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Extrem e weath er events are increasingly disru ptin g s chool ing. Yet, t hese are underrepre- 

sented in the clim ate ch an g e literature. Of 15 revi ew articl es on the eco no mic impacts of 

c limate c han g e published since 2010, only three mention the impacts of climate chan g e on 

educatio n. We r eview av a ilable l ite rat ur e o n the effects of weathe r extre m es on edu cation. 

We o ut l ine key pat hw ays t hro ugh wh ich t hes e events im pa ct edu cati on out c ome s, as well 

as t he magn itude of those impa cts. Ev iden ce implies a significant and adverse r elatio n- 

s hip be tw een heat an d learning. S t u dies sug gest surp as sing a hig h t emp eratur e thr e sh old 

makes learn ing d ifficult and re sult s in l earnin g l oss es. A cros s studies, each a ddition al day 

subject to extreme heat reduces learning. Tropical c yclo nes, floo ds, an d wildfires precipi- 

tate sch o o l clo sure s, whi ch halt learning. Ev iden ce su gg ests that one day of sch o o l clo sures 

leads to one day of learning lost. Weather extremes also ne gat iv ely imp ac t educat ion out- 

c ome s t hro ugh healt h , nutrition , pov erty, an d f rag ility, among o the r distal p athway s. We 

d is cuss t he impl ications of t h is evi d ence for policy, includ ing t he need to adapt education 

s y ste ms to c limate c han g e. Mit igat ion an d a da pt ati o n ar e bo th urge ntly needed as extre me 

w eather ev ent s b e c ome m o r e fr equent an d sev er e in the co nt ext of climat e chan g e. 
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In tr od u cti on 

Hum an activity, prim arily throu g h the rel ea se of g ree n h ou se ga ses, i s indi spu ta bly 

causing c lima te c hange. In 2011–2020, glob al surfac e t emp erature was 1.1 

◦C abo v e 

th e level s seen in preind ustrial t imes ( B ashm ako v et al. 2022 ). The release of green- 
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h ou se ga sses—driven by un su sta ina ble e ne rgy u se, land u se, a s well a s con sump- 

tion and p r oductio n pa tte rn s—ha s pe r siste n tly rise n ( IPCC 2023 ). Unsurprisin g ly, 

h igh-inco me coun tri es bear mo st of the resp onsi bi lity for these e m issio ns. 

Co nsum p tio n-based e m issio ns da ta s ho ws tha t h igh-inco me coun tries ar e r espon- 

sible for 92 percent of exc e ss glob al CO2 emissions ( Hic ke l 2020 ). More specifically, 

the top d e cil e of h ou seh olds wi t h t h e high est pe r ca p i ta e m issio ns co n tribu tes 34–45 

pe rce n t of globa l co nsum p tio n-ba sed h ou seh old g ree n h ou se e m issio ns, co m pared t o 

13–15 pe rce n t co n tribu ted by the bott o m 50 pe rce n t ( IPCC 2023 ). How ev er, the conse- 

quenc e s of these e m issio ns wi l l b e more se v ere an d im pactfu l in deve loping coun tries 

( Das Gu p ta 2014 ; Sun et a l. 2019 ). Eve n wi t h in coun t ries, t h e most vuln erable st ate s 

and co mmun iti es w i l l be the hardest hit by c lima te c hange, ex ace rba t ing ex ist ing 

ineq uit ies ( Kemp et al. 2022 ). 

Clima te c hange is inc reasing the frequency and intensity of extreme events such as 

floo ds, drou g hts, and w i l d fires, a s well a s the p r obab ili ty of co-oc currin g eve n ts ( St ott 

2016 ; Ebi et al. 2021 ). The num be r of disaste r s has inc reased by a fact o r of fiv e o v er a 

50-year period and wea the r, c lima te, and wa te r ha zards accoun ted fo r 50 pe rce n t of 

a ll disaste r s o v e r th is pe riod ( WMO 2021 ). App r oxima te ly 93–95 pe rce n t of th e w orld 

popu la tio n wi l l expe rie n ce m o re than dou ble the curre n t num be r of hot and dry eve n ts 

by the end of the twe n ty-fir st ce n tury ( Ri d de r et a l. 2022 ). 

Chi l dr en ar e particu larly a t-risk t o t he effects of c lima te c h ange. Ov e r 99 pe rce n t 

of c h i l dren around th e w orld are exp o sed t o a t least o ne majo r c lima te and e nviro n- 

me n ta l ha zard, shoc k o r stresso r an d nearly h alf of th e w o rld’s c h ildre n live in ex- 

tre me ly h igh-risk coun tries fo r c lima t e sho c ks ( U NICEF 2021b ). In the a bse nce of c li- 

ma te c hange m itiga tio n, the re wi l l be an ad ditio na l 131,000 c h i l d deaths each year by 

2030, driven by a higher burden of infectious diseases, foo d inse curity, and political in- 

stab ili ty ( Williams et al. 2021 ). It is estimated that the ed ucat ion of 75 mi l lion chi l dren 

has been disru p ted by c rises suc h as co n flict and na tura l disaste r s. These are p r ojected 

t o inc rease in frequency and severity with c lima te c hange ( Theirw orld 2018 ). 

While the pote n tia l effects of c lima te c hange o n c h i l dre n’s hea l t h ar e r e la tive ly we ll- 

docume n ted, the re has bee n l ess sy ste ma tic a tte n tio n o n t he effects of c lima te c hange 

o n c h i l dre n’s educa tio n ou tco m es. O ut of 15 rev i ew articl es on the e co no m ic im pacts of 

c lima te c hange pu bli sh ed since 2010, o n ly three me n tio n the im pacts of c lima te c hange 

o n educa tio n. 1 On We b of Scie nce, the r e ar e fiv e-times as m any pu blica tio ns o n the 

heal t h impacts of climate change as on the ed ucat ional impacts of climate change. The 

re gio ns of the world that are the most vulnerable to the impacts of climate change, 

su ch a s su b-Sa h aran Africa an d Sout heast Asia, are t hose t h at h av e the least avai l able 

ev id e nce t o quan ti f y h ow edu ca tio n ou tco mes are and wi l l c o n t in ue to be a ffected. Ou t 

of the articles on ed ucat ion and climate, 33 pe rce n t (1,903 out of 5,732) are based in the 

Un ited Sta tes and 78 pe rce n t (4,467) are from hig h-income e conomi e s (b ased on World 

Ban k c la ssi fica tio ns). 2 
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This pa pe r rev i ews an d summ ariz e s curre n t ev id e nce o n the im pa cts of e xtreme 

wea the r eve n ts o n educa tio n ou tco mes. Focusing o n extre m e h eat, t rop ica l cyc lo nes, 

floo ds, drou g hts, and w i l dfir es, r esearc h o n bot h t he direct an d in direct impacts of 

t hese ext re me wea the r eve n ts o n sho rt-te rm and lo ng-te rm educa tio na l indica t o r s is 

rev i ewed. Im plica tio ns of the ev id e nce fo r the educa tio n sect o r are di scussed. The pa- 

pe r a lso h igh ligh ts evide nce ga ps and pote n tia l oppo rtun ities fo r fu ture wo rk o n th is 

top ic. Ext reme weat her events wi l l only become more severe under climate change; we 

must unde r stand their impacts on ed ucat ion system s, sch ooling, and long-term eco- 

no m ic co n text t o be st prep are and p r ote ct the p opu la tio ns and coun t ries t hat are most 

vu lne ra ble. 

The pa pe r is o rgan ized as follows. We fir st prese n t a fram ew or k s ummarizing the di- 

rect an d in dire ct way s in wh ic h extre me wea the r eve n ts im pa ct edu ca tio n ou tco mes. 

Next, we summari ze e v id e nce o n the im pact of the four direct c hanne ls (extre me hea t, 

t rop ica l cyc lo n es/flood s, droughts, and wi l dfires) on learn ing, e nrollme n t, dropou ts, 

and lo ng-te rm ou tco mes. Afte r th is, we prese n t ev id e nce o n the indirect c hanne ls 

throu g h wh ic h extre me wea the r eve n ts a ffect educa tio n ou tco m es. Next, we di scuss 

how to protect and leverage the ed ucat ion sector in the face of climate change. The 

fina l sectio n co nc ludes. 

Impacts of Climate Change on Education: Overview of Framework 

Clima te c hange e rodes educa tio n ou tco mes by im pactin g l earnin g, drop ou ts, and lo ng- 

te rm ou tco me s ( fig. 1 ). Extre me wea the r eve n ts have p r oxima te, o r dire ct, effe cts on 

ed ucat ion outcomes throu g h comp r omised sch ool a cc e ss, school closure s, de struction 

of sch ool stru cture s, and imp acts o n sc hool e nviro nme n t (se e t a ble 1 fo r deta ils o n key 

pa pe r s inc lud ed in the rev i ew). 

Ther e ar e also mor e distal, or indire ct, effe cts of these c lima te extre mes o n educa- 

tio n ou tco mes. Extre me wea the r can lead to eco no m ic shoc ks, p r o duce p oo r a ir qua l- 

ity, in crea se confli ct and food insecurity, and drive h ighe r m igra tio n and displace me n t. 

In crea sing e xtre me wea the r and c lima t e e ve n ts have a lready drive n m i l lions of pe ople 

t owards acu te foo d inse curity and reduced wa te r se curity, w i t h t he larges t ad ve r se im- 

pact s o bse rved amo n g the mo st vu lne ra ble loca tio ns and co mmun ities ( IPCC 2023 ). 

Clima te c han ge w i l l p r odu ce m o re co n flict and v iol enc e, e speci al ly in low-inc ome re- 

gions of the world ( Akresh 2016 ). For example, clim ate-driv en foo d inse curity and wa- 

ter scar ci ty are p r o jected to in crea se wi t h in crea sin g g loba l warm ing, in te ractin g w i t h 

no n-c lima tic risk drive r s suc h as more freque n t pande m ics, co n fli cts a sso ciat ed wi t h 

co m pet it io n fo r re sourc e s (land, wa te r), and fo rc ed displac e me n ts ( IPCC 2023 ). These 

wi l l e xa c erb at e disr uptions to ed ucat ion servic e s, reduc e dem an d for schooling due to 

copin g me c han ism t o accoun t fo r eco no m ic losses at the household lev el, an d reduce 

th e readin ess of stude n ts due t o hea l t h and nut ri tio na l shoc ks ( Caruso et al. 2024 ). 

Po v erty, food insecurity, and stress ma ke popu la tio n s m o re vu lne ra ble t o t he effects 
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Figure 1. Impacts of Climate Change on Ed ucat ion O utcom es 

Source : Au tho r’s i l l ustrat ion. 

of extre me wea the r and measures to addre ss the se und erlyin g vu lne ra b ili ti es w i l l not 

o n ly address some of the root causes of educa tio na l disp aritie s but can also in crea se 

re silienc e to climate hazards. 

Extr em e H eat an d Ed u cati on Outcom es 

Extrem e h eat p o ses a threat to chi l dren and their ed ucat ion out comes. Aroun d 30 per- 

ce n t of the world ’s p opulation is exp o sed t o extre m e h ea t co nditio ns and fu ture pop- 

u la tio n exp o sure is p r o jected to in crea se by 48 pe rce n t t o 74 pe rce n t unde r diffe ring 

c lima te c hange sce narios ( Mo ra et a l. 2017 ). Ove r o ne-th ird of c h i l dre n globa lly are 

curre n tly exp o sed t o hea twaves ( U N ICEF 2021a ). The in crea sing e xp o sur e to extr eme 

heat p o se s a not a ble c ha lle nge fo r the ed ucat ion sector. A gr o w in g b o dy of ev id ence 

su g gests tha t h igh te m pe ra tures can a dv e r se ly im pact both sho rt-te rm and lo ng-te rm 

acade m ic pe rfo rmance. 
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Ele vat ed t emp erature in cl assro om environments has acute effects on the physiol- 

ogy of stude n ts, inc reasing heart rates and affe ctin g perce ption and spatial orientation 

( Brin k et a l. 2021 ). These physiologica l respo nses h av e bee n lin ked t o redu ced a ccura cy 

and speed in cognitive tests, translating into dimini sh ed l earnin g outcomes ( Porras- 

S al azar et al. 2018 ; Barbic et al. 2019 ; Tian et al. 2021 ; Barbic et al. 2022 ; Vu 2022 ). 

C um u la tive exp o sure t o h ighe r te m pe ra tures o r “hot” days in the mo n ths/year s 

prio r t o an ex am can a lso im pact learn ing. Ra the r than eva lua ting the acute effects of 

h eat, th e se studie s c onsi der the medium or long-term negative effects of exposure to 

extrem e h eat on school days ( Cho 2017 ; Garg et al. 2020 ; Park et al. 2020 ). In the medium 

o r lo ng-te rm, hea t not o n ly a ffe cts l earnin g, bu t can a ls o trig ge r lowe r a tte ndance and 

h ighe r dropou ts. 

Extrem e h eat wi l l disp r opo rtio na lly a ffect t he poor est r egions. Warmer an d low er re- 

s ource settin gs are facin g hig her exp o sur es to extr em e h eat con ditions an d as a result 

expe rie ncing the grea test burde n o n educa tio n ou tco me s. E a ch h ot day can also h av e 

diffe re n t effects o n popu la tio n s a cross and wi t h in coun tries, as the socioeco no m ic co n- 

di tions and resour ces of schools an d stu de n ts wi l l affect resi lie nce t o t hese st resso r s. 

Fo r ex am pl e, hot day s m ay not h av e th e sam e effe ct on stud e n ts a tte nding a sc hool wi t h 

a ir co nditio n ing as o n stude n ts in a sc hool wi t h no el e ct rici ty and imp r oper venti l ation. 

Impacts on Learning 

Exp o sure t o h igh te m pe ra tures has a ne ga tive im pact o n learn ing ou tco mes. A num- 

ber of stu dies h av e evalu ated how exp o sure t o h igh te m pe ra tures in the year(s) prior 

to st andardiz ed te sts a ffect sco res. In Bra z il, an inc rease of 1 

◦C during the two years 

prio r t o a na tio na l as ses sme n t transla tes in t o ∼0.03SD losses in test scores ( Sch a dy 

et al. 2024 ). Park et al. (2020) found that l earnin g is reduced by 1 percent for every 

1 

◦F in crea se in t emp erature in the school years pre cedin g e xam s, u sing sco res fro m 

the Pre lim inary Sc h ola sti c Aptitude Test (PSAT), a pra cti ce c ol le ge e n tran ce e xam in 

t he Uni t ed Stat es ( Park et al. 2020 ). Roach and Whi t n ey (2022) al so e valuat ed the ef- 

fe cts of avera ge max im um te m pe ra ture o n E n g li sh/L an gua ge Arts and Math test scores 

fro m the Stan fo rd Educa tio na l Da ta Arc h ive (SEDA) fo r stude n ts in th ir d gr ad e throu g h 

eig hth grad e acro ss t he Uni t ed Stat es ( Roach and Whi t ney 2022 ). They find that a 1 

◦F 

in crea se in average max im um te m pe ra ture leads to up to a 4.71 percent red uct ion in 

mean test scores ( Roach and Whi t ney 2022 ). 

Larger effects are observed when c onsi d erin g t he effects of ext rem e h ea t days o n 

l earnin g. S ev eral stu dies h av e s ho wn tha t fo r eve ry additio na l day of extrem e h ea t, a t 

least one day of learning is lost ( Cho 2017 ; Garg et al. 2020 ; Park et al. 2020 ; Park et al. 

2021 ; Roach and Whi t ney 2022 ). A cros s 58 countries part icipat ing in the Programme 

fo r In te rna tio na l Stude n t As ses sme n t (PI SA) b etween 2000 and 2015, Park et al. (2021) 

foun d th a t ex am sco res d e creased by 0.18 pe rce n t of a standard d ev ia tio n fo r eve ry 

a ddition al hot day (abo v e 26.7 

◦C/80 

◦F) in t he t hree year s prio r t o the ex am, equ iva le n t 
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to 1.08 days of learning lost. 3 This was driven by high t emp eratures on school days (on 

scho ol d ays, 0.22 pe rce n t c hange equ iva le n t t o 1.33 day s lo st) and affe cted primarily 

poo re r coun trie s. B e side s the glob a l ana lysis, o n ly a few stu dies h av e c onsi dered the 

effects of cumu la tive exp o sure t o h igh te m pe ra tures o n acade m ic ac h ieve me n t ou tside 

of the Un ited Sta tes. Cho (2017) used city-level te m pe ra ture da ta t o eva lua te the effects 

of hot days during the summer on test scores for the Korean c ol lege entrance exam, 

wh ic h occur s in No v e m be r ( Cho 2017 ). The stu dy foun d th at m ath an d En g lish scores 

d e creased by 0.0042 (equivalent to 2.52 days of learning lost) and 0.0064 (equ iva le n t t o 

3.84 days of learning los t) s tand ard devi a tio ns, respective ly, wi t h ev ery a ddition al day 

wi t h a max im um da ily te m pe ra ture o v e r 34 

◦C re la tive t o a day in t he 28–30 

◦C in t he 

summe r mo n t hs. G arg et a l. (2020) used survey da ta o n educa tio na l ac h ieve me n t in 

primary school chi l dren in India to e valuat e t he effect of t he num be r of hot days in the 

ca le ndar year prior to the year of the test on scores, finding that math and reading test 

pe rfo rman ce wa s redu c ed by 0.03 and 0.02 st andard d ev ia tio ns, respective ly, equ iva le n t 

t o 1.2 t o 1.8 day s of l earnin g lo st, fo r eac h additio na l day wi t h ave rage da ily te m pe ra ture 

more than 29 

◦C re la tive t o 15 

◦–17 

◦C ( Garg et al. 2020 ). 

Extrem e h eat i s al so found to hin der perform ance on the day of the ex am. Ac ross six 

studies c onsi de ring te m pe ra ture o n the ex am day, t he effect of a 1 

◦C in crea se in tem- 

pe ra ture during the ex am lowe red test sco res u p t o 2.91 pe rce n t of a standard d ev ia tio n 

( Zivin et al. 2020 ; Melo and Suzuki 2021 ; Li and Patel 2021 ; Park 2022 ; Vu 2022 ; Zhang et 

a l. 2024 ). This has co nseque nc e s o n stude n t ac h ieve me n t and acade m ics, wh ic h cou ld 

be particularly p r oblematic for hi gh-st ake s e xam s where one’s future stands on the line. 

Zivin et al. (2020) studied h ow h ot wea the r a ffe cts stud e n ts’ pe rfo rmance in Ch ina’s 

Na tio na l Colle ge E n trance Ex am ina tio n (NCEE). They disco v ered th at for ev ery 1 

◦C 

rise in te m pe ra ture during the two-day exam period, test scores dropped by 2.91 per- 

ce n t of a standard d ev ia tio n ( Zivin et al. 2020 ). Melo and Su zu ki (2021) co nducted a 

simi l ar analysis in Bra z i l, c onsi d erin g impacts of d ai ly municipality-level t emp erature 

e stimate s on score s on the National High School Eval uat ion Exam (EN EM), whi ch is 

used for students’ admission to universities. They find that a one standard d ev ia tio n 

in crea se in t emp erature (equivalent to 3.679 

◦C) during the exam d e cr eases scor es by 

0.036 of a standard d ev ia tio n ( Me lo and Su zu ki 2021 ). Vu (2022) als o studi ed effe cts 

of ave rage te m pe ra ture o n test days o n sco res in t he Viet n amese n a tio na l un ive r sity 

and c ol le ge e n tran ce e x am ina tio ns in 2009 an d foun d th a t a 1 

◦F inc rease o n the test 

day was asso ciat ed wi t h an app r oximate 0.006 SD d e crease in st andardiz ed te st score s 

( Vu 2022 ). Stude n ts in rural areas and w om en were found to be particularly vulnerable 

to t hese effects ( Vu 2022 ). Park (2022) eva lua ted effects of ex am-day am bie n t te m pe r- 

a ture o n h i gh st ake s e xam s in New York city an d foun d a 13 pe rce n t of a standard de- 

via tio n lowe r ex am sco re whe n the te m pe ra ture was 90 

◦F as co m pared t o 75 

◦F ( Park 

2022 ). A study in China found that t emp eratures abo v e 32 

◦C on the t est dat e, relative 
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to days wi t hin 22 

◦C–24 

◦C, d e c rease ma th sco re s by 0.066 st andard d ev ia tio ns, wh ic h 

t hey t ransla te t o be equ iva le n t t o lo sin g 0.23 year s of educa tio n ( Zhang et al. 2024 ). 

The human b o dy’s reactio n t o hea t stress is at the core of the se imp acts. A b o dy’s 

phy siological resp onse to heat stress can p r odu ce va s o di l a tio n, an inc reased blood 

flow to the sk in, putt ing in crea sed strain on th e h eart which affects the b o dy’s ther- 

mo re gu la t o ry ca paci ty ( Eb i et al. 2021 ). Exp o sure t o h ighe r te m pe ra tures can a lso p r o- 

duc e change s in heart rate and re spira t o ry ra tes. A study o n e me rge ncy d e partme n t 

vis its o f c h i l dre n in the Un ited Kingdo m found an inc rease of app r oximately 10 beats 

pe r m inu te fo r eve ry de gree Ce lsiu s in crea se in b o dy te m pe ra tur e ( Da vis et al. 2021 ). 

The effects of high te m pe ra ture o n respira t o ry ra tes are less clear wi t h some stud- 

i es findin g no c lin ica lly mean ingfu l effects o n respira t o ry ra tes ( Hea l et a l. 2022 ) and 

othe r s s ho w in g an in crea se in respira t o ry ra te of u p t o 2 brea ths pe r m inu t e p er de- 

g ree Celsiu s in crea se in b o dy te m pe ra tur e ( Da vies and Ma con ochie 2009 ). These phys- 

iologica l respo nses t o h igh te m pe ra tures, as we ll as th e di sco m fo rt and distractio n 

of being in a hot e nviro nme n t, can a ffect stude n ts’ learn ing an d aca de m i c a c h ieve- 

me n t. Ra isin g b oth skin and core t emp eratur e can incr ease strain on the cardiovascu- 

lar system, p r od ucing f a ster rea ct ion t imes and d e crea sed a ccura cy in cog niti ve tes ts 

( Simm on s et al. 2008 ). A systematic rev i ew on ambi ent air t emp erature an d cognitiv e 

pe rfo rm ance fin ds th at hot t emp eratures d e crea se performan ce, l eadin g to a 5 percent 

d e crease in accuracy and 3 pe rce n t d e crea se in speed in cog nitive ta sk s ( Yegan eh et al. 

2018 ). 

Resear ch studying t he indoo r bu ilt e nviro nme n t an d hum an co m fo rt de mo nstra tes 

the associa tio n betwee n indoo r te m pe ra ture and the rma l co m fo rt. This ev id en ce u ses 

physiologi cal indi cators su ch a s heart rate, blood pr essur e, heart activit y, br ain activ- 

ity, skin conductivity and oxygen saturation to e valuat e these effects. An expe rime n ta l 

study c onsi d erin g 60 differ ent en vironmental conditions wi t h varying co m bina tio ns 

of air t emp eratur e, r elat ive h umidity, and air speed found that air t emp erature h a d 

t he st rongest effect on heart rate vari abi lity (HRV), wh ic h is associa ted wi t h t he rma l 

co m fo rt ( Liu et al. 2008 ; Zhu et al. 2018 ; Yang et al. 2021 ). A stu dy evalu ating cogni- 

tive pe rfo rmance unde r hot e nviro nme n ta l co nditio ns found that results for cognitive 

tasks d e creased as heart ra te varia b ili ty in crea ses ( Zhu et al. 2018 ). A rev i ew of the ef- 

fects of a cou sti c, the rma l, and i l lum ina tio n co nditio nso n human pe rcep tio n and per- 

forman ce, in cludin g b oth expe rime n ta l stu dies an d fie ld expe rime n ts in indoo r e nvi- 

ro nme n ts, ide n tified tha t te m pe ra ture leve l co nside red sa t isf act o ry fo r human co m fo rt 

is between 21 

◦C and 27 

◦C ( Yang and Moon 2019 ; Yang et al. 2021 ). 

Expe rime n ta l stu dies h av e explored t he effect of cl assro om t emp erat ure on st u- 

de n t cogn itive ou tco m es, m easured by m e mo ry, speed, and a ccura cy in cog nitive 

tests. A cros s fiv e out of sev e n expe rime n ta l studies c onsi d erin g the effect of class- 

roo m te m pe ra ture o n cogn itive pe rfo rmance, fo r eve ry 1 

◦C inc rease in c l assro om 

te m pe ra t ure, st ude n t pe rfo rmance d e creases by an estimated range of 2 pe rce n t 

to 12 percent ( Porras-S al azar et al. 2018 ; Barbic et al. 2019 ; Wargocki et al. 2019 ; 
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Brin k et a l. 2021 ; Barbic et al. 2022 ). 4 A rev i ew an d meta-an a lysis co m pared effects 

of te m pe ra ture o n sc hoolwo rk and office work and found that the optimal tem- 

pe ra ture fo r sc hoolwo rk is low er an d th at effects ar e gr eater in a school setting. 

They su g gest tha t c h i l dren m ay h av e diffe re n t the rma l pe rcep tio ns an d fin d th at 

c h i l dr en pr efer cl assro om t emp eratures 2–3 

◦C low er th an a dults in office spaces 

( Warg oc ki et al. 2019 ). Barbic et al. (2022) found that even under minimal thermal 

disco m fo rt, un ive r sity stude n ts in a c o ol (18.4 ± 0.4 

◦C) cl assro om h a d a low er heart 

ra te varia b ili ty t h an stu de n ts in a neu tra l (21.5 ± 0.8 

◦C) te m pe ra ture c l assro o m, wh ic h 

also p r oduced imp r o v ement s in short -term memory, verbal ab ili ty, an d o v eral l c og- 

n itive sco res ( Barbic et al. 2022 ). A study by some of the same au tho r s a lso s ho wed 

th at low er cl assro om t emp eratures in a two day-study (Day 1: 22.4 

◦C ± 0.1 

◦C; Day 2: 

26.2 

◦C ± 0.1 

◦C) s ho wed d e c reased the rma l disco m fo rt and a shift in sym pa thetic pre- 

do m in ance an d h ighe r sho rt-te rm me mo ry, ve rba l a b ili ty, an d o v e ra l l c ognitive sc ores 

( Barbic et al. 2019 ). In China, higher cl assro om t emp eratur es incr eased r e p orted heal t h 

sym p t o ms of dry throat, dry skin, h eadach es, d iz ziness, d i fficul ty in t hinking and con- 

ce n tra ting c learly, fa tigue, and d e c reased we ll-being and mood ( Tian et al. 2021 ). 

Most co nce rn ingly, because rising te m pe ra tures is a s lo w and gra du al p r oc e ss, even 

sligh t inc reases in hea t h av e a sig ni ficant cum ulat ive impa ct. A forth coming study from 

Bra z il de lves in t o the co nnectio n betwee n hea t and learn ing, p r o viding valu able in- 

sigh ts ( Sc h a dy et al. 2024 ). The stu dy fin ds th at in the hott est 10 p e rce n t of mun ici- 

p alitie s, maximum d ai ly t emp eratures exp erienced by schools rose more quickly (at a 

ra te of a bou t 0.6 de gre e s Ce lsius pe r d e cad e) t han in t he ot he r 90 pe rce n t. In these mu- 

n icipa lities, wh ic h are a l so th e most di sad vantaged, s tude n ts lost a bou t 1 pe rce n t of 

l earnin g per year due to rising t emp er atures. I f one assumes that l earnin g is entirely 

cumu la tive wi t h eac h year’s learn ing bu i l ding on those before, and tha t eac h year 1 

pe rce n t of learn ing is lost, by th e tim e a stude n t co m pletes grade 12, th at stu de n t wi l l 

h av e lost a bou t 1.5 years of learning. If by co n trast, o n e assum es a mor e r ea listic m ix of 

l earnin g bein g cum ulat ive in the early years and more ind e pend ent in the later years, 

by the time a stude n t co m pletes grade 12, that stude n t wi l l h av e lost a bou t 0.66 years 

of l earnin g. In e ssenc e, the stu dy fin ds th a t a c h i l d who e n te r s 1st grade t oday in a mu- 

n icipa lity a lready expe rie ncing h igh te m pe ra tures wi l l lose between 0.66 and 1.5 years 

of l earnin g by th e tim e th ey gra du a te fro m 12th grade. G iven t he assum p tio ns, the esti- 

mate of 1.5 years of l earnin g lo st i s th e un like ly u ppe r b ound of p o ssibl e im pacts, wh ile 

0.66 is a more reaso na ble estima te tha t signa l s th e m agnitu d of the p r oblem. 

The co m bina tio n of t hese st rands of resear ch offe r s an unde r standing of the com- 

plex re la tio nsh ip betwee n hea t and learn ing. Stu dies th at look at in crea ses in the av- 

e rage te m pe ra ture in the year(s) prior to an exam find relatively small impacts while 

stu dies th a t look a t the incide nce of extreme heat on scho ol d ays find larger impacts. 

Expe rime n ta l stu dies a dd texture to these findings. They su g gest t hat i t is surpassing a 

te m pe ra tur e thr eshold th at m a kes learn ing mo re difficu lt and results in l earnin g lo sses, 
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ra the r than a linear re la tio nsh ip betwee n te m pe ra ture and learn ing. This im plies tha t 

ther e ar e te m pe ra ture leve ls a t wh ic h it is ju st di fficu lt t o focus, so it is o n ly whe n those 

levels are reached that l earnin g is inhib i ted. In crea sing t emp erature by 1 degree may 

not h av e a dv e r se effe cts d e pendin g on the context, but if that extra deg ree pu sh es th e 

te m pe ra ture t o a leve l tha t ma kes learn ing di fficul t, t hen l earnin g lo sses happen in the 

a bse nce of any ada p ta tio n measure. Wh ile the im pact of in dividu al hot days m ay be 

pe rceived by so me t o be sma l l, they c o m poun d o v e r time resu lting in sign ifican t learn- 

in g lo sses. 

Impacts on Enrollment, Dropouts, and Long-Term Outcomes 

De creased l evels of l earnin g l ead t o h ighe r dropou t ra tes. Whe n c h i l dr en ar e exp o sed 

t o extre m e h eat, th ey l earn l ess. This has im plica tio ns tha t g o beyo nd learn ing. S ev e ra l 

stu dies h av e s ho wn that lowe r stude n t pe rfo rmance is lin ked wi t h a h ighe r p r obab ili ty 

of dropping out, and vice ve r sa. In Se ne ga l, a o ne standard d ev ia tio n im p r o v e me n t in a 

grade 2 test score is asso ciat ed wi t h a 22-per c ent a ge p oint in crea se in the p r obab ili ty of 

co m pl etin g grad e 6 ( G lic k and Sa hn 2010 ). Sim i l ar ly, when a tes t sco re is o ne standard 

d ev ia tio n h ighe r, stude n ts in Eth iopi a, Indi a, Peru, and Vietnam were found to have 50 

pe rce n t lowe r o dds of droppin g ou t betwee n the ages of 8 an d 12 ( K a ffe n be rge r 2021 ). In 

co n trast, qua lita tiv e an alysis in d icates a d ir ect r e la tio nsh ip betwee n low learn ing and 

drop out, w i t h c h i l dr en and par e n ts c hoo sin g t o disco n t in ue school when they realize 

how li tt l e is bein g l earned ( Ka ffe n be rge r 2021 ). Lowe r ac h ieve me n t o n acade m ic sco res 

can in crea se th e ri s k of dr opping ou t by inc reasing the perceived oppo rtun ity cost of 

se nding c h i l dre n t o sc hool. I n K e nya, amo n g stud e n ts who dropped ou t early, fa lling 

be h ind pee r s and bein g unabl e to p r oc e ss the content being taught was cited as the 

m ost comm on rea son s for dropping out ( Pritchett and Beatty 2015 ; Zui l ko ws ki et al. 

2016 ). 

A few stu dies evalu ate how high t emp eratures wi l l im pact lo ng-te rm educa tio n ou t- 

comes an d hum an cap i tal p r od uct ion and discuss the pote n tia l lo ng-te rm effects. Park 

(2022) s ho ws tha t h igh te m pe ra tures o n ex am day d e c reased the like li ho od of passing 

a subject as well as reduced gra du a tio n ra tes fo r h igh sc hool stude n ts in New York City 

( Park 2022 ). Garg et al. (2020) discuss that longer-run te m pe ra ture can a ffe ct a g ri cul- 

tura l inco me an d dam ag e l ivel i ho ods, whi ch wa s found to redu ce sch ool a tte ndance 

( Garg et al. 2020 ). A study in Cam eroon find s a red uct ion in plantain yields due to cli- 

ma te c hange wh ic h was found to d e cr ease par ental in vestment in ed ucat ion ( Fuller et 

al. 2018 ). The study predicts that pl antain yiel ds wi l l d e c rease by 39 pe rce n t by 2080 

due to climate change, which wi l l be asso ciat ed wi t h a 51 pe rce n t red uct io n in ave rage 

years of schooling co m pared t o 1991 base lin e m easures ( Fu lle r et a l. 2018 ). 

Ther e ar e many r ea son s for whi ch dropouts may be a co nseque nce of exp o sure to 

h igh te m pe ra tures. In the short term, a hot day cou ld c hange be havio ra l pa tte rns in 

stude n t a bse n teei sm du e t o pote n tia l dis tur b anc e s in transport ation or hi gh er di scom- 
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fo rt whe n a tte nding sc h ool, parti cu larly fo r sc hools tha t do not h av e acc e ss t o a ir co n- 

ditio n ing o r g ood a ir flow. This has bee n s ho wn fo r adu lt la bo r su pply, wh ic h d e creases 

wi t h h igh te m pe ra ture ( Zivin and Shrader 2016 ). Interestin g l y, one stud y even s ho wed 

s tudy s ubje cts droppin g ou t of the expe rime n t due to the rma l disco m fo rt a t te m pe ra- 

tures abo v e 39 

◦C ( Tian et al. 2021 ). In th e m edium term, exp o sure t o h igh te m pe ra tures 

see ms t o b e asso ciat ed wi t h lowe r sc hool a tta inme n t. A study in Eth iopia finds that 

a c h i l d wh o e xpe rie nc e s abo v e av era ge sprin g te m pe ra ture s (0.5 st andard d ev ia tio ns 

abo v e long-term mean) has 21 percent lower odds of co m pl etin g one grad e of school 

( Ran dell an d Gr a y 2019 ). 

Tr opi cal Cyclon es , Floods , an d Ed u cati on Outcom es 

Tropica l cyc lo nes and floo din g can h av e im pacts o n educa tio n throu g h their effe cts 

o n learn ing, a tte n dance, an d lo ng-te rm acade m ic ac h ieve me n t. Learn ing can be im- 

pacted throu g h sc hool c losures tha t preve n t stude n ts fro m g oing t o sc hool. Eve n whe n 

sch ools are n ot closed, i ssu es wi t h t ranspo rta tio n t o and fro m the sc hool can h inde r 

a tte n dance an d part icipat ion, also affe ctin g l earnin g. Extend ed clo sures due to infras- 

tructure damage or the use of schools as evacua tio n ce n te r s have adve r se effects on 

scho oling c ont in ui ty. Last ly, t rop ica l cyc lo n es and flood s can al so h av e lastin g effe cts 

o n educa tio n throu g h d e c reased e nrollme n t, inc reased dropou ts, an d an o v e ra ll ne ga- 

tive effect on long-term ed ucat ion al achiev ement. 

Impacts on Learning 

Tropica l cyc lo nes and st o rms ofte n c lose sc hools, ha lting a ll learn ing. Effects of these 

st o rms can include flash floods, landslides, and tidal surges which can h av e detri- 

me n ta l im pacts o n sc hools an d lea d t o c losures. Fo r ex am ple, st o rm Ana in Mozam- 

b ique dest royed a lmost 800 sc hools in early 2022, a ll of wh ic h we re una ble t o ope n fol- 

low in g the st o rm ( BBC 2022 ). Another storm, Cyclone Freddy, which affected Malawi, 

Mozambi que, Mad aga scar, South Afri ca, and Zim ba bwe in Marc h 2023, a lso a ffected 

schools an d stu dent atten dance; about h alf a mi l lion students in Malawi, or 5 per- 

ce n t of stude n ts ac ross the coun ty, we re not a ble t o a tte nd sc hool due t o sc hool c lo- 

sures in the affected areas ( Mugo 2023 ). Another t rop ical storm in t he nort hern Philip- 

pines in August 2022 also led t o sc hool c losures in the ca pita l ( AP 2023 ). Classes are 

au t o ma tica lly suspe nd ed durin g a ty phoo n in the Phil ip pines, and it can take o v er 

a wee k t o c lean the c l assro o ms; th is was found t o ha ppe n a t l east tw ice a mo n th in 

so me re gio ns during the r ain y season ( Cadag et al. 2017 ). Al t h ough sch ool closur es ar e 

som etim es n ec e ssary, the y wi l l h av e co nseque nc e s o n stude n t learn ing and ac h ieve- 

me n t. The re is strong evidence that school closures p r oduce learning losses ( Sch a dy et 

al. 2023 ). During the first years of the COVID-19 pande m ic (Marc h 2020–2022), eac h 

mo n th of c losures transla ted t o a mo n th of learn ing losses ( Sa barwa l et a l. 2023 ). 
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We can extra pola te fro m the dra sti c impa cts of sch ool closur es r elated to COVID-19 

tha t st o rm and cyc lo ne-drive n sc hool c lo sures w i l l also h av e sev e re co nseque nc e s on 

l earnin g. 

The vuln erab ili ty of school infra stru cture in crea ses th e ri s k of ex te nded sc hool c lo- 

sures. The damage extreme weather events cause to school infra stru cture wi l l l argely 

dete rm ine both the l en gth of the school closure as well as the l earnin g that wi l l be im- 

p acted. Hi g her l evels of damage mean that scho ols wi l l take longer to guarantee a safe 

e nviro nme n t befo re stude n ts can return. In the case of co m plete sc h ool destru ction, 

the p r ovis ion o f ed ucat ion servic e s wi l l take even longer. The extent of the damage ul- 

tima te ly d e pe nds o n the school’s re silienc e, an d unfortun ately a sig ni ficant number of 

schools are unpr epar ed to cope wi t h ext reme weat her and climate shoc ks. Fo r ex am- 

ple, the Wo rld Ban k’s Pa ci fic Sa fe r Sc h ools Prog ram found that between 50 and 90 per- 

ce n t of 6,000 school bui l din gs acro ss Samo a, Ton ga, and Vanuatu may not wi t hstand 

a stro ng cyc lo ne o r earth qu a ke ( Wo rld Ban k 2022a ). Rece n t c lima t e sho c ks h igh ligh t 

simi l ar vulnerabi lities in other regions. In Haiti, physical damage to the ed ucat ion sec- 

t o r fro m na tura l disaste r s h as dam aged o ne in four sc h ools a c ross the coun try. The low 

level o f res ilie nce in sc hool in frastructure globa lly am plifies dama ges, the re by exte nd- 

ing school closures that halt l earnin g. 

The use of school f acilit ies as evacuat ion centers can also p r o long schoo l closures, 

affe ctin g educa tio n and learn ing. Sc hools are ofte n u sed a s su ch follow in g st o rms and 

floods as s ho wn in rece n t e me rge ncies in the Phil ip pines, Haiti, Libya, Pakistan, and 

Ja pan ( U NICEF 2016 , 2023 ; Cadag et a l. 2017 ; Pe rry et a l. 2023 ). Sc h ools u sed a s eva cua- 

tio n ce n te r s fo r exte nded pe riods not o n ly keep c h i l dre n ou t of sc hool bu t can a lso p r o- 

duce lo ng-te rm damage t o sc h ool fa cilities whe n im p r operly m an aged . In Haiti , Hur- 

rican e Math ew s led to o v e r 100,000 c h i l dre n being ou t of sc hool due t o t he facili ties 

bein g dama ged or used as te m po rary she lte r s ( U NICEF 2016 ). Thi s was th e case even 

mo n ths a fte r th e hurrican e. In Paki st an, 92 perc ent of h ou seh olds affected by flooding 

in 2022 were sti l l unc ert ain six m onth s later of when local schools wou ld re-ope n ( Pe rry 

et al. 2023 ). The use of schools as evacua tio n ce n te r s can co m p r o m i se th e co n t in uity 

of sch ooling a cc e ssi bi lity and can have detrime n ta l im pacts o n e nrollme n t and lo ng- 

te rm educa tio na l ac h ieve me n t. A study in the Phil ip pine s inve sti ga ted lin ks betwee n 

sc hool ha zard s ( flood s, earth qu akes, an d ty phoo ns) an d foun d th a t the repea ted use 

of school structures for evacua tio ns during h azards h a d a dv erse impacts on the aca- 

de m ic pe rfo rm ance of stu de n ts ( D av id et al. 2018 ). After floo din g, stud e n ts a ls o re p ort 

t he dest ructio n of learn ing ma te ria l s and th e use of sch ools a s eva cua tio n ce n te r s as 

c ha lle nges t o the learn ing e nviro nme n t ( Cadag et al. 2017 ). A study in floo d-affe cted 

re gio ns of Pa kistan foun d th a t institu tio ns re ma ined c losed fo r o v e r three mo n ths due 

t o in fra stru cture damage or the u se of sch ools a s she lte r ho mes fo r floo d v i ctim s ( Sai f- 

Ur-Rehm an an d Sh au ka t 2013 ). 

Eve n whe n sc h ools are n ot closed, t rop ica l cyc lo n es, hurrican es, and ty phoo ns can 

reduce a tte n dance an d p articip a tio n. The r e ar e mor e a bse nc e s during the r ain y season 
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eve n whe n c la sses are n ot su spen ded, of te n due t o c ha lle nges in transpo rta tio n and 

particu larly fo r mo re vu lne ra bl e stud e n ts. A study in met ropoli tan areas o f B ra z il tha t 

eva lua ted the use of f ace-to-f ace an d virtu a l c lasses fo r Biology unde rgradua te stude n ts 

in areas affected by floods found that on flood days, stude n ts spe n t mo r e time tra velling 

fro m ho me t o the un ive r sity (2.54h ± 0.52 o n flo od d ays vs. 1.24h ± 0.83 o n no n-flood 

d ays) ( S an tana et a l. 2013 ). The re was a lso a diffe re nce in a tte ndance, whe re by the pe r- 

ce n tage of stude n ts prese n t fo r face-t o-face c lasses d e c reased fro m 77 pe rce n t o n days 

wi t hout flooding to 27 percent on days wi t h flooding ( Santana et al. 2013 ). This influ- 

enc ed te st score s, wi t h t h ose wh o h a d o n ly face-t o-face c lasses s ho w in g app r oximately 

33 pe rce n t lowe r test sco res o n ave rage, bu t n o di ffe re n ce wa s obse rved whe n stude n ts 

h a d acc e ss to both fac e-to-fac e an d virtu a l learn ing op tio ns. This h igh ligh ts the pote n- 

tial use of online l earnin g to limit the impacts of floo din g on l earnin g in the Brazi li an 

co n text ( San tana et al. 2013 ). 

There i s speci fic ev id e nce tha t the effects of floods and st o rms adve r se ly a ffe ct l earn- 

ing. S ev e ra l stu dies h av e c onsi dered how floo din g can d e crease test scores and the par- 

t icipat ion of affected stude n ts. A study o n c lima t e sho c ks in Colo m bia, in wh ic h the 

ma jori ty of shocks were floods and landslides, s ho wed ne ga tive im pacts o n test sco res 

in a na tio na l st andardiz ed exam for high school students ( Valencia Amaya 2020 ). Quali- 

t ative re search in Zimbabwe indicated that floods were asso ciat ed wi t h a lo ss in l earn- 

ing hour s ( Mudavan hu 2014 ). A study fro m Tha i l and eva lua ted t he effect of t he 2011 

floods on test scores and found floo din g to b e asso ciat ed wi t h decreases in test scores 

for m ost g ra de lev els an d subject areas ( Thamtan a ji t 2020 ). D uring Hurrican e K atrin a 

in New Orleans, co mmun ica tio n, i ssu es wi t h h ou sing, and em otion al an d fin ancial im- 

pacts were important effects of th e hurrican e for medical students at Tulane Univer- 

sity School of Medicine and Louisiana Sta te Un ive r sity Sc h ool of Medi cin e ( Kran e et 

al. 2007 ). Typh oon s in the Phil ip pines in October and Nove m be r 2020, co ncurre n t t o 

COVID-19, d e creased o v e ra ll stude n t o n line p articip a tio n bu t p articip a tio n in a ssig n- 

me n ts and quizz e s was not affe cted ( La gm ay an d Rodrigo 2022 ). Ov e ra ll, inc reasing 

flo ods and typho ons wi l l a dv e r se ly a ffe ct stud e n t learn ing and p articip a tio n, im pact- 

in g stud e n t ac h ieve me n t. This can a lso h av e lo ng-te rm effects o n sc hooling and edu- 

ca tio na l ou tco mes. 

Impacts on Enrollment, Dropouts, and Long-Term Outcomes 

St o rm s su ch a s floods and hurri canes can h av e detrime n ta l co nseque nc e s on edu- 

ca tio na l syste ms tha t can inc rease dropou ts. Mudavan hu (2014) co nducted researc h 

in Zim ba bw e an d foun d th at floo ds l ed to a lo ss of qualified educa t o r s, ou tbrea ks of 

wa te rbo rn e di sease s, hi gher absente eism, and lower coverage of learning ma te ria l, 

wh ic h h a d lo ng-te rm effects o n educa tio n ( Mudavan hu 2014 ). Abse n teeism was h igh- 

est during the r ain y seaso n and a tte ndan ce wa s o n ly 50 pe rce n t during these mo n ths 

( Janu ary–March). Ov er 17 percent of chi l dren in this region dropped out of school 
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due to s ocioe con omi c and behavioral factors that were likely e xa c erb ated by floods 

( Mudavanhu 2014 ). 

Afte r sc hool c lo sures, s ome stud e n ts wi l l n ot return, further in crea sin g drop out 

ra tes. Sc hool c losures a lso inc rease dropou ts as m any stu de n ts neve r return t o sc hool 

whe n it reope ns. Fo r ex am ple, in Ch ile, sc hool c losures inc reased the p r obability 

of stude n ts dropping ou t of h igh sc hool by 49–68 pe rce n t ( Grau et a l. 2018 ). Ev- 

ide nce fro m the COVID-19 pande m ic foun d th a t sc hool c losures we re associa ted 

wi t h up to 35 percent dropouts; this was higher amon g stud ents w i t h lower socioe- 

co no m ic sta tus, pote n tia lly ex ace rba tin g l earnin g ineq ualit i es ( Mo scov iz and Evans 

2022 ). Follow in g COVID-19 school closures, in Et hiop ia and Pakistan, schoo l enro ll- 

me n t amo ng c h i l dren 6–14 dropp ed by 4 p e rce n ta ge p oints and 6 pe rce n ta ge p oints 

respective ly, o nce sc hools re-ope ned p o st-COVID ( Sch a dy et a l. 2023 ). Dec lines we re 

muc h large r fo r stude n ts fro m lowe r s ocioe co no m ic bac k groun d s. S c hool c losures 

driven by st o rms/ty phoo ns wi l l s ho w simi l ar effects. 

For in dividu als, reduced educa tio n a tta inme n t wi l l transl a te in t o lowe r earn ings and 

p r od uct ivity. Dropouts are asso ciat ed wi t h lower school attainment and wi l l have long- 

te rm co nseque nc e s o n inco me an d hum an cap i tal ( McCaul et al. 1992 ). There i s strong 

ev id e nce tha t sc hool a tta inme n t is lin ked wi t h h ighe r earn ings, wi t h e stimate s sug- 

gesting a return of 9–10 pe rce n t fo r eac h additio na l year of schooling ( Psac haropou los 

and Patrinos 2018 ). The returns are h ighe r speci fically am ong the g roups that wi l l be 

m ost impa cted by c lima te c han ge—p oo re r coun tries and girls. This im plies tha t as c li- 

mat e sho cks reduce educa tio n a tta inme n t, fu ture earn in gs w i l l a lso su ffe r, particu larly 

in poo re r coun tries and amo ng girls. It has bee n s ho wn th at stu de n ts in grades 1–12 

a ffected by sc hool c lo sures w i l l earn 3 pe rce n t less o v er t heir lif et imes ( Han ushek and 

Woessmann 2020 ). 

It wi l l be im po rtan t t o co n t in ue unde r standing and trac king the lo ng-te rm effects of 

hydro meteo rologica l disaste r s suc h as flood s, hurrican es, and cyc lo nes o n educa tio n 

ou tco m es in th e co n text of c lima te c han ge. Proje ctions s ho w tha t Sou theast Asia, In- 

dia, Eastern Africa, and the Andes wi l l be re gio n s parti cu larly a ffe cted by floo d risk in 

the co n text of c lima te c h ange an d s hould be p rioritized in p reve n ta t ive act io ns t o lim it 

destructio n ( Hira bayash i et al. 2013 ). 

Dr ough ts an d Ed u cati on Outcom es 

Al t hou g h few er stu dies h av e c onsi dered t he effect s of drought s on l earnin g, enroll- 

me n t, and a tte ndance, the re is so me ev id e nce tha t ra in fa ll shoc ks and drou g hts can 

h av e an impact on cognitive deve lopme n t and ed ucat ion achievement. There are 

a lso lo ng-te rm im pacts of drou g h ts o n the co n t in uity of ed ucat ion. The ev id ence of 

drou g h ts and ra in fa ll shoc ks o n educa tio n ou tco mes s ho ws that they a dv e r se ly a ffect 

l earnin g as well a s sch ool attainment. How ev er, negativ e rainfall shocks are asso ciat ed 
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wi t h in crea sed sch oolin g in s ome contexts. It wi l l be im po rtan t t o bette r pr epar e for 

th e consequ enc e s of drou g ht-impa cted region s on ed ucat ion outcomes. 

Impacts on Learning 

Drou g hts a dv ersely affe ct l earnin g. A study in the rural areas of the state of Maharash- 

tra in India found that drou g ht was asso ciat ed wi t h a 4.14 pe rce n t dec rease in math 

scores and 2.67 percent d e crease in reading scores for primary and sec ond ary scho ol 

c h i l dre n ( Josh i 2019 ). A study of the drou g h ts tha t occurred fro m Oct obe r 2015 t o April 

2016 in Sou the rn Africa found a 4 pe rce n t d e c line in ma th sco res fo r a ffected girls in 

Zim ba bwe bu t lite racy sco res we re not a ffected ( No rdstro m and Cott o n 2020 ). Leade r- 

sh ip a ttitu des w e re a lso found t o be lowe r fo r a ffe cted stud e n ts ( No rdstro m and Cott o n 

2020 ). Shah and St einb erg (2017) found that chi l dren in In dia h a d a 0.012–0.04 point 

h ighe r sco re in ma th and reading fo r eac h additio na l year wi t h exp o sure t o ra in fa ll early 

in life in co n trast t o year s wi t h drou g h t and th is a lso inc reased the p r obability of being 

o n trac k wi t h sc hooling ( Sha h and Stein be rg 2017 ). Al t hou g h the ev id enc e b ase for the 

effe cts of drou g h t o n learn ing is not extensive, ex ist in g studi es have found exp o sure to 

drou g h ts t o ne ga tive ly im pact learn ing ou tco mes. 

Impacts on Enrollment, Dropouts, and Long-Term Outcomes 

Ther e ar e mixed r esults r egarding t he effe ct of drou g h ts o n e nrollme n t and lo ng-te rm 

ed ucat ion al out comes. Drou g ht-induced water scar ci ty can negatively affect school at- 

ten dance an d dropouts. A number of studies s ho w a d e cr eased in vestme n t in sc hool- 

ing and e nrollme n t follow in g a drou g ht. The study by Nübler et al. (2021) in pas toralis t 

Kenya foun d th at lon g-term effe cts of rainfall shocks led to strain on h ou seh old re- 

sourc e s and lo wer ex penditure on schooling, even 10 years after the shock ( Nübler et 

al. 2021 ). In Yemen, climate change is making rainfall scarcer and less re lia ble, p r o m p t- 

ing many c h i l dre n in rura l co mmun ities t o drop ou t of sc hool t o c ol l e ct lim ited drin k- 

ing wa te r ( Wo rld Ban k 2022b ). Ra in fa ll shoc ks during early c h i l d ho od and scho oling- 

a ge als o lo wered the p r obab ili ty t hat t he c h i l d enrol led in scho ol, and reduced years 

of schooling by 0.8 ( Nüble r et a l. 2021 ). Indon esian girl s liv in g in areas e nric hed by 

ra in during c h i l d ho od are not o n ly hea l t h ie r and ta lle r bu t a lso a tta in mo re sc hooling 

( Almond et al. 2010 ). 

In some contex ts, dr ou g hts h av e been foun d to s ho w a p o si tive effect o n a tte ndance. 

Chi l dr en ar e taken out of school to p r od uct i ve wor k whe n the re is mo re need; the refo re, 

when a drou g ht oc curs the opp ortunity co st of sending chi l dren to scho ol d e creases 

( Sh ah an d St einb erg 2017 ; Nordstrom and Cotton 2020 ). In Zimbabwe, compared to 

t hose t h at w ere un a ffected, girls a ffe cted by drou g h ts we re 2.8 pe rce n t mo re like ly t o 

be enrolled in school one year follow in g the drou g h t and 7.9 pe rce n t les s lik e ly t o repea t 

a gr ade ( Nor dstrom and Cotton 2020 ). Shah and St einb erg (2017) also foun d th at chil- 
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dren in India who are affected by drou g h ts are 0.3 pe rce n t les s lik e ly t o drop ou t the year 

follow in g the drou g ht and 4 percent more likely to h av e atten ded school the previous 

w eek ( Sh ah an d St einb erg 2017 ). In Et hiop ia, exp o s ure to s ummer drou g hts in early 

c h i l d ho o d d e creases o dds of co m pl etin g schoolin g by 16 pe rce n t ( Rande ll and Gr a y 

2019 ). A study in Colo m bia a l so find s t hat defici t ra in fa ll shoc ks d e crease drop outs and 

acade m ic pe rfo rmance ( Pa lacios and Roj as-Velásque z 2023 ). The change in dem an d 

fo r wo rk in ag ri cu lture o r the h ou seh old can d e crease the co st of sendin g chi l dren to 

school, hav in g a p o si tive effect o n lo ng-te rm educa tio n. 

Wildfir es an d Ed u cati on Outcom es 

Wi l dfir es can ha ve impacts on populations and comm unit i es affe cted by the fire it- 

self throu g h di splacem ent. They can al so p r oduc e hi gh levels of smoke, affe ctin g much 

lar ger ar eas and popu la tio ns by spreading far beyond the wi l dfire p erimet ers. Smoke 

from wi l dfires c ons ists o f hig h l evel s of fin e particu la te ma tte r, a pollu tan t tha t has 

detrime n ta l im pacts o n educa tio n ou tco mes and can a lso p r odu ce sch ool closures in 

so me re gio ns. Rece n t evide n ce ha s also sh own a ir pollu tio n t o b e asso ciat ed wi t h lower 

l earnin g and acade m i c a c h ieve me n t, and seve ra l studies have eva lua ted the speci fic ef- 

fect of wi l d fire sm oke. 

Impacts on Learning 

Wi l dfires can cause damage to schools an d lea d to closures which can h av e important 

im pacts o n learn ing ou tco mes. Fo r ex am ple, two sc hool bu i l dings c ol l a psed and o ne 

was seve re ly dama ged durin g the 2018 Cam p Fire in Ca lifo rn ia ( Sc hu lze et a l. 2020 ). 

Sc hool c losures can a ls o be a resp on se mea sure fro m g o v e rnme n ts and sc h ool officials 

to p r ote ct stud e n ts fro m wi l d fire sm oke. Wi l d fire sm oke is a fo rm of a ir pollu tio n, and 

inc ludes h igh co nce n tra tio ns of fine particu la te ma tte r (PM 2.5 ), wh ic h has known ad- 

ve r se im pacts o n human hea l t h ( Reid et a l. 2016 ; Agu ile ra et a l. 2021 ). Sc hool c losures 

can be used t o lim it stude n t exp o sure t o un hea l t hy air during t ranspo rta tio n t o and 

fro m sc hool and during the sc ho ol d ay. In Ca lifo rn ia, o v e r 31 m i l lio n stude n t-days of 

wi l d fire sm oke e xposur e occurr ed in the 2020–2021 school year ( Velásquez et al. 2023 ). 

Wi l dfires and their smoke h av e be en re sp onsibl e for t he ma jori ty of short-term school 

(1–5 days) closures in Ca lifo rn ia wh ic h we re s ho wn to a dv ersely affect aca de m ic pe r- 

fo rmance fo r younge r stude n ts, a l t hough older stude n ts we re una ffected ( Mi l ler and 

Hui 2022 ). During major wi l d fires in Cali fornia in 2020, 18 percent of the state’s public 

sc hool e nrollme n t stayed home due to school closures ( Cano 2020 ). 

Air poll ut ion a dv ersely affects stu de n t learn ing. The r e ar e numerous stu dies th at 

q uant i f y the impacts of fine particu la te ma tte r (PM 2.5 ) on a cademi c a chievement by 

co m paring c hanges in exposure to ambient air poll ut ion and te st score s in different re- 

gions around th e w orld including Italy ( Bernardi and Keivabu 2023 ), the United St ate s 
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( Gilrain e and Zh eng 2022 ), th e Islam ic Repu blic of Iran ( Am anza deh et al. 2020 ), Brazil 

( Carneiro et al. 2021 ), Israel ( Lavy et al. 2014 ), Chile ( Miller and Vela 2013 ), China ( Chen 

et al. 2017 ; Zhang et al. 2018 ), and India ( Ba la krishnan and Tsaneva 2021 ). The ma- 

jority of the se studie s observe lower te st score s for students wi t h hig her exp o sure to 

PM 2.5 , wh ic h is a particu larly harm fu l a ir pollu tan t due t o its sma ll size and a b ili ty 

t o be in ha l ed d ee ply in t o the lung a lv eoli an d ev en bloodstr eam. A r ev i ew of the ef- 

fects of tra ffic-re la ted a ir pollu tio n s ho w ed th a t 9 ou t of 10 stu dies foun d poo re r aca- 

de m ic pe rfo rmance in c h i l dren an d a dole sc e n ts who we re exp o sed t o h ighe r leve ls of 

tra ffic-re la ted a ir pollu tio n, a l t hou g h t he quali ty of ev id en ce wa s low ( Sten son et al. 

2021 ). 

There i s al s o ev id ence that wi l d fire sm oke-speci fic air poll ut ion impacts student 

ac h ieve me n t. Wi l dfir e-specific PM 2.5 is mor e harmful to heal t h t han PM 2.5 from ot her 

sourc e s and usually p r oduc e s exp o sure at very high con centration s, ther efor e it is im- 

po rtan t t o eva lua te its speci fic effects ( Agu ile ra et a l. 2021 ). We n and Burke (2022) 

used data from st andardiz ed te st score s in t he Uni t ed Stat es and sat ellit e data to iden- 

ti f y wi l d fire sm oke an d foun d th at exp o sure t o PM 2.5 fro m wi l d fire sm oke redu c e s te st 

scores by ∼0.15 percent of a standard d ev ia tio n ( We n and Burke 2022 ). This effect is 

co nsiste n t ac ross sc hool su bjects and has a h ighe r effect on younger stude n ts ( We n 

and Burke 2022 ). Wu (2022) conducted a simi l ar analysis and found that exp o sure to 

10 a ddition al wi l d fire sm oke days wa s a sso ciat ed wi t h a 0.003 standard d ev ia tio n re- 

d uct io n in E n g lish an d 0.004 stan dard d ev ia tio n red uct io n in ma th sco res ( Wu 2022 ). 

Highe r inco me in the United St ate s has been s ho wn to be much more likely to be 

a ble t o leave the county during a smoke eve n t, wh ile mo re disadvan taged popu la tio ns 

may not be a ble t o a s ea sily take measures to avoid exp o sure ( Holloway and Rubin 

2022 ). 

Impacts on Enrollment, Dropouts, and Long-Term Outcomes 

A few studies have eva lua ted the lo ng-te rm ou tco mes of wi l d fire sm oke e xp o sure and 

obse rved su bstan tia l educa tio na l and eco no m ic im pacts. Che ng et a l. (2023) s ho wed 

tha t o ne standard d ev ia tio n inc rease in PM 2.5 exp o sure d e c reased pare n ta l spe nd- 

ing in c h i l dre n’s educa tio n by u p t o 44.6 pe rce n t ( Che ng et a l. 2023 ). We n and Burke 

(2022) s ho w ed th at t he effe cts of w i l d fire sm oke o n test sco res in one year, 2016, h a d 

lo ng-te rm im pa cts and redu ced fu ture earn ings of a ffe cted p opu la tio ns in the Un ited 

St ate s by $1.7 bi l lion, which burdened primarily d isadvantag ed popu la tio ns ( We n and 

Burke 2022 ). School closures from wi l dfires and wi l d fire sm oke can a ffect a tte ndance 

and e nrollme n t an d h av e effects o n c h i l dre n’s educa tio na l succ e ss ( Mi l ler and Hui 

2022 ). These studies h igh ligh t th e n eed to cont in ue to study these impacts to under- 

stand the full extent of how wi l d fire sm oke impa ct s student s and schoo ling in the long 

term. 
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In dir ect Effects o f Extr em e Weath er Even ts on Ed u cati on Out- 
comes 

Extre me wea the r eve n ts can a ffect t h e h eal t h, w ell-being, an d social an d eco no m ic 

e nviro nme n t of stude n ts and c h i l dre n, wh ic h wi l l also a dv ersely impact their educa- 

tio na l ou tco mes. Clima te extre mes have effects on ag ri cu ltura l inco me and disease 

preva le n ce, produ ce food in security and n utrit io n-re la ted effects, e xa c erb ate ment al 

heal t h condi tion s, in crea se infectiou s disea ses, and d e crease sl ee p quality. They can 

cau se harm a cross the li fe c ycle, st arting in u te ro, wh ic h can im pact im po rtan t de- 

te rm inan ts of succ e ss in ed ucat ion systems and potenti al ly influence the long-term 

ac h ieve me n t of stude n ts. Extre me wea the r can a lso drive m igra tio n, co n flict, and d is- 

place me n t, wh ic h can h inde r stude n ts’ sc hool a tte n dance an d aca de m ic succ e ss. 

Exp o sure t o c lima te extre mes im pa cts ag ri cul ture, food securi ty, and income which 

h av e a dv e r se effects o n learn ing and sc hooling. Ch i l dre n in deve loping coun tries 

are p articularly v ulnerabl e to nutri ent d e privation, infe ctiou s disea ses, and un safe 

e nviro nme n ts—30 pe rce n t of c h i l dre n unde r 5 in deve loping coun tries are physica lly 

stun ted, ty pica lly due t o c hro n ic ma lnu t ri tio n ( Blac k et al. 2017 ). Extre me wea the r can 

a ffect live li ho o ds, lo ss of foo d ava ila b ili ty, an d ev e n fam ine ( Stan ke et a l. 2013 ; Algur 

et al. 2021 ). Climate extremes wi l l in crea se food in security, parti cu larly in vu lne ra ble 

re gio ns. It is estimated tha t u p t o 170 m i l lion ad ditio na l people wi l l be at risk of hunger 

by 2080 due to climate change ( Schmi d huber and Tubiello 2007 ). Poor nut ri tion and 

heal t h wi l l h av e a dv e r se effects o n stude n t learn ing and ac h ieve me n t. I n I ndia, agri- 

cu ltura l inco m e i s an im po rtan t drive r of t he effect of hea t o n acade m ic ac h ieve me n t; 

impacts are stron ger durin g the gr o w in g seas on and for districts without h eat-resi stant 

crops ( Garg et al. 2020 ). 

In come sh ocks and h ou seh ol d c opin g me chani sms al so jeop ardiz e schoo l enro ll- 

me n t. In the Republic of Korea, Cho (2017) su g gests t hat t he observed effect of hot 

summer days in decreasing Korean c ol le ge ex am sco r es is r e la ted t o a d e crease in time 

to study due to changes in summer job avai l abi lity o r pare n ta l inco me ( Cho 2017 ). In 

Ke nya, fam ilies tha t expe rie nced h ist o rica l ra in fa ll shoc ks h a d a bou t 10 pe rce n t less 

li ves t oc k and were less like ly t o h av e a meta l roof o r acc e ss t o a la trine. This can p r o- 

duce stra in o n h ou seh old re sourc e s an d can lea d to low e r expe nditure o n sc hooling, 

even 10 years after a shock ( Nübler et al. 2021 ). There are also social re sponse s to cope 

wi t h t hese st resso r s whe n fam ilie s are p articu larly a ffe cted by e co no m ic stra in due 

t o c lima te. In Ban g lad es h, ex p o sure t o cyc lo n es, flood s, and drough ts inc reases c h i l d 

marri ages as fami lies use bride payme n ts as a coping mec han ism fo r financia l hard- 

sh ip ( Asadu l l a h et a l. 2021 ). Ta king girls ou t of the c l assro o m t o be marri ed early w i l l 

h av e dra sti c impli cation s for their ed ucat ion. The econ omi c strain of climate shocks on 

h ou seh old s n egatively impact l earnin g and ac c e ss t o sc hool. Drou g h ts can in flue nce 

the l ikel ihood of pare n ts se nding th eir kid s t o sc hool, an d low e r teac he r a tte ndance 
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due to d e creases in wa ges, wh ic h are a ll pote n tia l mec han isms in a ffe ctin g schoolin g 

( Sh ah an d St einb erg 2017 ). There are a ction s that families may take in response to the 

eco no m ic stra in caused by extre me wea the r eve n ts tha t wi l l be h igh ly im pactfu l fo r 

stude n t’s we ll-being and ed ucat ion. 

Exp o sure to extreme weather events has also been s ho wn to impact mental heal t h 

sym p t o ms and co nditio ns, wh ic h a dv e r se ly a ffe cts acad e m ic ac h ieve me n t. Hea t stress 

can p r odu ce m oo d dis ord ers, anxi ety, and oth er m e n ta l hea l t h condi tions ( Berry et al. 

2010 ; Ci anc o n i et a l. 2020 ). A lite ra tur e r ev i ew on the ass ocia tio ns betwee n te m pe ra- 

ture and me n ta l hea l t h ou tco mes a lso s ho ws a h ighe r risk of suicide fro m hea t ac ross 

stu dies an d a h ighe r risk of hosp i ta l adm issio ns and e me rge ncy d e partme n t visits fo r 

me n ta l hea l t h ( Tho m pso n et a l. 2018 ). Drou g h ts can inc r ease str ess and ar e asso ciat ed 

wi t h in crea sed sui cides for farmers ( Padhy et al. 2015 ). A study wi t h 94 n in t h grade et h- 

n ic m ino rity stude n ts exp o sed to Hurricane K atrin a foun d th at the m ajority of stu de n ts 

(69 pe rce n t) h a d mi l d-to-severe s ymptoms o f p o st-tra umat ic stress dis ord er ( Weems 

et al. 2009 ). Chi l dren an d a dole sc ents wh o e xperien ced a wi l d fire disa ster also h av e a 

h ighe r risk of me n ta l hea l t h sym p t o m s, in cludin g d e pression and p o sttra umat ic stress 

dis ord er ( Br o wn et al. 2021 ; R i tc h ie et a l. 2021 ), lowe r pe rceived qua lity of life, and lower 

self-e ste em ( Br o wn et al. 2019 ). A study eva lua ting the me n ta l hea l t h of c ol l ege stud e n ts 

a fte r the Fort McMurr a y wi l d fires sh ow ed th at the preva le nce of posttra umat ic stress 

dis ord er in the study population in crea sed by 11.0 percent after the wi l dfire ( Ritc h ie et 

al. 2021 ). A nother stud y that surveyed stude n ts in grades 7-to-12 for 3.5 years follow- 

ing the Fort McMurr a y wi l d fires sh ow ed th a t me n ta l hea l t h sym p t o ms wo r se ned wi t h 

time follow in g th e di saste r and ce rta in grou ps suc h as fe ma l es, old er stud e n ts, and 

tho se w ith a m ino rity ge nde r ide n tity we re particu lar ly s usce ptibl e ( Br o wn et al. 2021 ). 

Climate anxiety can also be an import ant stre ssor for yout h ( C randon et al. 2022 ). Poor 

me n ta l hea l t h can preve n t stude n ts fro m hav in g goo d stu dy h ab i ts, in crea se p r ocrasti- 

na tio n and can lower achievement in school. College stude n ts wi t h ma jor d e pression 

h av e poo re r study hab i ts, greater p r ocrast inat ion, and lower acade m ic pe rfo rmance 

( Jeffries and Sa lze r 2022 ). 

Chang es in cl ima te suc h as h ighe r te m pe ra tur es and pr ecip i ta tio n can a lso a ffect 

th e di stribu tio n an d sprea d of c ert ain infectiou s disea ses th at a dv e r se ly in flue nce c h il- 

dre n’s sc hooling a tte n dance an d ed ucat ion al achiev ement. Ve ctor-b orn e di sea ses su ch 

as mal ari a, d en gu e and Lym e di sease are h igh ly se nsitive t o c lima t e and are exp ect ed 

t o inc rease in many global regions in the context of clim ate ch ange ( Camin a de et al. 

2019 ). Additio na lly, the su ita ble co nditio ns fo r so m e of th ese vect o r s are sh ifting t o new 

loca tio ns, p r o ducin g a burden in regions and populations that were p revious ly unex- 

p o sed an d h av e d e c reased immun ity t o th ese di seases ( Mord e cai et al. 2020 ). Chi l dren 

in Ugan da h av e low er rea ding sco res a fte r ce re bra l ma l ari a, a type of neurologica l co m- 

plica tio n fro m the ma l ari a para site m o st preval ent in Africa ( Nakitende et al. 2023 ). A 

study in Denmark found that stude n ts tha t we re hosp i t aliz ed fo r an in fectio n in c h i l d- 
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hood h a d 0.82 (95 pe rce n t co n fide nce in te rva l: 0.79–0.85) lowe r od ds of c o m pl etin g 

n in th grade ( Köh le r-Fo r sbe rg et al. 2018 ). 

Extre me wea the r eve n ts can affe ct sl ee p, wh ic h is an im po rtan t drive r of acade m ic 

pe rfo rm ance an d ac h ieve me n t ( Eide and Showa lte r 2012 ). Highe r te m pe ra ture has 

b een asso ciat ed wi t h in crea se s in sle ep apnea and other sl ee p probl em s ( Ri fkin et al. 

2018 ). A study in the United St ate s foun d th a t whe n mo n th ly n igh ttime te m pe ra ture 

changes by 1 

◦C, a three-n igh t inc rease in insu fficie n t sleep is observed per 100 per- 

sons ( Obra do vic h et a l. 2017 ). Sl ee p dis tur b anc e is also an effect of wi l dfires—a sys- 

te ma tic rev i ew of the impact of wi l dfires on sleep foun d th a t a pp r oxima te ly 63–72.5 

pe rce n t of wi l dfire s urvi vo r s h av e inso mn ia and 33.3–46.5 pe rce n t h av e n igh tmares u p 

to 10 m onth s follow in g the disaster ( Isaac et al. 2021 ). A rev i ew on climate and sl ee p 

by Rikfin et al. (2018) found a h ighe r ra te of disru p ted sl ee p for tho se affe cted by the 

2011 summer floods in Brisbane, Australia and flood vi ctim s in China which was re- 

la ted t o fear and d e pressio n ( Rifkin et a l. 2018 ). Anothe r study o n sl ee p p r oblems and 

p o sttra umat ic stress sym p t o ms fo r e le me n tary sc hool-aged c h i l dren exp o sed to Hurri- 

cane Ike in Te xa s foun d th at sl ee p probl e ms we r e pr eva le n t an d th a t they pe r sisted in 

the second year follow in g th e di saster ( L a i et a l. 2020 ). The op tima l num be r of hour s of 

sl ee p is h ighe r fo r younge r popu la tio ns and lower sl ee p is ass o ciat ed wi t h lowe r sco res 

in m ath an d rea din g tests ( Eid e and Showa lte r 2012 ). Fo r ex am pl e, stud e n ts a t age 12 

and 16 pe rfo rm 0.035 an d 0.045 stan dard d ev ia tio ns lowe r o n te sts, re spective ly, whe n 

sl ee pin g 1 hour less than their op tima l hour s ( Eide and Showa lte r 2012 ). 

Learn ing and educa tio n is also impacted indirectly throu g h health shoc ks tha t a ffect 

c h i l dren starting in-utero. A study on climate change and ed ucat ion in t rop i cal region s 

foun d th a t a c h i l d in Southeast Asi a exp o sed t o h igh te m pe ra tures (2 SD s ab o v e av er- 

age) in the pre na ta l pe riod o r early in life has 1.5 less years of schooling than a c h i l d 

wi t h ave rage te m pe ra ture exp o sure ( Rand ell and Gr a y 2019 ). Ra in fa ll shoc ks during a 

c h i l d’s first year of life in a past o ra list re gio n of Ke nya lowe red acade m i c a c h ieve me n t 

an d cognitiv e ski l ls, r educing r eading ski l ls by 13 pe rce n t fo r ex am ple, a l t hou g h shocks 

tha t occurred la te r in life were found to be less impactful ( Nübler et al. 2021 ). A study 

eva lua ting the effect of El Niño droughts found that chi l dr en who wer e not exp o sed 

t o extre me wea the r co nditio ns in u te ro and early c h i l d ho od h a d a 5 pe rce n t h ighe r 

l ikel ihood of staying in school and an increase of 0.05 standard d ev ia tio n in scores for 

h igh sc h ool e xit e xam s ( D uqu e et al. 2018 ). A nother stud y found that d isabil it y r ates in- 

creased by 3.5–5.2 percent for those exp o sed to drou g hts in infancy for South Afri can s 

who we re se n t t o live in rura l and isola t ed po ckets of land during a partheid ( Din ke lman 

2017 ). Exp o sur e to extr em e h eat in utero has also b een asso ciat ed wi t h in crea sed risk 

of preterm b irt h and low b irt h weight ( Bekkar et al. 2020 ). Preterm infants h av e been 

s ho wn to h av e 1.57 (1.33–1.86) h ighe r o dds of hav in g spe cia l educa tio n n eed s in school 

( Odd et al. 2016 ) and are at high er ri sk of poor ed ucat ion al achiev em ent ( Q uig l ey et al. 

2012 ). A rev i ew of the exe cut ive f unct ions of c h i l dre n bo rn prete rm o r low b irt hweight 

foun d th at they h a d low e r wo rking me mo ry (by 0.5 of a st andardiz ed mean) and in h i- 
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b i tion (by 0.4 of a st andardiz ed mean) ( van Houdt et al. 2019 ). This wi l l p r oduce in te r- 

ge ne ra tio na l effects from extreme w eather ev ents by impacting the future schooling 

and ed ucat ion of chi l dren even before b irt h. 

In the long term, high t emp eratur es and extr em e weath er events can drive co n flict, 

m igra tio n, and di splacem ent that can affect the ability of stude n ts t o h av e co n t in u ou s 

l earnin g and school attendance. It is p r ojected that by 2050, tens of mi l lions of peo- 

pl e w i l l be fo rced t o m igra te wi t hin t heir count ries due t o c lima te c h ange ( Rigau d et 

al. 2018 ). A m eta-analysi s on climate and conflict found that a one standard d ev ia tio n 

change in climat e (t emp erature and rainfall) can in crea se th e ri sk of in te rgrou p co n- 

flict by 14 pe rce n t and of in te rpe r so na l viole nce by 4 pe rce n t ( Hsiang et al. 2013 ). Con- 

flict, v iol ence, and war have co nseque nc e s for chi l dren’s ed ucat ional attainment and 

ac h ieve me n t. A study from B urund i not o n ly foun d th a t c h i l dren exp o sed t o war we re 

stun ted bu t tha t they co m pleted 0.7 fewe r year s of sc hool, o n ave rage, and la te r in life 

earned 21 pe rce n t le ss ( Akre sh 2016 ). Simi l ar ly, a s tudy fro m Pe ru foun d th a t c h i l dren 

exp o sed to Peru’s 1980–93 civil war early in life h a d 0.3 less years of schooling in adult- 

ho od ( Gal do 2013 ). A study of popul ations affected by the Bosnian war also found that 

displac ed p are n ts spe nd less o n their c h i l dre n’s educa tio n ( Ede r 2014 ). Ev id e nce fro m 

the study on the Peruvian civil war not o n ly s ho w ed th a t c h i l dren exp o sed to the war 

in the first three years of their lives had lower ed ucat ion but that this translated to 5 

pe rce n t lowe r mo n th ly earn ings in adu l t hood and a lo wer p r obab ili ty of working in the 

fo rma l eco no my ( Ga ldo 2013 ). High te m pe ra tures can a lso h av e lo ng-te rm im pacts o n 

na tio na l wea l t h ( Zivin and Shrader 2016 ). Ultima te ly, the pathway s throu g h wh ic h ex- 

tre me wea the r im pa ct edu ca tio n ou tco m es un equiv ocally result in lower l earnin g and 

ed ucat ional attainment, both of wh ic h are key to reap the econ omi c benefits of edu- 

ca tio n. As we wi t nessed wi t h t he COVID-19 pande m ic, resu ltin g l earnin g lo sses and 

low er lev els of ed ucat ional attainment red u ce in comes, p r od uct ivity, and ampli f y e x- 

i sting in equalitie s ( Az evedo et al. 2022 ). 

Pr otectin g an d Lever agin g th e Ed u cati on Sector 

To m in im ize detrime n ta l im pacts of c lima te c hange o n educa tio n ou tco mes, it wi l l be 

im po rtan t t o p r o mote ada p ta tio n and resilie nce in the ed ucat ion sector. Thi s i s partic- 

u larly urge n t be cause these d etrime n ta l im pacts wi l l c o n t in ue t o beco me mo re seve re. 

How ev er, the scale of the impact wi l l depe nd o n the u ltima te d e pth of the c lima te c risis. 

A c ountry li ke Et hiop i a wi l l expe rie nce a median of 138 hot days (abo v e 35 

◦C) un der a 

pe ssimistic ( S SP5-8.5) sc enario, comp ared to 81 day s und er a mi d d le of the road ( S SP2- 

4.5) scenario; implying very different impacts on ed ucat ion outcomes. While ada p ta- 

tion is undeniably needed to meet the c ha lle nges of alrea dy-h ap pening cl im ate ch ange, 

m itiga tio n can sti l l pl ay a c ritica l role in limiting the m agnitu de of the impacts. The edu- 

ca tio n sect o r is un ique ly p o sitio ned t o ga lvan ized c lima te actio n ( fig. 2 ). Ed ucat ion can 

spur m itiga tio n throu g h chan gin g min dsets an d beh avior, p r o ducin g ski l ls r equir ed for 
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Figure 2. The Bi-Directio na l Re la tio nsh ip of Climate Change and Ed ucat ion 

Source : Au tho r’s i l l ustrat ion. 

a g reen tran sition and p r ompt ing innovat i ve s trategies and action for climate mitiga- 

tion and ada p ta tio n. 

The Need to Urgently Adapt Education Systems 

Even if the most drastic c lima te m itiga tio n stra te gies we re im ple me n ted, we wi l l c on- 

t in ue to observe in crea sing frequen cy and intensity of extreme weather events which 

h av e detrime n ta l im pacts o n educa tio n ou tco mes. Actio ns can be im ple me n ted t o 

in crea se the capacity of ed ucat ion systems to adapt and cope wi t h t hese in crea s- 

in g ly preval ent climate s tressors, s u ch a s en coura gin g investme n ts in ada p ta tio n 

( Be hre r 2023 ). Prio r t o the co n stru ctio n of new sc hools, an eva lua tio n of predicted 

fu ture c lima te im pa cts in cludin g sea l eve l rise, am bie n t te m pe ra tur es and extr eme 

wea the r eve n ts can be used to sel e ct app r op riat e lo cations ( Theirw orld 2018 ). In ex- 

i sting school s, int egrating climat e-resilient strat egi es w i l l be in crea sin g ly critical. In 
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respo nse t o extre m e h ea t, sc hools and c l assro o ms can e nsure ve n ti l a tio n and/o r a ir 

co nditio n ing t o keep te m pe ra tures a t a co m fo rta bl e l eve l fo r stude n ts t o e nsure the 

best l earnin g ou tco mes. Fo r cyc lo nes, sc hools in a t-risk re gio ns can im ple me n t mea- 

sur es to pr e vent infrastr ucture dam age an d lim it sc hool c lo sures durin g a st o rm and 

their asso ciat ed im pacts. Fo r drou g h ts, sc hool nu t ri tion p r og ram s can be effective to 

preve n t im pacts o n foo d se curity and ass o ciat ed l earnin g. For w i l d fire sm oke, air fil t ra- 

tio n syste m s can be in sta lled in sc hools and c l assro o ms t o reduce stude n t exp o sure to 

a ir pollu tio n. Furthe rmo re, actio ns can be im ple me n ted t o p redict, p r epar e and as ses s 

extre me wea the r eve n ts and inco rpo ra t e disast e r respo nse in ed ucat ion sector plans. 

More than 40 percent of World B ank inv estments in the ed ucat ion sector are focused 

o n educa tio n facilities, c rea ting an oppo rtun ity t o inc rease their re silienc e to climate 

stresso r s ( Wo rld Ban k 2024 ). 

In te rve n tio ns can be im ple me n ted a t the sc hool and c l assro o m leve l t o reduce the 

burde n of extre m e h ea t fo r stude n ts in the c l assro o m. Stra te gies t o inc lude the rma l 

co m fo rt in sc h ools in clude in crea sing n atural v enti l ation and/or acc e ssi bi lity t o a ir 

co nditio n ing in the cl assro om ( Hav erinen-Sh au g hnessy and Shau g hnessy 2015 ; Sin g h 

et al. 2019 ). A m eta-analysi s on th e relationship between cl assro om t emp erature and 

c h i l dre n’s pe rfo rmanc e e stim ated th a t reducing c l assro o m te m pe ra ture fro m 30 

◦C t o 

20 

◦C c oul d in crea se performan ce in l earnin g-related tasks by 20 pe rce n t ( Warg oc ki 

et al. 2019 ). Porras-S al azar et al. (2018) conducted a cross-o v er t rial wi t h elementary 

sc hool stude n ts in C ost a Rica in wh ic h a ir co nditio n ing un its we re used t o reduce 

cl assro om t emp eratures from about 30 to 25 

◦C. The 11-year-old stude n ts s ho wed an 

imp r o v ed perform ance in lower cl assro om t emp eratures; sp eed in cognitive tests in- 

c reased u p t o 7.5 pe rce n t, and a ccura cy in crea sed by 0.6 pe rce n t fo r eac h de gree of 

red uct io n in c l assro o m te m pe ra ture ( Po rras-Sa la zar et a l. 2018 ). In te restin g ly, this ef- 

f ect was st ro nge r fo r lowe r pe rfo rm in g stud e n ts. The au tho r s su g gest that d e creasin g 

indoo r te m pe ra tures can be a stra te gy t o co m ba t inequa litie s sinc e the c h i l dren who 

pe rfo rmed wo r se o n ex ams we re the most a ffected by h igh c l assro o m te m pe ra tures 

( Po rras-Sa la zar et al. 2018 ). 

Re silienc e-bui l ding initi ativ es th at target root cau ses focu sing on d isadvantag ed 

sc hools and popu la tio ns can also be effective stra te gies t o lim it detrime n ta l im pacts of 

h eat ( Sh effield et al. 2017 ). Ensuring natural venti l ation and clim ate-responsiv e de si g n s 

of schools can b e alt ern ativ e stra te gies t o a ir co nditio n ing wh ic h may not be feasible 

in all co n texts. Fo r ex ist in g schools, l ess co stly op tio ns range fro m pa in ting rooft ops 

wi t h solar-reflective whi te paint, in crea sing tree co v erage in and around the school, 

an d ev en a d apting scho ol schedules to avoid hours wi t h ext rem e h eat. For n e w scho ol 

con stru ction s, the u se of c ert ain materials such as clay to offer thermal p r otection or 

the de si gn o f roo fs t o e nsure ve n ti l a tio n can be effective in limiting heat in cl assro oms 

(see Gando Primary School as a good ex am ple). Sc ho ol c o nstructio n in te gra ting na tu- 

r al da y lig ht and cro ss-venti l ation as wel l as tre e s an d/or sh a de structur es can r educe 

th e en ergy n eeded ( Ch alupka an d An de rko 2019 ). Fo r ex am ple, Ke nya im ple me n ted a 
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Gree n Eco no m y Str a te gy and Im ple me n ta tio n Plan tha t p r omot es bio c lima tic de si gn 

fo r sc hool bu i l din gs and w i l l in crea se thermal comfort for students during high tem- 

pe ra tures ( O d era 2020 ). 

Ada p t ing ed ucat ion systems to be mor e r esilient to typh oon s, drou g hts and wi l dfire 

smo ke may invo lve actio n a t mu ltipl e l eve ls, inc luding inc r easing the r e silienc e of the 

sch ool a s well a s e st a blish in g l earnin g re co v ery or nut ri tion p r og ram s. In crea sing the 

re silienc e of the school to prevent clo sures durin g disaster wi l l li kely be the most effec- 

ti ve s tra te gy, and can inc l ude act io ns suc h as co nstructio n of walls to prevent damage 

fro m floods o r c h anges in lan d-use m an age me n t ( Theirw orld 2018 ). S chool s and ed- 

uca tio n syste ms can a lso im ple me n t actio ns t o lim i t t heir effe cts on stud ent achi eve- 

me n t and a tte ndance. 

Ther e ar e so me g ood ex am ple s of addre ssin g l earnin g lo sses a fte r sc hool c losures. 

An a fte r-sc hool p r ogram in Tamil Na du, In di a helped rec o v er h a lf of the learn ing losses 

fr om COV ID-rel ated scho ol closures via 60–90 m inu tes of da ily re media l learn ing fo r 

six mo n t hs ( S in g h et a l. 2022 ). Sc hool nu t ri tion p r og ram s can be effect ive in red uc- 

ing impacts of droughts on nut ri tion al out comes ( Taras 2005 ). Insta lling a ir fil t ra tio n 

system s ha s been sh own to be an effective ada p ta tio n stra te gy t o redu ce e xp o sure to 

wi l d fire sm oke ( May et al. 2021 ). One stu dy evalu at ed pot ential b enefits of installing 

air fil t ration systems for stud ent achi ev ement an d foun d th at it can in crea se stude n t 

ac h ieve me n t and pe rfo rmance ( Gilra ine 2023 ). 

Fore castin g and predicting extreme weather events can be important not only to 

preve n t adve r se hea l t h impacts of t hese eve n ts, bu t a l so th eir im pacts o n educa tio n 

ou tco mes. If sc hools receive su fficie n t warn ing a bou t a pote n tia l c lima te shoc k, they 

may be able to pr epar e and p r ote ct the stud e n ts tha t are most vu lne ra ble. No v el 

foreca st-ba sed finan cing system s h av e a lso bee n p r op o sed to id e n ti f y and p r ov id e 

fund ing sup po rt t o re gio ns fo r p o s t-disas te r respo nse ( Cou g hlan d e Perez et al. 2015 ). 

By ide n ti f y ing at -risk re gio ns befo re the c lima t e sho ck o ccur s, a pp r op ria te actio ns can 

b e activat ed t o inc r ease r e silienc e. Nearly 60 pe rce n t of countries in a 2017 survey of 

68 high-risk countries for disasters include ei t h er di saster ri sk red uct io n o r disaste r 

respo nse co m po ne n ts in their ed ucat ion sector plan, but these are not always compre- 

hens ive ( G PE 2023 ). For example, the Phil ip pin es implem ented early warning systems 

fo r ty phoo ns, floods, and earthquakes throu g h a mobil e a pp tha t is used by the edu- 

ca tio n syste m t o im p r o v e th e di sa ster kn owl edge of stud e n ts and sta ff and he lp the m 

ta ke actio n ( Aranda 2022 ). 

Policyma ke r s and ed ucat ional pl anners shoul d work together to ensure climate- 

rea dy schools an d syste ms in the co n text of c lima te c h ange an d the link betw een disas- 

te r plann ing fram ew ork s and th e ed ucat ion sector should be st rengt h en ed ( GPE 2023 ). 

The inv olvem ent of students in disaster risk red uct ion an d m an agement at local, re- 

gio na l, and global level s i s an unde ru tilized stra te gy tha t can be c ritica l fo r resilie nce 

deve lopme n t ( Pa l et a l. 2023 ). 
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It has been estimated that the in crea sed m ortality risk fro m te m pe ra ture c hange 

co rrespo nds t o a pp r oxima te ly 3.2 pe rce n t of globa l GDP by 2100 unde r a h igh e m is- 

sio ns sce nario, wh ic h wi l l be wo r se in poo re r re gio ns of th e w or ld ( Car leton et al. 2022 ). 

Whi le ad apt ation measure s wi l l be esse n tia l t o lim i t dest ru ctive impa cts, they do h av e 

sig ni ficant costs that wi l l c ont in ue to in crea se in the context of climate change. For 

ex am ple, pe r ca p i ta median annu al a da p ta tio n co sts in d evelopin g countri es are p r o- 

jected anywhe re fro m US$17 t o US$26 in 2050, d e pendin g o n wh ic h c lima te pa th we 

ta ke ( Cha paga in et al. 2020 ). Also, ada p ta tio n stra te gies wi l l be in crea singl y costl y. As 

extre me wea the r eve n ts beco me inc reasin g ly severe, the effectiveness of th ese m ea- 

sures d e c reases due t o the h ighe r freque ncy an d sev eri ty of t hese eve n ts. The refo re, re- 

lyin g s ol e ly o n ada p ta tio n wi l l not be effe ctive in ord er to avoid the detrime n ta l im pacts 

of c lima te c hange, and the re is copious ev id e nce t o s ho w the im po rt anc e of acting on 

c lima te now to preve n t ca tastroph ic im pacts. 

The Need to Leverage the Education Sector for Climate Action 

E m powe ring c h i l dre n and you t h wi t h ed ucat ion p ave s the way for effective climate 

ch ange a daptation an d mit igat ion. There is a strong an d positiv e re la tio nsh ip betwee n 

ed ucat ion and the capacity to adapt to climate change. 

Mo re educa ted in dividu als are b ett e r a ble t o pr epar e for, cope wi t h, an d reco v er 

fr om ex t reme weat her events. Ev id ence from Senegal, Mali, Thai l and, Cuba, Haiti, the 

Do m in ican Repu blic, El Sa lvado r, and Bra z il p r ov id es robust ev id e nce fo r the p o si- 

tive impact of educa tio n o n vu lne ra b ili ty red uct io n ( Wamsle r et al. 2012 ; Muttarak 

and Pothisiri 2013 ; Pichler and Strie ssni g 2013 ; Van der Land and Hummel 2013 ). In 

the se studie s, people wi t h h ighe r leve ls of educa tio n ex h ib i t grea te r disaste r pr epar ed- 

ne ss and re spon se, e xpe rie n ce redu ced a dv e r se effe cts, and re co v e r mo re qu ic kly fro m 

disaste r s. 

Ev id ence su g gests t hat t her e ar e dir ect an d in dire ct pathway s tha t su ppo rt th is p o s- 

itive re la tio nsh ip. Educa tio n a tta inme n t directly in flue nc e s risk perc ept ion, sk i l ls, and 

knowledge, all of wh ic h e m powe r in dividu a ls t o b e b ett er pr epar ed again st e xtreme 

wea the r eve n ts and thus reduce impacts. Ed ucat ion, from early years to adul t hood, 

p r om otes cog nitiv e dev elopment an d vital ski l ls tha t are key fo r ada p tive ca pacity. 

U NICEF estima tes tha t im p r ov in g ed ucat ion al out c omes c oul d reduce the climate 

ri sk s born e by 275 mi l lion chi l dren global ly ( UNICEF 2021b ). Indirectly, higher lev- 

els of ed ucat ional attainment reduce po v erty, imp r o v e heal t h, and s lo w do wn popu- 

la tio n gr o wth, all of wh ic h are lin ked wi t h h ighe r co mmun ity-leve l ada p tive ca pacity 

( Mu ttara k and Lu t z 2014 ). 

B e yon d a d aptation, evi de nce a lso s ugges ts a s trong and positive re la tio nsh ip be- 

twee n educa tio na l a tta inme n t and m itiga tio n pra cti c e s. An a ddition al year of educa- 

tion has been found to in crea se p r o-climat e b eliefs by 6.3 percent, change behavior 

by 8.5 pe rce n t, and p r oduce a 35 pe rce n t inc rease in green voting across 16 European 
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countri es ( An grist et al. 2023 ). In Ch ina, educa tio na l a tta inme n t is asso ciat ed wi t h a 

2 pe rce n t inc rease in p r o-envir onment al attitude s and be havio r s ( Wang et al. 2022 ). 

Simi l arly, in Thai l an d, a stu dy foun d th at a ddition al years of schooling are asso ciat ed 

wi t h k nowled ge-b ased e nviro nme n ta lly frie ndly actio ns suc h as incr easing r e gu lar use 

of cloth bags by 5 percent and energy-efficient ap pl ianc e s by 7.7 percent ( Chank ra j ang 

and Mu ttara k 2017 ). Globa lly, the leve l of educa tio n a tta ined e me rges as the most influ- 

e n tia l fact o r in predicting c lima te c hange aware ness, wi t h an unde r stan ding of hum an- 

in duced clim ate ch an ge bein g the p rimary p redict o r of pe rcep tio ns re garding c lima te 

change ri sk s ( Le e et al. 2015 ). E d ucat ion also exhib i ts a robust co rre la tio n wi t h e nviro n- 

me n ta l co nce rn and su ppo rt fo r policies tha t be nefit t he e nviro nme n t ( Chan k ra j ang 

and Mu ttara k 2017 ). 

Ed ucat ion can help galvanize mindset and be havio r sh ifts throu g h exp o sure to 

time ly in fo rma tio n, ideas, and nud ge s t o actio n. As muc h as 20–37 pe rce n t of the e m is- 

sion s redu ction needed to achieve net zero d e pends on in dividu al an d h ou seh old be- 

havio r c hange ( Wi l li amson et al. 2018 ). Students who completed a year-long university 

course focused on topics related to climate change managed to lower their personal 

carbo n e m issio ns by an annual total of 2.86 tons of CO2 ( Cordero et al. 2020 ). Address- 

ing c lima te c hange a lso requ ires de m an d fo r policy c h anges th a t prio ritize c lima te ac- 

tion and wi l lingness to bear the costs of those changes. Studies s ho w t hat t h ere i s a 

stron g p o sitive co rre la tio n betwee n educa tio n, co nce rn fo r the e nviro nme n t, and be- 

havio r s tha t su ppo rt politica l decisio ns tha t have a p o sitive im pact o n the e nviro nme n t 

( Fran ze n and Vogl 2013 ; Meyer 2015 ; Chank ra j ang and Muttarak 2017 ). 

The ed ucat ion sector is also uniquely p o sitioned to develop the ski l ls needed to 

advan ce the g reen tran sitio n. The sh ift of the globa l eco no my t owards mo re s us tain- 

able and cl imate-resil ient gr o wt h t ha t prio ritiz e s low-carb on d eve lopme n t precipi- 

t ate s th e n eed for a ski l led wo rkfo r ce t ha t can carry ou t the arr a y of ta sks a sso ciat ed 

wi t h gree ne r jobs. Studies s ho w t hat t h ere i s a stron g p o sitive co rre la tio n betwee n ed- 

uca tio n and the kinds of ski l ls (e.g., p r obl em-s olv in g and c ritica l th in king) tha t su ppo rt 

p olici es that have a p o sitive impact on climate change ( Franzen and Vogl 2013 ; Meyer 

2015 ; Chank ra j ang and Mu ttara k 2017 ). Co m pared t o no n-gree n jobs, gree n occu pa- 

tion s e xhib i t a st ronger intensi ty of hig h-l ev el cognitiv e ski l ls ( Consoli et al. 2016 ). Ed- 

uca tio n can play a c ritica l role in bui l ding ski l ls t o powe r t he t ransi tio n t o gree n and 

resilie n t eco no m ies and jobs. 

Finally, as the quest for inno vativ e solu tio ns t o bolste r c lima te ada p ta tio n and m it- 

iga tio n ga in s m o me n tum, educa tio na l institu tio ns h av e the pote n tia l t o thrive as dy- 

nam ic ce n te r s of innova tio n. In te rms of m itiga tio n, innova tio n is key to ev entu ally 

ac h i ev in g net-ze ro e m issio n s. Alm ost 50 pe rce n t of the e m issio n red uct io ns t o ac h ieve 

net-zero by 2050 d e p end on t e chnologi es that are at the p r ototype or development 

stage ( IEA 2020 ). Even in the case of di ffu sing e xistin g te chnologi es, co n textua liz ing 

and sca ling u p these tec hnologies requ ire s si g ni ficant research to fin d effectiv e ways of 

e n hancin g d e ployme n t. Inv esting in inno vativ e te chnologi es is ass o ciat ed wi t h lower 
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CO2 ac ross e me rging coun tries ( Afrifa et al. 2020 ). Un ive r sities can be hubs of innova- 

tion and knowledge creation to innovate and advo cat e for sol ut ions to climate change 

( Leal Fi l ho et al. 2023 ). 5 

Con clusi on 

Ev id e nce unequ ivoca lly s ho ws that ex tre me wea the r eve n ts—h igh te m pe ra tures, trop- 

ica l cyc lo nes, drou g hts, floo ds, and w i l dfires—harm l earnin g, ed ucat ional attainment, 

an d hum an cap i tal accum ulat ion. The harm comes in the form of direct and indirect 

imp acts, e speci al ly among the most vu lne ra ble c h i l dren in the most vu lne ra ble set- 

tings. As c lima te c hange inc r eases the fr equency and intens ity o f extreme weather 

eve n ts, these impacts and the ineq uit ie s the y ampli f y are like ly t o gr o w. In the a bse nce 

of effectiv e a da p ta tio n measures, wi t h mor e fr equent school closur es due to extreme 

wea the r eve n ts and less co m fo rta ble c l assro oms due to high t emp eratures, l earnin g 

ou tco mes and e nrollme n t ra tes wi l l be sig ni ficantly and negatively impacted. Thus, 

ero din g a lot of the progress m a de on ed ucat ion outcomes in rece n t d e cad es. 

Bot h mi t igat ion an d a daptation ar e ur gently needed. Climate re silienc e in schools 

can be in crea sed by infra stru cture and p r og rammati c c hanges. Im p r o v e me n ts in in- 

fra stru cture su ch a s a cc e ss t o a ir co nditio n in g, low-co s t s tra te gies t o co n trol c l assro om 

te m pe ra tures, a ir fil t ra tio n syste ms and wa lls t o preve n t floo din g can p r ote ct stud e n ts 

from the a dv erse impacts of heat, wi l d fire sm oke, an d floods. Pro v idin g nut ri tion and 

re media l learn ing p r og ram s can also be effecti ve s tra te gies t o inc r ease the r e silienc e 

of affected stude n t s. The cost s of ada p ta tio n wi l l bec o me inc reasin g ly sev ere un der cli- 

ma te c hange, and our ab ili ty to implement climate change strategies wi l l dete rm ine 

the exte n t of the need for a daptation. Clim ate ch ange mit igat ion of ten outw eighs the 

costs and can have benefits on other sectors. 

Ed ucat ion can play a catalytic role in climate change mit igat ion and ada p ta tio n by 

resha ping m indsets, be havio r s, voting pr efer enc e s, ski l ls and innova tio n. In ge ne ra l 

term s, edu cational attainment is stron g ly c orrel ated wi t h h ighe r ada p tive ca pacity fo r 

in dividu als an d their co mmun ities. It is also found to be intrin si cally a sso ciat ed wi t h 

pr efer enc e s an d beh aviors th at sup port cl imate mit igat ion. Emission red uct ions wi l l 

need t o co me fro m in dividu a l be havio r c hange a lo ngsi de l arge r na tio na l plans t o sh ift 

eco no m ic activit y awa y fro m carbo n-in te n sive g r o wth and to ward s green er and more 

s us ta ina ble gr o wth mo d el s. These large-scale shifts, largely captured in Nationally De- 

te rm ined Co n tribu tio n s (N DCs), precip i tate t h e n eed for a popu la tio n tha t wi l l su ppo rt 

these p olici es and a ski l led wo rkfo rce ca pa ble of im ple me n ting the m. In th is co n text, 

the ed ucat ion sector is uniquely p o sitioned to emp ower chi l dren , youth , and their com- 

m unit i es w ith th e mind sets, behaviors, ski l ls, an d inno vativ e ideas th a t th is c lima te c ri- 

sis r equir es. In th e w ord s of Me re Vada i, a you th c lima te acti vis t in Fiji, “The class room 

i s wh e re we be gin transfo rm ing c lima te knowledge in t o actio n.”
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Data availability 

Re garding da t a acc e ss, no ne w d a ta we re ge ne ra ted o r ana ly z ed during this study. 
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Notes 

Se rgio Ve ne gas Marin (co rrespo nding au tho r), e ma il: sve ne gasmarin@wo rl d ban k.o rg ; Lara Schwarz, 

e ma il: lnsc hwar@hea l t h.ucsd.edu ; Shwet le na Sa barwa l, e ma il: ssa barwa l@wo rl d ban k.o rg 

1. First three pages of G o og l e Scholar search of search terms climate AN D impa ct AN D econ omi c, in- 

c luding o n ly artic les pu bli sh ed 2010 and o nwards tha t ar e r ev i ew articl es on the b r oad im pacts o n eco n- 

omy/s oci ety an d exclu din g articl es on a spe ci fic sect o r, wi t h a focus on m ethod s, o r tha t h av e a speci fic 

re gio na l focus. 

2. A We b of Scie nce searc h o n the t opic “c lima te and im pact” wi t h t he sear c h te rms “hea l t h” resul ted in 

24,980, “eco no m ic” p r oduced 31,243, and “ed ucat ion” p r oduced 5,732. Fr om the se re su lts, we can co nc lude 

t hat t h ere i s four-tim es mor e r esearc h o n the eco no m ic im pacts of c lima te an d fiv e-times mor e r esearch 

on th e h eal t h impacts of climate than th ere i s research c onsi d erin g the ed ucat ional impacts of climate. 

O ut of th e 5,732 resu lts fro m We b of Scie nce o n c lima te im pacts o n educa tio n, 1,903 (33 pe rce n t) are based 

in the Un ited Sta tes and 4,467 (78 pe rce n t) are fro m h igh-inco me eco no m ie s (b ased o n Wo rld Ban k c las- 

si fica tio ns). Thi s i s based o n We b of Scie nce c la ssi fica tio ns an d m ay not desc ribe whe r e the r esearc h fo r 

the manusc rip t is based. 

3. To estimate days of learning lost, it was assumed that stude n ts are exp ect ed to learn a bou t 0.3 stan- 

dard d ev ia tio ns in a giv en aca de m ic year ( Sch a dy et al. 2023 ), and such a year is comprised of about 180 

scho ol d ay s. D ay s of l earnin g lo s t were es timated wi t h t he follow in g eq uat ion: D ay s of l earnin g lo st = 

SD change 

0 . 3 LAYS 
∗9 mo n ths ∗20 days 

4. Whe n estima ting o v e ra ll effects of cl assro om t emp erature on te st score s, studie s ranged from 

e le me n tary- t o c ol le ge/un ive r sity-leve l stude n ts. Estima tes assumed tha t the effect of te m pe ra ture o n 

ac h ieve me n t is linear. 

5. A co m pre he nsiv e an alysis of how ed ucat ion can support climate change mit igat ion an d a daptation 

can be found in Sa barwa l et al. ( forthcoming). 
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