIXHPE HEW IDLOV W

12
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FDQW UHODWLRQVKLS EHWZHHQRRE&EH WHEZRY (¥BEQOHIJDXW®/'H HW DO
DQG 6DW\DQDWK"V VW X G\5RI¥XQE MIUKIDW WKRKXW FOLPDWH Y|
VRFLDWLRQ EHWZHHQ SUHFL SWKHRVIR 8 GY B LPDVUMR.E X00P& O\ LPSE
LQFRPH JURZWK EHFDPH ZHDN DNWHMWANKHFKHDY 66$ WKDW EDUH KR
ORUHRYHU ZKLOH 'HOO HW D®DOWG GHSHMWXBRPH®Q DIJULFXOWXL
WLRQHG DERYH IRXQG WKDW JRIQHUDCE SUHFLSLWDWLRQ
KDV SRVLWLYH LQIXHQFHV RQ DJEEK®REWNXH D ODRBWEREM QQ XV
GHYHORSLQJ FRXQWULHV YDUL®MMHRQR SL@® $ FIRKLGBW W DRMAL R\GR HV W L
UDWHV KDYH OLWWOH HIIHFW R QHDMWKIHRQDXF WY RIM R QWY ERWKPRGHO
GHYHORSHG DQG GHYHORSLQJ FRIXQWKHN VR XIQHV W KBIWXIOMWWKHU WHPS
ZHUH DOVR FRQFOXGHG LQ WK HEUHILDWHG HUHWP\S K G\DBVQGILH) ¥ DULD W L
WKDW DYHUDJH SUHFLSLWDW L FFQ ROSHM.HO G \K DSYOHU @ R FIXODFON LQ 66$
RQ JURZWK EHWZHHQ RU ZLWKIRX @6 DFUR\FR WEW WEWHWHORSLQJ ZRL
'HOO -RQHV  20NHQ EQGLQJ WKDW WHPSHUDWXUH L
&RQWHPSRUDQHRXV VWXGLHYQIEQWVRVFRQWHX® WXWBO RXWSXW
WKH HDUOLHU OLWHUDWXUH LDWHUERWLKQSDOH EHG X FHWVEDW LQF
DQG .DKQ HW DO "V O D UN H PSTHUHDOV G DW YD \UHHVB\K FH DJULF X O W X
REWDLQLQJ QR VWDWLVWLFDO KLYIKGHIQRFBI[ MPKKIP\WW SHHP S W INDWMEKQW V V H
SUHFLSLWDWLRQ FKDQJHV DERXYHJREXPMORIDIOLRWWREBXMDQOKLOH VL
QRUPV EHWZHHQ KDYH DRXYGJQY RFMDKHY 6RXWK $VLDQ FRX(
LPSDFW RQ SHU FDSLWD JURZWRQUDWHV UKWHLD X WKRPBHUDWXUHV
DUJXH WKDW QR UREXVW UHODVWLRDWWILF KDY E6H OLIREGE WKDQ R
GXH WR SRWHQWLDO PHDV XU HPRXDW H UR\R U% DIKH® F RIV D O
ODWLQJ SUHFLSLWDWLRQ Y D WLHPESGHID WEXXU H/D PHPWHHU AFRU H VHY H U |
DO VXJIJHVW WKDW WHPSRYD® KDWUHDI® \WORPDRVH YDULDWLR
SUHFLSLWDWLRQ YDULDEOHV EDFV RWY XYORH H\G WH WHH RBUHY AR®R S L Q J
OHFWLQJ GDWD GXULQJ D FURS"RQ@REHQJ VRIDWRE LRIIAXYVUHQW LQF
D EHWWHU XQGHUVWDQGLQJ RIZUKMHK HRIVWHFN GRH YSUHES SQW B FRQRPL

WLRQ RQ HFRQRPLF JURZWK +RZHYHU PXFK RI WKH DJULFXOW.
PDWH FKDQJH QH[XV LV IRFXVHG R
Avenues of Impact LQIXHQFHV RQ FURS \LHOGV UDWKHU

6R IDU ,bKDYH UHYLHZHG OLW:HUWUDW XWX @ B H¥LERE M RVWKBIQG VXJJ
LPSDFW Rl FOLPDWH FKDQJH WDWIQDEOB VYR QLIDWIRRPYNV DQG SUHFI
JURZWK SDUWLFXODUO\ LQ 68&$ D\QH® \RWVPK B BWGHWYRIOR S OGY WKH
LQJ FRXQWULHV +RZHYHU ,bEHIDQE VXV X VOLOA HR/FX\QWELBQ WIRQJOH F
UHYLHZ WKH PLFURHFRQRPLF DQ G POWK BMEB QFORDFKDQGUDQ
DYHQXHV WKURXJK ZKLFK FOLPDWH 7KK HVPD\GGANWRQQHFW EHWZ
ULPHQW GHYHORSLQJ HFRQRPILHDQWREIBDYWY HIHPBQULFV :KLOH
WKH PXOWLWXGH RI SRWHQWLBRQWVYN@KBOW LQLRKILBEK WGP SHUDW XL
PDWH YDULDEOHV FDQ LPSDFW BIGRORPEV JNQRE WK HLKH.PSDIEW RQ L
IROORZLQJ UHYLHZ ZLOO EH EULWIGDOEFRAW WK IVOYWIKH VDPH IRU
'LWK D FOHDU UHODWLRQVKLS HEWWZXHHG DYUQRXREXVDOHYLGHQFH
\LHOGV DQG WKH HQYLURQPHBMWHHRWVLVQRRPHRXWVRZKAK DQG OLF
PXFK Rl WKH OLWHUDWXUH KD VSIRHKL/SLGV R @ MRKH LPISIFWW DJULFXO
RI FOLPDWH YDULDWLRQV RQ DJU)LRXIDO/DX URWY KSHWR BLFFURIEFIRQ\IR P LF D
$V WKH FOLPDWH EHFRPHV PRUFHOHPDWHP AKCQRX POVD I THFW GHYHC
EHFRPH PRUH IUHTXHQW DQG WAXAS URBRSJ W.HROQEDWIHDA\OL QFO X G H WK
‘DGH -HQQLQJV '"HFOLQIGQY HDRIS DLHO ENDOWK OLQNDJHV 7
LQFUHDVH JOREDO IRRG SULFHWFKRZHY H U UMHKINMRIDIH FRQ
IHFWV DUH H[DFHUEDWHG IRU OIRZLEQPRIRH WREQWLWW\HWXUNH HW I
ZLWK D KLJKHU SURSRUWLRQ BH[INXRR®H GHYOWIBGE IWR/D )HUUDU
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ODERXU SURGXFWLYLW\ /XQGJBHEWXWDO\ RULH@WHG LQ RXWS
H[DPSOH %XUNH HW DO D |RXRRBUWKIDWDHFROIRPALR JOREDO DYHU
SURGXFWLYLW\ SHDNV DW DQ BRIDUIEH WHPSHUDVEXBRXRIWULHV DL
br& ZLWK VWURQJ SURGXFW L YALR\P\ SOHAV/IRQH D \D W/ KM Y KOHUH SUHGRP
WHPSHUDWXUHVY ORUHRYHU HRIQGARBH IWRP SHKWYWW FOLPDWHYV
EDVHG RQ ODERUDWRU\ H[SHURBHG WV R/XRPHMW VZWWRWKHRULVW
KHDW H[SRVXUH EH\RQG D FHUWBOQ FSIRW ® W ¥ DIRILHE FLOQWKADYH D OHV\
UHGXFHV SHUIRUPDQFH RQ FRHYHYLSRVDLQGE YK L\WPLFHDFOV RQ WKHLU
WDVNV 6HSS!QHQ )LVN DQG )DXGINGHOVRKQHSRKW@HVLQJIHU L
WKDW SURGXFWLYLW\ UHGXFHVHROIO SIRQHWQW ORH® YH U\
br& WHPSHUDWXUH LQFUHDVH DERFEHUDWXUHD QRAMHALHY IRU HDF
SDSHU WKH\ DFFHQWXDWH WKREW IFIODH @ WWKXUIR KM YRV IMKH *OREDO
WKDW WHPSHUDW X|@HYQEHAWIEH BRWHRORJ\ 1HWZRUN ORQWKO\ *+&1 0
SURGXFWLYLW\ E\ SHU FHQW 0RAHW Q PS\RURMDIDDNVOR PFYIIDHIKHQVLYH 2F
=LYLQ DQG 1HLGHOO H[W U D3 W O DEVHHVWSKHR/HL BGIBEL EY WKH 1D W LR
WR KRW GHYHORSLQJ FRXQW SWIRRV SKHQ LFOBWWLIQILVYUDWLRQ 7KH|
VHFWRUV DV |IKHDW H[SRVHG" RGXFRME BWK6IP DWW KIRW VDQ G FRQ\
SURGXFWLYLW\ LQ 'KHDW H[SRPR®WIQGXY WHIU B YHY WIHREHUDW X U H
FDQWO\ UHGXFHG FRPSDUHG WR QRDUKHDEN H[SRMHGH UHVROXWL
VHFWRUYV EOHQGHG DYHUDJH DFURVV ODQG D
8OWLPDWHO\ WKHUH LV FOHDUBHPEXUBHBRQRMOFGD QGNVLOLVHV \HI
PLFURHFRQRPLF DYHQXHV LQ ZHKURK FOIQPIDNVN WD QUFHPEHU EHWZH |
PD\ KLQGHU LQFRPH JURZWK SIDWRWRXODSDQHAWBESEDEOHY DUH C
DQG RWKHU GHYHORSLQJ FRXQMWIDHWH U RZHYSIRUZR L\OFFD OHV W K D W
WKHUH LV VRPH FRQVLVWHQF\ LOQQBHW R MW \S DRMH & KHRHIHRFM U W K L\
WHPSHUDWXUH YDULDWLRQ KDW RRBDOHBRI®R RIOFV HURBAMAKY FOLPDWH
UHVXOWY DUH QRW UREXVW DKDPO RDQWXHW PREG R DWRLIEH B0 HPLVVL
LVVXHV QHHG DGGUHVVLQJ IRU PXAK RK WRKKH KROYWH WB W XODW W  \HD U
YRU WKH UROH RI SUHFLSLW D WL@ QW\K BVMQ PH{V GRIDLHIMRRIZFRE DO O FURYV
UHVXOWYV DUH LQFRQFOXVLYH DQEWQRBP® & O\D LIREMHIUY DWKIHRQV R 1
FKDQQHOV RI LPSDFW )LQDOO\ JHPHBUDNWKNUWIWHMRP DOVYHY FODVVLE
LQ JOREDO *+* HPLVVLRQV LQ \DKHNSIPSWUBMPOUGHGWKIHDWLRQV GH.
OLWHUDWXUH QHHGV WR EH X¥GPWRGLWBOSQRGPNWK¥ZH@IW H U [
WKH LPSDFW RI PRUH UHFHQW BDHBDYY PDULOWHIGRRW RQHIHUHQFH

HFRQRPLF JURZWK WHPSHUDWXUH YDULDEOHY 7HPSH!
EHWWHU HQFDSVXODWH ERWK SRV

Data LQIXHQFHV RI GHYLDWLRQV DERYH DQ

QRUPV DOORZLQJ IRU QRQOLQHDUL

Dataset and variables DEOHV" LPSDFW RQ ODERXU SURGXF

7KH SUHYLRXV SUHGLFWLRQV, W RDMU FRALHP\D SWR EGIDRVI ALWK PXFK
LPSDFWV HFRQRPLF JURZWK DWKEBWVRIQO\LQBBS\BHW WUHQGHG W
WHVWHG XVLQJ DQ XQEDODQFHL® 6 XRVNYJFRDQHDU\ VBDKGI®Y LQ SHU F
GDWDVHW RI *'3 SHU FDSLWD DRDG BUKOH GHREZDAM LIRTAMD WLRQ HVWLPI
WHPSHUDWXUH DQG SUHFLSLWZIOMHRQ IURBXWKHLYVADWI 0LJIX
WRULFDO QRUPV EHWZHHQ DIQGY WK'DWNZDNQW VWXG\ DQDO)
JDWKHUHG IRU FRXQWULHV LFKDWRWMD OR YLHQIF OWLPLHQD @® @ WV UHO

2(&' DQG 66$ FRXQWULHVYBBUIXMEIRGQL WY EAVRODWLQJ WKH HI
"HVWHUQ 6DKDUD ZHUH RPLWIWHGXDDWRPRYYKHURPQWMIOPH LQYDULD
GXH WR GDWD VFDUFLW\ ,bFKR¥MWIBEEWDWLEW WHOHLR URWDHGE  20NH(
WR KDYH SDUWLFXODUO\ DGYHUV$ GHUZRDVNVRWR/ KB LEDWBVHW LV
FKDQJH ZKLOH DOVR EHLQJ D QAOINLRK FOKPWW N DQBPDO\ GDWEL
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WKH FRXQWU\ BLPXOWDQHRXV@RI WK B GORHOI D WDHWWEW FDQ EFH
VSDWLDO DFFXUDF\ WKURXJK LWALRQ\GR YUHHREPEbGHEHWWHU HFRQ!
JUHH UHVROXWLRQ JULG 7KXVWRRDVDIRIOAWKDRDLOWRRY ¥HFWLRQD
LQFOXGH WHPSHUDWXUH DQRPBWLB® XVLQJIJGGWIDVRRFPV LW VDIHJ)
FRRUGLQDWHY DYHUDJHG DFUR¥RQVRXQER)QQ VB B S' X OMBLLRMD DI ITHF WV R
FLW\ ,W ZDV FKRVHQ DV LW LV DBVOMNFHG WEDWQIGBDHYNMULPDWH S
*'3 RXWSXW SHUFHQWDJH ZLWBKUDWMDWHHIFFBWWI SRSXODWLRQ
FDSLWD LV H[SHFWHG LQ FDSLWDQRUWLXEN YA B W W i RERX RWIQHN VW
PRUH UXUDO FLWLHV +RZHYHU S®HPHQMSRR QN Q ROWRVRRMWGV XUH W
WKDW WKLV PD\ XQGHUHVWLPDWI WK RKEXENQRPLRVWHP YDULDEOH V
SHUDWXUH GHYLDWLRQV RQ PREHUURDSIOW D JULRZW W X IRHXO DW LR Q
IRFXVHG UHJLRQV WKDW PD\ QRMRRIDFOARMOYW CGRUIHFKID@WHY LQ SRS
WHPSHUDWXUH YDULDWLRQV WK DQJWSHU FISS MWD * 8V S K IPIDI0 PD S LW D ¢
LQ ODUJHU FRXQWULHV EXW Z$OR[LIHEBY R\ XOQ GHH H HSWHFMPIDQWFM L Q1D Q
FOLPDWH FKDQJHV LQIXHQFH R @ WHIERIDRP VH K RARD W @WRIOPHQW UDW
PRUH DJULFXOWXUDOO\ IRFXVHG O#MIHG®RES$ 2GXVROD )X UW

3UHFLSLWDWLRQ GDWD LV JDWHIHUKH®R OLRIR. FADKKH SOREDIDVY DQG VS
+LVWRULFDO &OLPDWRORJ\ 1HWERQMN GRODHVG W\ FREHLIQ GLUHFW LQ"
WKDW XVHV PRQWKO\ WRW DO WHARQ GDXJIH PKPRX WHDE ROPHQW %
SUHFLSLWDWLRQ 3 PP IURP VWBIWQRQ GDWD RQ D

GHJUHH E\ GHJUHH UHVROXWLRQ JULG EHWZHHQ

ODWVXXUD :LOOPRWW Descripifvi BtaFXids

UHQW VWXG\ DGRSWV VLPLODU WHEESRUDGLYISFHQ VLRQRPIRW\ VWDW LV
SUHFLSLWDWLRQ WR WKDW RI W.HOMNWWWRDYRDWKGHLRARBDAULQJ WK
ZLWK DQQXDO GDWD DYHUDJHVDAHWYXHHR@VY RQ HFRQRPLF JURZW|
IRU WKH FRXQWULHV 7KH GDWID VD FROMY HIW EGVVWWRDQFH ZH
SUHFLSLWDWLRQ DQRPDOLHV PRNWXBRHGVEHWKBUGBEIDHY DUH SU
WLRQV LQ \HDUO\ SUHFLSLWDWLRQGCAWIVDULEXWHGDVMLYHQ WKDW W
WKH KLVWRULFDO DYHUDJH +RZMWYH W KSH PAHGLIO WVRIEROHEYWW LR QV |
ZDV DYDLODEOH DV D FRXQW U\+ZR GH{YBIYH UDDE LI VWRHIDBUYV HDU O\
RI IRFXVLQJ RQ FDSLWDO VSHFMRPHORP IWKH{ YIRUQ\WWRRQWDULDEOH
DOORZLQJ XV WR EHWWHU D VD/HE W MWAKRIQ & DHE L\SRKWRORMOL RQUR O P
DQRPDOLHV LPSDFW RQ WKH HQ@RURDFREQ WUV WRZEXWHG JLYHQ Ol
HQFRPSDVVLQJ D EURDGHU LPSDFMHRI VBKHIEL PG D QRIQG PHDQ YI
GHYLDWLRQV RQ FRXQWU\ ZLGWHK ID WHWHBI.DHGY RQ HU IO VDWW D ZH FDQ
UHJLRQDO KHWHURJHQHLW\ WKDWDRI\LIRYHQKH FRIWQRO YDULDEC
GLIIHUHQWO\ ZLWKLQ HDFK FRXQMUKLJKO\ YDULHG HVSHFLDOO\

$00 RWKHU YDULDEOHV QHFHW\DWDHM VOR | PHHD[\® X EM DMXFH\ DW ELUW
LPSDFW Rl FOLPDWH YDULDWLROQY ®Q/ HFRQRSALF\ JWRKRKO HQUROPF
DUH REWDLQHG WKURXJK 7KHDBEGOH YLDMORSPHQWH DOO DERYH
,QGLFDWRUV :RUOG %DQN DV \B KU HR UV KGHUNHHED\ D ODUJH GLVS
WHU PHQWLRQHG YDULDEOH YV YDWH DREFOW N LEHHNGZ HRHW MIKAHK66$ D QG
FRXQWU\ EHWZHHQ FRQEYRULWKH UERKQWU\ GDWDVHW I
XQEDODQFHG SDQHO ZLWK) D PEGHOREP®RNVRPH REVHUYDWLRQV EHWZF
DQ DYHUDJH RI 7b b IRU WKH HYHBRERRXQMUHY DSDUW IURP SUHFLS

(FRQRPLF JURZWK LV PHDVXU D& WIKUBIRXL VKIO @RI REVHUYDWLRQ
UHDO *'3 SHU FDSLWD 8 6 vV BBBHTXHBOWRVYHEHLQJ RPLWWHG IURP
*'3 SHU FDSLWD LQVWHDG Rl WKHR @ RWHR SOHGRPIRUDOWHFLSLWDWLF
OLWHUDWXUH DSSURDFK LPSOHPRRWUQBDU3 OBGHOHRBQGDU\ VFKI
JURZWK 6DFKV :DUQHU *D QJDXEHNWVBOW DYHUDJH RQO\ 7Z DQG
1RUGKDXV EUVWO\ DV ZH PLHYU WIDWMEHRRDE YDHUNBRIXIQW U\ DOO RWk
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Table 1
Descriptive Statistics
Variable '"HEQLWLRQ Source Obs. Mean Median Mia. Max. Std.
Name Dev.
Main Variables
Log GDP per Capita World
LGDC10 8 6 b 333 Bank 3630  3.63 3.66 2.22 5.05 0.77

Temperature deviation from

TempAnom . . GHCN 4116 2.03 0.55
historical norms

PrecAnom | recipitation deviation f om GHCN 3735 625 2.76 17321 151.19
historical norms
Dummy coded 1 if a country World

Hot was above the median average Bank 4116 05 0.5 0 1 0.5
temperature of the sample in 2018
Dummy coded .1 if a country was - \void
Poor below the median GDP per capita 4116 05 0.5 0 1 0.5
RI WKH VDPSOH pBK
Control Variables
World

POPG  Annual population growth (%) Bank 4108 1.75 1.77 1153 141
Primary school enrollment World

PRIM QHWb RI SRSXODWLR Bank 2054 8133 91.48 10.05 100 2133
Secondary school enrollment World

SEC OHWbH RI SRSXODWLR Bank 1353 64.77 80.55 0.1 99.91 3138
Foreign direct investment World

FDI OHW LQIRZVb RI *'3 Bank 3602  2.95 1.26 161.82 7.44

LIFE Life expectancy at birth (years) \g/g;:g 4106 6298 62.62 26.17 84.21 12.79
Infant mortality rates World

MORT (per 1,000 live births) Bank 3983 53.57 451 14 204.4 4777

7bb \HDUV Rl REVHUYDWLRQV SHDFRXMWMHVDERWKVEWWHEHHQ DQG ZLW
7b b \HDUV )LQDOO\ WZR GXMPUODGHVEOHSWANHH QDO\VLV LV QR
LPSOHPHQWHG FRGLQJ FRXQWULGVLDKW ILIQWHKRHWIRK GRYVLEOH GUDV
ZDV HLWKHU DERYH WKH PHGLD WDRBU®BHMLDMARQNM WXUKDYH RQ 66¢
RI WKH VDPSOH +RW RU LI WHKRFKR¥GWH FIDRU K H OBRA
WKH PHGLDQ DYHUDJH *'3 SRIU FRWIHWBVWLQJO\ WKH PHDQ WHPSH
WKH VDPSOH 3RRU EHWZHHQ IRU ERWK 66% DQG 2
$QDO\WVLQJ 7DEOH ZH QRW WRH HVKIDUM B R ZDKV MYHHPD W DQG
SHUDWXUH DQG SUHFLSLWDW L\RQDYDWKHBEOHY DDMWHWIDRK LQHVSHF
REVHUYDWLRQV DFURVV ERWKVMHSURGVQZ DWKENYWYHW LV H[SHF
DJAb b\HDUV7PQGHDUV RI REVHDYRRWLBQEDVHOLQH LV WDNHQ DV DC
UHVSHFWLYHO\ SHU FRXQWU\ EHWZZKHBOK LV OLNHO\ WR EH PXFK |
:KLOH WHPSHUDWXUH DQRPDO\ GDWD VHHMDWQRHDOB\WKH DQRPDO
GLVWULEXWHG ZLWK LGHQWLER® \VWPHD® V7RG RIQGLEXQM EH WHQ
SUHFLSLWDWLRQ DQRPDOHWWYD ®DY LE} TXHYFLISR@ DWLRQ HVWLP

DEOH JLYHQ WKH PHDQ LV PHRWH RADWVDH) WKZHL FIRHD WIKLHW X G H RI WHPS
PHGLDQ YDOXH ,W LV SDUQWERWEDWHILRGY DARHUHRYHU ZH DO

ZKHQ DQDO\VLQJ WKH GDWD"V V.WWKHD\GCDP 8 GG HWIKSL WD WILIRQFH LQ WH
KDV D ODUJH VWDQGDUG GHY LOWAIVRIQVRIUHDWHWFURV(&' WKDQ 66%
WKH HQWLUH VDPSOH ZLWK DIUHPW®O UWHPBHUDWXUH GHYLDWLR
LQ 66$ DQG D VWLOO ODUJH EH@MRZ(&' FRXOKMHUDBWRPDO\ DYHUDJF
W SURYHV WKDW WKHUH LV YDUNLD@GERQGLOHYW D AMLRQVRMW LRERP SD |
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Table 2
The difference in covariate means for temperature and precipitation anomalies
Observations Mean Median Minimum Maximum Std. Dev.

SSA
Temperature 2303 -0.04 1.69 0.41
Anomaly
Precipitation 1980 11.82 3.52 1732.09 178.49
Anomaly
OECD
Temperature 1813 -0.02 2.03 0.7
Anomaly
Precipitation 1665 2.06 506.80 107.7
Anomaly
Combined
Temperature 4116 2.03 0.55
Anomaly
Precipitation 3735 6.25 2.76 -1444.63 1732.09 151.17

Anomaly

W LV LQWHUHVWLQJ WR QRWHD¥RVKXH GBUPEWH DDWHRMWMWRXQU HQ S
SUHGRPLQDQWO\ IRFXVHV RQ WWKHLPSDFEW BDWWKHFWEBUO\ IRU 66%
SHUDWXUH FKDQJHV RQ JURZWKUDBR®DW-H QQLQHYG UHIDUGLQJ ZK
DQG WKH YXOQHUDELOLW\LRIFGHYWO\R 8UQEHFRIX@VHV RYHU WL
WULHV 'HOO -RQHV 20NHQ +RZHNHVUKMKMWKOOHWKMLQDU\ DQDO\V
PDJQLWXGH RI WKH WHPSHUDWXQ R PEKDLGIM P DB HBMHZHOIWGHUHVWLQJ .
GHYHORSHG DQG GHYHORSLQJ GHYLR@VYRQV DQG LWV LPSDFW RQ F
$OWKRXJK ERWK 66% DQG 2(&' FRREWUWLIDV KDFH OYWHKQ DOO\ IREFXVHG H
D FRQVLVWHQW LQFUHDVH LQ W HFEKHUDQWHIH D BBRRWWDWSKRIHE H U W V
\HDU SHULRG ZLWK DQRPDOLHV UHDFKLQJ DERYH KLVWRULFDO
DYHUDJHV VYBHWWHK U\ WKHUH LV D QRW L PMIhBdblogy
ODUJHU YDULDWLRQ DQG VWHHSHIUKILYF 8 B LY HWHP XM WKR) HH O X F L C
LQ 2(& FRXQWULHV UHODWLYH WRP 6E8FFMRRQVFOUHAWDWH FKDQJH RQ HF
$QDO\VLV RI SUHFLSLWDWLRYS BRIREFDOICHVFRQVWPRDWHWLQJI WKH G
FKDOOHQJLQJ $V DIRUHPHQWLRQHBDWHKH POUDWWRREY PQ\ KDYH EH
SUHFLSLWDWLRQ DQRPDOLHV RFYRDQ GV KH YHHIORISLIY VEDRXQWULH)
SOH LV ODUJH SDUWLFXODUOWKQDV6G$H FOWRLWIRMRYEHQBBLSLHY IUDPL
VSRUWV ERWK WKH ODUJHVW GBYMHVIDROXDERYWHHG WR PRGHO HFRQ
DQG EHORZ WKH KLVWRULGDVR BREVLSHWRWIR@WURGXFLQJ
DYHUDJHVY FRPSDUHG WR WKH I Q'GVWKHNMW H[@QIOXMHDFH RQ HFRQR.
SUHFLSLWDWLRQ GHYLDWLDRQWHRHQYV )LQDOO\ LW RXWOLQHV WKH
GLVSDULWLHV EHWZHHQ WKH VDPSRBEW DG HMMQRWWLIEIN GQIKHWY XVH UH
FRPSDULQJ UHJLRQDO SUHFLSLWODXW.HR@GRAQOQNVO QVWE K@ VW DOVR FF
VHHLQJ DQQXDO PHDQ SUHFLSALVEDWICR®LRADWLR®V RI WKH SURSF
DERYH KLVWRULFDO QRUPV ,Q FRQWUDVW 2(&' FRXQ
WULHV VHH DYHUDJH SUHFLSL\@DWLNoGeIR | PP EHORZ
LWV KLVWRULFDO QRUPYV JROORZLQJ IURP JHQHUDO JURZWK
8QIRUWXQDWHO\ )LIXUH RIIHOY @HRDWOLQ@IL K®RZ WJEQBGQDWRU\ YD
LQ SUHFLSLWDWLRQ DQRPDOLHWFRQRKIERKJIK RBAWD QSRBKODULVHG
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Fig.1. $YHUDJH $QQXDO 7THPSHUDWXUH '"HYLDWLRQ IURP +LVWRULFDO
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Fig.2. $YHUDJH $QQXDO 3UHFLSLWDWLRQ 'HYLDWLRQ IURP +LVWRULF

DQG 6DOD L ODUWLQ D Q GF QM P DOVCHO WDKHLRWHWR QY &RQVLGHU
FDO JURZWK PRGHOV E\ OHUWRDKRVH DDQGHBDWEHUSURGXFWLRQ IX
DQG 3HVDUDQ GHYHORSLGURGRBWHRFBRRPLELOLWLHYV

VWRFKDVWLF JURZWK PRGHOV ZH DGRSW .DKQ HW DO "V
DSSURDFK DQG H[SDQG WKLV OLWHUKWXUH WR D
JURZWK SURFHVV LQFOXGLQJ FOLPDWH FKDQJH DV DQ
HQGRJHQRXV YDULDEOH LQ|DKHQFHLMYIGIDBE WRSLQVDO DQG ODE]
FURVV FRXQWU\ PRGHO ZLWK DV D VFDOH YDULDEOH GHWH
, DVVXPHLWEKB®RXQWULHV VKDSHRGPPRIQYLW\ LQ DQ HERQRW\L PRIU F
WHFKQRORJLHV EXW GLIITHU LQ. YORNNXFHR WKW W\ O/BEEXE FSURGXFWL
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'3 SHU FDSLWD LV GLFWDWHG RRSWQ QY BN KIH @QHERY® PHQWLRQ
WHFKQRORJLFDO IDFWRUV EXWURZWK FRRRXGMNOU\ZHS AB QI AV WL P D W |
FOLPDWH YDULDEOHV &OLPDWHPRQRMLEOH\SDEW BHRORVWB®/ H FKDQ
DQG IRU DYHUDJH WHPSHUDWXWRZIVKG XSALIQALWIKWMDSDQHO $5'/ PRG
WLRQ UHVSHFWLYHO\ +RZHYHU ,bFRQVLGHU WKDW ODERXU
SURGXFWLYLW\ LV RQO\ LPSDFWHG E\ FOLPDWH FKDQJH
ZKHQ WKH YDULDEOHVY GHYLDWH IURP WKHLU KLVWRULFDO
QRUPV H[SUHVVH® @G IR U
WHPSHUDWXUH DQG SUHFLSLWDWLRQ KLVWRULFDO QRUPV
ZKHUHLVY WKH WLPH VFDOH LQ WXKHXPEHWRH\BRUVRI UHDO *'3 SH!
XVHG WR FDOFXODWH KLVWRUIFRXDIWRYPHHDAKY D'KHXPRXQWU\ VS
WLRQ LV PDGH WKDW WHFKQRORJ\ LV QHXWUDO RKHWHKLV
WRULFDO QRUPV PHDQLQJ WKDWQBHFKQRORJ\ GRHVY @RWHDQG
KDYH VXSSOHPHQWDU\ HIIHFWV RQ@ OBPEWRKP SHEGXFMLN DQG SUHI
LW\ JLYHQ WKDW FOLPDWH Y CDUWIHVE QHHW SHRF Q¥ R WiHhGMAY R B BEER X ) W U \
IURP KLVWRULFDO QRUPV RYHUDWJLYHQ WG PH KRIH]RGPSHUDWXU
W LV LQWXLWLYH DQG FRQEUPISGE HBLSKW DWW RQDRLVUMRWIIFD O QR
JHVWLQJ WKDW KRWWHU FRXQWWYHIQ\F HQF G063 X 6 HQ/J SR HNV HP S H U
KDYH WHFKQRORJLFDOO\ DGD SWHG RIRS K IVIDWK IHRIQF O QFRODPADHOL HV G H ¢
WKURXJK DLU FRQGLWLRQLQJ .OKWQ WWHOFDOFX&DWH WKH GLIIH!L
RSSRVLQJ HIIHFWV DUH IRXQG REVWHHEH & H\® WPBHYUHDW XUH RU SUH
DUH PRUH IUHTXHQWO\ IDWDO LBRKRQABG\UD FRXQWQU MIODWY KDMW W R W K
DUH OHVV DFFOLPDWLVHG WR KBWRWLLY W KPS WRDWKDO \Q RWHP DYHU
LQIRUFLQJ WKDW GLIITHUHQW FR XKQUWOWBIL H ¥ RX®mES RWRFWRRYH WKH |
WHPSHUDWXUH QLFKH +HXWHO WMWPBEOKRUL]JRQ DV WKH 12$$ GDWD\
%\ DFFRPPRGDWLQJ IRU GHY GHWLHRIPY QIQGFWKPPWHRUWXQDWHO\
YDULDEOHYV LQVWHDG RI WUHW®W & H ® MWHRIDHAXOUWAXDHH YVD\SIL FD O O\ |
DEOHV ZLGHVSUHDG LQ WKH OISUHBDW X UH\ H® D USHRIVRIEW @IDUJH H G
'HOO -RQHV 20NHQ DHQ OO D FPRXOWLRQV LQ KLVWRULF]
IRU DQ\ DV\PPHWULF HIIHFWV RIQFIOLP DW HD FKREXMWRKLVWRULFDO Q
HFRQRPLF JURZWK ORUHRYHU X¥WILOHNVH@JIDZHYLDWRRQMN HW DO
LQ FOLPDWH YDULDEOHY PDNHEXWRXOLNHOK® KBWD® K H
YDULDEOHV KDYH XQLW URRWYV D QGWKRXQIMISHIVY SIRQV $15) W DKDFLEF DV
GRZQIDOOV RI OLQHDULVHG FORROW® ERWR IMKWMUHR®KWLRQ RI JO
SHU FRXQWU\ EHWZHHQ DQ
Panel ARDL WHUP LPSDFW RI FOLPDWH FKDQJH RC
7KH EUVW SDQHO $5'/ PRGHO DIQBO6PQWKUSUHWBHVWYZUDQ DQG 6KL
JOREDO WHPSHUDWXUHY K D3HN DHUDROHWH BOEHW ZISHRYH WKDW \
ZLWK UHIHUHQFH WR PRGHOWWRQIEH HHWUDSRODWHG IRU
FDO QRUPV $0OORZLQJ IRU KHDVHI RUHQWHRMN\G HUHAWSYHFWLYH RI
EHWZHHQ WKH FRXQWU\ VDPSOHLBPREOWIDUMSHEUHRYHU LW LV O
LF UHJUHVVLRQV FDOFXODWLQ$ FKOIFKUIDQ QVMPBPRIUWWHG YDUL
WXUH RYHU WLPH DUH HVWLPDWHGHEWLRQDO IHHGEDEN HIIHFWV E
JURZWK DQG LWV ORQJ UXINGE&WHWP L
DQ DSSURSULDWH PRGHO IRU WKLV S
3HVDUDQ HW DO H[SOLEDWH W
ZKHUHVLJQLEHYV WKH DYHUDJMWKHSSHBPBREXO D ROILQVW RWKHU H\
FRXQWDW WLPHV WKH FRXQWWRGWSHWFHGEGLEQ WKH OLWHUDWXUH VX|
E[HG HIIHFW LM WKH LQGLYLGYRGHEAXQWMLDR $QGHUVRQ R
DQQXDO DYHUDJH WHPSHUDWXMNBVWWDRBH@WQIEO YDULDEOHV $UHOC
VHULDOO\ XQFRUUHODWHG VW PRKIVKWVYF VKRR GV RIWHQ SURGXF
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WLPDWHY RI SDUDPHWHUV LI FIRHHFSE8RW\G DUH @HWHIMRQHO $5'/
JHQHRXV DFURVV FRXQWULHV &HUTFRXUDVHWWHWOWR HVWLPDWH Fi
YXUWKHUPRUH E\ XWLOLVLQJ D SBEQUBWHRWWRIIBOYRRUGJ IRU VLJ
YDULDELOLW\ WKDQ FURVYV VHFQHLR\)DEH IVZ S bl R DFFRCHYW H VMWL FRQ F H L
PDWHV DUH OHVV VXVFHSWLEOBQRR FRIOHOLQHDULW\ DPRQJ
YDULDEOHV DOORZLQJ IRU PRUH DFE ®UBIDWH BXW WRIDWHNVRKRZ WHPS
KHWHURJHQHRXV HIIHFWV DPRODORRQWUIRWW HDFK Rl WKH FRXQV
JRU $5'/ PRGHOV WR EH D UREXVW WHFKQLTXH DQG
RYHUFRPH DXWRFRUUHODWLRQ\SUREOH PYD WXH ERGHOVWLPDWHG
G\QDPLF VSHFLEFDWLRQ QHHGV WR EH DXJPHQWHG ZLWK
VXIEFLHQW ODJV PDNLQJ WKH UHUWHVYRGY YHGXNDOHFRXQWULHV YD
HQRXV &KXGLN HW DO W LV L7QOMAXSE BV L YHHV WR FEDVG HWYEHPRQV W U
WKDW WKH LPSDFW RI FOLPDW¥WHRKRDLEOH RY HERQRH WKDW EHWZH
JURZWK ZLOO KDYH ODVWLQJ OD\JWHGPIBIHHMAMX URYHKBYH EHHQ L
ZKLOH SUHYLRXV OLWHUDWXUH PRXQ RV HD\Q WDHED W UDH WARD J DY
RI Sb b \HDUV WR EH VXIEFLHQRQODKGRMXQ\WOLHV SHU FHQW R
WKLV SDSHU DGRSWV WKH $,8 EKK@NH GEHPZVHHDY DR DUH LQVL.
GHFLGH ZKLFK ODJV RIIHU QHZ $SRYIRVPYVN ZR&'ORRGHI& LQFUHDVHYV
,bVHW WKH PD[LPXP ODJ RUGHU MR W KHILUN \BIQG® GKRAMP SHUDW XUH YV
WKH SUHIHUUHG $5'/ PRGHO EDVMGRRQ FADIOH @RZAVW) R& WKH RWKHU
YDOXH ZKHQ UH HVWLPDWLQJ PREIEWMBYV IRU SIREXPHMQHRY FDVHV DL
WHVWV $ PD[LPXP ODJ RUGHU RVKHDV FKRYHQ DRMUHDV WKH RW
RQO\ EHFDXVH LW LV VLPLODU WRDWKH S UH Y ISRMV FOH.QWM LRDIWPOMH YV D L
FKRVHQ ODJ OHQJWKV EXW DOVW EHFDXVHH WHDUV(VWREDWHY YD L
DSSURSULDWH DPRXQW RI WLP&KWE& H @ P& D/GIGE RIDIQ RHRND Q Q X D O
ODJJHG HIIHFWV RI FOLPDWH FMWMHPIHDQ® OONR QRWHLFWHY )LIXU !
DQ\ SRWHQWLDO ODJJHG UHW IDOXUODMWRUW HQ YWKRQPHPWBOQF\ RI W
SROLF\ HITHFWV RU WKH LQIXHWERGM SRO IFROHGWEDWMHGEYDOV 7KH
RQ QHZ JRYHUQPHQWDO HOHFWFRPPWRBURMDXOXDWBPSBVYWWXUH G
\HDUV ORUHRYHU E\ HPSOR\LQEHPXDWHKROH [RROILRDFAH DV HYV SHU \|
ODJV RQH FDQ HOXFLGDWH ZKHWKHU WKH HEHBWW®WFROILFDVHV O
PDWH YDULDWLRQV RQ HFRQRPLFKMRYWKUDUH WBRSFO O WHPSHUI
UDU\ SHUVLVWHQW RU YDU\ P¥FHBW LW KHDNQRR XEWDRBILH 1 WK D
DGDSW GLITHUHQWO\ WR FOLPDRWH BKWDIQHHAKROH \HDU DYHUDJH
+RZHYHU WKH SDQHO MDBSQEFRUR@WBGQEA URXJIJK@N[SHFWHGO\
FRXQWULHV IRRDUX BDNLQJ WKMVRURVVRXMFWKDW DQQXDO WHPSHU
WLRQDO GLPHQVLRQ ODUJHU W KIOXW K AHEGLEHOB®WRIHQVILGRFUHRVHYV LQ
W PD\ EH D SUREOHP DV UHSREWXQW VWDV &HID® W LW FRK GWS L H \
WLPDWHYV IRU WKH ORQJ UXQ LPWIORWWXRISEQVPRWHLWHHOLWKDW WK
DWLRQV RQ SHU FDSLWD JURZWQ PDMN ESHEIDVXEHI GRIFFLDWLRQV DG
VPDOO 7 YDOXHV LI DQ\ UHJUHMWRZWK DLDHGRIRW ORBUDBWE®AS$ FRXQ)
H[RJHQRXV &KXGLN HW DO GHXNOYRWKB OD&E&IHGERXQWULHYV 6W]
GHSHQGHQW YDULDEOH LV LQFRIHI/HG 20RMHFRXQWHWYRZGIWYHU ZKL:
ELDV HVWLPDWHYV DOWKRXJK RQHXRXHWWVEH PLWRXBUYHPWH PRUH L
ZKHQ H[WUDSRODWLQJ UHVXOWW GRHV QRW LPSO\ WKDW 2(&' FRX
DIIHFWHG E\ WKHVH YDULDWLRQV

Results 7KHVH HVWLPDWHY DUH FRUURER
UHFHQW OLWHUDWXUH .DKQ HW DO "
The Evolution of Climate Change VDPSOH EQGV WKDW FRXQWULHYV

7KLV VHFWLRQ H[SORUHV KRZ W®RE\DDP B/GIF SMH B VDXQQUIHMDO O WHPSH
KDYH HYROYHG EHWZHHQ ZLWEK XYWILRQWHYV ERWXRGE Q &
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Table 3
Annual global temperature deviations between 1970-2018

Country >it Country >it Country >it
Angola 0.0184*** Gambia 0.0209***  Nigeria 0.0247***
Australia 0.0136*** Germany 0.0255***  Norway 0.019**
Austria 0.0418*+* Ghana 0.0266***  Poland 0.0265***
Belgium 0.0222***  Greece 0.0173***  Portgual 0.0316***
Benin 0.0227***  Guinea 0.0211**  Rwanda 0.0141***
Botswana 0.0187*** Guinea-Bissau 0.0209***  Sao Tome and Principe 0.0175***
Burkina Faso 0.0221*** Hungary 0.0418***  Senegal 0.0209***
Burundi 0.0222*** |celand 0.015***  Seychelles 0.0158***
Cameroon 0.0172*** [reland 0.0187***  Sierra Leone 0.0211***
Canada 0.0361*** |srael 0.0353***  Slovakia 0.0418***
Cape Verde 0.0191*** Italy 0.0299***  Slovenia 0.0436***
Central African 0.0236*** Japan 0.0194**  Somalia 0.0147%*
Republic
Chad 0.0259*** Kenya 0.0215***  South Africa 0.0091***
Chile 0.0038 Latvia 0.0167**  South Korea 0.0216***
Colombia 0.0212***  Lesotho 0.0216***  Spain 0.0461***
Comoros 0.0092***  Liberia 0.0211**  Sudan 0.036***
Congo DR 0.0176*** Lithuania 0.0303***  Sweden 0.0163**
Cote d'lvoire 0.0281*** Luxembourg 0.0455**  Switzerland 0.0455***
Czech Republic 0.0255*** Madagascar 0.0158***  Tanzania 0.0216***
Denmark 0.019**  Malawi 0.0208***  Togo 0.0227***
Djibouti 0.0219***  Mali 0.0251***  Turkey 0.0277***
Equatorial Guinea 0.0175*** Mauritania 0.0202***  Uganda 0.0193***
Eritrea 0.0205***  Mauritius 0.0082***  United Kingdom 0.022%**
Estonia 0.0167**  Mexico 0.0152***  United States 0.0153**
Eswatini 0.0147** Mozambique 0.0147***  Zambia 0.0216***
Ethiopia 0.0218*** Namibia 0.0197**  Zimbabwe 0.0182***
Finland 0.0234**  Netherlands 0.0222***  Sample 0.0227***
France 0.0462*** New Zealand 0.0041 OECD 0.0326***
Gabon 0.0175**  Niger 0.0248***  Sub-Sahar an Africa 0.0146***

Note. 6LIQLEFDQFH LV KLIJKOLJKWIG ZLW KandI®fbr

DFURVV D WLPH KR UL]R@g-Zemwrkpatts of Diate Change

HVWLPDWHY LQ WHPSHUDWH FOLPQMWHKHWRIQYKOXGLQJ &DQDGD

DQG 5XVVLD 7KH HQWLUH VDPBKOLNWVVWMARSERQDMVWIHP DY HY WKH OFR

FUHDVH RE LV LQ OLQH ZLWK WHKH STBRWVR|I FOLPDWH FKDQJH YDUL
|& JOREDO DQQXDO WHPSHUB WG UH3 LRHFW HFDBHWD EHWZHHQ

21



The Macroeconomic Implications of Climate Change on Sub-Saharan Africa: A Case for Sustainable Development

40

25
20
15
10
0 - - .

0-0.01 0.01-0.02 0.02-0.03 0.03-0.04 0.04-0.05
Temperature Deviation Per Year (Degrees Celsius), 1970-2018

Frequency

w

Fig. 3. Histogram depicting temperature deviation frequencies per 0.01-degree interval

WLRQ LV HPSOR\HG XVLQJ DQS DIQHIQM'Z PR&H®KH ODJJHG GH:
DFURVV FRXQWULHV DOORZLQDVIRUKWLR@EFDRIQLILFDQW YDULDI
KHWHURJHQHRXY FOLPDWH HPIRIGMO/ EHHWSZ MWHIQWRKRXQ WKH RYHU
WULHYV W K H LV VLIQLILFDQW IDWMWK DQ
7DEOH SURYLGHV WKH VXPPDUV RID WID\QMOF$ R'Y
UHJUHVVLRQV LQFOXGLQJ ERWK BIHPBSH U WK UHUBDIFE SUWMDWLRQ D
FLSLWDWLRQ DQRPDO\ YDULDE®RVWQ QVEDQH OLIFPH) WRGIHOLDEOH L\
MXVW WHPSHUDWXUH D QRKPH ®PLIRH&/HO DQG UHURQF RRRQUVUD V
DQG MXVW SUHFLSLWDWLRD DR RRBGLYM WKH SUHFLSLWDWLRQ
WKHLU LQIXHQFHYV RQ WKH ORWKH3 ESHUNFD, L WDGHU WR RIITHU
HVWLPDWHY DUH UHSRUWHG ZWWHK GRBX\G W@\ QDDA & HESHUD W
URUV LQ EUDFNHWYV 7KH ODJJHBEGHSHQSWRW. ¢ BV LHDEGHHQFH WKD)
DUH LQFOXGHG WR RYHUFRPH DR SRR/MIQFVIDR ZBURVLYLWIKQGHUHG
)( PRGHOV !7HPS$QRP" DQG !3UHFYQOBWLEBRYRWMNIIJHVWLQJ&WKDW
WHPSHUDWXUH DQG SUHFLSLW DIMILRWHDQRP L@QLMWH RISIMSHFAW X UH DE
WLYHO\ $V DIRUHPHQWLRQHG WRHI$F D QBIOR UGHWXFHWHUHDO SHU FI
FKRVHQ EDVHG RQ WKH $,& ZL\&KUNKHQOR DHWW Y DO XHVD WO B PH D W
WDNHQ DV WKH SUHIHUUHG PRGHO DOVR QRWHV|& PRWXDO LQFUHI
7KH EDVHOLQH PPGHRGWY DLQDWHPISHUDWXUH VLJQLILFDQWO\
\HDU IRU WKH GHSHQGHQW YDWSLMWEDH DEE WKISHWHHQW LQ W
FLSLWDWLRQ DQRPDO\ ZLWKD@RNV®B JWHRSJHWBEW XWHPGOIMY B ® LR
SHUDWXUH DQRPDXMNHVWY WKDVR DHYMBKHW KLY QRQ ODJJHG WU
FOLPDWH YDULDEOHYV VLJQLILSO QMDD ELPH DRAWWXRI WIBPSHUDW X L
SHU FDSLWD :KLOH RQO\ VOLJKW® \OLHQML WQIPHFWRW QWIXH QFH SH L
WHPSHUDWXUH DQRPDO\ LQGLPDKMHV WXMDHV\B QUL QFWUSHDALD O O\ L1 W
LQ WHPSHUDWXUH DV LW GHWLRWHW\WVHURPPRUWVWBISDRMHB®W LQ C
QRUPV KDV D PDUJLQDOO\ SRYDWP¥HH IZRRWFMURQ ORZRXOG PHD
*'3 SHU FDSLWD ZKHQ QRW OWXIHGDRRPIABUNWAMLNHO\ LQIOXH
ZKLOH ERWK WKH ODJJHG DQGHORY® SBUJFBSEWHFLSRZWK WKUR:
WDWLRQ DQRPDO\ YDULDEOHVDVKREXD KUDOLRKWSX@ IURP OD
WKH FRHIILFLHQWY DUH KLJKOMMEQWL 2YHULBDO@WP RGW® LV VLIQI
HVWLPDWHV UHFRUGHG EH\RQ®WVLIQEZILWEQM I MWBWLVWLF RI
)LQDOO\ WKH LOQWHUFHSW WKHREDWILREB RIQJ HES\WQIRP WKH L
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Table 4
Long-term impacts of climate change anomalies on economic growth

Covariates ARDE ARDL ARDI®
0.05%**
Intercept (0.0019) (0.01) (0.0019)
1.002*** 0.99*** 1.002***
Lag (LGDAO. 1) (0.001) (0.003) (0.001)
TempAnom 0.001 (0.001) 0.01** (0.004)
Lag (Tanom. 1) (0.004)
PrecAnom (0.0000) (0.0000)
Lag (ChangePrecip. 1) (0.0000) (0.0000)
Observations 3174 3602 3174
F 909400*** 45650%** 1213000***
5 6TXDUHG 0.9991 0.9744 0.9991
$GMXVWHG 5 6TXDUHG 0.9991 0.9743 0.9991
AlC
AIC Order 1.0.1 1.1 1.1
Notes.
Robust standard errors are in parentheses.
6 LJQLEFDQ FH is highlighted with * foy** for and *** for

VLIQLILFDQW DQG SRVLWLYH +@REZNMHHOG\UV XZH HOVUMHL QH VW KMVCRWL Q Y H V)
LV D PRUH HFRQRPHWULFDO®PUHRBEXVFW PPSFRDG-NWO/ RI FOLPDWH F

7R HQVXUH WKDW LW ZDV DSBURKRWWWH MR OQRPRNWY *LYHQ WK
WKH SUHFLSLWDWLRQ LQVWMLER @RHGVKXEHRWH BSHIEXB WXIUWKDW F(
DQRPDO\ ,bUHUXQ WKH UHJUHMVHRHRLGYWHDBHRQQIXBDFURHFRC
LQJ !SUHF$QRP" DQG RPLWWLQJ 'IRRIHQRPQG KRWWHU FRXQWULHV |
MXVWLEHY WKH UHPRYDO Rl WKHHSWHDFO_.SLWDWLBRRGA®@ VGHPIPA RV IRU !¢
WKH WHPSHUDWXUH DQRPDO\ JLFRRQWKDIW ¥ YTHRGZDW KRX QYW WKH SU
WKH WHPSHUDWXUH YDULDEOHLGWWIUDWWR@Q@JL@WEBHHEFXBRPWHYV ZLWK
WLRQ IURP KLVWRULFDO QRUPWQRPDIOQW V Q%L\JIQQWHN@EWWLQJ WKE
LQ LWV LPSDFW RQ SHU FDSLWD WEKHUWHAHWK HWHDIDOWNXGBGHNMQRPDO\ YDU
RI ZKHWKHU WKH SUHFLSLWDWQR ® DR B D OAXIS\6 /Y SHHFQWD U\ $5°'/
EHG ZLWK RU ZLWKRXW D ODJIJHFRHHHFIW LSO GEMWRQPOQMH ZKHWKH L
ERWK PRGHOV WKDW LQFOXGHKBWV KRN WILRBWYQR@ B LIITHUHQW
OLHV UHJLVWHU QHJDWLYH DQG LSPW/ERXERD QW LWWH SBAHSIWVYUHG E
TXHVWLRQLQJ WKH PRGHO"V YDPRICGEHMW\, bLQLWLDOO\ FRQVLGHUHG .
LOWHUDFWLRQ YDULDEOHYV ZRXOG

Differential Impacts for Poorer FDOFH RI WKH SUHFLSLWDWLRQ DQ
and Hotter Countries SOD\V WKH IROORZLQJ $5'/f HVWLPDW
6R IDU ZH KDYH PRGHOOHG JH@AHOMX FOGRKPAW\HLYWWHIUDFWLRQ Y|
DEOHV" LQIXHQFH RQ ORQJ WHIPVHHFRWRFPOLW H® RIZQWIOXGLQJ ERWK |
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DQG ERWK WHPSHUDWXUH GXP R\QIEEQWIBDVBIFEHRRRFHYKHOLIKWO\ SR\
$,& SUHIHUUHG ODJJLQJ HDFK YDSHDERMNSEW D HIWF RPID UWRZWK E\ s
IURP I+RW7HPS" ZKLFK RIIHUHG QR ODHYHG HW NKWMVWV WKDW WKH
UHLWHUDWHY SUHYLRXYQHXWQPPWRRQMWR2Z2WK RQO\ ODVW
JHVWLQJ WKDW SUHFLSLWDWXR G FHDUQR\WPD@GE Bl & ORIl IHLY @& WKDW T
VLIQLEFDQW ORQJ UXQ HIIHFWALRH SSHUL F® SRW B OVBLURQPHQWDO
JURZWK 2QFH DJDLQ WKH LQERRVERBVRWBUMBNSILMWIDHFW WR FR
WLRQ DQRPDOLHY PDNHV WKHLPBGHWD \RILDOMHPDRMHES WKDQJH DV WH!
VLIQLEFDQW 5HDVVXULQJO\ WHPSHWKMIPHR DHRPDICPLIHW HV VX JJIHV
ZHUH UREXVW WR WKH DGGLWLRI)JWHGXPPDUQRVHUBBWVYRQQ LQFUHD"
YDULDEOHV ZLWK WKH ODJJHGDERF SS$IQIRPW RIUIHFDW EXRUPV LQ KRW)
FRPLQJ PRUH VLJQLEFDQW LQIHVUR LKDIYW KOLWQLE PIM@WDQHJIDWLYH ¢
|& LQFUHDVH LQ WHPSHUDWRK® 5 IDE FEDHS LW DRRIPWK 7DEOH  \
VLIQLEFDQWO\ UHGXFHV *'3 SHW PMSUMWPLELQFUKBVYH LQ WHPSHUD!
FHQW DIWHU D \HDU ODJ +RZKYMWRWEKRD®RQRUPMHRBU KRWWHU F
HITHFW EHFRPHV VOLJKWO\ LQWHDXL E'BDSHW FDSRUW LE}J D SHU FHQ!
QHJDWLYH VLJIQ WLPHV JUHDWHU WKDQ WKH \HD
JRU WKH LQWHUDFWLR®JWHWWKVRWKWWH HQWLUH VDPSOHV SHU |
DQ LQFUHDVH LQ WHPSHUDW X SHI D ER % HWWDK HQKRWPW R UG EPLAD DU WR |
QRUP LQ KRWWHU FRXQWULHVHVMWQE U WH GBIG WKBXBKSBIWHDU HD L
FDSLWD JURZWK DOWKRXJK ARANVHIHIE®Y IR W LYW DIDLQ E\
QLEFDQW ,QWHUHVWLQJO\ WKHD!'3RRDIHP®'ILQWHUDEYWRIQHVWLQJ
YDULDEOH VXJJHVWYV WE&D\Q DUHDRWWBO FRXQWULHY PD\ DGDSW TX
LQ WHPSHUDWXUH DERYH WKH XKLNWRUWMV D® BOHRDWH FKDQJIH"V QI
QLEFDQWO\ LQFUHDVHV *'3 SHU FROBHRWIH E\ HVWSPADWHY HOXFLGDW
FHQW LQ WKH LQLWLDO \HDU ZIQWKHDVRADGQOWHPSHUDHUXUH DERY!|
FHQW LQFUHDVH WKH IROORZDQJY RHCDW IVILW € UEWIXGWW BRIJDWLYH L
SHUDWXUH GHYLDWLRQ :KLOHJWREZW KRQ@WIRRWHD ARXDMULHV )R
WKHRUHWLFDO DVVXPSWLRQV GO LTUMLYR @ X\ YA DU WSHID WXSIHWD LQF
WKH DQDO\VLV ZLOO EH VDYHG XQWS B WD FEHYWW HRIOWWERIBILG/HHE. Q W H
PRGHO LV FKRVHQ SHUDWXUH DERYH KLVWRULFDO D"
*LYHQ WKH SUHFLSLWDWLRQ DIQRPIG L 2 DAH VOVH ODEDWOLDUHI W H P S H U D W
O\ LQVLJQLEFDQW DQ $5'/ PRGH @ R DWK S\RHRPSH U DARRXUHW ULHV DUH P
GXPP\ LQWHUDFWLRQV ZDV UH HYW\YPD® W& RERMVME @DERXU SURC
I3UHF$QRP" )JROORZLQJ WKLV RPAMVPBRIQ DWKH B, & @RZHDVHYV SRVVLE
SUHIHUUHG D PXFK ULFKHU $5' WHEGB A AR MHVWUWR RRPEDW ULVHV L«
ODJJHG HIIHFWV IRU HDFK YDURY PQH FRQEWDOLRQLQJ ,Q DQWLWKFE
RITHUV VXEVWDQWLDO HYLGHQ RH BAK DSAR RUHHPS HFRD\WG WWH. EWH VHH VL
YLDWLRQV IURP KLVWRULFDO Q& UP3VSHIJY ADBILIQDR. EKDQW SHU FHQW
QHJDWLYH ORQJ UXQ LPSDFWV RRQ®FRPISHURHQW DIKWHU \HDU ODJ
PRGHO VXJJHVWMWRBFWHDVH LQEWARBSHURVLIQLEFDQW DQG QHJDWL)Y
WXUH DERYH KLVWRULFDO QRUPDUHVWLPSOMUWHWVHEMWZHWQLY LQWH L
D SHU FHQW DQG SHU JHYQW WKBWHBRRUHY FRXQWULHV DG
SHU FDSLWD LQFRPH JURZWK DERXQWOLNS WIRVHWEXYVW \HDU IROC
DIWHU WKH LQLWLDO WHPSHURWXHMBVE M YDLECRY HRWQK HIKIH W HV W R U L
UDQJHV DUH VXEVWDQWLDWHG E)LQIDK OH FEHRQWK OWKWHHIU@WHKWHRH SW D
DOWKRXJK SUHYLRXV HVWLP DWW DDH VIDEO KW OWUKLVKHALEFD QW

EHWZHHQ D SHU FHQW DQG PRGHO EV MW WGXDOSHFLEHG ORU
GHFUHDVH LQ SHU FDSLWD JURZWR G$HE) RR\W S X\ ¥ VIRQD VWDWLVWLE |
.DKQ HW DO ,QWHUHVWMWQ WKH ZHOHNYH Y KEAW LPDWHO\ ,bUH

DIWHU D ODJ RI \HDUV WKH HKHFRWHKIHY MAH R\SKHDOVD WAXHURHS HU D W X U |
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KLVWRULFDO QRUPV GR QRW I'f?i?gcav%uv
LPSDFWV RQ SDRIWKXODUO\ L ar$eﬁ‘on§
KRWWHU FRXQWULHV )LQDOO\ DO DGGLWLRQODO PRGHO ZLWK
SUHFLSLWDWLRQ LQWHUDFWLRQ RO DWW B VAR R SAY
GXPPLHV ZDV DOVR HVWLPDWH Q"R HY H U W(R-QPlpRGH@-%***
ZDV RPLWWHG DV ERWK SUHFLLg%L(L\g%W%RQ Ll%%\%ﬂjUDFWE]ﬁQQV
ZHUH LQVLJQLEFDQW DQG DGYHUVHOY PDQLS{QRWHG Widd
UHVXOWY SRVVLEO\ GXH YR Ré@WLFROOLQHD U lg\$hig
EHWZHHQ YDULDEOHV 7KXV ZH IDLO WR UHM&BW W K H0QO%)O O
K\SRWKHVLV WKDW SUHFLSLW D (RQA®HYLDWLRQV LPSDFW
ORQJ WHUP JURZWK (0.01) (0.006)

Lag (TempAnom, 2) (0.006)

Robustness Tests
, KDYH SUHYLRXVO\ VKRZQ W Kdg fémpAkoh. 3 QLW L D O O\ (&obkH
IHUUHG PRGHO RXWOLQLQJ WKH QHJDWLYH
LPSOLFDWLRQV RI WHPSHUDWbRUFEMPARBDOLHYV RQ IH06)
FDSLWD JURZWK LV UREXVW WRAWRTPAHYPHXVLRQ RI GHN¥FH O
RSPHQW GXPP\ LQWHUDFWLRQV ZLWK WHPSHUDWXUHR 0
DQRPDOLHV ,Q IDFW WKH PREHQ,ZDYV DUJIXDEO\ Lp
SURYHG WR D ULFKRGMO IDYRXULQJ ORQJ
HU ODJV SHU FRYDULDWH +RZHYHU WR IXUW80BY HQVXUH
WKH UREXVWQHVYXHRNLJIQLEFD Q8 (Prrcdmm
WHPSHUDWXUH DQRPDOLHV KDYH RQ JURZW DQG
,bFRQVLGHU WZR DGGLWLRQDOHHﬁgnLIEpXVWQHV(V' QW U RQM
JLUVWO\ LW LV LPSHUDWLYH WKH YDULDE Og¥ody Q (0.02)
PDLQWDLQ WKHLU VLIJQLEFDQFH ZKHQ FRQWUROOLQJ IRU
H[RJHQRXV YDULDEOHV WKDW PlRg (H@iéHIQ FH UHDO *'3 (0.02)
JURZWK SHU FDSLWDLVVKXWLPDWHG ZLWK 0.002
WKH LQFOXVLRQ RI FRQWUR %Q(Hgt-&'g%(%)DWLRQ JUR Z%WR
SULPDU\ DQG VHFRQGDU\ VFKEREEBIroPHOW ), 0.021)
LQIRZV OLIH H[SHFWDQF\ DW ELUWK DQG LQIDQW PRUV@@@*
LW\ UDWHV 5HDVRQV IRU WKH Edg RibtferipR) FRQWUROV ZHUH
KLJKOLJKWHG DERYH (0.02)
$,& SULRULWLVHV \HDU De®dMmP\HDU OPYV IRU

0.00 G-02)
WHPSHUDWXUH DQRPDOLHYV D$G | + W7R{-<PS( Q*WHU -
aSJ I_(QF’oor?\egrpzo b7 %043

WLRQV ZKLOH RIITHULQJ QR ODJ Ul H%(_)gz)RU D Qho21)
FRQWURO YDULDECREW WKDW Wi hobrRi. B 0.034 (0.021)
FLHQWV VLJQV DQG VLJQLERBQFH IURP 0.11%%

DUH PRVWO\ LGHQWLFDO H[FHBSWMPHBRNIWLYH DQG L@O22)J
QLEFDQW !3RRU7HPS" QRQ ODJJHG FRHIEFLHQW DQG
DQ LQVLJQLEFDQW VHFRQG \H Hremg.
DQRPDOLHV :H VHH VLJQLEFD G I %5
RI LQFUHDVHY LQ SRSXODWLRQPURZWK DQGa0PQW PdRidee
WDOLW\ UDWHV RQ SHU FDSLWDS5LEIXPRIHG DQ Gl JQLEFIIQRW
SRVLWLYH LPSDFWV Rl LQFUH DMGIWNXMVOH S ,5R Qodo®@ FR P Hy 9751
JURZWK ZKLFK DUH WR EH H[SH®¥®G +RZHYHU ERWK
VFKRRO HQUROPHQW UDWHV D QdejH HISHEWDQF\ VHHP,
WR EH LQVLJQLEFDQW . E— =
HVWLPDWHV WKH VDP be&s!t'éta%&érh'evro\/s'ar&%ar&ﬁ%ews.
ZLWK WKH RPLVVLRQ RI OLIH g8 HFWdkQiEnighRyMedlwi * & Brdf
WKH PRVW LQVLJQLEFDQW YDULDE®H=*foH VHH DOPRVW
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Table 6
ARDL robustness tests for controls
Covariates ARDL ARDL ARDL" ARDL
Irtercent 0.033*** 0.031*** 0.025%** 0.12%*=
P (0.012) (0.01) (0.01) (0.02)
1.01S*** 1.018*** 0.98***
Lag (LGDQO0.1) (0.007) (0.007) 0.99*** (0.001) (0.004)
TempAnom 0.001
P (0.001) (0.001) (0.001) (0.004)
Lag (TempAnom. 1) (0.001) (0.001) (0.001) (0.004)
Lag (TempAnom. 2) (0.001) (0.001) (0.001) (0.004)
Lag (TempAnom. 3) (0.004)
Lag (TempAnom. 4) (0.003)
HotTem 0.002 0.002 0.0002 0.004
P (0.004) (0.004) (0.003) (0.001)
0.01
Lag (HofTemp. 1) (0.003) (0.003)
0.001 0.001 0.001
Lag (HofTemp. 2) (0.003) (0.003) (0.01)
Lag (HofTemp. 3) (0.003) (0.003) (0.01)
PoorTem 0.002 0.002
P (0.003) (0.003) (0.003) (0.01)
0.03**
Lag (PoorTemp. 1) (0.001)
0.04**
Lag (PoorTemp. 2) (0.001)
0.06**
Lag (PoorTemp. 3) (0.001)
POPG (0.001) (0.001) (0.001) (0.004)
0.0000 0.0000 0.0000
PRIM B
(0.0000) (0.0000) (0.0000)
0.0000 0.0000
SEC (0.0000) (0.0000)
DI 0.0004*** 0.0004*** 0.0004*** 0.0004**
(0.0001) (0.0001) (0.0001) (0.0002)
0.0000
LIFE B B
(0.0000)
MORT
(0.001) (0.001) (0.000) (0.000)
Observations 1184 1186 1918 3458
F 142800*** 151300%** 294900*** 13790***
5 6TXDUHG 0.9995 0.9995 0.9994 0.9882
$GMXVWH G 5 6 TXDUMIMDS 0.9995 0.9994 0.9S81
AIC 6
AIC Order 1.2.3.0.0.0.0.0.0.0 1.2.3.0.0.0.0.0.0 1.2.0.0.0.0.0.0. 1.4.3.3.0.0.0
Notes.
Robust standard errors are in parentheses.
6LJQLEFDQF H is highlighted with * for** for and *** for
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LGHQWLFDO FRHIEFLHQWYV DQGTaWiédQV ZLWK FRPSDULVRQ
WR ZLWK FRQWLQXHG LQV LARDL eiusr@satesisHoDaDeatiRe G@mperature
VKLSV EHWZHHQ ERWK SULPDU\ D@8ie¢ HFRQGDU\ VEKRRO
HQUROPHQW UDWHY DQG WKH JURZWE R v SVARoE D S L ¥kB
LQFRPHV ,W OHDGV WR WKH

VFKRRO HQUROPH®WG& GULPDU\NEECRPR R O 0.001 0.05***
HQUROPHQW LTKH SRWHQWLD Ug&g(gﬁQ IRy (0:002) 0.01)
WKH LQVLIQLEFDQFH RI WkH FROEVETRI Lv suﬂ@/?—gélgm \/(%I% v

SULPDU\ DQG VHFRQGDU\ VFKRRMARAUROPHQWYV 'RQO g g1+
DYHUDJH DQ@G16 \HDUV Rl REVHUYDWLRQV (0.001) (0.005)
UHVSHFWLYHO\ SHU FRXQWU\ Zlag(kmpARom. DRZHU REVHUYD
WLRQ UDQJHV EHWZHHQ DEURVYV (0.01) (0.005)
DQG ‘LWK WKH ODFN RI GBWBERYWKHVH - 0.00

YDULDEOHV LW PD\ EH GLlEFxLOdE{YTe Rodrh UDSRODWH(ISS)\
PHDQLQJIXO UHODWLRQVKLSV Z WK LQFRPH JURZW K qos)
RYHU ODUJHU WLPH KRULJRQV Q&YkhidXndkl4)ZLWK-VSDUVH
FRYHUDJH LQ WKH OLWHUDWXUH OLIH H[SHFWDQF\ D(@GaGY
OLWWOH VLIQLEFDQFH ZKHQ SUMRANMWLQJ OR(%J UXQ *'3-
SHU FDSLWD JURZWK 0.0000)

S8OWLPDWHOLV HVWLPDWHG le@%(Uei@BOEW\/VLQ(JOOOOO
WKH WKUHH LQVLIJQLEFDQW FRQMHROV ,PPHGLDWHO\ e
QRWLFH WKLV $,& VSHFLEFDWLRQ RIIHUV JUHDW093) SR WD
WLDO IRU DQDO\VLV JLYHQ LW \Lag (HetReMJ)WLPH ODJV IRU DOO
QRQ FRQWURO YDULDEOHV :LWK FRPSDULVRQ WR (0.02)
WKH WHPSHUDWXUH DQG WHPSHUYWYETRP@xPP\ LOWHUDF
WLRQ YDULDEOHV DUH ODJJHG La\?(h'o‘t‘ré/mp},'i‘)DU &RPSDUL
FRHIEFLHQWY EHWXZHAHQ LW L (0.02)
QRWLFHDEOH WKDW WHPSHUD Wa¥ itiTeR4 PDOLHV UH P D.01@
UREXVW ZLWK \HDU ODJV DOO PDLQWDLQLQJ WKH LQO01)
QHJDWLYH VLJQ DOWKRXJK WKHPOWERPQG \HDU PAE"WKLUG
\HDU ODJV EHFRPH VOLJKWO\ L(?VL_B]\% cFo dWsv HEDY
SHEFWHG WKH FRHIEFLHQWYV DUHUEEEWL HO\(Q(%%HU zagggp
LQWURGXFLQJ FRQWUROV VX J Jdd {p¥iteRpl2W KDW D 0.043**
DQQXDO LQFUHDVH LQ WHPSHUDWXUH DERYH LWV QRU.®)
VLIQLEFDQWO\ UHGXFHV ORQJ UX& (BoarMe@p3)3 SHU FDSLW ®.09%*
E\ EHWZHHQ SHU FHQW DQG SHU FHQW UHOD (002
WLYH WR SUHYLRXVO\ HYWLPDWHG SHU FHQW DQG

SHU FHQW LQFRPH JURZWK GHEUHDVHY 'HVSIWH

WKLV WHPSHUDWXUH DQRPDO IOHS¢BIQG WKHLWBLOHJD W3I5%0H
ORQJ WHUP LPSDFW RQ JURZWK UHPDLQ VLIQLEEDQW .
DQG UREXVW ZKHQ LQWURGXFLQJ FRQWUROV

5HIJDUGLQJ WKH WHPSHUDW X ki$q@R P DO\ LPEBE WV 09752
VSHFLEF WR KRWWHU FRXQWULHV HVWLPDWHV VWLOO LQGLFDWH
WKDW D ULVH LQ WHPSHUDW XU H B ¥3m2Eed wr 1% b o o®UB v
VLIQLEFDQWO\ DQG QHJDWLYHOMNLPSDFWV KRWWHU FRXQ
WULHV ZLWK D SHU FHQW IDOO LQ DQQXDO SHU FDSLWD
**3 DIWHU D \HDU ODJ IROORZLAE ®dgRVLWLYHL1L1LO1 1.4.43
WHPSHUDWXUH GHYLDWLRQ :lﬁolfegH WKH FRHAHIEFLRQW LV
VOLJKWO\ VPDOOHU WKDQ ZLWiRXMhdRd &FQikbBdtneses.
ZH FDQ GHGXFH WKDW WHP S H UsD WoX Bli-b ®FQI R RgBlighted Gith ok+Dor
WLRQV VLIQLEFDQWO\ DQG QHJDWLIMHOMLPSDFW KRWWHU

0,02)
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FRXQWULHRBLQLQJ UREXVW WR &RBS\DWDED H WORKHOHM[FOXVLRQ RI SU
LW LV HYLGHQW WKDW WHPSHUWD WY B GRPMIL.OMH\R DRSURFBNVQVKH OD
UREXVW LQ WKHLU HIITHFWV RQ@BBRWIHW K BXQWSHFM\IVXI ODJV RI
JHVWLQJ DQ LPPHGLDWH S B FBIW WUG HFQRIPIVOILHY DQG ![+RW7F
SHU FDSLWD JURZWK ZKHQ WHPSBUDMWXURIN LEBUMDRM !SRRU7ZHP!
E\ |& DERYH KLVWRULFDO QRUPY¥ O6L P LLGDOOUX WAR UMDKNHHY W KDW WHP
VSHFLEFDWLRQ LW VHHPV WIXQ® BRRUY U GRXQWBUWHWRQV ZLWK GH"
DGDSW TXLFNHU WKDQ RWKHUV W R MHPIS® UDRVECWVVEG MYR DRVRBBVD JJU H J I
ZLWK SRVLWLYH SHU FDSLWD JURYQKPOBYHYVPHOAMX OBRPHEBNY (VWLPL
HIITHFWV DUH FRQVLGHUHG ZLWX H\W.IQFW BV HE HQV BHHHPG HIUDW XUH G
VLIQLEFDQW SHU FHQW LQRUWWWRHLFDO QRDPY KDYH VLIJQLEFD
ODJV ORUHRYHU ,bEQG WKDW SWSX®DMQIKMH QBERXWKQDQBDO *'3 SHU
LQIDQW PRUWDOLW\ UDWHYV K DEAHE ¥MIZHHGE D Q WS b V@MY B Q G :
DQG )', LQIRZV KDYH VLJQLEFDQW SRV LMD YHOHI IHFVGY RQULRG 7KHVH
ORQJ WHUP *'3 SHU FDSLWD JURZMUK\ \WDIWH\O D RUWDRO W KH FDSLWDO
UREXVWQHVV WHVW LWHUDWLR QW X IAK DFRRMOURICHN FZR.GWHKO & HDEJBIH D V H \
KLJKO\ VLIQLEFDQW ZLWK ) VWDWLVWSFW UTHQWQD GBWZHHOHU FHQW
DOO VLIJQLEFDQW D@WHWKBKH LPSDFWV Rl WHPSHUDWXUH G
8OWLPDWHO\ DSDUW IURP VOLJKWO\ FROYW HGHMW SBIFPWMY @@HJIDWLY
JURZWK ZKHQ FRQWUROV DUH LDQRAWRGK FHBDAK IDRXKGLV \HDU ODJV DQ
SHFWHG WKH WHPSHUDWXUH DQWRYELBY® VG IWKEED QWY QWK D
RSPHQW GXPP\ LQWHUDFWLRQV ‘U8 MY ADLSIIQN B FRMRUG\DVH DIWHU Wt
UREXVW WR WKH LQWURGXFWLRTKRVFBSQ\WYRQJYWKIDDE HV/P SHUD W X |
6HFRQGO\ D FULWLFDO DUJXPHPQ@W H IDGEYMWWHKLP SDEWY RQ KRWW
PD\ EH LQ LWV XVH RI WHPSH WKW WUWMKBHYR PEDQOALHMVY. @UH UREXVW
FDSLWDOV SRWHQWLDOO\ XQGHUNPONUQWWKH QQFOPDLYHHRWA LP D W
KHWHURJHQHRXV LPSDFW RI W HPGE UDRBEXMWGH M VXWMRQYRU SRRUH
LQ PRUH UXUDO DJULFXOWXUDD® \DIRE® X P& G CCAWHHDW R ILW KHHP SHUD V
FRXQWU\ 7KHUHIRUH ,bUXQ D UREWXW R QHAVD/OWHRWP Y MDY HRG D VLIQL
XVLQJ WHPSHUDWXUH DQRPDO®MWH @HNIHDWLNMHGLBEDRWVRQ LQFRPH
WKH FDSLWDO DQG DFURVV H$WM UHPHIQFR RRJIG LSRORWHIWU DAVR X Q W U L H
WKH PRVW QRUWK VRXWK HDWYJIJDQQEFZEWW B BONDVIHV LLVUHD O SH L
WR EHWWHU HQFDSVXODWH KRP WHBP KRHUDMDUM GHYEBWHWQW DQC
DFURVV WKH FRXQWU\ SHU FHQW 8OWLPDWHO\ WKHVH WH\
LQFOXGHV WKH QHZO\ D WHKWDXYIG RV HPISRSHUDWXUH GHYLDWL
WXUH DQRPDO\ WKH QHZ DQRRIDOU HMN ERQVWH HYPMPRYWY RI WKH
EHWZHHQ ERWK GHYHORSPHQWPSRFRIVHR| DVGI® SHKIDWXUH FKDQJ
UHLQWURGXFWLRQ RI WKH SUHBIHIOLOV D' [SRHQ TFQBP I/@\ JYRE W K
FLSLWDWLRQ ZDV UHLQWURGXFHG WR JDXJH ZKHWKHU HVWL
PDWHV FKDQJH ZKHQ FRXSOHG ZLWK D GLIDitussipw WHP
SHUDWXUH DQRPDO\ HYWLPDWH K H SKNEWINWQWRPW X G\ DLPV ZHUH WZF
DUH DOPRVW LGHQWLFDO ZLWHK RHFERXWW RI WKHLEF WHPSHUDW X
ORVW LPSRUWDQWO\ VSHFLEFDWYRQ WWXKHHY WV K D\W DMUKH UH O D W L
SUHFLSLWDWLRQ DQRPDO\ KDVFQPR \DLYRUBBBEYWDLPGREWLQYHVWLJ
RQ ORQJ UXQ SHU FDSLWD JURWWKQWDMWHFODRDWRYHDULDEOHYV KD
DOO FRHIEFLHQW VLJQV DQG VL BPDLEW DR)F HH PRIGRPVFUHPRZIWK SDUWL
WKH VDPH DFURVYV ERWK $5'/ VSHNHFRS\IRIQFVR PSWUWHY )LUVWO\
IURP PLOQXVEXOH FKDQJHV WR W KHY ROKIWEIRHD RV '"FRXAXWMY\ VSHFLEF
E\ QR PRUH WKDQ GHFLPDO \8DDEAYV LQ D VDPSOH RI 2
+HQFHIRUWK RXU EQDO $5'66BRARKQWVLYSHEHFRQGO\ WKLV SI
EHG ZLWK WKH RPLVVLRQ RI SUHKRGILWDHNLR @ PRORRPOEHWYSDFW R |
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OLHV RQ WKH ORJ UHDO *'3 WHILHVY RSYLWHDLRAWERKBWHUHEHHQ LPSDF

DFURVV WKH VDPH VIDRSHDHN L@ RIWKQBPLF JURZWK PRGHO
VHDUFK TXHVWLRQV LPSOHP QWHG @WSEHPHROUPBKLFV UHVSRQG \
PRGHO IRU WKHLU UHVSHFWLYBQXEQWQL®AD WAV RZDHFRQRALW WY WR
7KLV SDSHU IRXQG WKDW L W HWPR B B BDXW HH DLARWQRO\VOV VISGIG LEF FOLF
FRXQWULHV KDYH FRQVLVWHQWOGHQFW EDVHG SROIDFW ERIQVLGH U
WR WKHLU KLVWRULFDO QRUPV ORUMRYHU FRXQWQUHWHPSHUDW
EQGLQJ VLIQLEFDQW HYLGHQFHRWHPEX R D DAERVARSHUWDH WHPSHUD
WXUH LQFUHDVHV DFURVV WKHRQHDRYSDNGROH7TMREHKBR GRORJI\ PHC
DWXUHV ZHUH IRXQG WR LQF U HIDWHX PR UIIR XGQ® ZIKMQF R D®J WUHQG |
LQ 2(&' UHODWLYH WR 66%$ FRXQWQMR BEBRQBOKREKMHP SHUDW X L
FXUUHQW SDSHU IRXQG LL URRBXMW WP HIGIHD WIKDHMWWERH KLVWR UL
YLDWLRQV RI WHPSHUDWXUHV VERZWQF XWMXMHUWG U HQ EURIDW KN GDW D
LQ WHPSHUDWXUH UHODWLYH WRSRMWHM®RWLBEDOFORYPW KQIBXHQFHU
VLIQLEFDQW DQG QHJDWLYH LLRSIDWW R SRIQ DO/RQUHW HDZ®\ TURP KLV
SHU FDSLWD JURZWK 7KH UHNX\OWHD G RV F/ KRXIQQE WXDW WHPSHL
GHQFH WKDW WHPSHUDWXUH VEGHYQOMA RQ\D ¢SHEURBS BUUHFWLRGC
WLRQDWHO\ DQG QHJDWLYHOLQD IXBG DMKG SSFORMDWHWWQ GhFDQ LQW
KRWWHU FRXQWULHYV +RZHYHWHBSHFLSXWID WDEQDWREBOY IROORZ
WLRQV KDG QR VLJQLILFDQW HQIH+FWHRRVYRRIVUXD WIQH ODVW GH

FRPH JURZWK EHWWHU LQIRUPLQJ HQYLURQPHQWD

+RZHYHU LW LV LPSRUWDQW Wi
Long-term Temperature Trends SLWIDOOV RI XVLQJ KLVWRULFDO Q
5HODWLYH WR KLVWRDMQARFADD\ZKHYURWVWDWKXHODWLQJ LQFUHD

DYHUDJH SHU FRXQWU\ WHP SHUXD®XW H PISGIFDMDNIH \Z D%\ XWLOLVLC
br& DQQXDOO\ :RUU\LQJO®OWLREBFSP\UDHYXOWY PD\ KDYH HYHQ
FRQVLGHUDEO\ LQFUHDVHG |RMKH YHIXHVDESRGXPRIX QQFUHDVH LQ
WU\ ZLWK RQO\ WZR FRXQW U L\HNU @\ DVPHRB H& O MOKH HVQ GW LV EHFD X
1HZ =HDODQG EHLQJ VOLJKW OKRRZQW HPG HEMDNWW HVKKNYYH GHYLDWH
SHU FHQW RI WKH VDPSOH VDZ WLYHYDIIHD Q WWIKG GDWD XVHG
FUHDVHV LQ WKHLU UHODWL Y HD W MWKS$IHKILDAMMRUWHL FLODO VDR I LODDIVHWU H | H L
\HDUV ZLWK HVWLPDWHYV UDQDE QR EXWH HH®D ZRDOWHP SHUDWXUH
br& WR JUDQFH"V br& BQ@MNDWKRHP HYBQ IXUWKHU FRXQW
DWXUH LQFUHDVH 6XUSULVLQSBUDMRXID G QFKBWBVMHD UGN LV FUXF
WHPSHUDWXUHY LQFUHDVH FRIQR/A GG WIREAOX QG HYBMVWLPDWH W
FRXQWULHY UHODWLYH WRKBOFH KDV RRXWKH JOREDO HFRQI
WULHV P\ HYWLPDWHV PXVW EH H{WUDSRODW
0\ DQDO\VLV KDV FRQW UL E X WRHG WRVWKHKHO L BVIHW PARXFIHSW X UH ZL
LQ PXOWLSOH ZD\V )LUVWO\ LWHKDWXGEE H®D WRDWKR Q\HWKDW P D\
VSDUVH OLWHUDWXUH UHJDUG L QR F RWHWRR X\BMEL BF MUDRIHY  EXW |
SHUDWXUH LQFUHDVHV ORVW \HUD®LLWY QR AFKXWWR.E@ DWREDDFURVV OR
WHPSHUDWXUH WUHQGV RYHUZUB PHIQQNH&HIFQGEHHE/Q U Y W KWHP S H U D W
WKDQ FRXQWU\ VSHFLEF YDUZROMOL BRWLFIIREKFRXOG EH SXW LQ SC
$YHFHGR HW DO %\ DO CFROZIP@QW HR EKPRX B W U\
VSHFLEF WHPSHUDWXUH FKDQJHV ZH FDQ EHWWHU GH
WHUPLQH FOLPDWH FKDQJH K HawgHerR Jrkpacks oMThmate @hrgéd Q
FRXQWULHV ,W LV XVHIXO WR REORORRIWWY IRU PXOWLSOH
UHDVRQV DV LW ZLOO HQDEOH WKHRF \8R HRW R F\QDQODOVHR F XV ZD
ZKLFK FRXQWULHV KDYH VHHQ B & ¥ LV H UPHIPFSSHAW RUHF OLPDWH D
FKDQJHV RYHU D JLYHQ SHULR'G3 B3®IQREZDHSALRADIR FEHMWMELH H Q
FLDQV WR DSSO\ WKLV GDWD W R WM RIWRFELQHWZ KV KK JFHFRKW L QJ WK D W
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YLDWLRQV SDUWLFXODUO\ LQW¥HHOYRORERNBOKILY WRW.FEBDQW WKL
QRUPV KDYH VLJQLILFDQW PHHNWIGREWPGDPFRUHBGIUYDVLYH W
ORQJ WHUP SHU FDSLWD JURZIMKDDBUFRQZBUWLRQLQJ .DKQ HW DC
WKH IDOO LQ SHU FDSLWD LQFRRPZHY WD VHSWURNDW AW\HORQWUDGLF
DFURVV ODJJHG \HDUV DIWH©OMWH D®XWHDQYWQPBKDWN KRWWHU
WXUH VKRFN VXJJHVWLQJ WK DV FOW PIDXL A NFHKWD /KD RDWDPSOH HV
ODVWLQJ ORQJ WHUP LPSDFWVYHPQ DQBRPH DURYDNK UHVSHFWLY
(VWLPDWHYV UDQJH EHWZHHQ QRW ROPU WKBRUDWQIE WKDW SRRUH
SHU FHQW DQQXDO GHFOIKQMH.Q ZHDW D § DWDF LW\ WR DGDSW
FRPHV IROORZLQJ D br& WHPISHURWXKHLUQEDFHD\RH UHVRXUFHV I
7KHVH HVWLPDWHY DUH PRV W ON L\RIGPM. OS06U FIUR W K H7 FOLL W H ED 7R O

WXUH SHU FHQW DQG $IPS LA @ WO XHDUKXG\SBBW WKLV VXJJIH
FUHDVHYV LQ SHU FDSLWD JURQRZKL GBARPFGFRFERXQ2AGIM.HV KDYH SHUVL
VROD .DKQ HW DO QHIJDWLYH UHVSRQVHY HYHQ DIWHU

7KHUH DUH WZR DGGLWLR QGIMNWODWDNHD BY¥HFHGBRMHW DO
WKH WHPSHUDWXUH DQRPDO\ KMWKWMLBDWWNQWUVMAMOXOWKHFDQ EH H
QRQ ODJJHG HVWLPDWHV VKRZ DPW IDI@QLEFDQWXIRMVWILYOH WKDW FR)
FRHIEFLHQW RQ WKH WHPSHUDWHKW H O IKRFW HNDEHWKMHU DGDSW W
OLNHO\ VXJIJHVWV WKDW WHPSKUWBWKUMWFXDXQIE R@RW RO H[SODL
RI DQ HIIHFW RQ ODERXU SURGRPROWLSRRUBY RBEEWHGHVRLQ WKH VI
DJULEXOWXUDO RXWSXW FRQ\QLHIHUNIQWHOPH RXRIGYURIGIXGFRPH JU
WLYLW\ ZRXOG OLNHO\ UH G XFHMOHWSDXR\E GVHK I X WDRIOR' R WIRW URER U D!
WHPSHUDWXUH VKRFN ZKHUHDM&JHRKXIWWKHD XK RXMW SKWQ JUHDW
ZLOO EH SUHGRPLQDQWO\ LPSDEWHEDVAVOWKDIOCE 6B FERXQWULHV SF
BHSS!QHQ )LVN )DXONQHU WKDOWKOHINIBHYHORSHG HFRQRPL
IREHOO BHFRQGO\ DIWHWWKHGDSVD WEDWHPBHUDWXUH GH Y
HIEFLHQWY EHFDPH SRVLWLY HQ W O/ BIUHM/DWWL WHK BI\VS YKBIDWLRQ F
QHJDWLYH LQIXHQFHV RI WHPWKH DWRUHDWBHGLDMLRYHVV RI FO
RQ LQFRPH JURZWK DUH QHXWBDBVVNGHMWHOQV@R®WHO SROLF\ WR
WKH VKREN ,W LV LOQWXLWLYHVLRCHQ QRNBOVSRO LLF IO-RQBD\ EH HIIt
HQRXJK WLPH SHULRG IRU HQYL GRIYMORSBLQ BRAXKIWY IRHV WR EHWW
JRYHUQPHQWDO FKDQJHV WR VEBNXE WU HVFRI \WELPPRED WKDQJH ,3&
WKH LPSDFW RI WHPSHUDWXUH3KIFRIHBRKHY DV WHFKQROR
JLHV DQG SROLFLHV DGDSW IHYHUWKHOHVY WKLV EQGLQJ L\

)XUWKHUPRUH ,bEQG WKDW E R/RK MFOMMH G RBOGNFRRWHUSROLF\ LP
HFRQRPLHY DUH VLIJQLEFDQWO\ IDI)\GX G MNS VK S RKW R\QHMW\SRRUHU F
LPSDFWHG E\ LQFUHDVHV LQ WHRFMILYWRUWR WHEBSWUPWXUH GHY
WR KLVWRULFDO DYHUDJHV <HWF RIGRMLHW V $@&M KHRX BH WERWM HIQH VW L Q .
WKH WZR GHYHORSPHQW YDULBEXQWUIZKY VUE@QEFD WSLFDOO\ KR
HITHFW IRU KRWWHU FRXQWULHY QN B Q\CK DG \BRUORFR IDMHEQDWR EH S
DIWHU D \HDU ODJ 7KH OLW RQDWKH I$ FF\D 9 QM ED O LVQHIP\S HU D W X U
DV KRWWHU DJULFXOW XU D O OROIRFFIXWVHN\G DR/QVK® F DH B \PIRUH Y XOQH
WHPSHUDWXUHY RYHU PXOWLGR®JIJOIXY VHEQLEFNMQWOLQFRPH J!
KLQGHU GHYHORSLQJ FRXQW U LW M PG BPAMRXW K HE YD DWLARX@Y ORUHR
WXUDO GHSHQGHQFH %DUULRDCHAR BRJIJHVW $WKDAH GBHDWHU LQYH
HW DO $OWHUQDWLYHO\ SRRRUHU FIRROQQWULIHIA DWHW K H\ DUH S
PRUH LPPHGLDWH GHFOLQHWIKHWQERMHWRREZWRSHUDWXUH GHYLDW.L
VDPH \HDU DV WKH WHPSHUDWX0B ERRE NS U,RGIXFM UYLWK D W
LQ SRRU HFRQRPLHY ODERXU SURGRPWLYSWHFDSEWDWLRQ DQR
LQVWDQWDQHRXVO\ LPSDFWH &LEN R OFOHDYWVIRQ BEBRW LQ WKH
SHUDWXUH ZKLFK LV LQWXLWLYWBUEDMHKRREA WKRZWIOREFWRYVYV DOO
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UREXVWQHVYV WHVWYV :KLOH LQPRVGHFOKPBEMHDWKUWY DMNYDIHV DFUF
LV VXEVWDQWLDWHG E\ UHFH QW >OG \VWHNJLEDVD XID H CCHASO WHRQ GHLRYZ W K H
QR VLIJQLEFDQW LPSDFW RI SUHFHPISWDDHYWRQ HR @G HLQIFIRWHRQV PD\ KD
JURZWK $XIIKDPPHU HW DO DV\SXPIEGQE R KHOWWDWKH FDSLWDO LV P
.DKQ HW DO 7KXV WKLWLSHBSHQGYVRBRIHNVWXUDO FLWLHV DUH
WKDW WHPSHUDWXUH YDULDWILRGM QVHYPRRUKHIUMSRBW I XXOWXUH VW
WKDQ SUHFLSLWDWLRQ YDULDW ERGVPARIHQ DQF®KW WD GIZMWILIPDWHYV D
FOLPDWH FKDQJH"V LQIXHQFH RQWIFRK RRIXE WWR ZRWKIRFXV RQ UHJL
DQG GHYHORSPHQW YDULDWLRQV DQG WKHLU KHWHUR
7KLV VWXG\ XOWLPDWHO\ DGV ALE FVIKBIHO VWRHW BRXQWULHYV LG
WKURXJK PXOWLSOH DYHQXHV WKHWYWGREQYIDGBSWYV D UR
EXVW $5'/ PRGHO WR EHWWHU VWXG\ WKH ORQJ WHUP
KHWHURJHQHRXV LPSDFW FOLP Palidy Inviididatidb®V LRQV KDYH RQ
HFRQRPLF JURZWK EHWZHHQ GH¥KI® RSHGY PRX'V DUHOV XOWV KDYH VX.
GHYHORSLQJ 66$% FRXQWULHV ORHUBRWHKWUHBA RORBVWEHHQ ULVLQJ VLI
WHPSHUDWXUH DQRPDOLHV ,bRWIRUWRPIH WKHVOLRH.FD\WXDYHHUDJHV
PHQWLRQHG DERYH GLIEFXOWLHWXKHKQDIGP 8 D HPIHEADIQQM JOREDO LPS
WUHQGHG YDULDEOHV 7KLUGORUbBKRWPXDD WD) ® GREMOWSLQJ FR
HVWLPDWLRQ PHWKRG EDVHG RGOWFLEXOWWHERQRWPHE DV DQ HYL
JURZWK PRGHOV WR VXEVWDQWUDMM FROIRWPW DRD/GISR@LF\ LPSOLF
SUHYLRXV OLWHUDWXUH WK DWVWR HPGIHFUDWHK FK YQUH. DW LRIQYD U G H
QHJDWLYHO\ LPSDFW KRWWHU GHYWRBBELQWVPRKQWHIHWDRQG D JORED
WKRVH SUHFLSLWDWLRQ DQRPDOH*HM IDUMVLERRQFRRAVILYWHNIHRW ZL W k
WKHLU LPSDFWV RQ JURZWK )LQR®EQ\H DO\LIR SIOH PHIDRVSWKBD WX UHV W
$,& VSHFLEFDWLRQ PHWKRG WWLYXQGOIRYW GG FEHWIDHFWY RI FOL!
WKH GLIIHUHQWLDO ODJJHG HIIHBEWMUR) FOLPDWHGYBWLDO
DEOHV LQ VSHFLEF UHJLRQV WIRSBAHDWWLRQ SRIRIUFPLBR@OLFN HYHQ P
GHFLVLRQ PDNLQJ GHYHORSLQJ HFRQRPLHV WKDW ZL(
+RZHYHU LW LV DOVR LPSRUWDQWLWRRPHRWHROQWVWER IBE’XGIJHWYV D\
SDSHU"V OLPLWDWLRQV WKDWRPPHGEHVRVAKREQ QMR FRYRXUFHV L
VLGHU ZKHQ H[SDQGLQJ IXWXUHQBVEHDREKRBERUWXEBQKDQFLQJ S
WLHV )LUVWO\ ZKLOH WKH $,&FREKWKRHUEZRY YWNKHXR YV Rl GDPD
VXJIJHVWLQJ DSSURSULDWH OWHPGWHDWXOW WBURNPLDLW\ DQG
PRUH HFRQRPHWULFDOO\ UREXMAW WR/G H®» Q. WHIJJIHW WHHQ WX P D V + R
O\ IDLOHG LQ LWV WDVN WR LGBGWLHQWKEIJVHDFWLRQV RI
VSHFLEF YDULDEOHY RYHU PXOWIKI@H @R OWES QM BRPMHYVOLLF SROLF
XQGHUVWDWLQJ WKH QXPEHU RIRQDWU[RWHR® GOW\RFBDFK 1RWHYV
YDULDEOH %\ GRLQJ WKLV LW ZBEYRRWKFHUDW WR FRE@SDLULH HVWPHQV
KRZ FRHIEFLHQWY RI ODJ OHQIDWFEIOHRAKPHUH QREHRQMQQLQJIV
ZKHQ FRPSDULQJ WZR YDULDBOHYHVQ DGPWRE DOP IBXWQWKURSRJIHC
DOVR ZKHQ FRPSDULQJ WKH VDWHKDW WILDBOBFOHWZHH®IXHQFH FOLF
GLIIHUHQW PRGHOV DV ODJV RIWREDFRKBROHELEMWZRK®YV LQWHUQI
UREXVWQHVV WHVWV 6HFRQGOWW® DXIUMKIHPUH Q@WK PRGERXIDO'E DOVR I
YDOLGLW\ LW ZRXOG EH XVHIXWKWRGERBERBRUWRIZRADWIH LPSDFW
PDWHV GLIIHU ZKHQ UHIHUHQFH P I VDWILRRDWO KW KW.ME RQ WKH GF
GLIIHUHQW KLVWRULFDO DYHUDGHKHBOHAMXVH WKHAKHXSQIHOMG 1DWLF
UHVXOWY PD\ KDYH XQGHUHVW IERIW H®@ WIKRHQPR QQ&. WWLXFEIHNVH & KD QJH
RI WHPSHUDWXUH HIIHFWV RQ3DERYRIBUHKHPR@WK )L REOLJLQJ ETF
QDOO\ HYHQ WKRXJK XVLQJ HVWD R GBGWGEN YRH OWRHPISHUBFRXQMW ULHY WR
DQRPDOLHV DW WKH FDSLWDO BQWJMH®& HREXVMRIHVY GXNWMUVYHV WR
ZKHQ FRPSDULQJ WR HVWLPDWHNVFHQMW) H\WPW UPDBIHYH XJIJHVW D GHI
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HPLVVLRQV IROORZLQJ PRUH VWIUHLQVNWXG\ RIVHUIRKORNL SOH DGGL!
SROLFLHV .LP 5HJDUGOH VW XRJIHZ KBMVALIQ $ BB'L FALRIGVHOV WKLV SDSH
DUH DGRSWHG *+* HPLVVLRQV" \DEDDWHP\H @ RWKXVWIERQDO DQG FRXQ
D ZRUOGZLGH HIIRUW WKDW IRV 8HVW O EHWZHG R B0 HHBWY HRLOH DOV
RSPHQW WR UHGXFH FOLPDWH ¥X®IW H G/ GDHWWDWIHVWH QWDBRYHU XWL
LPSDFW RQ WKH JOREDO HFRQMRRPDOLHVY DQG $,& VSHFLEFDWLRQ\
RXV SDSHUV" PHWKRGRORJLFDO GR

Conclusions FDXWLRQ VKRXOG EH WDNHQ ZKHQ

7KLV SDSHU DLPHG WR DQDO\WXOWXH W XVLQEMWHPBHURWXUH DQF
JOREDO WHPSHUDWXUHV RYH WKMWHKHR ODRDD KQRWIPFBIQHWOUHY PD\ K
DQG HVWLPDWH WKH DV\PPH\WGHBHVYRSPBWHR QVIGFHLPSDFW R F(
YHORSLQJ FRXQWULHV 8WLO MKHI VVOXQEGELHY WIKRK BG 'FRQVLGHU W
PRGHOV IRU DQ FRXQWU\ VDPENLEYRD ERPSDQGVRQ EHWZHHQ PRGH
663 FRXQWULHYV EHWZHHQ LQFRQRXDWHWYMD WXWXUH UHVHDUFK
WHPSHUDWXUHY KDYH XQDQLPRWKDYV ISOSHHDV HBXI@REDMOLARQV E\ SRW
VDPSOH FRXQWULHV DQG WKDWWHLBYDRRWWLQHNHREOBODVSHFLEF |
WXUH DERYH KLVWRULFDO QR U P $/ LULQYLHIF DVQX\M O3 DUWHIBKHFW G/ JUHDW \
LQFRPH JURZWK DFURVV WKH HQWILWMWRBEEAN D@WWUHVWLQJ D
LPSRUWDQWO\ ,bIRXQG WKDW \8RPSWDUDW XIUN @ U WDMIRQVG R[LFDO
GLVSURSRUWLRQDWHO\ DIIHFWHBFMRRQVE Y F-SGRRILIQU BREQWULHYV
FRXQWULHV +RZHYHU WKH VVWHONDVOWRWIIRXQ & QPRPAHLIDWHG HIIt
RULJLQDO UHVXOWYV )LUVWO\ 2J&RERIXQMLOH W KMHPSBEODVLY HPSKD)
WXUHV KDYH LQFUHDVHG PRUH TRALF®O IORDUMHD B MDY HHWRR) B 8$1 LILW DO VR
KLVWRULFDO QRUPV WKDQ 66% RR®QYWIUH\H VH H® MRKGGOHNIDWLYH HII
ZKLOH SRRUHU DQG GHYHORSL@HFBNQDWXHN DQUFHUARRVHY *RLQJ IR
DGYHUVHO\ DIIHFWHG E\ WHP SH WPDXW YU FHRQDALIEHNL RIGW B/HWULPHQW D ¢
VHHP WR UHFRYHU PRUH UDSLG®D QUR FZ K\HHOP SHHMDWMDQUHSROLFLHV WF
VKRFNV WKDQ VDPSOH DYHUDJH\G RRER S B HQIWZ LVLKVWKH JOREDO HI|
OLWHUDWXUH ,bIRXQG QR HYLGHQRPH W K DR [3Q BIF LISD WBDM MRKQH 1 X Q G
LPSDFWV ORQJ UXQ LQFRPH JURWWRW IRVWHUV ZRUOGZLGH VXVWDL
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Uisywtswvwug€nzsqgn xwztnmz{kq™ gpunvnvqg”™ stqui{i mt~ z{yiv I}yqgsq
iyllunv{, kbxwt...p| |z{wr€gkwlw yipkqg{qg~

Irm,v Zivmittq

Ivvw{ieq”™ Vnzuw{y” vi {w €{w gpunvnvqgn stqui{i qunn{ zny..npv,n ltwjit...v,n XV
€{w wvg vnxywxwyeqwvVvit..vw zqgt..vw xyw kt"+{z" kbyipkgkif,g~z" ynlgwvi~ zboi
Kbmivvwr z{i{...n t{q |[{knyomnvqg™ gzztnm|$f{z" zbgzxwt..pwkivgnu xivnt..v,~ mi
gbz{yiv I}yqsq sbfl| w{ Zi~iy, kbxnygwm zb X W I Kbyijw{n ivitgpqgy|n{z~ t
kbswvsyn{v,~ z{yivi~ ib{ison mwtlwzyw€vwn tswvwuqg€nzswn ktg vgn swtnjivqr
KKX vi m|e|] vizntnvg™ Qzxwt..p|” xivnt..v|[f uwmnt.. ik{wynlynzzgkvwlw yizxynn
ik{wy swvz{i{gy|n{ xwzswt..s| w{stwvnvg” {nuxnyi{|y, kK,*n gqz{wyg€nzsg~ vwyu
kw kzn~ qzztnm|nu,~ z{yivi~ {w wmvwuwunv{vw gbpvi€g{nt...vw pmnz... zvqpqtz
z|,nz{knvvwr zk“pq unom| k,ximnvgnu wzimswk gbywz{wu mw~wmwk vn wjviy|on
mjnmv,~} gbmoiysqg~} z{yiv ik{wy wjviy|logt €{w swtnjivg™ {nuxnyi{]y, VAXywxwy -
ktg ${ sis vi jwtnn oiysqgn {is gbvi jwtnn jnmv,n z{yiv, l}yqsq sbil| w{ Zi~iy, [n
WFfZY ywztq j,z{ynn xw zyikvnvgt zbg~ qz{wygq€nzsquqgq vwyuiugq €nu kbz{yivi~ I
Qb~w{” jwtnn jnmv,n gbyipkgkif,gnz” z{yiv, jwt...en z{yimit{ w{ swtnjivgr {nuxny
jnz{ynn kwzz{iviktqgkit{z® xwztn {nuxnyi{|yv,~ ewswk €nu z{yiv, zynmvnlw |ywkyv
t{q ynp|t..{i{, qbzk"p,kin{ g~ zbxw{nveqgit...v,ug xwztnmz{kq ugq mt"~ xwtg{gsq kbt
[z{wr€gkwlw yipkg{q™ qbjwy...j, zbk,jywziuq xiyvgswk,~ lipwk

Sti€nk,n ztwki I1}yqgsi sbfl| w{ Zi~iy, gpunvnvqgn stqui{i KKX vi m|¢| vizntnvqg~
xiyvgswk,~ lipwk swtnjivg™ {nuxnyi{|y,



