
The Impact of Climate Change on Work: 

Lesson s f or Developin g Coun tri es 

M oustaf a Feri ga, N an cy Lozan o Gr aci a , an d Pi eter Sern eels 

We i d e ntify five areas whe re c limate c han g e may impact work and draw lesso ns fo r devel- 

o ping c ountrie s by rev iew ing th e ev i d ence. Firstly, d em an d fo r labo r is unevenly affected, 

with agric ult ure, heat-ex posed manufact uring, and the brown e ne rgy sector ex pe rie ncing 

downt urns, while o the r sec tor s may see a rise, resulting in an uncer t ain overall im pact. 

Se c on dly, clim ate ch an g e im pact s l abo r supply thr ou gh abs enteeism, shirkin g, and alter- 

ing work -t ime patt erns, d ep end ing on t h e a c t i vit y and secto r. Thirdly, pr oduc t i vit y ma y 

de cline, e spe cially in h eat-exp osed industries, pr imar ily due to health r easo ns. Fo urt hly, 

he ig htened earn ings v ariabil ity l ike ly inc reases vulne rabil ity among t he s el f-em pl oyed. 

Fift hly, cl im ate ch an g e can influ en ce lab or all ocati on and cat aly z e secto ral r eall ocati on. 

Highe r te mpe rat ur es ar e also linked to incr eas ed migrati on. But cauti on is need ed in int er- 

pre t in g thes e findin gs, as studies across the se to pi c s pr edo m inant ly use fix ed effe ct e stima- 

tio n and co ncentrate o n sho rt -t erm impact s, ne g lec t in g ada pt ati on. Eme rg in g res earch on 

ada pt ati on indi cate s that wo rk place c o olin g is una ppealin g for firms with narrow profit 

margins, while c o ping strategie s of farms and h ouseh olds h av e unclear op timalit y due to 

ad opti on bar r ie rs. Gove rnme nt r espo nses r em ain un derstu d ied, wit h six po te ntial areas 

i d entified: green jo b s, green skills, labo r-o r iented adap tation, flexibl e work regul ation, l a- 

bor market integration, and social protec t ion. We conclude by o ut l in ing future research 

direc t ions. 

JEL Co d es: Q54, J01, O1 

Keyw ord s: climate change, labor, development. 

In tr od u cti on 

Work is the main source of income for most people around the world, and in particu- 

lar for the poor. As a primary fact o r of p r od uct io n, la bo r a lso plays a key role for eco- 

no m ic gr o wth. Yet our unde r standing of how c lima te c hange im pacts la bo r re ma ins 

The World Bank Research Observer 
© 2024 In te rna tio na l Ban k fo r Reco n stru ction an d Dev e lopme n t / The Wo rld Ban k. Pu bli sh ed by O xfo rd Un ive r sity Press 
h ttps://doi.o rg/10.1093/wb r o/lkae002 40:104–146 

D
ow

nloaded from
 https://academ

ic.oup.com
/w

bro/article/40/1/104/7667505 by W
O

R
LD

BAN
K TH

IR
D

PAR
TY user on 05 February 2025

P
ub

lic
 D

is
cl

os
ur

e 
A

ut
ho

riz
ed

P
ub

lic
 D

is
cl

os
ur

e 
A

ut
ho

riz
ed

P
ub

lic
 D

is
cl

os
ur

e 
A

ut
ho

riz
ed

P
ub

lic
 D

is
cl

os
ur

e 
A

ut
ho

riz
ed

https://orcid.org/0000-0002-4947-2493
https://doi.org/10.1093/wbro/lkae002


fragme n ted. This pa pe r ta kes st oc k of wha t we know, distingu ish ing five ways in wh ic h 

c lima te c hange may a ffect la bo r. We d iscuss l im ita tio ns and c ha lle nges wi t h ex ist ing 

e stimate s, unde rlin ing the need for careful interpretation. A central i ssu e of concern is 

the o m issio n of ada p ta tio n, and we discuss rece n t insigh ts o n the respo n ses by firm s, 

farm s, h ou seh old s, and w o rke r s. Togethe r, the ev id ence su g gests seve ra l pote n tia l ar- 

eas of go v ernment response. We discuss p o ssibl e lab or p olici es and wa ys forwar d for 

research. 

A gr o w in g lite ra ture e st abli sh es th e im pact of c lima te c hange o n ge ne ra l eco no m ic 

pe rfo rmance. Wea the r varia tio n—measured in terms of te m pe ra tur e, pr ecip i ta tio n, o r 

c lima te c hange-re la ted wea the r eve n ts—is estima ted t o lowe r eco no m ic ou tpu t, wi t h 

largest exp ect ed im pacts fo r low- and m i d d le-inc ome c ountri es. 1 Chan ges in wea the r 

a lso inc rease o r d ee pen p o v er ty, in par ticu lar in rura l and exp o sed areas, and among 

vu lne ra ble grou ps. 2 

La bo r r epr ese n ts a possible key c hanne l through wh ic h c lima te c hange a ffe cts e co- 

no m ic pe rfo rm ance an d po v erty. Rev i ew in g the most rig o rou s e x ist in g ev id ence, we 

di stingui sh five pote n tia l areas fo r the im pact of c lima te c hange o n la bo r. Immedi- 

a te im pacts man ifest in: la bo r de m an d, la bo r su pply and time a lloca tio n, o n-the-job 

p r od uct ivity, and income and vu lne ra b ili ty among t he se lf-e m ployed. In th e m edium- 

te rm, c lima te c h ange m ay lea d t o a rea lloca tio n of la bo r ac ro ss e co no m ic act ivit ies and 

a cross spa ce. 

The stu dies w e c onsi der fol low a c o mmo n estima tio n stra te gy, with imp act e sti- 

ma tes ty pica lly ob ta ined throu g h fixed effe ct est imat ion. The se e stimate s generally 

ca p ture the sho rt-te rm, immedia te effects of past eve n ts and do n ot a ccoun t fo r po- 

te n tia l ada p ta tio n. They m igh t the refo re o v erestim a te lo ng-te rm effects, in particular 

if s ubs tanti al ad aptation is exp ect ed. Co nve r se ly, they m igh t unde restima te lo ng-te rm 

im pacts, whe n they fa il t o co nside r effects across the eco no my, o r if c lima te c hange 

wo r se ns, i.e., realized past eve n ts are a poor predict o r fo r fu tur e occurr enc e s. While 

we me n tio n researc h a imed a t tac kling the la tte r two co nce rns, ma in ly throu g h gen- 

e ra l equ i li brium an alysis an d simu la tio n of fu ture ou tco m es, wh e re a pp r op riate, our 

primary in te re st lie s in th e em er ging adaptation r esear ch t hat examine s re sponse s by 

firm s, farm s, h ou seh old s, and w o rke r s. 

Kee pin g in mind these pote n tia l sho rtco m ings, seve ra l key findings e me rge. The im- 

pact o n la bo r de m an d varies across sect o r s, wi t h ne ga tive effect s o bse rved in so me 

and p o sitive ou tco m es in oth e r s, resu lting in an o v e ra ll unce rta in im pa ct. Ag ri cu ltura l 

e m ployme n t expe rie nc e s a si gn ifican t down turn. The manu facturin g se ct o r wi t ne sse s 

s ubs tantial d e creases in output, particularly in heat-exp o sed industri es, but the link- 

a ge w i t h changes in e m ployme n t re ma in inadequa te ly explo red. As e ne rgy unde rg oes a 

t ransi tio n, e m ployme n t in b r o wn e ne rgy sect o r s dim in i sh e s while gre e n e ne rgy sect o r s 

see a ri se. The service sect o r, inc luding transpo rta tio n, re ma in s in sufficie n tly studied. 

More in-d e pth analy ses spe ci fic to ea ch sector at the country level are requ ired t o im- 

p r o v e our unde r standing of the ove ra ll im pacts o n e m ployme n t. 
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On the supply side, stu dies rev ea l pote n tia l im pacts o n a bse n teeism, sh irking, and 

time pa tte rns of wo rk, d e pend ent on the activity and sect o r. Prod uct ivity expe rie nc e s 

p r on oun ced negative impacts, particularly in heat-exp o sed industri es, extendin g to in- 

door act ivit ies. Heal t h e me rges as a c ritica l c hanne l in th is co n tex t, p r o m p ting th e n eed 

fo r furthe r inve sti ga tio n. Fo r the se lf-e m ployed, heigh te ned varia b ili ty in earnings am- 

plifies their vu lne ra b ili ty. 

How do the se change s imp act the allocation of labor? The d e cline in ag ri cultural 

e m ployme n t and p r od uct ivity act as a ca ta lyst fo r sect o ra l rea lloca tio n, p o ssibly ac cel- 

e ra ting structura l transfo rma tio n. The lim it ed e v id e nce ava i l abl e su g gests that flexi- 

ble and in te gra ted la bo r markets can facilita te th is t ransi tion. R ising te m pe ra tur es ar e 

als o ass o ciat ed wi t h in crea sed mig ration, b oth w ith in and ac ross coun tries, and in- 

volv in g pe rmane n t re loca tio n, un like ra in fa ll, fo r wh ic h t he effects vary and are not 

co nsiste n tly obse rved. Bu t ide n ti f ying and a ttribu t ing ca usat ion remains a chall en ge. 

Migra tio n co n tinues t o be a un ive r sa l cop ing st ra te gy t o naviga te inco me fluctua tio ns, 

reg ardles s of their source, and c lima te c hange is o ne fact o r tha t may co n tribu te t o in- 

c reased varia b ili ty. 

Whil e mo st analy ses do n ot a ccoun t fo r ada p ta tio n, so me e xpli ci t ly ex am in e th e re- 

spo nses t o c lima te c hange by firm s, farm s, and h ou seh old s. The se studie s analy z e the 

exte n t of ada p ta tio n, how it mo d e ra tes the impact of c lima te c hange, o r co m pare sho rt 

and lo ng-te rm respo nses. Researc h eva lua tin g firm resp o nses predo m inan tly co nce n- 

tra tes o n the adop tio n of wo rkpl ace c o oling, wh ic h see ms ge ne ra lly una ppea ling fo r 

firms wi t h lo w p r ofit margins due i ts hig h co st. Re ce n t wo r k finds ear ly ev id e nce fo r 

firm re loca tio n as a pote n tia l stra te gy. Farms, o n t he ot her h an d, are observ ed t o e m- 

ploy various stra te gies t o cope wi t h c lima te c hange, inc luding irriga tio n, fe rtilize r use, 

change in seed and crop ch oi ce, or planting of tre e s, among others. It remains unclear 

wh eth er th ese ada p ta tio n stra te gies are op tima l, as the re are ev id e n t barrie r s t o their 

adop tio n. In a simi l ar vein, rural h ou seh olds adopt m ult ipl e risk-copin g stra te gies t o 

reduce their exp o sure to clim ate-in du ce in come sh ocks, su ch a s con sumpt ion red uc- 

tion, use of sav in gs, and b orr o w in g. These strategies fall short of optimal as they do not 

p r ov id e co m plete in suran ce again st in come loss. 

Thi s lead s us to th e qu estion how go v ernments can, an d do, respon d. There h as 

bee n lim i ted resear ch inve sti ga ting the im pact of ge ne ra l c lima te c han ge p olici es on 

la bo r ou tco mes, h igh ligh ting th e n eed fo r mo re tho rou g h ex am ina tio n. In the realm of 

la bo r-targeting c lima te c han ge p olici es, we distin guish six p ote n tia l areas whe re g ov- 

e rnme n ts can ta ke actio n: gree n jobs, green ski l ls, l ab or-ori ented adaptation, flexibl e 

wo rk re gu la tio n, la bo r market in te gra tio n, and socia l p r otection. 

Our rev i ew d e mo nstra tes the im pact of c lima te c hange o n la bo r t o be a gr o w in g 

area of research, where much is to be disco v ered. We conclude by setting out avenues 

fo r fu tur e r esearch. 

We rev i ew the ev id enc e, st artin g w i t h a note on met h ods u sed an d ch all en ges 

of ide n ti fica tio n, befo re distingu ish ing the five ways in wh ic h c lima te c hange may 
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im pact la bo r. We the n co n t in ue wi t h a discussio n o n how age n ts respo nd, co mme nc- 

in g w i t h an ex am ina tio n of ana lytica l m ethod s, followed by a discussion of how firms, 

farm s, h ou seh old s, and w o rke r s respo nd. A su bseque n t sectio n ex am ines g o v e rnme n t 

respo nse. The co nc ludin g se ction discusses way s fo rward fo r researc h and the eva lua- 

tion of p olici es in this field. 

The Impact of Climate Change on Labor 

Methods and Identification 

This o v erv i ew focuses on studies that estimate the impact of climate change on labor 

ou tco mes using r egr essio n ana lysis, ty pica lly ta kin g the follow in g form: 

Y i jt = α + βT 

e 
i jt + C 

e 
i jt � + X i jt � + μi + μ j + γ jt + ε i jt (1) 

Where Y i jt is the la bo r varia ble of in te rest, and β is the impact of climate change—

oft en t emp eratur e—in ar ea j a t time t , t o wh ic h wo rke r i (in m ic ro studies) o r sect o r o r 

country i (in meso or m acro stu di es) is exp o sed ( T 

e 
i jt ). Some papers look b eyond t em- 

pe ra ture, a t precip i ta tio n, o r othe r c lima te indica t o r s. C 

e 
i jt refle cts othe r c lima te c hange 

eve n ts tha t may be included or not in the r egr ession. X i jt are in dividu al worker (or sec- 

t o r o r coun try) c haracte ristics tha t a ffect Y i jt . μi and μ j are unobse rv ed in dividu al an d 

loca tio n fixed effects respective ly (wh ic h are co m bined in so me stu dies), an d γ jt is a 

time tre nd. 3 This estima tio n ty pica l ly c o m bines lo ngitu din a l da ta o n eco no m ic ou t- 

comes 4 wi t h climate data from weather station, gri d ded, satel li te, or ot her sec ond ary 

sourc e s and exploits short-run, plausibly e xogeneou s varia tio n in c lima te t o estima te 

im pact o n la bo r ou tco mes of in te rest. 

Stu dies m ay differ in t he variables t hey inc lude o n the righ t-h an d side. Research fo- 

cusing o n te m pe ra ture ty pica l ly c o n trols fo r othe r c lima t e e ve n ts like precip i ta tio n. 

The observed s ubject characteris tics that are included as c ontrol vari ables may also 

vary. Including fixed effects and time trends yields a more robust estimate. Note that 

while the stu dies un der review ge ne ra lly e m ploy the ou tlined estima tio n stra te gy, a few 

in stan ces d ev ia te fro m th is a pp r oa ch by n ot in c luding a co m pre he ns ive set o f co n trols, 

in dividu a l o r loca tio n fixed effects. Co nseque n t ly, t he se analyse s yie ld mo re desc rip tive 

fin dings. We h av e reta ined suc h researc h o n ly in cases whe re a lte rna tive in fo rma tio n 

is scarce or when they p r ov id e particu lar pe rtine n t insigh ts, c learly indica tin g the d e- 

sc rip tiv e n ature of their fin d ings. Add itio na lly, a sma ll num be r of studi es l evera ge dras- 

tic changes in climate, such a s e x treme dr ou g ht or tsunami, as natural experiments, 

or use instrume n ta l varia ble (IV) estima tio n, o r in rare occa sion s employ randomiza- 

tio n, ac h i ev in g mo re rig o rou s cau sa l estima tes, wh ic h we clarify when we discuss the 

pa pe r. 

The n e xt section s z oo m in o n speci fic lef t-h an d si de l a bo r varia bles of in te rest, o ne 

at a time: dem an d, supply, p r od uct ivity, income, allocation, and migration. The studies 
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o n a lloca tio n co m p are e stimate s fr om acr o ss different se ctors. Throu g hout the estima- 

tio ns, c ha lle nges re ma in in ob ta in ing estima tes of β that refle ct causa l im pact, give n 

the n on-e xperimental nature of the data. We hi ghli ght six issues of pote n tia l co nce rn. 

Fir st, the te m pe ra ture (o r othe r c lima t e e ve n t) t o wh ic h wo rke r s are actua lly exp o sed 

re ma in s un obse rved. Loca lly measured te m pe ra ture (o r c lima te c h ange ev e n t) se rves 

as a p r oxy. 5 This wi l l affe ct pre cision, and can lead to biased est imat ion, in part icular 

i f the e xp o sed te m pe ra ture is ve ry diffe re n t fro m the obse rved o ne. 6 In ge ne ra l, studies 

see m t o be aware of th is co nce rn and pay a tte n tio n t o avoid majo r m i sm easurem ent 

of this nature. 

A seco nd lim ita tio n is tha t the studie s e stima te h ist o ri c and sh o rt-te rm, immedi- 

a te, im pa cts. Firm s, wo rke r s, m arkets, an d re gu la t o r s m ay a da p t t o h ighe r te m pe ra- 

ture and other clim atic ch an ges, p o ssibly reducin g their im pact o n la bo r. The exte n t 

t o wh ic h ada p ta tio n ta kes place is a topic of in crea sing a tte n tio n and the subject of 

a nasce n t lite ra ture, wh ic h we discuss in the section on response. In general, our un- 

de r standing in th is ar ea r e ma ins lim ited. Ada p ta tio n wi l l also be hete roge n ou s in form 

and in the time it t ake s to re sp ond. In s ome countri es (low income), areas (rural), and 

sect o r s (ag ri cu lture, ou tdoo r), ada p ta tio n is like ly t o be s lo w er. Nev erthel ess, be cause 

ac countin g for adaptation remains a chall en ge, mo st of to day’s e stimate s ne ed to be 

seen a s sh ort-term impa cts. They may b e an upp er bound if th ere i s in crea sed adapta- 

tion in the future; they may be a lower bound if changes in c lima t e b eco me mo re seve re 

an d lea d t o h ighe r im pacts. 

Whil e s ome research discusses pot ential omitt ed variables, other studies do not. 

Yet in the a bse n ce of e xpe rime n ta l da ta, estima tes may be biased due t o o m itted vari- 

ables. One key unobse rva ble of high im po rt anc e is the capacity for adaptation. Firms or 

wo rke r s wi t h so me c haracte risti cs—e.g., m ore p r ofita ble, wea l t h ie r—may be qu ic ke r a t 

ta king ada p ti ve meas ur es, ther eby r edu cing impa ct. Other omitted variables, including 

c lima te varia bles, may a lso ma tte r. 7 

Fourt h, t he est imat ion s typi cally in cl ude locat ion fixed effects, which help to ob- 

ta in a mo re robust im p act e stima te, bu t do not shed ligh t o n the sa lie n t aspects of 

co n text. Wh ic h c haracte ristics of the local economy and labor market ma tte r most, is 

im po rtan t fo r polic y de si gn. One way to address thi s i s to carry out subsample analy- 

sis, b reaking do w n the re su lts fo r diffe re n t su bgrou ps o r loca lities a lo ng pre-medita ted 

dime nsio ns of in te rest. Anothe r a pp r oach is to focus a study on speci fic settings, ex- 

plici t ly taking into account salient chara cteristi cs, l eadin g t o ric he r in te rpreta tio n, and 

h igh ligh ting ga ps in our unde r standing. 8 

Fifth, to address the unce rta in ty a bou t fu tur e tr e nds, a separa te strand of pa pe r s 

looks at p r o jection s for the future, using simu la tio n-based a pp r oache s st arting from 

predict ed t e m pe ra ture and curre n t eco no m ic ou tco m es. They use a distinct type of 

ana lysis fro m the o ne set ou t a bo v e. Their in fe re nce is in fo rma tive, p r ov idin g a sense 

of th e gen eral trend s, albeit under speci fic a ssumption s ( Stern 2008 ). The se e stimate s 

are not the focus of a tte n tio n in th is pa pe r, a l t hou g h w e inclu de t he resul ts from a few 
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o v erv i ew studi es be cause of their in fo rma tive na ture—we me n tio n these e xpli ci t ly as 

simu la tio n studies. 

A sixth co nce rn is tha t the estima tes are ty pica lly ob ta ined fo r partia l equ i li brium. 

Ge ne ra l equ i li brium (GE) effe cts—chan ges acro ss the economy that come about from 

l inkag e s betwe en econ omi c a ct ivit ies—are neglect ed. Sp eci fic studies try to shed light 

on GE effects u sing distin ct meth o dologi es, includin g Co m pu ta ble Ge ne ra l Equ i li b- 

rium (CGE) an d Dyn am ic Ge ne ra l Equ i li brium (DGE) mo d e ls o r In pu t-Ou tpu t (I/O) 

ana lysis. Wh ile the se studie s are useful to get some idea of dat a p atterns, their results 

are quite sensitive to the und erlyin g assum p tio ns. 9 We me n tio n these studies where 

in fo rma tive, a l t hou g h the y are not c e n tra l t o our o v erv i ew. 

Desp i te t hese limi ta tio ns, the estima ted im pacts are the best w e h av e for now. Com- 

pariso n ac ross the most rig o rous studies can help as ses s the robustness of these esti- 

mat es. Ne ve rthe less, c ritica l as ses sme n t and meti culou s interpr etation r emain key, as 

discussed throu g hout the next sections. 

Labor Demand 

Clima te c han ge is expe cted t o a ffect t he dem an d fo r la bo r throu g h dive r se c hanne ls. 

Whe re c lima te c hange reduc e s ou tpu t, as the ev id ence su g gests for spe ci fic sect o r s, in- 

cludin g a g ri culture, d erived d em an d for labor wi l l typical ly go down. At th e sam e tim e, 

as the world mo v es toward greener p r od uct ion, dem an d for labor in car bon-intensi ve 

act ivit ies, like no nre newa ble e ne rgy, is an ticipa ted t o d e c line, wh ile tha t in gree n ac- 

t ivit ies is set t o inc rease. As it stands, we p o s ses s an inco m plete co m pre he nsio n of the 

net effect of c lima te c hange o n la bo r de m an d. To gain a clearer un derstan din g, se ctoral 

analysi s i s n eeded. In what follow s we p r ov id e a summary of exp ect ed c lima te im pacts 

o n la bo r de m an d in sel e cted se ct o r s. 

Agric ult ure 

Ag ri cu ltura l ou tpu t can be affected in seve ra l ways. Gr o wing e vidence do cuments how 

in crea sed heat redu c e s ag ri cultural output in low- and mi d d le-inc ome c ountries, vary- 

ing between 5 pe rce n t and 25 pe rce n t, d e pendin g on the crop, region, and time span 

c onsi der ed. 10 Incr eased rainfall is often p o sitively related to ag ri cultural output. 11 Ex- 

p o sure to c yclone s bears negative impacts. 12 

Direct im pacts o n the de m an d fo r la bo r h av e bee n obse rved ac ross seve ra l deve l- 

op ing count ry sett ings. In Mex ico extreme heat is asso ciat ed wi t h a 1.4 pe rce n t de- 

c line in rura l e m ployme n t o v e r a 28-year pe riod, drive n by wea the r-im pa cted ag ri- 

cu ltura l yie ld losses. Red uct ions are largest for non-farm labor, as a result of the re- 

duced dem an d fo r no n-agricu ltura l g oo ds ( Jess oe et a l. 2018 ). 13 In El Sa lvado r t ota l 

corn p r od uct ion d e clined by as much as 2.8 pe rce n t fo r an additio na l wee k of high 
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te m pe ra ture during the h arv est season ( Ibanez et al. 2022 ). Ag ri cultural p r oducers ad- 

justed by using more household la bo r and less hired workers, who ei t her migrate or 

c hange t o a no n-agricu ltura l job. In Bra z il a 1-standard d ev ia tio n inc rease in exc e ss 

ari dity reduced pl anted an d h arv est ed areas by 1.6 p e rce n t and 2.7 pe rce n t, respec- 

t ively, d uring 2000–2010. Ag ri cu ltura l e m ployme n t fe ll by around 11 pe rce n t, in line 

wi t h t h e n e ga tive im pact o n ag ri cu lture ou tpu t ( Albe rt et a l. 2021 ). In Ch ina, a 1 

◦C in- 

c rease in te m pe ra ture is ass ociated w i t h a 7 pe rce n t red uct ion in farm work across 

rura l co mmun iti es ( Huan g et al. 2020 ). 

Reduced dem an d for labor may especi al ly affect w om en. I n I n dia, af ter a drou g ht 

shoc k, wo me n we re 7 pe rce n t les s lik e ly t o be in e m ployme n t co m pared t o me n (1.2 

pe rce n ta ge p oin ts fo r wo me n ve r sus 0.5 pe rce n ta ge p oin ts fo r me n), they spe nd 29 pe r- 

ce n t mo re days see king wo rk, an d h av e 20 pe rce n t lowe r no n-farm wo rk days; th ose in 

farm work see their real earnings fall by 38 perc ent comp ared to 3.4 percent for men 

( Afridi et al. 2022 ). 

Mos t s tudies in ag ri cu lture su ffe r fro m a t least tw o of th e lim ita tio ns me n tio ned in 

the previous sectio n. Fir st, they abstract from adaptation behavior of farmers, which 

is like ly t o te m pe r lo ng te rm im pacts. A h an dful of studi es ac coun t fo r ada p ta tio n and 

c onsi der m ult ipl e seas ons, but the findings are dispara te. Ch in ese farm e r s u se m ore 

mac h ines t o co m pe nsa te fo r the sho rtage of la bo r arising fro m extre me hot wea the r, 

and this offsets nearly 47 pe rce n t of the sho rt -run effect s on ag ri culture yield o v er a 35- 

year period ( Chen and Gong 2021 ). One attractive method to stu dy a daptat ion ex ists 

of co m paring sho rt-te rm pane l estima tes t o lo ng-te rm diffe re nc e e stimate s. Exploit- 

ing large varia tio n in wea the r ac ross time and coun ties in the Un ited Sta tes, o ne study 

finds m in ima l lo ng-run ada p ta tio n in terms of unchanged ag ri cu ltura l in pu ts and stay- 

in g w i t h t h e sam e c rop, wh ile the cu ltiva ted area d e cl ined ( B urke and E me ric k 2016 ). 

The limited adaptation is und erstoo d to arise from farmers ei t her not being fully aware 

of a chan gin g c lima te, o r recogn iz ing th e n eed fo r ada p ta tio n bu t being una ble t o im- 

ple me n t adjustme n t. A seco nd sho rtco m ing is tha t the se studie s rare ly look a t la bo r 

ou tco me s be yond ag ri culture, and in doing so, ig n o re la bo r mob ili ty, including part- 

tim e w o rk e l sewh er e, as a mar gin of adjustme n t. Whe n la bo r is mobile (acro ss se ctors 

o r geogra ph ies) lo ng-run im pacts may be co nside ra bly sma lle r co m pared t o the esti- 

ma ted sho rt -run effect s. The section on reallocation of labor below zooms in on labor 

mob ili ty. 

Industry 

Clima te im pacts o n no n-agricu ltura l ou tpu t te nd t o be mo re p r o nounced fo r deve lop- 

in g countri es, an d stem prim arily from hot w ea the r and extre m e h ea t. Ove ra ll, indus- 

tria l va lu e-added i s found t o shrin k by 2 pe rce n t fo r eve ry 1 

◦C warm ing, bu t o n ly in 

low-inc ome c ountries ( Hsi ang 2010 ; Del l et al. 2012 ). Precip i ta tio n effects are less ro- 

bu st, th ou g h th ere i s varia tio n by re gio n ( De ll et a l. 2012 ). These im p acts se e m t o a ffect 
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indu strial e x ports fr om lo w-in come to high-in c ome ec on omies, whi ch d e cline by 2.4 

pe rce n t fo r a 1 

◦C te m pe ra ture rise bu t do not vary wi t h chan ges in pre cip i ta tio n ( Jo nes 

and Olken 2010 ). 

E m ployme n t in hea t-exp o sed industri es has re ceived spe cia l a tte n tio n in t he li tera- 

ture. Sig ni ficant impa cts of heat on the number of workers employed by man uf actur- 

ing firms are evide n t in the Un ited Sta tes, wi t h smal l pl ants in c ounti es w i t nessing a 

mo re su bstan tia l rise in long-run average t emp eratures exp eri encin g a d e cline of up 

to 6 percent ( Ponticelli et al. 2023 ). The few studies for d evelopin g countri es typically 

co nce n tra te o n ou tpu t, ra the r than e m ployme n t, an d fin d th a t ou tpu t e la sti city of la- 

bor is a primary mec han ism fo r the obse rved ne ga tive effects of h ighe r te m pe ra ture. 

I n I ndia a 1 

◦C warming in d ai ly te m pe ra ture d e pre sse s annual firm output by 2.1 per- 

ce n t ac ross manu facturing na tio nw id e o v er 15 years; this seems to be driven by reduc- 

tions in the output ela sti city of la bo r, ra the r than ca p i ta l o r othe r fact o r s of p r od uct ion 

( Som an ath an et al. 2021 ). Firm-level ev id ence from China confirms high t emp erature 

t o a ffe ct se ct o ra l ou tpu t due t o hea t exp o sure: an a ddition al hot day ( < 90 

◦F , 32 

◦C) 

ne ga tive ly a ffects ou tpu t of a lmost ha lf of th e tw o-digi t indust ria l sect o r s in Ch ina, in- 

cludin g b oth lab or-intensiv e an d cap i tal-intensive sectors, wi t h notable h eterogen eity 

in the m agnitu de of impact. For example, in timber man uf acturing, output is exp ect ed 

t o fa ll by 1.26 pe rce n t due t o an additio na l hot day, while in no nmeta l m in ing it would 

reduce by 1 pe rce n t. Im pact is insign ifican t in m edicin e man uf acturing and smelt ing of 

no n fe rrous meta ls, amo ng othe r s. Hig h-te c h industry ou tpu t is inse nsitive t o te m pe ra- 

ture s betwe en 80–90 

◦F (27–32 

◦C) but sensitive to in crea se beyond tha t, wh il e low-te ch 

industry ou tpu t i s n e ga tive ly im pacted a bo v e any of these te m pe ra ture s. The se effects 

ar e lar ge in eco no m ic te rms: whe n assum ing no additio na l ada p ta tio n, Ch inese man- 

u facturing ou tpu t wou ld b e exp ect ed t o fa ll by 12 pe rce n t annua lly ( Zhang et a l. 2018 ). 

These findings are in line wi t h in-d e pt h resear ch for t he Uni t ed Stat es on employment 

loss in heat-exposed industries ( Be hre r and Park 2017 ). 14 

The impact of cyc lo nes o n industria l ou tpu t vari es by se ct o r an d o v er tim e. In th e 

Cari bbean, one stand ard d ev ia tio n inc rease in the exp o sure t o cyc lo n es i s n e ga tive ly 

re la ted t o ou tpu t in m in ing and u t ilit ie s (-0.9 perc ent), but p o sitively related to con- 

structio n a fte r the eve n t ( + 1.4 pe rce n t) ( Hsiang 2010 ). In India, 15 these eve n ts reduced 

3 pe rce n t of firm sa l es, d est royed 2 per cent of firm assets, but h a d no impact on salaries 

o r la bo r in pu ts ac ross a pane l of manu fa cturing firm s betw een 1995 an d 2006. Ov e ra ll, 

the se imp acts tend to be short-lived and d isap p ear aft er a year, wi t h b ett er-p erforming 

industri es re coverin g faster ( Pelli et al. 2023 ). 

As wi t h t he resear c h o n ag ri cul ture, t he abo v e stu dies h av e two im po rtan t cavea ts. 

Fir st, they te nd t o co nce n tra te o n immedia te, sho rt-te rm im pact, ne g l e ctin g p ote n tia l 

ada p ta tio n. Seco nd, they ty pica lly do not accoun t fo r im pacts ou tsid e the se ct o r, wh ic h 

may be c onsi d erabl e. 
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Energy 

Dem an d for energy is exp ect ed to in crea se wi t h c lima te c han ge, refle ctin g con- 

sume r s’ sho rt-te rm respo nse and lo ng-te rm ada p ta tio n. 16 In Me xi co, ea c h additio na l 

day < 90 

◦F (32 

◦C) in crea ses m onthly el e ct rici ty consumption by 3.2 percent. As in- 

com es ri se, a ir co nditio n ing (AC ) ow ne r sh ip inc reases wi t h te m pe ra ture by 3 and 27 

pe rce n ta ge p oints, in c o ol and warm pl ac e s, re spective ly, fo r a $10,000 inc rease in an- 

nual h ou seh old in come ( D av is and Ge rtle r 2015 ). 17 

Most research on the energy sector conc entrate s on the exp ect ed impact of the shift 

t owards gree n e ne rgy, follow in g the g lobal mo v e to wards lo w carbo n, ra the r than the 

im pact of c lima te c h ange ev e n ts the mse lves. Re placin g fo ssil fuel w i t h re newa ble e n- 

ergy wi l l lead to job destruction in carbo n-in te nsiv e in dustries an d job c rea tio n in low- 

carb on se ctors. 18 Ex ist in g ev id ence su g gests a p o sitive net e m ployme n t effect in the 

e ne rgy sect o r fo r th is c lima te t ransi t ion. Beca use changes in ener gy ha ve immediate 

effe cts acro ss m ult ipl e se ctors, many of the se studie s t a ke a sect o r-wide a pp r oach and 

focus on sim ulat ion of future outcomes. 

An ex-an te I/O simu la tio n indica tes tha t if 139 coun tries we re t o co nve rt 100 pe r- 

ce n t t o c lean e ne rgy fro m wind, wa te r, and solar by 2050, 27.7 m i l lion jobs c oul d be 

lo st in hig h-carb on se ctors su ch a s oil, ga s, coal, and biofue l, wh ile a pp r oxima te ly 52 

mi l lion ful l-time jobs c oul d b e creat ed (25.4 mi l lion c on stru ction jobs and 26.6 mi l lion 

ope ra tio n an d m a in te nance jobs), resulting in a net gain of 24.3 mi l lion ful l-time jobs 

in the sect o r ( Jacobso n et al. 2017 ). Another study simulates the direct employment 

ca pa b ili ty of power plan ts ac ross the world and finds tha t re newa bles can ge ne ra t e b e- 

tween 0.1 to 4 job-years per GWh on average versus 0.1 to 2.4 job-years per GWh for 

no n-re newa bl e p owe r plan ts ( Barros et a l. 2017 ). 

A re gio na l CGE mo d e l fo r Sou t h Africa t h at an aly z e s the imp act of a sma lle r share 

of coal in th e en ergy supply mix finds an an ticipa ted d e c line in e m ployme n t in coal- 

p r o ducin g re gio ns, acco m pan ied by an in crea se in other regions due to the e xpan sion 

o f non-foss il fuel power generation, assumin g lab or mob ili ty is rel a xed ( Bohlmann et 

a l. 2019 ). Fo r the Mi d d le East re gio n, an In te gra ted As ses sme n t Mo d e l (IAM) simu la- 

tion finds that the large-scale deployme n t of re newa bles requ ired t o m eet th e re gio n’s 

GHG e m issio n s redu ction t argets, ne eds a direct wo rkfo rce of u p t o 180,000 and in- 

d irect work force of up to 115,000 jobs, in wind, solar Phot ovolta ic (PV), and Co nce n- 

trat ed S olar Power (CSP), d e pendin g on how much of the technology is man uf actured 

locally—wi t h t he number of direct jobs created per year nearly reaching 18,000 for wind 

an d w ell o v e r 90,000 fo r b oth PV and CSP ( Van d e r Zwaan et a l. 2013 ). 

While these sim ulat ion-b ased studie s p r odu ce u seful in sig hts, their findin gs are 

h igh ly se nsitive t o the mo d el ’s assum p tio ns and specifica tio ns. Rece n t meta-ana lysis 

co n firms the se nsi tivi ty of estimated net employment effects of the e ne rgy t ransi tio n t o 

the speci fic meth od ap pl ied. 19 Rig o rous eco no metric estima tio n, follow in g a spe ci fica- 

t ion like eq uat ion ( 1 ), for the energy sector itself remains scar ce. S im ulat ion m ethod s 

the mse lves are also open to imp r o v ement. 20 
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Service 

Servic e s exp o sed t o extre me wea the r co nditio ns wi l l be stron g ly affe cted. The trans- 

p ort se ctor is particularly vulnerable to h eat extrem es, h eavy rains, and floo din g. Ex- 

tensiv e a daptation of infra stru cture, ope ra tio ns, and se rvice p r ov ision w i l l li kely be 

needed to miti gate imp a ct ( Sim s et al. 2014 ). The n et e m ployme n t effect in t h is sect o r 

re ma ins unde r studi ed g lobally. Ev id e nce fro m the Un ited Sta tes indica tes tha t trans- 

po rta tio n payroll e xpen ses d e clined sig ni ficantly in h otter than usual years, thou g h it 

re ma in s un clear wh eth e r th is effect ste ms fro m reduced la bo r su pply o r d e creased d e- 

m an d for transportation ( Behrer and Park 2017 ). 

Touri sm i s anoth e r se rvi ce e xp o sed t o c lima te ri sk s. In South Africa, in fo rma l wo rk- 

e r s in t ourism-re la ted su bsect o r s in p r ovinc e s wi t h h igh t ouris t acti vi ty face t he great- 

e st v u lne ra b ili ty to drou g ht: o v erall employment in these areas d e clined by 1.2 pe rce n t- 

a ge p oints, and transp ort se ctor employment d e clines by 0.3 perc ent a ge p oints, for a 

1-standard d ev ia tio n inc rease in measured drou g ht ( Gr a y et al. 2023 ). 

Simi l ar to the energy sector, the transport industry is vu lne ra ble t o both c lima te- 

re la ted co nditio ns and the risks asso ciat ed wi t h c lima te t ransi tion—t hink economy- 

w id e carb on pricin g, c lima te-smart transpo rt p olici es, new transp o rta tio n solu tio ns, 

amo ng othe r s. As o n e of th e l eadin g co n tribu t o r s t o carbo n e m issio ns, respo nsible fo r 

24 pe rce n t of CO2 e m issio ns fro m fue l co m bustio n o n a globa l sca le, t he t ransp ort se c- 

t o r is exp ect ed to unde rg o a sig ni ficant tran sformation ( IEA 2020 ). These long-term 

and far reac h in g effe cts are of ten o v erlooked in an a lysis, bu t are c rucia l fo r sha ping ef- 

fe ctive p olici es. The se ctio n o n Go v e rnme n t polic y re spon se discu sses poli cy e x am ples, 

includin g carb on tax and energy pricing, and their impact on employment. 

Labor Supply and Time Allocation 

Changes in c lima te may a ffect la bo r su pply and time u se in variou s ways. Fir st, wea the r 

co nditio ns may encourage wo rke r a bse n teeism. In India, a rise in the 10-day average 

te m pe ra ture by 1 

◦C WBGT 

21 in crea sed the p r oba bility of a bse n teeism amo ng stee l 

wo rke r s by 2 pe rce n t and among garme n t wo rke r s by 10 pe rce n t, bu t not fo r pi e ce- 

ra te wo rke r s in c loth-weav in g fact o ries ( So m an ath an et al. 2021 ). Wo rke r s in Ch inese 

man uf a cturing, h owever, are not more absent on hotter days ( Cai et al. 2018 ). 22 

Wea the r co nditio ns may also encourage shirking. The quality of re p orted data 

amo ng De mogra ph ic and Hea l t h Survey (D H S) int erv i ewers d e clined sig ni ficantly on 

hot days, wi t h more missing re sponse s per interv i ew on average, while the total num- 

ber of interv i e ws c onduct ed p er int erv i ew er rem ained unch anged ( LoPalo 2023 ). 23 

S econ d, workers may adjust the distribu tio n of work time in response to weather 

shoc ks. In o ne ex am ple wo rk time is rea lloca ted fro m farm t o off-farm wo rk. Indian 

h ou seh olds that e xperien ced a p ersist ent annual d e cline in farm income due to drying 

u p we lls (caused by c lima te c hange) are 12 pe rce n ta ge p oin ts mo re like ly t o de rive in- 

co me fro m off-farm e m ployme n t. These added earn ings co m pe nsa te fo r inco me lost, 
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l eav in g t ota l h ou seh old rev enue un a ffected ( Bla ke sle e et al. 2020 ). Nei t h er w o rk re la ted 

m igra tio n no r e m ployme n t in nearby vi l l ages, no r c hanges in ag ri cu ltura l pra cti c e s, 

pl ayed a simi l arly l arge rol e in offsettin g the fal l in inc o me. Ide n tica l sh ifts t o no n-farm 

activity h av e bee n obse rved in rura l Ch ina. 24 Ra in fa ll shoc ks in duce an a log ous be hav- 

io ra l pa tte rns. In Bra z il mo re wo rk hour s are a lloca ted t o no n-agricu ltura l act ivit ies at 

times of ne ga tive ra in fa ll shoc ks, wi t h st ro nge r effects for h ou seh olds in low-income 

mun icipa lities ( Branco and Feres 2021 ). 

In some cases, wo rke r s see m t o rea lloca te time between leisure and la bo r. Wo rk- 

e r s in hea t-exp o sed industri es in t he Uni t ed Stat e s reduc e their d ai ly l a bo r su pply by 

a s mu ch a s 1 h our a t te m pe ra tures a bo v e 85 

◦F (29 

◦C); this reduced w ork tim e i s pri- 

mari ly repl aced by indo o r leisure ( Gra ff Ziv in and Neid ell 2014 ). 25 In another US study 

ma le wo rke r s la bo r 30 m inu tes lo nge r o n ba d w ea the r o r ra iny days (u p t o 48 m inu tes 

in dry re gio n s), and redu ce w ork tim e on th e d ay fol low in g a r ain y da y t o ma ke u p fo r 

the previous day’s lost leisure ( Connolly 2008 ). It is unclear whether shifting act ivit ies 

across time is as co mmo n in d evelopin g countri es, as the ex ist in g ev id e nce is m ixed. In 

rura l Ch ina, mo re gr o w in g-seas o n Harm fu l De gree D ay s—d efined as day s w i t h te m pe r- 

a tures a bo v e 32 

◦C—in crea ses the p r obab ili ty of a time sh ift t o leisure fo r me n ( Huang 

et al. 2020 ). The aforem ention ed D H S int erv i ewers work more hours per day during 

hotter than usual periods. 26 

La bo r su pply respo nse may a lso vary by ge nde r. Wo me n te nd t o h av e l ess opp or- 

tun ity t o dive r si f y in t o othe r tasks a t times of wea the r shoc ks, p o ssibly e xa c erb ating 

ex ist in g gend er gaps in the labor market. 27 

Toget her t he se studie s su g gest that workers m ay a dapt their labor supply in the 

sho rt te rm in respo nse t o c hanges in c lima te. Most of the curre n t studies a bstract fro m 

ada p ta tio n, wh ic h re ma ins unde r studied. 28 

A gr o w in g lite ra t ure st udi es the p o ssibl e me c han isms be h ind the obse rved sho rt- 

te rm c hanges in la bo r su ppl y. Earl y work, primaril y based on m acro an aly sis, conje c- 

tured the d e cline in the te m pe ra ture-se n sitive ag ri cu ltura l sect o r as a majo r fact o r 

( Jones and Olken 2010 ; Dell et al. 2012 ). Recent ev id ence und erlin es th e im po rt anc e 

of heal t h ( Desc he nes 2014 ). 

Exp o sure to extreme t emp erature has a direct impact on the b o dy: it strains car- 

diovascu lar, respira t o ry, and ce re b r ovascu lar syste ms. This a ls o l eads t o inc reased 

mo rta lity ri sk s. Desc rip tive e m pirica l findings unveil a U-shaped relationship between 

extre me te m pe ra ture s and hei gh te ned mo rta lity, particu larly p r o nounced in poo re r 

coun tries whe re dea th ra tes are disp r opo rtio na te ly h ighe r, u p t o 50 pe rce n t in so me 

in stan ces, co m pared t o mo re a fflue n t coun tri es ( Carl et o n et a l. 2022 ). An additio na l 

hot day wi t h a mean te m pe ra ture a bo v e 36 

◦C in crea ses annual m ortal ity in Ind ia by 

0.75 pe rce n t ( B urg ess et a l. 2017 ). In the Un ited Sta tes, the num be r of days wi t h tem- 

pe ra ture a bo v e 90 

◦F ( < 32 

◦C) is asso ciat ed wi t h a 0.11 per cent in crea se in m ortality, 

a fte r accoun ting fo r ada p ta tio n a t ho me ( Desc he nes and Gree nst o ne 2011 ), while an- 

nua l mo rta lity is estima ted t o inc rease by up to 3 percent by 2100. 29 Hot-day related 
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fa ta lities fa ll wi t h acc e ss to re side n tia l a ir co nditio n in g ( Barre ca et al. 2016 ). Average 

te m pe ra ture is als o p o sitive ly re la ted t o su icide ra tes and ne ga tive ly re la ted t o me n ta l 

well-bein g, w i t h ada p ta tio n (like air co nditio n in g) hav in g li tt le impact. A 1 

◦C in crea se 

in the mo n th ly ave rage te m pe ra ture inc reases su icide ra tes in Me xi co 2.1 pe rce n t, co m- 

pared to 0.7 percent in the United St ate s ( Burke et al. 2018 ). 30 

The h eal t h effects of te m pe ra tur e ar e further a g gravated by air poll ut ion ( Graff Zivin 

and Nei del l 2013 ) and humidity ( Barreca 2012 ), both of wh ic h ne ga tive ly im pact hea l t h 

directly. Not co n trolling fo r hum idity in equa tio n ( 1 ), leads to 0.9 pe rce n t lowe r mo r- 

talit y r ates for the Unit ed Stat e s, undere st imat in g the p otenti al c ost of c lima te c hange. 

Na tura l disaste r s a ls o l ead to d ea th. Ex am in ing the 2004 Indian Ocean Tsunami 

in Indonesia as a na tura l expe rime n t, a stu dy fin ds th at in dividu a ls lac kin g phy sical 

st rengt h, such as c h i l dren and older a dults, an d those who c oul d not find help from 

a physica lly stro ng pe r so n, we re les s lik e ly t o s urvi ve the ca lam it y ( Fr an ke n be rg et a l. 

2011 ). 

A s ub-s t rand of t he li te ra ture looks a t lo ng-te rm effects o n human ca p i tal, an d fin ds 

tha t c lima te c han ge re prese n ts a majo r threa t t o hea l t h and ed ucat ion d uring chi l d- 

h ood, whi ch are likely to affect employment outcomes later in life. 31 

On-the-Job Productivity, Wages 

S ev e ra l studies ex am ine how c lima te c hange a ffects o n-the-job p r od uct ivity. The se p a- 

pe r s te nd t o follow the app r oach set out in eq uat ion ( 1 ), but the level of observation 

diffe r s, l eadin g to est imat ion at the micro, meso, or m acro lev el, which each measure 

and define wo rke r p r od uct ivi ty in t heir o wn way. Micr o studies focus o n obse rved in- 

dividua l wo rke r pe rfo rmance, ou tpu t o r wa ges as the l ef t-h an d si de vari abl e. 32 Studi es 

at the sector or economy w id e l evel typical ly c onsi der output per worker, using an ag- 

gre ga te eco no m ic indica t o r suc h as ou tpu t, va lue-added, o r GDP, div id ed by re p orted 

num be r of wo rke r s e m ployed. 33 

In crea sed t emp er ature gener ally has an adve r se effect o n la bo r p r od uct ivi ty, and t his 

see m t o h old a cro ss settin gs, spe ci fica tio ns, leve ls of obse rva tio n, and ty pes of ou tpu t. 

Thi s i s co n firmed by a rece n t rev i ew o f a subset o f studies ( La i et a l. 2023 ). Mic ro-leve l 

analy sis in d evelopin g countri es finds a ne ga tive re la tio nsh ip betwee n prod uct ivity and 

te m pe ra ture ac ro ss various industri es and oc cu pa tio ns. In In dia’s m an uf acturin g se c- 

t o r, a 1 

◦C in crea se on a hot day reduc e s la bo r p r od uct ivity by 2–4 pe rce n t ( So m an ath an 

et al. 2021 ). For garment factories in India, p r od uct ivi ty effects of re la tive ly hot days 

are in the m agnitu de of -2 pp/ + 1 

◦C fo r te m pe ra tures a bo v e 27 

◦C-28 

◦C ( Adhvaryu et 

al. 2020 ). Workers’ data fr om non-climate-contr olled man uf a cturing firm s in China 

su g gest a U-shaped relationship: t emp erature is p o sitively c orrel ated wi t h p r od uct iv- 

ity u p t o 78 

◦F ( ∼25 

◦C), a fte r wh ic h p r od uct ivi ty declines wi t h furt he r warm ing ( Ca i et 

al. 2018 ). Hig h-wa ge p r o fess ion s, su ch a s p r o fess ional tennis players, exhib i t a nega- 

tive respo nse t o hot te m pe ra ture, wi t h player perform ance observ ed to d e cline in b oth 
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co ncurre n t, and t o so me exte n t, su bseque n t game s, p arti cularly n oti ceable am ong 

l ess-experi enced players ( Burke et al. 2023 ; Picchio and Van Ours 2023 ). 

In many settings, the ou tpu t of in dividu a l wo rke r s is not readily obse rva ble. Still, 

much can be learned from analyzing labor p r od uct ivity at the firm le vel. O ne app r oach 

is to c onsi der the change in firm Total Factor Prod uct ivity (T FP) o b ta ined fro m esti- 

mating a p r od uct ion f unct io n. Firm-leve l ana lys is o f 500,000 Ch inese manu facturing 

plants finds heat stress to be stron g ly related to econ omi c output ( Zhang et al. 2018 ): 

a day wi t h a te m pe ra ture a bo v e 90 

◦F (32 

◦C) lowe r s TFP of the average man uf acturing 

firm by 0.56 pe rce n t re la tive t o a day wi t h a te m pe ra ture betwee n 50–60 ◦F (10–15 

◦C), 

resulting in 0.45 percent lower output. Prod uct ivity losses tend to be larger for work- 

e r s in hea t-exp o sed industri e s. 34 In Chine se man uf acturin g, the largest lo sses in value 

added pe r wo rke r o n hotte r summe r day s oc cur in industri es wh ere w o rke r s are h igh ly 

exp o sed to heat while air conditioning is largely infeasible; these inc lude fe rrous meta l 

m in ing (-48.7 pe rce n t/ + 1 

◦C) and tim be r (-41.2 pe rce n t/ + 1 

◦C) ( Che n and Yang 2019 ). 

Losses in ag ri cu ltura l TFP in China are estimated at 2.6 percent for every a ddition al 

day wi t h a te m pe ra ture of more than 33 

◦C during the year ( Chen and Gong 2021 ). 

These findings are co nsiste n t wi t h coun ty-leve l payrol l evi de nce fro m the United 

St ate s indicating that labor p r od uct ivity in h igh ly-e xposed n on-ag ri cu ltura l industries, 

su ch a s ut ilit i es, minin g, and man uf acturin g, d e clines by a s mu ch a s 50 pe rce n t o n a 

wo rkday a bo v e 95 

◦F (35 

◦C), a nine-fold impact relative to less e xposed indu stries, al- 

thou g h the re see ms t o be ada p ta tio n whe n eva lua ting c ross-coun ty diffe re nc e s ( B e hre r 

and Park 2017 ). 35 

In indo or c ontrol l ed env ir onments, p r od uct ivity te nds t o be sim i l arly ne ga tive ly as- 

so ciat ed wi t h te m pe ra ture, ofte n in a no n-linear, U-sha ped way. A m eta-analysi s of in- 

door office, la bo ra t o ry, and c lassroo m settings finds task pe rfo rmance t o inc rease un til 

reac h ing a ceiling at 21- 22 

◦C, wi t h furt he r inc reasing te m pe ra ture fro m 23 

◦C t o 30 

◦C 

resulting in a 9 percent p r od uct ivity loss ( Seppanen et al. 2006 ). Observational find- 

ings fro m ca ll ce n te r s in India a ppear t o indica te a d e clin e in w o rke r p r od uct ivity of as 

mu ch a s 1.8 pe rce n t fo r eac h 1 

◦C rise wi t h in a te m pe ra ture range of 21 . 9 

◦C to 28 . 5 

◦C 

( Nie me la et a l. 2002 ). Stude n t pe rfo rman ce am ong c ol le ge e n tran ts in Ch ina d e clined 

by 2.9 pe rce n t of a standard d ev ia tio n fo r a 1 

◦C inc rease in mean te m pe ra ture of 23 

◦C 

during the exam perio d—w i t h a more p r on oun ced effect for hig h-performin g stud ents 

( Graff Zivin et al. 2020 ). These impacts are larger than those found among stude n ts of 

simi l ar age in New York (-1.60 perc ent/ + 1 

◦C ) ( Park 2022 ), p o ssibly due to lower unob- 

serv ed a d aptation, li ke acc e ss t o a ir co nditio n ing. 

Heal t h is in crea sin g ly seen as an im po rtan t media t ing f act o r. Whe n hea t exc e eds 

c ert ain thre shold s, n egative phy siological resp on ses su ch a s respiratory disea se and 

car diovascular str ain, hig her l evels of f at igue and e xhau stio n, hea t strokes, and cog- 

n itive im pa irme n t can a ffe ct b o dy and brain f unct io n ing, ty pica lly reducing wo rk ca- 

pacity while on-the-job and potenti al ly l eadin g to work-related injuries ( Zander et al. 

2015 ; Park et al. 2021 ; Filo me n a an d Picc h io 2023 ). One ada p tive respo nse t o cope wi t h 
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t hese effects is t o reduce la bo r effo rt. D H S int erv i ewers reduce their labor effort on 

hotter and mo re hum id than usual days, co m pl etin g 13.6 pe rce n t fewe r in te rv i ews per 

hour ( LoPalo 2023 ). Descriptive analysis for India finds that ric e harve ste r s se lf-re p ort 

hea t ex ha ust io n, pa in, sig n s of cardiova scu lar stra in, during wo rk o n hot days, wh ic h 

caused a reduction in the num be r of rice bundles c ol l e ct ed p e r wo rke r—the equ iva le n t 

of 5 pe rce n t lowe r hourly p r od uct ivity pe r wo rke r pe r 1 

◦C a t WBGT < 26 

◦C ( Sa hu et a l. 

2013 ). E me rgin g ev id ence su g gests tha t wo rke r s may acc lima tize t o hea t exp o sure as 

the b o dy may d eve lop hea t t ole rance o v e r time, wh ic h may mu te p r od uct ivity loss, but 

mor e r esearch is needed to unde r stand th is re la tio nsh ip. 36 

An a lte rna tive respo nse is t o inc rease the num be r of r est br ea ks. Fie ld expe rime n ta l 

ev id e nce fro m Indo n esia find s w o rke r s in defo rested settings tha t lac k na tura l c o ol- 

in g serv ic e s to be 8 pe rce n t less p r od uct iv e an d ta ke 44 pe rce n t mo r e br eak s; th ey are 

foun d to h av e a 0.14 

◦C h ighe r medi an c ore b o dy te m pe ra ture and expe rie nce 39 pe r- 

ce n t c han ce of m o d e ra te hy pe rthe rm i a ( Masud a et al. 2021 ). Taking mor e br eaks was 

found to be the key mec han ism throu g h wh ic h p r od uct ivity declined, as work effort 

measured by phy sical activ ity usin g an ac cel er ometer s ho wed no diffe re nc e s betwe en 

th e tw o groups. 

These m ic ro im pact estima tes p r ov id e imp ortant compl ement ary insi ghts to 

m acro-lev el estim ate s. First, the y su g gest t hat t he la tte r may unde restima te the eco- 

no m ic costs of c lima te c hange whe n not ta king o n the job p r od uct ivity losses in t o 

ac count. Se cond, they prese n t a c hanne l throu g h wh ic h ou tpu t lo sses oc cur, fo rma lly 

testing a hypoth esi s m a de by early research. 37 

The primary focus on sho rt-te rm effects, and limited attention for adaptation, may 

mean t hat t he se imp acts wi l l be smal ler in the long run. Neve rthe l ess, ma gnitud es of 

p r od uct ivity losses may be s ubs tan tia l. 38 

Income, Vulnerability Among Self-Employed 

Chan gin g wea the r pa tte rn s in crea se vu lne ra b ili ty and varia tio n in inco m e of th e self- 

e m ployed, especia lly in ag ri culture, in crea sing th e ri sk of po v e rty. Rece n t ana lyses us- 

ing a d ai ly po v erty threshold of $1.90 reveal that wi t h each 1 

◦C in crea se in t emp era- 

ture, th e h ea dcount po v ert y r a te esca la tes by u p t o 2.1 pe rce n t. The im pa ct is m ost p r o- 

n oun ced in ag ri cu lture-depe nde n t re gio ns in Su b-Sa h aran Africa an d South Asia ( D an g 

and Trinh 2022 ). Particularly vulnerable to climatic vari abi lity are smal l hol der farmers. 

In co m pariso n t o large r farms, sma l l hol de r s in a sam ple of Su b-Sa hara African coun- 

tri es experi ence, on avera ge, a 20 perc ent a ge p oint d e crease in per cap i ta expendi ture 

and a 15 pe rce n ta ge p oint rise in the extreme po v ert y r ate—l argely attri butable to flo od 

shoc ks, and t o so me exte n t, drou g h t shoc ks ( Azzarri and Signo re lli 2020 ). The poorest 

popu la tio ns, wh ic h ty pica lly inc lu de sm al l hol de r su bsiste nce farme r s, ar e ar gua bly h it 

h ardest an d most freque n tly by c lima te c h ange ev e n ts. 39 Their live li ho o ds d e pe nd mo re 

o n na tura l as sets lik e lan d an d liv est oc k, te nd t o be co nce n tra ted in c lima te-se nsitive 
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act ivit ies, such as farming, forestry and capture fish eries, and they ar e mor e likely to 

live in hotter, drier, and more flood-p r one locations ( Nordhaus 2006 ). 

The rural poor in d evelopin g countri es typically h av e limited capacity to cope wi t h 

an d m an age th e ri sk s ari sing from n egative incom e shock s, a s sh own by a large b o dy 

of researc h, inc luding shoc ks ste mm ing fro m c lima te varia b ili ty. For in stan ce, h ou se- 

holds’ main liquid assets hardly reco v e red t o pre-fam ine leve ls a d e cad e a fte r the 

famine of the mid-1980s in the Horn of Africa, even thou g h they h a d used m ult iple cop- 

ing stra te gies. Ca ttle holdings we re, o n ave rage, two-th irds in value terms of what they 

we re befo re the fam ine ( De rco n 2002 ). Additio na lly, we have lim ited unde r standing of 

lo ng-te rm ada p ta tio n in ag ri cu lture in deve loping coun tries. Ex ist ing work su g gests 

th at a daptation is of ten sub-optim al, b oth acro ss sp ac e an d time, as w e di scuss in th e 

sectio n o n Firm , farm , h ou seh old and wo rke r respo nse, p o ssibly due to p oo r ince n tives 

o r h ig h co st of ada p ta tio n, and mo r e r esearch i s n eeded. 40 

Rig o rous researc h o n the distribu tio n of im pacts—fo r in stan ce a cross in com e level s 

o r occu pa tio ns—re ma ins mostly a bse n t fo r deve loping coun tries. 41 The most advanced 

insights in this area are those re la ted t o rea lloca tio n and m igra tio n, wh ic h is wha t we 

turn to next. 

Reallocation of Labor 

The impacts of clim ate ch an ge on lab or d em an d, supply an d p r od uct ivit y ma y in turn 

lead to a reallocation of labor. Climate migration has received much attention in the 

lite ra ture. 42 Change in the sect o r of wo rk—wh ic h may c oinci d e w i t h m igra tio n—has 

been studied less. We discuss each in turn. 

Sec toral Reallocat ion 

Rece n t researc h, primari ly c onducted in Indi a, de mo nstra tes how agricu ltura l p r oduc- 

tivity shocks caused by chan gin g wea the r co nditio ns can lead to a reallocation of labor 

from ag ri culture to man uf acturing and servic e s. B etwe en 2001 and 2007, a rise of 1 

◦C 

in the d ai ly average t emp eratur e corr esp ond ed to a d e crease of 7.1 perc ent a ge p oints 

in ag ri cu ltura l e m ployme n t, an inc rease of 2.0 and 3.4 pe rce n ta ge p oints in man uf ac- 

turing and servic e s e m ployme n t, respective ly, and a 0.7 pe rce n ta ge p oin t inc rease in 

di strict-level un employm ent ( Colm er 2021 ). Rural h ou seh olds th at h av e e xperien ced 

d e pl etion of their first bore wel l wi t hin t he past te n year s are four pe rce n ta ge p oints 

mo re like ly t o see their adu lt me m be r s e n ga gin g in non-a gricu ltura l off-farm work 

( Blake sle e et al. 2020 ). 

Fl exibl e and in te gra ted la bo r markets can facilita te rea lloca tio n and e xpan sion in 

the re ceiv in g se ct o r. In mo re flexibl e loca l la bo r m arkets in In dia, an in crea se in the 

d ai ly average t emp erature is linked to a 10 percent gr o wth in output and a 14.6 percent 

in crea se in the number of contract workers in formal man uf a cturing firm s. Conversely, 
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in the less flexible la bo r markets, the re was a d e c rease in e m ployme n t, mark ed b y a 

12.9 pe rce n t red uct io n in firm ou tpu t and a 14.8 pe rce n t d e crease in the p r opo rtio n of 

co n tract wo rke r s ( Colme r 2021 ). The ma jori ty of wo rke r s who ar e r eassign ed in th e less 

flexibl e lab or markets t ransi tion to smaller, informal man uf acturin g compani es. 

Ot her resear ch confirms t h at clim ate ch ange m ay ac cel erat e str uctural change. In 

Bra z i l, ec o no m ic activity in localiti es w ith hig her incid ence of drou g hts durin g 2000–

2010 shi fted m ore rapi d ly towards man uf acturing, where employment in crea sed nearly 

8 pe rce n t wh il e a g ri cu ltura l e m ployme n t reduced by 11 pe rce n t ( Albe rt et a l. 2021 ). 

Among Indian rural h ou seh olds wh o se first b o rewe ll fa iled, the ca pacity t o dive r- 

si f y in t o no n-agricu ltura l e m ployme n t h inged o n t he st ructure of t he loca l eco no my 

( Blake sle e et al. 2020 ). In dividu als w er e mor e likely to leave their ag ri cu ltura l jobs in 

vi l l ages wi t h more and larger firms and a more industrialized rural economy. 

Loca l de m an d also m atters. Falling ag ri cu ltura l e m ployme n t and p r od uct ivity can 

lea d to low er dem an d for labor in the non-trad eabl e se ctor throu g h backward and for- 

ward l inkag es, while man uf acturing employment may at the same time expand wi t h 

la bo r beco m ing c hea pe r ( Albe rt et al. 2021 ; Liu et al. 2023 ). Li ke wise, an in crea se in lo- 

ca l de m an d can p r omote the s h ift of la bo r fro m ag ri cu lture t o no n-agricu ltura l sect o r s 

in response to p o sit ive rainf all sh ocks, a s higher incomes st im ulat e great er dem an d for 

local p r o ducts and serv ic e s. Estimate s s ho w th at a 1-stan dard d ev ia tio n a bo v e local av- 

er age r ainf all d uring the main gr o w in g seas on in rural India in crea sed the p r obab ili ty 

of h ou seh olds hav in g a primary oc cu pa tio n in the no n-agricu ltura l sect o r by 1.1 pe r- 

ce n ta ge p oin t ( E me ric k 2018 ). 

The influ ence of climate change on structural transformation is garnering gr o wing 

in te rest and prese n ts a p r o m ising ave nue fo r fu tur e r esearch. 43 

C lim ate Migration 

Varia tio ns in c lima te can a ffe ct peopl e’s ch oi c e s to mi grate in search of employment 

oppo rtun ities. 44 S ev e ra l aspects of th is re la tio nsh ip warran t inve sti ga tio n. 

Multipl e studi es obse rve a stro ng co rre la tio n betwee n m igra tio n an d rising tem per- 

atures . Highe r te m pe ra ture induc e s wi t h in-coun try m igra tio n fro m rura l t o urban ar- 

eas in Mexico, as well as cro ss-b ord er migration to the United St ate s ( Naw rotzki et al. 

2015 ; Jessoe et al. 2018 ). An a ddition al Harmful Degree D ay—d efined as a day wi t h an 

in crea se in t emp erature from 32 . 5 

◦C to 33 . 5 

◦C —in crea ses the p r obab ili ty of migrating 

to urban areas and to the Unit ed Stat es by 1.4 percent and 0.3 percent, respectively. 

In El Sa lvado r, an extre m e ri se in te m pe ra ture d e creases a gricu ltura l p r od uct ivity and 

t ota l p r od uct io n. To co m pe nsa te the loss in income and escape po v erty, farmers cut 

bac k their de m an d fo r h ired wo rke r s, wh ic h in turn leads t o ou t-m igra tio n, inc lud- 

ing to the United St ate s ( Ib anez et al. 2022 ). Heat stress is found to be stron g ly re- 

la ted t o lo ng-te rm m igra tio n in Pa kist an, p articu larly fo r me n wh o m ostly m o v e long 

dist anc e s, including ab r o ad, whil e w om en often mo v e wi t hin geog raphi cal area s and 
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vi l l ages ( Muel le r et a l. 2014 ). 45 I n I ndo nesia, h ighe r te m pe ra ture ra i ses th e p r obab ili ty 

of pe rmane n t h ou seh old mig ration in non-linear ways, by 0.8 percent wh en th e m ean 

te m pe ra ture inc reases fro m 26 

◦C t o 27 

◦C , and by 1.4 pe rce n t whe n it inc reases fro m 

27 

◦C to 28 

◦C ( Bohr a-Mishr a et al. 2014 ). 

Migra tio n is a lso re la ted t o d e creases in rainfall . Ev id e nce fo r Indo nesia indica tes 

that ag ri cultural h ou seh olds affected by unanticipated low rainfall are more likely to 

h av e a h ou seh old me m be r m igra te t o a nearby area ( Kleemans and Ma grud er 2018 ). In 

China, a one-standard-d ev ia tio n d e cline in rainfall, sig ni f ying a negative rainfall shock 

co m pared t o the lo ng-te rm ave rage, is asso ciat ed wi t h a 4.5 pe rce n t red uct ion in agri- 

cu ltura l la bo r and a 5 pe rce n t inc rease in m igra tio n t o urban areas. Thi s effect i s partic- 

ularly p r on oun ced am on g youn g er ind ividua ls ( Mina le 2018 ). In Ban g lad esh, the like- 

li ho od of in te rna l m igra tio n rises when a higher perc ent age of h ou seh olds fa ce crop 

f ail ure d ue to floo din g ( Gr a y and Mue lle r 2012 ). 

Studies ex am in ing fluctua tio ns in both te m pe ra ture and precip i ta tio n indica te tha t 

the re la tio nsh ip betwee n precip i ta tio n and m igra tio n is less robust and less p r o- 

n oun ced co m pared t o tha t wi t h h eat and ri sing te m pe ra tures. Wh ile ra in fa l l and flo od- 

ing can p r o m p t te m po rary and sh ort-distan ce m o v e me n t in Pa kistan an d In done- 

sia, pe rmane n t m igra tio n te nds t o be predo m inan tly lin ked t o te m pe ra ture inc rease 

( Bohr a-Mishr a et al. 2014 ; Mue lle r et al. 2014 ; Kleemans 2015 ). Rece n t studies for the 

Un ited Sta tes i l lust rate t hat t he se mi gration p atterns can play a pivotal role in shaping 

the geogra ph ic landsca pe of popu la tio n gr o wth ( Ob ol e nsky et a l. 2024 ). 

Researc h o n the m igra tio n im pact of na tura l disaste r s te nds t o find a strong re- 

la tio nsh ip, thou g h ev id e nce fo r deve loping coun tries re ma ins scarce. In the United 

St ate s, regions affected by torn a does in the early 1900s ex h ib i t increased net e m igra- 

tio n, whe r eas ar eas su bject t o floo din g experi en ce g reater inward mig ration, likely 

du e to th e go v ernment’s recon stru ction efforts in flood-p r one r egions, r end erin g them 

mo re a ppea ling fo r eco no m ic activity ( Boustan et al. 2012 ). 

In a simi l ar vein, the Dust Bowl of the 1930s in t he Uni t ed Stat es, charact eri zed by 

severe dust st o rms and drou g h t tha t rava ged the U S Grea t Pla in s, wa s found t o trigge r 

s ubs t antial emi gration from impacted regions, causing a decline in the local popula- 

tio n ( Ho rn bec k 2012 ). 46 Migra tio n p r o m p ted by na tura l disaste r s may media te lowe r 

loca l eco no m ic gr o wth. On av erage, annu al econ omi c g r o wt h f ell by 0.45 perc ent age 

points in hurri cane-e xposed US coa sta l coun ties, of wh ic h 28 pe rce n t are a ttribu ted 

t o the re loca tio n of wea l t hy individuals ( St robl 2011 ). Scar ce ev id e nce fo r deve loping 

coun tries indica tes tha t in te rna tio na l m igra tio n t o O EC D countri es is p o sitively re- 

lated wi t h natural disasters in the mig rants’ h ome country. How ev er, t he intensi ty of 

th is re la tio nsh ip fluctua tes d e pendin g o n the na ture of th e di saster and th e geograph- 

ica l re gio n in q uest io n ( Dra bo and Mbaye 2015 ). 

Clima te m igra tio n see ms t o acce le ra te urban iza tio n u p t o so me lim i t. Precip i ta- 

tion is p o sitive ly re la ted t o urban iza tio n in Su b-Sa h aran Africa ( B arrios et al. 2006 ). 47 

120 The World Bank Research Obse rve r, vol. 40, no. 1 (2025) 

D
ow

nloaded from
 https://academ

ic.oup.com
/w

bro/article/40/1/104/7667505 by W
O

R
LD

BAN
K TH

IR
D

PAR
TY user on 05 February 2025



But moisture, mea sured a s a f unct ion of precip i ta tio n and eva pot ransp ira tio n, is neg- 

a tive ly associa ted wi t h t he a bso rp tio n of farm wo rke r s in t o the urban la bo r fo rce 

a cross 29 Afri can countrie s, e speci al ly in cities wi t h a stro ng manu facturing prese nce 

( He nde r so n et al. 2014 ). 

Causa l ide n ti fica tio n re ma ins a c ha lle nge whe n ana lyz ing c lima te m igra tio n. Im- 

p act e stimate s may refle ct pu ll as we ll a s pu sh fa ct o r s, and a ttribu tio n t o a sin g l e el- 

e me n t is ofte n im p o ssibl e ( Muell e r et a l. 2020 ). 48 The im plica tio n fo r policy is tha t, in 

many in stan ces, it may be more effective to p r omote o v eral l l abor market integration 

ra the r than focusing on speci fic g rou ps o r measures. How ev e r, the re is a un ique case 

when it comes to conflict, which is freque n tly o v erlooked in the an alysis. 49 

Wh ile the a bo v e stu dies look at actual changes in climate, recent research for the 

Un ited Sta tes fin ds th at in dividu a ls’ expecta tio ns of dete rio ra ting future c lima te can 

sig ni ficantly lead to relocation ( Bi l al and Ros si-H ansberg 2023 ). 

In ge ne ra l, c lima te m igra tio n te nds t o be see n as a cop ing st ra te gy t o a ll ev iate liq- 

ui dity c ons traints s temming from climat e-relat ed sho cks ( Kleemans 2015 ; Ba zz i 2017 ), 

bu t a t th e sam e tim e frequ e n tly nec e ssit ate s acc e ss to cap i t al ( Catt aneo and Peri 2016 ). 

Redu ced m ob ili ty barrie r s can am pli f y the role of mig ration a s an ada p ti ve meas ure 

wher e r el evant, effe ct ively mit igat ing a s ubs tant ial port ion of the welfare losses high- 

lighted in climate studies ( Cruz and Ros si-H ansberg 2021 ; Conte 2022 ). 

Response to the Impact of Climate Change on Labor 

E con omi c a ctors respond to the labor impact of climate change both throu g h adap- 

ta tio n and m itiga tio n. This sectio n ex am in es th e obse rved respo nses of firms, farms, 

h ou seh old s, and w orkers to th e first order labor impacts of climate chang e d iscussed 

earli er, w i t h su bseque n t focus o n g o v e rnme n t polic y re sponse s. 50 

Methods and Identification 

How do eco no m ic age n ts respo nd t o a man ifested im pact of c lima te c hange o n la bo r? 

The nasce n t lite ra ture in th i s area follow s on e of three app r oach es wh en analyzing th e 

response of firms and wo rke r s. 

A fir st grou p of stu dies inv e sti gate s the ext ent of ad a pt ati on , r egr essing observed 

ada p tive be havio r o n te m pe ra ture. A co mmo n ex am ple is a firm’s adop tio n of a ir co n- 

ditio n ing t o im p r o v e wo rke r p r od uct iv ity. The analy s is is s imi l ar to the one presented 

in eq uat ion ( 1 ), wi t h t he ada p ta tio n be havio r as lef t-h an d si de vari able. 51 

A seco nd fam ily of pa pe r s focuses o n how adop tio n mo d e ra tes the im pact of c lima te 

o n la bo r. In th is a pp r oac h ada p ta tio n e n te r s as a righ t-h an d si de vari able in eq uat ion 

( 1 ) where it is in te racted wi t h t he c lima te varia ble. Fo r in stan ce, one can study whether 

the adop tio n of AC a lte r s the im pact of te m pe ra ture o n wo rke r p r od uct ivity. While 

this does not amount to causal testing of the underlying mec han i sm, th e ob ta ined 
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e stimate s enable as ses sm ent of wh eth er th e im pact of c lima te—in th is case 

te m pe ra ture—o n wo rke r p r od uct ivity varies wi t h adop tio n. 52 The same app r oach can 

be used to eva lua te the ada p ta tio n ca pa city of speci fic subg roups (e.g., gen der an d in- 

come in the case of wo rke r s, size and p r ofitab ili ty for firms; firms; re gio ns; o r indus- 

tries). 53 

A th ird a pp r oac h co m p are s the sho rt-te rm im p act e stimate s obt ained from equa- 

tion ( 1 ) wi t h e stimate s obt ained from a long-term-di fferen ce eq uat ion (which differ- 

enc e s out sh ort-term un observ ed ch anges) to get an app r ox imat ion for adaptation 

o v er time (see Dell et al. 2014 ; Hsiang 2016 ). This app r oach can be used to e valuat e 

i f sh o rt-te rm im pa cts are offset in the lo ng te rm. 54 

These app r oaches suffer fr om some of the lim ita tio n s discu ssed earlier, in particu- 

lar th at actu al t emp erature (or another clim ate ch an ge variabl e) to which workers are 

exp o sed re ma in unobse rv ed, an d th at the estim ates are for partial equi li brium o n ly. 

How go v ernments respon d is typically as ses sed using the classic tools from impact 

eva lua tio n. Few studies are able to repo rt rig o rous estima tes based on exogenous vari- 

a tio n (e.g., a discrete cut off, or a roll out o v er time). 55 Ot her t horou g h work in this area 

use s p ane l da t a fixed effects e st imat ion of the form presented in eq uat ion ( 1 ). While 

the polic y t arget of in te rest se rves as lef t h an d-si de vari a ble, o n ly a lim ited num be r of 

stu dies evalu ate the impact of p olici es’ in te rve n tio ns o n la bo r ou tco mes. Most stud- 

ies in this field co nce n tra te o n the im pa ct of poli cies on output or emissions as the 

lef t-h an d side variable. 

Firm, Farm, Household, and W ork er Response 

Firms may mitigate th e n egative impact of higher t emp erature by c o oling th e w ork- 

pl ace. Firm ad a p ta tio n effo rt d e pe nds o n the re la ti ve cos t of adop ting c lima te co n trols 

su ch a s air-conditioning, pa ssive c o oling syste ms, o r speci fic heat saving technology, 

ve r sus the gains in ou tpu t ste mm ing fro m the resu lting im p r o v e me n ts in la bo r su pply 

and p r od uct ivity. 

So me ada p ta tio n m easures may th e refo re be less attractive for lo w-p r od uct ivity 

jobs. In India, the p r obability of investing in c lima te co n trol is su bstan tia lly lowe r in 

cloth-weav in g plants compared to diamond plants ( Som an ath an et al. 2021 ). Air con- 

ditio n ing fo r the ave rage c loth-weav in g firm cos ts near ly 23 pe rce n t of the t ota l wage 

bi l l, whi le estimated p r od uct ivity loss is a bou t 2–4 pe rce n t pe r 1 

◦C rise, ma king the 

investme n t una ttractive fo r low-marku p firms. In co n trast, h igh va lue-ad ded di amond 

plants do p r ov id e air co nditio n in g, espe cia lly t o polish ing un its, wh ic h carry ou t wo rk 

ce n tra l t o diamo n d qu ality an d value. 56 

Fo r othe r tec hnologies, be nefits may exc e ed costs more rapi d ly. Energy-efficient 

LED lig htin g reduc e s h eat, th er eby incr easing worker p r od uct ivity, and at th e sam e 

time lowe ring e ne rgy costs (by almost a third), lowering the brea k-eve n pe riod fro m 

3.5 years to 8 m onth s ( A dhvaryu et al. 2020 ). 57 
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Dive rging fro m a tec hnology adop tio n respo n se, firm s may coun te r th e h eat- 

induced d e c line in la bo r p r od uct i vity by s tra te gica lly re loca ting th eir w o rkfo rce t o less 

heat-exp o sed areas. Rece n t findings fro m the Un ited Sta tes indica te tha t, in response 

t o hea t shoc ks, t he ma jori ty of firms reduce their wo rkfo rce in areas p r o ne t o shoc ks, 

wher eas lar ge firms wi t h mul tiple loca tio n s aug me n t their wo rkfo rce in una ffected es- 

tabli shm ents. Thi s stand s in contrast to sin g l e-location firms whi ch typi cally e xperi- 

enc e dow nsiz ing ( Ac harya et al. 2023 ). The reallocation of th e w orkforce often mirrors 

the shift of prod uct io n t o less hea t-exp o sed re gio ns, a stra te gy mo r e r eadily e m braced 

by large firms. Their co nside ra ble size p r ovides t hem wi t h a na tura l resilie nce, e na bling 

the m t o b ett e r a bso rb the im pacts of wea the r shoc ks eve n a s these sh oc ks esca la te and 

beco me mo r e fr eque n t ( Po n tice lli et a l. 2023 ). 

Our unde r standing of how farmers respo nd t o c lima te c hange im pa cts is g r o w in g. 

Rice farme r s in Ch ina use a range of ada p ta tio n stra te gies inc luding u psca ling irriga- 

tion, re se edin g, fixin g and cl eanin g seedlin gs, chan gin g crop vari eti es, a s well a s in- 

crea sing the u se of fe rtilize r s and pe sticide s. While the se measure s te nd t o im p r o v e 

mean yie ld, o n ly a th ird of farms e m ploy these a t times of flood and drou g ht ( Huan g 

et al. 2015 ). In Et hiop ia farmers re p ort usin g in crea sed irriga tio n, soi l c o nse rva tio n 

t o prese rve moisture co n te n t, drou g h t-t ole ran t c rop varieties, ad just ing of plant ing 

t ime, and plant ing tre e s ( Dere ssa et a l. 2009 ). Fame r s in Ban g lad esh adopted heat- 

t ole ran t rice c rops, switc h ing in the p r oc e ss from rain-fed to irri gation-b ased vari- 

eties ( Mo n iru zzaman 2015 ). 58 Expe rime n ta l findings fro m In dia in dicate th at the a dop- 

tion of floo d-tol erant rice vari eti es has imp r oved ag ri cu ltura l p r od uct ivity of farme r s 

( E me ric k et a l. 2016 ). A sim i l ar pa tte rn is obse rved in Sou th Ame rica, whe re a drie r and 

hotte r c lima te has e ncouraged farme r s t o adop t mo re su ita ble c rop vari eti es includin g 

squash, fruits, and ve geta bles ( Seo and Me nde lsohn 2008 ). 

Whil e s ome of these ada p ta tio n stra te gies o v e rla p, othe r s vary by coun try, setting, 

and income group. Wh eth er th ey refle ct an op tima l respo nse t o loca l co nditio ns re- 

mains an active field of research. In China farmers m an aged to mitigate 9 pe rce n t of po- 

te n tia l yie ld los ses b y ada p ting plan ting da tes and gr o w in g-seas on l en gth in resp onse 

t o co n te m po raneous c hanges in te m pe ra t ure. N o suc h o r othe r respo nse is obse rved 

in the long term, su g gestin g sub optim al beh avior ( Cui an d Xie 2022 ). In India, hotter 

districts w ere foun d to a da p t fo r te m pe ra ture inc reases in the range of 18 

◦C to 27 

◦C, 

by adopting new ag ri cu ltura l pra cti c e s an d swit c h ing t o hea t-t ole ran t c rops, resu lting 

in lower yield losses than colder districts that faced the same in crea se. 59 But for higher 

te m pe ra ture rise s ( > 30 

◦C ), their losse s were th e sam e as in c ol d dis tricts, s u g gestin g 

no n-op tima l adop tio n ( Tara z 2018 ). 

Thi s i s b r oad ly c o nsiste n t wi t h findin gs in hig h-inc ome c ount ries. In t he Uni ted 

St ate s, te m pe ra ture a ffects ma ize yie lds in hot (Sou the rn) and c o ol (No rthe rn) sta tes 

almo st id entically and there is li tt le varia tio n in the te m pe ra ture-c rop re la tio nsh ip 

across time, desp i t e t echn ologi cal advan c e s in farm-lev el a da p ta tio n fo r warme r c li- 

ma te ( Sc h le n ke r and R o bert s 2009 ). In France, equal short- and lon g-term lo sses in 
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whea t yie lds (10 pe rce n t and 7 pe rce n t, respective ly), re la ted t o a 2 

◦C warm ing a lso 

ind icated l imited adaptation o v er time ( Merel and Gammans 2021 ). 

Restricted in fo rma tio n, inco m plete insurance and limited acc e ss t o c redit and ex- 

te nsio n se rvic e s, as well as low adop tio n of tec hno logy it self h av e been n amed as bar- 

rie r s t o op tima l ada p ta tio n ( Karlan et al. 2014 ; Huang et al. 2015 ; Suri and Udry 2022 ; 

L an e 2023 ). 

B e yond the farm-l evel resp onse, rural h ouseh old s and w orkers are found to use m ult i- 

ple stra te gies t o redu ce e xp o sure and m itiga te im pact of c lima t e sho ck s. These include 

co mmo n in dividu al an d coll e cti ve s tra te gies t o reduce the im pa ct of in come sh ocks, 

l ike d ive r si fica tio n, precau tio nary sav in gs, li qui d ation of assets, and ris k-s haring. 60 

Am ong Ea stern and Southern Afri can h ou seh olds, about a third adopted altern ativ e 

forms of employment and one in six reduced co nsum p tio n t o ada p t t o c lima t e sho cks, 

ac cordin g to descriptive ev id ence. In Et hiop i a and Tanzani a o v er 50 percent of h ou se- 

h olds u sed sav in gs or b orr o w in g as a primary resp o nse t o c lima t e sho cks. I n K enya, 

tw o third s sold li ves t oc k as part of c han gin g farmin g pra cti c e s ( Ra hu t et a l. 2021 ). 61 A 

larg e l ite ra ture o n inco me shoc ks s ho ws t hat, desp i te t h e variety of ri sk-cop ing st rate- 

gie s the y adop t, rura l h ou seh olds do n ot m an age t o co m plete ly insure aga in st in come 

loss. 62 How h ou seh old s and w o rke r s can insure the mse lves aga inst c lima te-re la ted 

shock s i s re ceiv in g in crea sed a tte n tio n, an d w e di scuss som e n ew direction s a s part 

of social p r ote ction p olici es below. 

Government Policy Response 

A co m pre he nsiv e o v erv i ew of p olici es d esigned and im ple me n ted in respo nse t o c li- 

ma te c hange is beyo nd the scope of this paper. Our main interest is to what extent 

these p olici es focus on, or take into account, labor outcomes. Our ex am ina tio n of the 

re levan t lite ra tur e r eveal s tw o i ssu es. Fir st, eva lua tio ns of ge ne ra l c lima te c hange in te r- 

ve n tio ns se ldo m inc lude an as ses sme n t of their la bo r im pact. Seco nd, c lima te c hange 

p olici es that target la bo r re ma in unde r studied. We discuss each in turn. 

Ge ne ral C lim ate C h an g e Poli cie s an d Their Imp act on L abor 
A w id e ran ge of p olici es a im t o address c ha lle nges re la ted t o c lima te c hange. It is a very 

b r oad set: from mit igat ion p olici es like fo ssil fuel subsidy reform, o v er carbon pric- 

ing, a lte rna tive powe r ge ne ra tio n, c hange in land use, and a lte red transpo rt policies, 

t o ada p ta tio n p olici es like the use of inc reased c rop variety, disaster pr epar edness and 

ada p tive socia l p r otectio n. Ta ble A1 .1 in Ap pend ix A1 p r ov id es ex am pl es of p olici es 

th at h av e b een e valuat ed. These apprai sal s pay virtually no attention to the impact on 

la bo r. On the rare occasion when they do, they tend to focus on employment, s ho w in g 

sizea ble—ty pica lly sho rt-te rm—im pacts, and ne g l e ct p ote n tia l effects o n othe r la bo r 

ou tco mes. 
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As an i l l ustrat ion, c onsi d er the exampl e of carbon pricing, which is seen as an at- 

tra ctive poli cy leve r t o b ring do wn carbo n e m issio n s, redu c e glob a l warm ing, and ac- 

ce le ra te t he t ransi tio n t o a low carbo n eco no my. 63 A simu la tio n fo r US manu facturing 

in dustries fin ds th at a 1 percent in crea se in the energy price asso ciat ed wi t h carbon 

t ax (re su lting in $15/t o n carbo n) reduc e s ou tpu t in the sho rt run by a s mu ch a s 5 per- 

ce n t, particu larly in e ne rgy-in te nsive sect o r s, like iro n, stee l and a lum inum ( Aldy and 

P iz er 2015 ). Al t hou g h the study exte nsive ly cove r s the im pact o n ou tpu t, it ne g l e cts the 

im pact o n la bo r. Researc h in th is str and t y pica l ly c o nce n tra tes o n the policy’s im pact 

o n eco no m ic ou tpu t and e m issio ns. Bu t the re is muc h t o be ga ined fro m ex am in ing 

the la bo r-re la ted co nseque nc e s. One study, exploiting exogenous varia tio n in e ligibil- 

ity fo r carbo n ta x disc oun t ac ross a pane l of U K manu fa cturing firm s, finds n o cau sal 

ev id ence of polic y imp act on plant-level employment, and t his resul t holds across dif- 

fe re nc e s in firm size, e ne rgy in te nsity, o r trade in te nsity ( Martin et a l. 2014 ). In co n trast, 

an eco no my w id e simu la tio n study for t he Uni t ed Stat es b etw een 1976 an d 2007 fin ds 

a sizea ble la bo r im pact of h ighe r e ne rgy pric e s in the sho rt te rm, inc luding a ne ga tive 

e m ployme n t effect between -0.10 pe rce n t and -0.16 pe rce n t ( Desc he nes 2012 ). 64 These 

sho rt-te rm im pacts diffe r amo n g se ct o r s, wi t h ag ri cul ture and t ranspo rta tio n expe ri- 

encing the largest employment losses, wi t h estima ted c ross-e la sti cities of -0.43 pe rce n t 

and -0.29 pe rce n t, respective l y. 65 A stud y for British Columbia finds that annual em- 

ployme n t rose by 0.74 pe rce n t o v e r the su bseque n t six year s, co m pared t o the rest of 

Can a d a, when unil at e rally int ro ducin g a state l e vel re venu e-n eutral carbon tax in 2008 

( Yama za ki 2017 ). This masks large hete roge neity ac ro ss industri es w i t h e m ployme n t 

falling in emiss ion-intens iv e an d tra d e-exp o sed industri es but rising in servic e s. 66 Im- 

pact eva lua tio n of a $40/t o n CO 2 carbo n tax fo r a 30 pe rce n t e m issio n co v erage in Eu- 

rope (EU + countries) finds positive, but generally not s tatis ti cally sig ni ficant, effects 

o n e m ployme n t, ei t he r immedia te ly o r in the su bseque n t five year s of policy im ple me n- 

ta tio n ( Metca lf and St oc k 2020 ). 

Stu dies evalu atin g employment effe cts for d evelopin g countri e s remain scarc e. A 

CGE mo d e l fo r t he t ransp ort se ctor in Mal aysi a s ugges ts that car bon tax leads to a fall 

in e m ployme n t ac ross a ll su bsect o r s—ec hoing the ne ga tive effect o n sect o ra l ou tpu t, 

dem an d, an d inv estme n t—a s fa ct o r s of p r od uct io n sh ift t o less e ne rgy-in te n sive, m ore 

la bo r-in te nsive sect o r s in the eco no m y ( Sola yman i et a l. 2015 ). A rece n t IM F simu la- 

tio n fo r manu facturing in Asia and the Pacific utiliz e s n ation al I/O t able s to estimate 

the pote n tia l sho rt-te rm im pact of a $25/t o n carbo n tax ( Da bla-No rris et al. 2021 ). 

Sect o r s tha t re ly o n carbo n-in te nsive in pu ts, ty pica lly t he downst ream, ext ractiv e an d 

e ne rgy-p r o ducin g industri es, are mo st affe ct ed in t e rms of ou tpu t and e m ployme n t. 

The amount of p r oje cted job lo ss is prim arily driv en by the in dustry’s e ne rgy d e pen- 

dence and share of e m ployme n t. This varies su bstan tia lly ac ross coun tries. In Ma l aysi a 

the largest exp ect ed job losses are co nce n tra ted in e l e ctrica l and e l e ctro n ics manu fac- 

turin g whil e in Mon golia the vast majority p r oje cted job lo sses are in woo d and pa pe r 

man uf acturing. 
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Table 1. La bo r Targ eting Cl im ate Ch ang e Pol icies 

Impact of climate change on labor La bo r o rie n ted policy response 

Dem an d for labor Green jobs 

Supply of labor, time use La bo r-o rie n ted ada p ta tio n, re gu la tio n fo r flexibl e work 

Prod uct ivity La bo r-o rie n ted ada p ta tio n, re gu la tio n fo r flexibl e work 

Se lf-e m ployed inco me, 

vu lne ra b ili ty, po v erty 

Green jobs, social p r otection 

Rea lloca tio n of la bo r La bo r market in te gra tio n, socia l p r otection 

Ski l ls and human cap i tal Green ski l ls, soci al p r otect ion, ed ucat ion and heal t h p olici es 

Source: Au tho r’s own e la bo ra tio n based o n a rev i ew of t he li te ra ture. 

Table 2. Ex am pl es of Expe cted Impact of De carb onization Polici es o n the De m an d fo r La bo r 

Policy Exp ect ed impact Coun try o r re gio n Method Refe re nce 

Stat e-le vel green policy 1% more green jobs US Hist o rica l da ta Yi (2013) 

Re gio na l-leve l e ne rgy sh ift 0.24% in crea se in 

e m ployme n t 

EU Simu la tio n Markandya et al. 

(2016) 

E ne rgy efficie nc y measure s 

and re newa ble e ne rgy 

targets 

4 mi l lion + green 

job-years by 2030 

US Simu la tio n Wei et al. (2010) 

Investme n t in re newa bles 

and e ne rgy efficie ncy 

Aroun d fiv e more FTE 

jobs co m pared t o sim i l ar 

investme n t in fossil fuels 

US Simu la tio n G arrett-Pel tier 

(2017) 

Stat e-le vel g reen poli cy refers to market-based tools that p r ov id e supp ort for ren ewable en ergy and en ergy efficien cy. 

E ne rgy sh ift refe r s t o a c hange fro m carbo n in te nsive sourc e s t oward gas and re newa bles. 

Labor Targe t ing C lim ate C h an g e Poli cie s 
Our rev i ew of t he li te ra ture poin ts t o six pote n tia l p olici e s to t arget the imp act of cli- 

ma te c hange o n la bo r. We refe r t o these as: green jobs, green ski l ls, l ab or-ori ented adap- 

ta tio n, flexibl e lab or regul ation, l abor market integration, and social p r otection. As 

s ho wn in Table 1 , each of these relate to one or more of the abo v e discussed poten- 

ti al l abor impacts of climate change. In depth or form al evalu ation of these p olici es 

has so far re ma ined lim ited. We discu ss ea ch in turn. 

Policies that p r omote green jo b s aim to in crea se net labor dem an d while t ransi tion- 

ing to a low carbon eco no my. 67 Al t hou g h co m paring the e m ployme n t im pa ct of g reen 

e m ployme n t p olici es re ma ins re la tive ly rare, a sma ll lite ra ture is e me rging. Ta ble 2 p r o- 

v id es an o v erv i ew of key studies in this area. Co m pariso n of impact acro ss studi es is 

co m plica ted by the use of diffe re n t measures and m ethod s. The em erging w ork on 

e ne rgy t ransi tio n, predo m inan tly focusing o n h igh-inco me coun tries, p r ov id es an il- 

l ustrat ion. One study finds that an additio na l sta t e-le ve l gree n pol icy, l i ke rene wable 
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portfolio standards and e ne rgy efficie nc y re sourc e st andard s, i s asso ciat ed wi t h 1 per- 

ce n t additio na l gree n jobs o n ave rage ac r oss 361 metr opolitan areas in the United 

St ate s ( Yi 2013 ). These results corroborate the findings from sim ulat ion-based stud- 

ies tha t do m ina te th is lite ra ture. A mu lti-re gio na l I/O ana lys is o f t he t ransfo rma tio n 

of the EU e ne rgy sect o r o v e r the pe riod 1995–2009 estima tes a net e m ployme n t effect 

of + 0.2.4 pe rce n t, an equ iva le n t of 530,000 jobs by 2009, wi t h one-t hird att ributable 

to spi l lo v ers betw e en EU countrie s, i.e., employment generated in one country due to 

c hanges in anothe r ( Markandya et a l. 2016 ). Anothe r EU stu dy fin ds th a t su bstan tia l 

job c rea tio n can be rea lized in mo re flexibl e lab or markets ( Blaz e jczak et al. 2014 ). A 

simu la tio n study fo r the U S p ower se ct o r su g gests tha t im ple me n ting mo r e aggr essive 

e ne rgy efficie nc y measure s and re newa ble e ne rgy standards can c rea te o v e r 4 m i l lion 

f ull-t ime-eq uivalent (FTE) green job-years by 2030, while cl ean nucl ear energy and a 

rise in carbon capture and storage (CCS) to 25 percent and 10 percent of total energy 

ge ne ra tio n, respective ly, can c rea te an additio na l 500,000 job-years ( Wei et al. 2010 ). 

Sin ce g ree n e ne rgy te nds t o be mo re la bo r-in te nsiv e th an hig h-carb on, these sectors 

ge ne ra te mo re jobs fo r a give n dol l ar inv ested. An I/O an a lysis fo r the Un ited Sta tes 

su g gests that $1 mi l lion invested in fossil fu el s i s exp ect ed t o ge ne ra te 2.65 FT E jo bs 

ve r sus 7.49–7.72 FT E jo bs when in vested in gr ee n e ne rgy, suc h as re newa bles o r e ne rgy 

efficien cy ( G arrett-Pel tier 2017 ). 

The n e w jobs that c ome wi t h t he t ransi tio n t o low carbo n may requ ire ne w ski l ls, of- 

te n refe rred t o as green skills . There is, by our knowledge, very li tt le rig o rous eva lua tio n 

in this area using h ist o rica l da ta. One US study finds that changes in environmental 

re gu la tio n are p o sitive ly re la ted t o de m an d fo r gree n ski l ls, in particul ar fo r tec hn ica l 

and e nginee ring tasks ( Vona et al. 2018 ). 68 

Coolin g te chnology in the workplace is an im po rtan t ex am ple of labo r-o ri ent ed 

ada pt ati on th at m ay imp r o v e worker p r od uct ivity and la bo r su pply, as we ll as wo rke r 

well-being. As m ention ed p revious ly, firm ada p ta tio n may be less likely for low- 

p r od uct ivity jobs ( Som an ath an et al. 2021 ). Go v ernment subsidies can be be neficia l 

in situa tio ns whe re a c hange in be havio r is co nside red desira ble bu t fac e s obst acle s, 

for in stan ce when the cost of early adop tio n is h igh bu t an ticipa ted t o fa ll su bstan tia lly 

o v er time, potenti al ly due to in crea sed dem an d ( Stern 2022 ). 

Policyma ke r s have bee n motiva ted t o in troduce re gulat ion regard in g oc cupational 

heal t h and heat m an agement to p r otect workers fr om heat-r elated str ess. Pr eve n ta- 

ti ve meas ures, s u ch a s freque n t r est br eaks, and h ydr a tio n and h ig h-s o dium in ta ke, 

can p r otect wo rke r s fro m hea t-re la ted i l ln ess and w ork ac cid e n ts. These re gu la tio ns 

are un like ly t o be followed in in fo rma l firms and settin gs w i t h wea k e n fo rce me n t. In 

Chin a’s m an uf acturing ind ustries p r otecti ve meas ures knew limited implementation 

by private firms during periods of ele vat ed t emp erature ( Zhang et al. 2018 ). 

La bo r re gu la tio n fo r flexibl e workin g may p r ov id e an a lte rna tive policy. Op tim ized 

wo rking hour s a llow firms and wo rke r s t o flex ibly ad jus t wor k schedules to hot t emp er- 

ature s ( C onnolly 2018 ). In one example workers can choose to op erat e more on c o oler 
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days or cooler hours wi t hin a day. US workers p o s ses sing greater bargaining power, in- 

dicated by stron ger outsid e options, and flexibl e work arrangements, ar e mor e likely to 

adjust their wo rk sc hedu les in response to a dv erse t emp erature conditions. During pe- 

rio ds of el e vat ed day time t e m pe ra ture s, the y ty pica lly sh ift wo rking hour s t o the n igh t, 

kee pin g o v e ra l l l a bo r su pply unc han ged ( Co sae rt et a l. 2023 ). 

In anothe r a pp r oac h, wo rke r s d e cid e their day s off, rel a xing the “c o nsecu tive vaca- 

tion days” r equir em ents in som e sectors; this can also reduce absenteeism. In crea sed 

flexi bi lity is particu larly a ttractive fo r tho se w i t h dual jo b ho ldings, for in stan ce work- 

ing in ag ri cu lture wh ile having a second job in trade, as they tend to adjust working 

hour s t o ward less ex p o sed activ iti es durin g extre me te m pe ra tures ( Huang et al. 2020 ; 

Li and Pan 2020 ; Branco and Feres 2021 ). 

L abor m arke t inte grat ion in crea ses la bo r mob ili ty across t he eco no my, wh ic h in turn 

facilit ate s the rea lloca tio n of la bo r. I n I ndia, rea lloca tio n in response to in crea sed tem- 

pe ra ture ta kes place primarily within districts ( Blake sle e et al. 2020 ; Colmer 2021 ). 69 

In other settings, integration wi t h wi der l abor markets is found to st im ulat e climat e- 

induc ed mi gra tio n wi t hin and across regions, wi t hin t he count ry, and in te rna tio na lly 

(see, for example, Bohr a-Mishr a et al. (2014) , Mueller et al. (2014) , Jessoe et al. (2018) , 

Kleem ans an d Magru der (2018) , Ibanez et al. (2022) ). 70 

Soci al prot ection can help reduce vu lne ra b ili ty and smoot hen t ransi tion. One active 

ar ea of r esearc h is shoc k-respo nsive socia l p r otection. Ex pe rime n ta l ev id e nce fro m 

Nicara gua su g gests tha t co nditio na l ca sh tran sfe r s co m bin ed with v oca tio na l tra in ing 

or a p r od uct iv e inv estme n t gran t can he lp h ou seh olds e xp o sed t o wea the r varia b ili ty 

smoot hen t heir co nsum p tio n an d div e r si f y their econ omi c a ct ivit ies ( Macours et al. 

2022 ). Other research focuses on anticipatory cri si s financing. Findings from a rece n t 

large-sca le rando m i zed e va lua tio n of immediate cash t ransf e r s during the 2020 mon- 

so on flo ods in Bangl ades h s ho w t hat time ly and quic k release of cash su ppo rt leads 

t o mo re effectiv e evacu a tio n, bette r c h i l d fo od c o nsum p tio n ou tco me s, and le ss costly 

borr o wing in the a fte rma th of the floods ( Pople et al. 2021 ). 

Ways Forward 

This pa pe r a ims t o st im u la te researc h o n the im pact of c lima te c hange o n la bo r. A bet- 

te r unde r standing of this impact is needed for at least three rea son s. Mu ch like the 

in crea sed attention for other primary factors of p r od uct ion, su ch a s land and finance, 

a b ett er g ra sp o f the role o f la bo r wi l l in fo rm p olici es tha t a im t o p r om ote g reen g r o wth 

and facilitate the transition to zero carb on. 71 Se c ond ly, l abor serves as a key c hanne l 

throu g h wh ic h c lima te c hange im pacts in dividu al’s liv eli ho o ds, affe ctin g b oth their in- 

co me fro m e m ployme n t and their oppo rtun ities fo r wo rk. Recogn iz ing these effects 

can guide po v erty red uct ion p olici es and h elp av oid stra te gies tha t wo r se n po v erty. 

La stly, a c h i ev in g a sh ift t o wards a lo w-carb on e co no my requ ires politica l, and thus 
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citize n su ppo rt. Ig n o ring the in flue nce of c lima te c hange o n la bo r m ay un de rm ine suc h 

ba cking; a ckn owl edgin g it has the pote n tia l t o stre ngthe n it. 

Whil e the ev id e nce in th is fie ld is expanding, its avai l abi lity re ma ins lim ited, par- 

ticu larly fo r deve loping coun tries. Four obse rva tio ns stand ou t fro m rev i ew in g the ev- 

idence, and in turn s ugges t ways forward for future research. 

To begin wi t h, t h ere exi s ts at leas t s ome ev id e nce pe rta in ing eac h of t he diffe re n t la- 

bo r the mes ide n tified. Ta ble A2.1 in Ap pend ix A2 p r ov id es a visual summary. In some 

in stan ces, the ev id e nce o rigina tes fro m researc h in h igh inco me coun trie s, not ably the 

Un ited Sta tes. Eve n so, this sets an in itia l be nc hmark fo r su bseque n t studies, offe ring 

va lua bl e insig h ts in t o bot h resear ch met hods and t he exp ect ed sca le of the re la tio n- 

sh ips unde r inve sti ga tio n. Rece n t effo rts inc reasin g l y stud y d evelopin g countri es. Se c- 

o ndly, te m pe ra ture c han ges re c eive the greate st attention, followed by changes in pre- 

cip i ta tio n. Clima te c hange eve n ts like rising sea levels, t rop ical c yclone s, and drou g hts, 

re ceive l ess a tte n tio n, in part due t o their re la tive ly rar e occurr e nce, and lim ited h igh- 

qua lity da ta. Thirdly, ce rta in re gio n s, parti cularly low-in co me coun tries, su b-Sa haran 

Africa, and the Mi d d le East, lac k su fficie n t evide nce. 72 Fourth ly, desp i te our e m phasis 

on the hi ghe st-quality ev id enc e, limit ations persist in ex ist in g analy ses. Mo st studi es 

o m it ada p ta tio n, focusing o n sho rt-te rm im p act e stimate s, p artia l equ i li brium analy- 

sis, and effects from past eve n ts. Ong oing effo rts t o addre ss the se sho rtco m ings involve 

eco no my-wide ana lysis and more precise fore castin g of future climate change eve n ts, 

both of wh ic h p o se c ha lle nges. N ew r esearch e xpli citly m o d e ls ada p ta tio n by studying 

its adop tio n, how it mo d e ra tes the im pacts of c lima te c hange, o r by co m paring sho rt- 

te rm im pacts wi t h t hose of t he lo ng te rm. 

Wi t h t hese c onsi deration, three p r omi sing avenu es for futur e r esearch emer ge. 

First ly, t h ere i s a n e ed to de epe n unde r standing in ar eas wher e initial knowledge ex- 

ists, inco rpo ra ting ada p ta tio n and imp r ov in g causa l ana lys is o f h ist o rica l da ta. On the 

dem an d si de, c ond uct ing sect o r-speci fic and econ omy-w id e analy ses of lab or d em an d 

wou ld e n h ance our un de r st anding. Of p articu lar in te r est ar e sect o r s whe re c lima te 

ch ange m ay in crea se employment, like the green energy sector. There i s al so a call 

fo r mo r e r esearc h o n the pote n tia l ne ga tive im pact of c lima te c hange o n p r od uct ivity, 

and wh eth e r c lima te c hange m igh t offe r oppo rtun ities fo r deve lopme n t by expedit- 

ing st ructural t ransfo rma tio n. Fu ture-o rie n ted ana lysis can p r ogress thr ou g h two ap- 

p r oache s. C omp arin g and integratin g historical and sim ulat ion analyses would sig ni f- 

ican tly e n hanc e our knowled ge b ase. A newer strand inco rpo ra t es so ci al ad aptive be- 

havio r a t sca le, co nside ring socioeco no m ic varia bl es and usin g theo retica l wo rk t o e n- 

han ce predi ction s and unde r standin g of s oci eta l be havio r ( Ma ttauc h et a l. 2018 ; B e sle y 

and Pe r sso n 2020 ; van de r P lo e g and Ve na bles 2022 ). 

S econ dly, in th em es wi t h advanced ev id ence, re plica tio n and co m pariso n are 

c rucia l. Key areas include th e n egative impact on employment in ag ri culture and 

p o ssibly heath exp o sed man uf acturing. Further research is needed for a detailed 

unde r standing of the causal impact of clim ate ch ange on mig ration, a c countin g for 

co n founding fact o r s. 
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Thirdly, the mes lac kin g ev id e nce requ ire a thorou g h as ses sme n t t o ide n tify the most 

pre ssing que stio ns. This wi l l, in turn, h igh ligh t th e n eed for imp r o v ed data. For in- 

st anc e, li tt le is k nown a bou t the e m ployme n t effects of c lima te c hange o n t he t rans- 

p ort se ctor, which w i l l unde rg o majo r c han ge w i t h t he t ransi tio n t o gree n e ne rgy. The 

im pact o n the earn ings and inco me varia b ili ty of the se lf-e m ployed are not well under- 

st ood, and the re is a lac k of c larity o n how im pacts vary across th e incom e di stribu tio n 

mo re ge ne ra lly. In te rms of g o v e rnme n t poli cy, in co rpo ra ting the co nseque nc e s for la- 

bo r whe n eva lua ting ge ne ra l c lima te c han ge p olici es would allow for a systematic com- 

pariso n. Fo rma l eva lua tio n of the ide n tified la bo r-targ eting pol i cies—g reen jobs, green 

ski l ls, l a bo r-o rie n ted ada p ta tio n, flexibl e wo rk re gu la tio n, la bo r market in te gra tio n, 

and social p r otectio n—re ma ins scarce ove ra ll, particu larly fo r deve loping coun tries. 

We co nc lude th is rev i ew w i t h a mo re op tim istic ou t look t h an when w e began. Al- 

thou g h th ere i s sti l l muc h wo rk a head, c lear pa thways h av e e me rged. Co m b ined, t hese 

research and p olicymakin g efforts wi l l help determine the op tima l pa ths fo r ac h i ev in g 

an equ ita ble t ransi tio n t o a low-carbo n eco no my. 
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Changes in precip i ta tio n h av e large impact for some countries, especi al ly in sub-Sahara Africa, but not all 

( Barrios et al. 2010 ). Extreme w eather ev ents, such as c yclone s, also cause s ubs tanti al ec on omi c losses, 

especi al ly in countries where they are less freque n t ( Hsiang and Jina 2014 ). 

2. The poor typically d e pend more on income from ag ri culture, whi ch is affected by weather events, 

an d ten d to be m ore e xp o sed to in crea sed heat and floods (see H alleg atte et al. 2016 for a discussion on 

c lima te c hange and poverty). They also h av e less acc e ss to effectiv e m an age me n t and coping mec han isms. 

Vu lne ra ble grou ps inc lude ethn ic m ino riti es, peopl e w i t h disab ili ty, and refuge e s. 

3. In the c lima te c hang e l ite ra ture, th i s i s som etim es r eferr ed to as th e High Dim e nsio na l Fixed Effects 

(HDFE) app r oach. See Lai et al. (2023) , who p r ov id e a rev i ew of a speci fic subset of studies on t emp erature 

and wo rke r p r od uct ivity following a simi l ar app r oach. 

4. Using m ic ro-leve l wo rke r, firm o r h ou seh ol d d a ta, o r meso- o r mac ro-leve l sect o r, re gio n o r coun try 

data. 

5. The c lima te c hang e l ite ra ture inc reasin g ly uses te m pe ra ture bins, a lso t o a llow fo r p o ssibl e no n lin- 

earity in the re la tio nsh ip (see Dell et al. 2014 for a d etail ed rev i ew of the c lima te—eco no my lite ra ture). 

6. An extreme ex am ple is when wo rke r s ope ra te in AC e nviro nme n t wi t hout t his being r egister ed. 

7. O mitt ed clim atic an d atm ospheri c variables that m ay h av e a direct or joint impact on the outcome, 

like precip i ta tio n, hum idity, am bie n t a ir pollu tio n in the case of te m pe ra ture, may bias e stimate s or render 

them less precise. 

8. In a co m pan io n stu dy w e carried out an o v erv i ew study focusin g on the Mi d d le East and North 

Africa re gio n, whe re both C OP 27 and C OP 28 t ake plac e. The draft re sults ar e a vai l abl e up on request. 

9. Key is t he “i te ra ted expecta tio n s” a ssum p tio n tha t no unan ticipa ted c hange s t ake plac e in expect a- 

tio ns, wh ic h is unsa t isf act o ry, lays at the base of the mo d els’ fra gility, and ma kes the m “least pe rfo rm ing 

wh en th ey are most n e eded.” Se e Hen dry an d Miz o n (2014) fo r a discussio n. 

10. An a ddition al 1-d ay cumul ative exp o sure to t emp eratures abo v e 33 ◦C during a single year is found 

to h av e a ne ga tive sho rt-run im pact of 4.4 pe rce n t o n ag ri cu ltura l yie ld ac ross coun ties in China ( Chen 

and Gong 2021 ). Annual gr o wth rate of rice yields d e clined by up to 30.6 percent a cross farm s in Asia, pri- 

marily due to the ne ga tive im pact of h ighe r m in imum te m pe ra ture o n its ve geta tive and ripe n ing phases 

( We lc h et al. 2010 ). Higher t emp eratur e r educ e s ou tpu t fo r majo r c rops in Su b-Sa haran Africa, wi t h ex- 

p ect ed red uct ions of 22 pe rce n t fo r ma i ze, 17 p e rce n t fo r so rghum, 17 pe rce n t fo r m i l let, 18 pe rce n t fo r 

groun dnut, an d 8 pe rce n t fo r ma ize by m idce n tury. Coun tri es w i t h t h e high est average yields are exp ect ed 

t o e ncoun te r the largest losses ( Sc h le n ke r and Lobe ll 2010 ). Earlie r dra ft wo rk fo r Ind ian d istricts o v er a 

40-year period finds major crop yields to d e cline by 9.5 perc ent a ge p oints if mean t emp erature of a sin g l e 

day s hifts fr om 29 ◦C to 31 ◦C, which is estimated to lead to 5–9 percent d e crease s by mid-c entury ( Guiteras 

2009 ). 

11. I n I ndon esia, di stri ct ri ce ou tpu t inc reased by 0.4 pe rce n t fo r a 10 pe rce n t inc rease in ra in fa ll 

( Lev ine and Yan g 2014 ). In t he Uni t ed Stat es, an a ddition al w eek of drou g ht reduced corn and s oy bean 

yie lds by u p t o 1.2 pe rce n t in dryland counties and 0.5 pe rce n t in irriga ted coun ti es—thou g h the ma gni- 

tudes are re gio n-speci fic ( Kuwayama et al. 2019 ). 

12. In the Caribbean, one-standard d ev ia tio n inc rease in exp o sure is ass o ciat ed wi t h a 1.8 per cent 

d e cline in output in ag ri culture, h unt ing, and fishing ( Hsiang 2010 ). 

13. The drop in rural employment would be the equivalent of an accumulated 236,094 fewer employed 

in dividu als by 2075 under the Represe n ta tive Co nce n tra tio n Pa thways (R CP) medi um e m issio ns sce nario 

( Jessoe et al. 2018 ). Represe n ta tive Co nce n tra tio n Pa thways (RCPs) are scenarios used by In te rg o v ern- 

me n ta l Pane l o n Clima te Change (IPCC) fo r c lima te mo d ellin g and re search. E ach p athway de scribe s a 

particular—and p o ssibl e—c lima te fu ture d e pendin g on how much of gree n house gases can be e m itted in 

the co m ing year s. Ge ne ra lly, the RCP 8.5 is c onsi dered th e w orst-case scenario ( ∼5 ◦C in crea se by 2100 rel- 

a tive t o pre-industria l base line), wh ile RC Ps b e low tha t are co nside red mo re stringe n t in te rms of c lima te 

m itiga tio n effo rts requ ired—the most stringe n t b eing RC P 1.9 ( ∼1.5 ◦C, adopt ed by th e Pari s Agreem ent) 

and RCP 2.6. 

14. Heat exp o sed industri es here include con stru ction, mining, and man uf acturin g w i t h outdoor work 

activity or heat generating indoor p r od uct ion p r oc e ss that do n ot u se c lima te co n trols. 
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15. India is exp o sed to almost 10 percent of the world’s c yclone s. 

16. The lite ra ture distingu ishe s betwe e n in te nsiv e m argin, wh ic h is c haracte rized by in crea sed el e c- 

t rici ty use (e.g., AC, hea te r s) and exte nsiv e m argin, wh ic h inc ludes lo nge r-run investme n ts in, fo r in stan ce, 

c o olin g/heatin g sy stem s in stal l ation, energy-efficient homes, and irriga tio n (see Au ffhamme r and Mansur 

2014 ; Carlet o n and Hsiang 2016 fo r an o v erv i ew). 

17. Ev id e nce fo r the Un ited Sta tes de mo nstra tes how e ne rgy co nsum p tio n is hi ghe st on c ol d and 

hot days, and a tte nua tes mo rta lity im pacts of te m pe ra tur e extr e mes. US annua l reside n tia l e ne rgy co n- 

sum p tio n is exp ect ed to gr o w by some 15 percent to 30 percent by the end of century ( Desch en es 

and Gree nst o ne 2011 ), and u p t o 55 pe rce n t in so me sta tes suc h as Ca lifo rn ia ( Au ffhamme r and 

Aroo nrue ngsawa t 2011 ). 

18. E m ployme n t ou tside the e ne rgy sect o r may a lso fa ll during the transition to a zero-carbon econ- 

o my. Fo r in stan ce, derived lab or d em an d in energy-intensive industria l sect o r s may fa ll whe n inc reased 

e ne rgy pric e s lo wer p rim ary dem an d fo r e ne rgy ( Desc he nes 2012 ; Kahn and Mansur 2013 ; Pestel 2019 ). 

19. For in stan ce, CGE m o d e ls tha t accoun t fo r induced e m ployme n t c hanges ou tside the su pply c ha in 

of in te r est ar e 43 pe rce n t mo re like ly t o re p o rt lowe r net e m ployme n t effe cts, ac cordin g t o a meta-ana lysis 

of net e m ployme n t effects of re newa ble e ne rgy in the lite ra tur e ( Sta vrop oulo s and B urg er 2020 ). 

20. For a discussion on how to imp r o v e IAM mo d els, see for in stan ce Dietz and Stern (2015) , who 

lay out the metho d ’s sho rtco m ings and co nc lude tha t im p r oved mo d ellin g calls for st rong cont rol s. The 

mo d e ls’ sho rtco m in gs li e in wha t are othe rwise t heir st rengt hs: t hey are good at addressing small pertur- 

ba tio ns (wh ic h is useful when m argin al ch ange i s th e fo cus of att ention). Und erlyin g assum p tio ns tha t 

a bstract fro m the e ndoge neity of gr o wth, convexity of dam age, an d the valu ation of tail risk, make the 

mo d els i l l equ ipped t o s tudy s tructura l sh if ts th at m ay be r equir ed in the case of c lima te c hange. 

21. Wet bulb globe te m pe ra ture (WBGT) is a co mmo n ly used measure for heat exp o sure on humans, 

wh ic h ta kes in t o accoun t te m pe ra ture, hum idity, wind speed, sun angle, and radia tio n. 

22. Fo r othe r ev id en ce, in c luding fro m simu la tio n studies, see Zhao et al. (2021) . 

23. The study analyses 9,000 D H S int erv i ewers acro ss 46 countries. 

24. Year s of e leva ted te m pe ra ture o v e r the pe riod 1989–2011 reduce the p r oba bility of wo rkin g in a gri- 

culture as primary employment, wi t h workers wi t h a sec ond ary occu pa tio n e ngaging mo re in non-farm 

wo rk tha t is l ess exp o sed t o hea t, eve n thou g h th is sh ift co mes wi t h lowe r earn ings o n ave rage ( Li and Pan 

2020 ). The p r o jected in crea se in mean te m pe ra ture in China as a whole is asso ciat ed wi t h an exp ect ed 

shift in labor supply from farm to off-farm work of 9–36 percent by 2100 d e pendin g on the RC P climat e 

sce nario, co rrespo nding t o an inc rease in off-farm la bo r su pply by a bou t 44.1 m i l lio n wo rke r s, whe n not 

takin g p o ssibl e ada p ta tio n in t o accoun t ( Huang et a l. 2020 ). 

25. Wi t h in-day su bstitu tio n ha ppe n s m ost ly toward t he end of t he day. Wo rke r s do not sh ift act ivit ies 

acro ss day s. The study uses w o rke r da ta fro m time use surveys, lin ked t o wea the r da ta o v er the 2003–2006 

period. 

26. The y re shu ffle in te rv i ew activ i ty to start t h eir w or k ear lie r in the mo rn ing whe n te m pe ra ture is 

lowe r, t o keep the num be r of in te rv i e ws per d ay un changed, in a cc ord ance wi t h su pe rv is or’s in stru ction s 

(an d un de r a fixed da ily wage co n tract) ( LoPa lo 2023 ). 

27. Su g ges ti ve ev id e nce fo r Ch ina s ho ws tha t h ighe r te m pe ra ture is associated wi t h a larger decline in 

time a lloca ted t o farm wo rk and a sma lle r inc rease in time a lloca ted t o off-farm wo rk, fo r wo me n re la tive 

t o me n ( Huang et a l. 2020 ). During hotte r te m pe ra ture, fe ma le wo rke r s ar e r e la tive ly mo re like ly t o reduce 

th eir w o rking hour s, h av e a low er p r obab ili ty of being e m ployed in an ag ri cu ltura l job, and f ace red uced 

wages ( Li and Pan 2020 ). 

28. Thi s i s al s o rel evant for forward-lookin g studi es. A cro ss-c ountry simul ation predicts a loss of a bou t 

2–4 pe rce n t of t ota l wo rking hour s wo rl dwi de by 2030 due to high t emp eratures, equivalent to 80–136 

mi l lion ful l-time jobs—d e pendin g on the climate scen ario an d the amount of ag ri cultural and con stru ction 

wor k ass umed to be carried out in the sh a de ( Kjellstrom et al. 2019 ). 

29. Thi s assum es a busin ess-as-usua l c lima te sce nario. Findings are simi l ar when c ontrol ling for hu- 

midity and us ing res ide n tia l e ne rgy co nsum p tio n fo r a ir co nditio n ing a s a mea sure of ada p ta tio n, thou g h 

impacts vary across distribution and region ( Barreca 2012 ). 
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30. Impact s are o bserved a cross di fferent age g roups, in cl uding work ing ad ults, chi l dren and el derly. 

Chi l dren and el derly are particularly vulnerable. Chi l dren at a youn g a ge h av e low e r ca pacity t o dissipa te 

heat and are more vulnerable to clim ate-in d uced infect ions and vect o r-bo rn e di sea se, whi ch are among 

the primary rea son s fo r c h i l d mo rta lity in low- and m i d d le-inc ome ec o no m ie s (se e Hann a an d Oliva 2016 

fo r a discussio n). In the Un ited Sta tes, mo rta lity im pacts a t the hottest and c ol dest d ays ar e mor e p r o- 

n oun ced for people aged 65 + ( Desc he nes and Gree nst o ne 2011 ). 

31. Young c h i l dr en ar e found t o be a t heigh te ned risk of i l l heal t h and low b irt h weigh t due t o extre me 

te m pe ra ture in t he Uni ted St ate s and el sewh ere ( Desch en es et al. 2009 ; Banerjee an d Mah araj 2020 ) as 

well as risk of mal t reat ment, ac cordin g to new research ( Evans et al. 2023 ). In Ecu a dor, a 1 ◦C higher-than- 

ave rage in-u te ro te m pe ra ture exp o sure is found to be re la ted t o 0.7 pe rce n t lowe r earn ings fo r adu lt ma les 

an d fem al es workin g in the formal sector ( Fishman et al. 2019 ). Exp o sure to extreme hot weather during 

preg nan cy in crea ses the l ikel i ho od of Chinese wo me n wo rk ing in unsk i l led jobs la te r in life ( Gao et al. 

2023 ). Wo me n wh o e xpe rie n ced m o re ra in fa ll as in fan ts during 1953–1974 in Indonesia are ta lle r, co m- 

pleted more schooling, and are more likely to be weal t hi er ( Mac cini and Yang 2009 ). Qua si-e xpe rime n ta l 

ev id ence fin ds th at infants in Et hiop ia who lived throu g h the peak of the 1984 drou g h t we re sign ifican tly 

sho rte r 20 year s la te r, co m pared t o those una ffected by the drau g ht, l eadin g to 5 percent lower annual 

income o v er the course of adul t hood ( Der con and Porter 2014 ). Where climate chan ge d e creases foo d se- 

curi ty, i t may resul t in ma lnu t ri tio n, wh ic h may lead to adve r se ou tco mes in la te r life, including in terms 

of ed ucat ion achi eved, earnin gs and lab or supply (see, for example, Smi t h (2009) , Gert ler et al. (2014) , 

Attanasio (2015) ). Climate ch ange m ay also impact ed ucat ion directly. In China, tot al te st score s for col- 

le ge e n tran ce e x am ina tio ns d e clined by 0.68 pe rce n t fo r a 1 standard d ev ia tio n inc rease in te m pe ra ture 

during the ex am pe riod ( Gra ff Zivin et a l. 2020 ). Stude n t pe rfo rmance o n h i gh-st ake s asse ssme n t d e clined 

at hot t emp erature during exam day in the largest public school district in the United St ate s ( Park 2022 ). 

In te restin g ly sc hool a ir-co nditio n ing can offset these effects ( Park et al. 2020 ). Wh eth er th ese fall s in out- 

comes are scarring or can be comp ensat ed wi t h later catch up is currently unknown. Ev id ence from an 

earth qu a ke in Pa kistan a ls o su g gests tha t amo ng a ffected c h i l dren, tho se w ith educated mothe r s ca tc h u p 

and close the deficits ( Andrabi et al. 2021 ). 

32. Fo r ex am ple, So m an ath an et a l. (2021) ga the r da ily da ta o n mete r s of c loth wo v e n by fact o ry wo rk- 

e r s. Ca i et a l. (2018) use num be r of pa pe r cu ps p r od uced per f act o ry wo rke r pe r day. 

33. A co mmo n a pp r oach is to use p r od uct io n da ta fro m na tio na l accoun ts div id ed by country p opula- 

tio n t o arrive a t pe r ca p i ta value-add ed, a g gre ga ted a t t he indust ry l evel usin g the In te rna tio na l Standard 

Industri al Cl assifica tio n (ISIC) (cf. Hsiang 2010 ). 

34. To as ses s hete roge neity using equa tio n ( 1 ), studies in te ract a dummy varia ble fo r h igh ly exposed 

industri es w ith the te m pe ra ture varia ble o r carry ou t a su bsam ple ana lysis by industry. 

35. The impact of an a ddition al hot day abo v e 95 ◦F (35 ◦C) fo r re la tive ly hot re gio ns co rrespo nds t o 

a bou t a third of losses in c ol de r o r m i l de r re gio ns in the Un ited Sta tes in terms of labor p r od uct ivity d uring 

a hotter year. 

36. The impact of days wi t h max im um te m pe ra ture o v er 100 ◦F (38 ◦C) amon g U S wo rke r s is sma lle r in 

Augu st—typi cally a h ot m o n th—co m pared t o June, su g gestin g sho rt-te rm wo rke r acc lima tiza tio n ( Gra ff

Zivin and Nei del l 2014 ). 

37. Hsiang (2010) con jectured t hat e conomy-w id e output loss in t he magni tude of 2.5 pe rce n t 

for + 1 ◦C in the Caribbean is more likely than not driven by labor p r od uct ivity losses. 

38. Fu ture globa l eco no m ic hea t re la ted p r od uct ivity losses h av e been estimated by a rece n t syste m- 

atic rev i ew of ev id e nce t o be in the range of 0.44 pe rce n t (RCP 2.6) t o 2.9 pe rce n t (RCP 8.5) of globa l GDP 

in 2100, a fte r accoun ting fo r ada p ta tio n ( Zhao et a l. 2021 ). 

39. See Mo rt o n 2007 fo r a co ncep tua l rev i ew of c lima te an d sm al l hol d er a g ri culture. 

40. Changes in ag ri cu ltura l ou tco mes ove r time in response to weather vari abi lity are mo d est when 

co m pared wi t h, fo r ex am ple, t he st ro ng lo ng-te rm pa tte rns of ada p ta tio n in hea l t h (see Carlet o n and 

Hsiang 2016 for a review of ada p ta tio n in ag ri culture and heal t h). 
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41. Ca i et a l. (2018) p r ov id e an exce p tio n. Distribu tio na l im pa cts a cro ss l eve ls of inco me, ge nde r o r 

et hnici ty h av e receiv ed so me, bu t lim ited, a tte n tio n in h igh inco me coun tri es ( Hsian g and Narita 2012 ; 

Hsiang and Jina 2014 ). 

42. Clima te m igra tio n refe r s t o people c han gin g loca tio n in respo nse t o the im pacts of c lima te c hange. 

43. Barrett et al. (2023) p r ov id e a co ncep tua l review of structural transfo rma tio n and c lima te. 

44. Clima te m igra tio n researc h te nds t o focus o n pe rmane n t m igra tio n; seaso na l o r circu lar m igra- 

tio n, o r co mmu ting time receive much less attention. 

45. The study co m bines a 21-year longitu din al surv e y dat a wi t h sa te llite measure me n ts of c lima te vari- 

ab ili ty. 

46. Because of the Great Depression, access t o ca p i tal was limited and gr o wth in local man uf acturing 

wea k, resu ltin g p opu la tio n d e cline bein g the ma in sho rt- and lo ng-te rm adjustme n t of the loca l eco no my. 

47. A 1 pe rce n t red uct ion in precip i ta tio n leve l s i s asso ciat ed wi t h a 0.45 pe rce n t rise in urban iza tio n. 

Simi l ar evi den ce e xis ts for s ub-Saharan Africa during 1960–2000 wi t h c lima te m igra tio n inc reasing ur- 

ban la bo r su pply, wh ic h bot h st rengt h en ed agglom eration e conomi e s and reduc ed wage s ( Marc h io ri et 

al. 2012 ). 

48. In co n trast t o othe r la bo r the mes, the c lima te m igra tio n lite ra ture has pa i d c onsi d erabl e atten- 

tio n t o co-dete rm inan ts of c lima te m igra tio n, inc luding h ist o rica l loca l c lima te varia b ili ty, farm income, 

weal t h, and ag ri cu ltura l yie ld, as we ll h ou seh old me m be r’s educa tio n ( Sa ldana-Zo rrilla an d San dberg 

2009 ; Feng et al. 2012 ; Bohr a-Mishr a et al. 2014 ; Mueller et al. 2014 ). 

49. Wh ile beyo nd the scope of this paper, it is usefu l t o co nside r the role of co n flict. Estima tes of the 

im pact of c lima te o n m igra tio n tha t do not co n trol fo r co n flict may be m is-in te rpreted and m isin fo rm 

p olicy d esign. Te m pe ra ture ri se i s found to cause co n flict, wh ic h in turn affe cts e co no m ic pe rfo rmance 

and m igra tio n. The lite ra ture finds a stro ng re la tio nsh ip betwee n c lima te c hange and civil war ( Burke et 

al. 2009 ), intergroup conflict ( Hsiang et al. 2013 ) and wi t hin count ry v iol en ce and confli ct, due to drou g ht 

( Maysta dt an d Ec ke r 2014 ) and wa te r scar ci ty ( Un fried et a l. 2022 ) amo ng othe r reaso ns. Co n flict a lso 

cause s mi gra tio n, especia lly in low-inco me coun t ries ( Ibáñe z and Vele z 2008 ), affe cts lab or supply and 

wages ( Minoiu and She mya kina 2014 ) and physical and human cap i tal (heal t h, ed ucat ional attainment) 

( Se rnee ls and Ve rpoo rte n 2015 ). It disru p t s market s and is a ke y obst ac le fo r eco no m ic deve lopme n t and 

gr o wth. 

50. The di st inct io n betwee n the im pact of c lima te c h ange an d the respo nse t o it is t o so me exte n t 

se man tic. Wo rke r s may respo nd t o h ighe r te m pe ra ture by reducing their la bo r su pply, wh ic h we discussed 

unde r “im pact.” Im pacts may a lso be re la ted: red uct io ns in la bo r su pply m ay lea d t o sect o r re loca tio n o r 

m igra tio n. 

51. Fo r ex am ple, t o as ses s t he effectiveness of firms’ c lima te-co n t rol invest me n ts, So mana than et a l. 

(2021) use an indica t o r refle ctin g adop tio n of a ir-co nditio n in g as l ef t-h an d si de vari able. 

52. Co m paring im pa ct a c ross adop te r and no n-adop te r su bsam ples se rves th e sam e objective (cf 

Som an ath an et al. 2021 ). 

53. Fo r ex am ple, Che n and Yang (2019) in te r act a dumm y fo r h igh-te m pe ra tur e r e gio ns wi t h te m pe r- 

a ture varia bles t o as ses s if va lue added pe r wo rke r varies by c lima tic re gio n. Gra ff Ziv in and Neid ell (2014) 

use th is a pp r oac h t o test fo r ada p ta tio n in la bo r su pply respo n se a c ross wo rke r s in the hottest and c ol dest 

U S counti es. 

54. This a pp r oa ch ha s been u sed to stu dy a da p ta tio n in the co n te xt of cog n itive pe rfo rmance ( Gra ff

Zivin et al. 2018 ), US corn p r od uct i vity ( Bur ke and E me ric k 2016 ), and eco no m ic gr o wth ( Dell et al. 2012 ). 

The est imat ion typically follows the follow in g spe ci fica tio n: 

�Y i j( t 2 −t 1 ) = β�T 

e 
i j( t 2 −t 1 ) 

+ �C 

e 
i j( t 2 −t 1 ) 

� + �X i j( t 2 −t 1 ) � + γ j( t 2 −t 1 ) + �ε i j( t 2 −t 1 ) (2) 

55. The scar ci ty of rig o rous studies is re la ted t o the lim ited ava i l abi lity of h igh-qua lity da ta, as we ll 

as to the relatively late en ga gement of e con omi cs wi t h e m pirica l ana lys is o f c lima te c han ge ( O swald and 

Stern 2019 ). 
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56. AC adop tio n can also imp r o v e cognitiv e p r o ductiv ity. In U S sc hools adop ting a ir co nditio n ing, h igh 

sc hool stude n ts ob ta ined h ighe r standardi zed t est scor es, r edu cing the impa ct of high t emp erature ( Park 

et al. 2020 ). 

57. The en ergy-efficient L ED lig htin g att enuat es 80 percent of the p r od uct ivi ty effects of hot days by 

reducing heat dissipa tio n, co m pared t o co nve n tio na l ligh t bu lbs. 

58. Wh eth e r th is ada p tive respo nse is op tima l re ma in s un c lear. Wh ile a sh ift t owards large-sca le ir- 

riga tio n in US coun ti es w i t h access to aqui fer g rounder water e st abli sh ed drou g ht re sist anc e, change s 

in l and al location toward high-value wat er-int en sive crop in crea sed drou g ht sensitiv ity ( Ho rn bec k and 

Keskin 2014 ). 

59. Crops observed were rice, wheat, maize, sugarcane, groundnut and s org hum. 

60. See De rco n (2002 ) fo r a deta iled ex am ina tio n of h ou seh ol d risk-c op ing st ra te gies. 

61. A desc rip tive Wo rld Ban k study re p o rts sim i l ar findings fo r M ENA ( A doh o 2014 ). 

62. See, fo r ex am pl e, Co a te and Rava llio n (1993) , Townse n d (1994) , Udry (1994) , an d Am brus et a l. 

(2014) . 

63. Carb on pricin g puts an e xpli cit pri ce o n carbo n t o curb ne ga tive exte rna lities and ac h i eve a s ocial 

opt im um. It refers to a c ol l e ction of app r o aches w i t h carbon t axe s an d cap-an d-tra d e sy stem s a s the m ost 

co mmo n (see Au ffhamme r et a l. 2016 fo r a ge ne ra l discussio n of carbo n pricing). Carbo n pricing is adopted 

more in high than mi d d le- and low-income countries, See carbo n pri cingda sh board.wo rl d ban k.o rg. fo r an 

o v erv i ew of e st abli sh ed and on goin g carb on pricin g in itia tives wo rl dwi de. 

64. This refle cts the cro ss ela sti city of Full Time Equivalent (FTE) wi t h respect to real el e ct rici ty pric e s. 

This ana lysis, like most US analysis, uses wi t h in-sta te, year-t o-year varia tio n in US e lect rici ty pric e s, as a 

p r oxy fo r h ighe r e ne rgy pric e s re su lting fro m carbo n pri cing poli c y, b ased on the reaso n ing tha t e lect rici ty 

pric e s are a fir st-o rde r im pact c hanne l of c lima te policy o n la bo r market. Wh ile th i s i s a we ll-reaso ned a p- 

p r oac h, o ne cann ot e xclud e the p ote n tia l fo r o m itted varia ble bias, fo r in stan ce, i f un obse rva bles in flue nce 

ch anges o v er time in both wi t h in-sta te e lect rici ty pric e s and la bo r ou tco mes. 

65. To put the a g gregat e estimat es in cont ext, a forward-looking analy sis v is-a-v is the predicted US 

na tio na l carbo n e m issio n targ ets ind i cates a sh o rt-te rm loss of 460,000 FTE e m ployme n t, o r 0.6 pe rce n t 

of t ota l e m ployme n t, if e l e ct rici ty pric e s rise by 4 pe rce n t. The se e stimate s do n ot a ccoun t fo r t he effects 

of co m pe nsa t o ry measures tha t may offset th e n e ga tive im pact o n la bo r de m an d. 

66. The $10/t o n CO2 tax led t o -38 pe rce n t e m ployme n t in c he m ica l manu facturing, -25 pe rce n t in 

el e ctric p ower generation, + 18 percent in heal t h care servi c e s, and + 15 percent in retail trade. 

67. A green job can be defined from an output-based or a p r oc e ss-b ased pe r spective, whe re the fo rme r 

focuses on environmental goods and servic e s while the la tte r co nce n tra tes o n p r od uct ion p r oc e sse s (US 

Bureau of La bo r Sta ti stics). The use of m ult ipl e d efin itio ns fo r gree n jobs co m plica tes co m pariso n ac ross 

studie s ( De sc he nes 2013 ). 

68. The pa pe r ide n tifies im pa ct by e xploiting geog ra ph ica l varia tio n in re gu la t o ry stringe n cy a cross 

t he Uni t ed Stat es. An ILO desc rip tiv e an alysis th at as ses ses the ski l ls for green t ransi tion in 32 countries 

worl dwi de, e stimate s tha t so me 2 m i l lio n wo rke r s may requ ire “re-sk i l l ing” for d i fferent occupation s, and 

c lose t o 20 m i l lio n requ ire “u pski l ling” for ne w jobs, acr oss lo w-, medium-, and high-s ki l led occu pa tio ns 

( ILO 2019 ). Changes in r equir ed ski l l s—wh eth er by g reening e x ist ing jobs or developing new “green” jobs—

are co nce n tra ted in re newa ble e ne rgy, e nviro nme n ta l g oods and servic e s, and co nstructio n; effects of the 

low-carbon t ransi tion are less ce rta in fo r othe r sect o r s. Ge nde r di sparity i s exp ect ed to p e r sist, wi t h most 

job c rea tio n and rea lloca tio n like ly t o occur in me n-do m ina ted m i d-ski l l occu pa tio ns. 

69. The e xpan s ion o f road n etw ork s i s foun d to h av e a sig ni ficant cau sal impa ct. It enabled the inte- 

gra tio n of local labor markets in p o st-libe ra liza tio n India ( Allen and Atkin 2022 ). 

70. Imp r o v ed l abor mobi lity can also imp r o v e general w el l bein g, includin g heal t h. Over t he last 30 

years, 4–7 percent of total life expect anc y gains in the United St ate s are a ttribu ta ble t o the geogra ph ica l 

mob ili ty of the U S p opu la tio n fro m the c ol d No rtheast t o the warm Sou theast re gio ns ( Desc he nes and 

Moretti 2009 ). 

71. Fo r a discussio n of c lima te c h ange an d lan d an d the ch all en ges for banking and the financial sector 

at large, see IPCC (2019) and Campiglio et al. (2018) , respectively. 
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72. Dra ft resu lts of a co m pan io n stu dy th a t ta kes st oc k of ex ist in g ev id e nce fo r the Mi d d le East and 

North Africa are avai l abl e up on request. 

73. The o v erv i e w bui l d s on on e p o ssibl e ca te g o riza tio n of c lima te c han ge p olici e s, used by the Forei gn, 

Co mmo nwea l t h, and Deve lopme n t Office (FCDO) UK, among others. 
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Appendix A1: Climate Change Policies 

Many of the ex ist in g p olic y re sponse s worl dwi de primari ly a im t o reduce e m issio ns 

and their ne ga tive im pacts, bu t they rare ly e xpli ci t ly target la bo r ou tco mes. Ta ble A1.1 

prese n ts ex am ples of key c lima te c han ge p olicy in te rve n tio ns tha t h av e un de rg o ne 

eva lua tio n. 73 

Table A1.1. Ex am ples of Ge ne ra l Clima te Chang e Pol icy In te rve n tio ns 

Policy area Ex am ple of in te rve n tio n Refe re nce 

Mit igat ion 

Carbon price . Carbon tax and emission trading system Wo rld Ban k, IPCC (2014) 

Fossil fuel subsidy 

reform 

. Reduce fossil fuel subsidy O EC D (2018) , IPCC (2014) 

Powe r ge ne ra tio n . Shift from coal to renewables using pricing 

. Su ppo rting g o v e rnme n ts t o t ransi t out of 

coal and develop altern ativ es to diesel 

Lo (2014) , World Bank Scaling Solar 

Ag ri culture, 

forestry, land use 

. Payme n t fo r e co sy ste m se rvic e s Jayach an dran et al. (2017) , Mohebalian 

and Agui l ar (2018) 

Transport and 

urban 

. Infra stru cture and urb an de si gn 

. Low-carbon vehicles and high-v olum e public 

transport 

. R&D and d e ployme n t of e ne rgy efficie n t 

te chnologi es 

IPCC (2014) , New Climate E con omy 

(2016) 

End use . Nud ge s t o e n courage u se of m ore efficie n t 

ap pl ianc e s 

. Deve lopme n t of ev id e nce o n wha t wo rks in 

reducing t radi tio na l bio ma ss u se 

. E ne rgy efficie ncy p r oducts and standards 

Mobarak (2012) , Leach and Oduro 

(2015) , Adhvaryu et al. (2020) 

Ada p ta tio n 

Crop vari eti es . New high yield crop vari eti es tol erant to 

pe sts/disease s and drou g ht/floo d/salinity 

Dar et al. (2013) 

Disaster 

pr epar edness 

. Early warning systems, enhanced wea the r 

an d clim ate servic e s, flood preve n tio n and 

p r otection, p reve n ta tive hea l t h fo r c lima te 

sen sitive disea ses 

Kuik et al. (2016) 

Ada p tive socia l 

p r otection 

. Shoc k-respo nsiv e a da p ta tio n 

. A l ignme n t wi t h humani tarian systems 

Conway and Schipper (2011) 
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Appendix A2: Mapping the Evidence 

Table A2.1 p r ovides a stylized o v erview visu a liz ing wha t evide n ce e xi sts on th e im- 

pact of c lima te c hange o n la bo r. 

Table A2.1 Visua liza tio n of Ex ist in g Ev id e nce o n Clima te Im pacts o n La bo r, Globa lly 

Area of impact Clima te re la ted eve n ts 

Te m pe ra ture 
and heat 
extremes precip i ta tio n 

S ea lev el rise 
and floo din g 

Tropical 
cyc lo nes and 
st o rms Drou g ht 

E con omy w id e E E N E N 

Ag ri culture E E N E E 

In dustry an d servic e s E E N E N 

Dem an d for labor, by sector 

Ag ri culture E E N N E 

Industry outside ag ri culture E N N N N 

E ne rgy ∗ E – – – –

Service N N N N N 

La bo r su pply and time a lloca tio n E E N N N 

Wo rke r p r od uct ivi ty on-t he-job E N N N N 

Inco me, vu lne ra b ili ty among 

se lf-e m ployed 

N N N N N 

Rea lloca tio n of la bo r 

Sect o ra l rea lloca tio n E E N N N 

Clima te m igra tio n E E E N N 

E = Ev id en ce a c ross co n te xt, m ostly fro m h ist o rica l ana lysis o r fro m simu la tio n; N = No or very limited q uant itat ive 

ev id ence; 
∗Wo rk o n E ne rgy mostly co nce n tra tes o n the im pact of green t ransi tio n ra the r than c lima te c hange eve n ts the mse lves. 
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