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In The Great Derangement, the nov el ist and an thro pol o gist Amitav Ghosh asks why we find it so dif  cult to think 
about cli mate change. The ques tion starts with lit er a ture but then ex tends to his tory and pol i tics. His an swer is 
that in all  three are nas, the mod ern mindset has pro moted the pri macy of hu man, in deed in di vid u al, agen cy. In 

this mindset, there is no place for the un can ny—and cli mate change, es pe cially at the lo cal scale, is noth ing if not 
un can ny.1 Not only does cli mate change re quire a rather dif er ent con cep tion of agen cy, it also asks us to con sider 
its ge og ra phy as both un even and un equal. For in stance, the cit ies established through co lo nial ism have been largely 
sited on coasts, in de fi ance of threats from trop i cal cy clones and coastal flooding, in deed of en on land fill. The local-
ness of cli mate change is per haps most sa lient in these vul ner a ble and ex posed places. Yet cli mate sci ence takes the 
scale of the global as nor ma tive and the lo cal as ac ci den tal. It has thereby “de tached knowl edge from mean ing”2 
and en acts forms of what the phi los o pher Mi randa Fricker has called “her me neu tic in jus tice.”3 We de scribe here 
some ideas emerg ing from within cli mate sci ence, in formed by other dis ci plines that ex press this cri tique and aim 
to ad dress it.

The Scale of the Global
Global warming is, as the phrase says, glob al. Though the rate of hu man-in duced tem per a ture in crease is not uni-
form in mag ni tude—most dra mat i cal ly, the Arctic is warming faster than else where—nearly ev ery where on earth 
is warming. And the re spon si ble in creases in green house gas con cen tra tions, even more than tem per a ture, are truly 
glob al. Carbon di ox ide is long-lived and well-mixed in the at mo sphere, with a nearly uni form con cen tra tion, so a 
ton of CO2 emit ted any where is the same as a ton emit ted any where else. Its global scale is one of the as pects that 
makes cli mate change such a daunting chal lenge for the hu man spe cies.

Our con fi dence in the ba sic fact of a sub stan tial hu man in flu ence on cli mate rests in large part on our solid 
un der stand ing of the green house ef ect and its ther mo dy namic con se quences—that is, it di rectly in creases tem-
per a ture and al most as di rectly in creases at mo spheric mois ture and raises sea lev el—which act, fun da men tal ly, 
at the global scale. Yet the im pacts of the warming will be felt at the lo cal scale and will dif er according to all  the 
par tic u lar i ties of place, both phys i cal and hu man: geo graph ic, so cial, po lit i cal, eco nom ic, and cul tur al. The mod-
els used to make cli mate pre dic tions have spa tial res o lu tions on the or der of 100 ki lo me ters. Resolution in these 
mod els is anal o gous to the res o lu tion, or pixel size, in a dig i tal cam era im age; noth ing of this size or smaller can be 
represented. Yet a typ i cal city, for ex am ple, is much smaller than this. Methods have been de vel oped to “down scale” 
cli mate pre dic tions, but these tend to mag nify uncertainties, which were al ready sub stan tial at larger scales.4 Thus 
the need to un der stand global warming’s im pacts on hu man so ci ety and to adapt in or der to re duce the harm it does 
puts pres sure on cli mate sci ence to pro duce pre dic tions at spa tial scales much smaller than those at which it has 
his tor i cally been  able to do so with any con fi dence.
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In ad di tion to be ing global in phys i cal space, the 
dom i nant mode of do ing and com mu ni cat ing cli mate 
sci ence is also global in an oth er, more con cep tual sense: 
name ly, it is global in the space of pos si ble tra jec to ries, 
or his to ries, of the cli mate sys tem.

Chaos the ory teaches us that im mea sur ably ti ny, 
un know able dif er ences in the pres ent state of the 
weather rap idly be come large dif er ences in the fu ture 
state. This is the rea son that use ful fore casts of the daily 
weather more than a cou ple of weeks in ad vance are 
not pos si ble and that while the at mo sphere in prin ci ple 
obeys de ter min is tic laws, in prac tice its be hav ior has a 
com po nent that is in dis tin guish able from that of a sto-
chas tic, or ran dom, sys tem. It also means that the ac tual 
weather state, and in fact the en tire tem po ral se quence 
of weath er, in a sense, is—within bounds set by larger 
phys i cal con straints on the cli ma te—an ac ci dent, just 
one pos si ble his tory among many equally pos si ble ones. 
When talking about cause and ef ect on long time scales, 
it makes sense to fo cus on av er ages (or other sta tis tics) 
over all  the equally likely weather states, to the ex tent 
that we can de ter mine what these are.

Yet if the earth’s cli mate his tory is just one of many 
equally pos si ble his to ries, it is a deeply priv i leged one, 
sci en tifi  cally and oth er wise, in that it re ally did oc cur. 
No fu ture cli mate tra jec tory is sim i larly priv i leged. Thus 
there is a fun da men tal dis con nect in time be tween our 
knowl edge of the cli ma te’s his to ry, with all  its spec i fic-
i ty, rich ness of de tail, and un de ni able re al i ty, and our 
knowl edge of its fu ture, about which even a per fect pre-
dic tion can only be prob a bi lis tic even in prin ci ple. In 
some re spects, this dis con nect mir rors that be tween the 
global scale—at which we truly un der stand the hu man 
in flu ence on cli ma te—and the lo cal scale, at which its 
im pacts are felt.

Other uncertainties in cli mate pre dic tion are of en 
treated sim i larly to the ale a toric one as so ci ated with 
chaos and the un pre dict abil ity of weath er. Most im por-
tant is the ep i ste mic un cer tainty that re sults from dif-
fer ences in cli mate model con struc tions. All mod els are 
designed to obey the laws of phys ics, but un avoid able 
im per fec tions as so ci ated with expressing those laws 
on com put ers lead to com pro mises that are made dif-
fer ently by dif er ent groups of mod el-build ing sci en-
tists. Not know ing which of the resulting mod els is the 
best, we gen er ally con sider them all  to be equally likely 
and con sider av er ages, or the whole dis tri bu tion of dif-
fer ent model re sults, in or der to make pre dic tions of 
the fu ture. This is yet an other sense in which cli mate 
sci ence takes a global view. Among other out comes, it 

leads us to regard agree ment be tween dif er ent mod els 
as a mea sure of con fi dence, or “ro bust ness.”5

Rather than take the scale of the glob al—in all  
three senses de scribed above—as nor ma tive, we dis cuss 
be low how this global ap proach leads to con ser va tism 
in the at tri bu tion of spe cific weather and cli mate phe-
nom ena to hu man in flu ence and how an ap proach that 
is lo cal in one or more senses can change this. By con-
sid er ing spe cific in di vid ual past, pres ent, or fu ture his-
to ries rather than all  of them to geth er, we can at the 
same time pro vide more spec i fic ity and rich ness at the 
lo cal scale in space.

This dis cus sion has much in com mon with ear lier 
think ing in other fields where one con sid ers the ten sion 
be tween in di vid ual case stud ies and sta tis ti cal an a ly ses 
that pool all  da ta, such as in the study of or ga ni za tional 
be hav ior,6 safety in health care,7 and pub lic health.8 
The study of spe cifi c, lo cal nar ra tives—though gen er-
ally of only the past, not the fu ture—is also fun da men-
tal to hu man ist schol arly fields, in clud ing his tory and 
an  thro pol o gy. And to the ex tent that con sid er ation of 
the dir est pos si ble fu tures (among other spe cific ones) 
is used to ad vo cate for mit i ga tion, this view is not new 
even to the cli mate pol icy de bate but is fa mil iar as the 
“pre cau tion ary prin ci ple.” Any nov elty here comes, per-
haps, only from sit u at ing it in the con text of the spe cific 
ways that cli mate sci ence ar tic u lates the causal links 
be tween hu man green house gas emis sions and their 
ef ects. With phys ics as its dis ci plin ary mod el, cli mate 
sci ence tends to seek the most gen eral ex pla na tions.9 
Given the con straints of chaos the ory and model un -
cer tain ty, this leads to the glob al, sta tis ti cal ap proach 
as nor ma tive. The lim i ta tions of that ap proach may be 
par tic u larly dif  cult for many cli mate sci en tists to see 
due to their train ing, which is strongly influ enced by 
phys ics if not ex plic itly in that dis ci pline (as is true of 
us, the au thors).

In all  of this our in ter est is in in tro duc ing bet-
ter ways for cli mate sci ence to ad dress ques tions of 
moral re spon si bil i ty. Arbitrary his tor i cal choices made 
by sci en tists, in her ent to the very prac tice of sci ence,10 
en code spe cific hu man val ues. This is as true in cli mate 
sci ence as in any oth er.11 The spe cific choices made by 
cli mate sci en tists have con se quences for the per cep-
tion of the over all mes sage out side the cli mate sci ence 
com mu nity and for the resulting use of that mes sage in 
po lit i cal con texts. We have come to view some of those 
choices as mis lead ing and eth i cally ques tion able. We 
pres ent here some newer meth od ol o gies that we ar gue 
are equally sci en tifi  cally de fen si ble to the tra di tional 
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ones but designed, con scious ly, to in cor po rate lo cal 
in for ma tion and con cerns.

Prediction
Scientific state ments about cli mate change are nor-
mally expressed in the form “cli mate change is re spon-
si ble for this” or “cli mate change will lead to that.” Such 
state ments can be regarded as sci en tific hy poth e ses 
that are ei ther ac cepted or rejected by test ing against 
the ev i dence avail  able at the time. In hy poth e sis test ing, 
there are two kinds of er rors that can be made. “Type 1” 
er rors are false pos i tives, or false alarms: a hy poth e sis is 
ac cepted that later turns out to be false. “Type 2” er rors 
are false neg a tives, or missed warn ings: a hy poth e sis is 
rejected that later turns out to be true. (The other pos si-
bil i ties are true pos i tives and true neg a tives.)

In cli mate sci ence, the tra di tion has been to guard 
against Type 1 er rors.12 This is ex em pli fied by the de tec-
tion-at tri bu tion frame work13 that forms the cen ter piece 
of the as sess ments pro vided by Working Group I—the 
one fo cused most ex clu sively on phys i cal sci ence—of 
the Intergovernmental Panel on Climate Change 
(IPCC)14 and is il lus trated by fig ure 1a for glob ally av er-
aged sur face tem per a ture. First, the ob served changes 
(black line) are detected, mean ing that the like li hood of 
their aris ing by chance is ex clud ed. Then the changes 
are at trib uted to an thro po genic cli mate change, mean-

ing that they can only be explained by in clud ing green-
house gases and other an thro po genic “forc ing” in the 
sim u la tions (shad ing). While this frame work is ap pro-
pri ate for mak ing un equiv o cal state ments about an thro-
po genic cli mate change, at the re gional scale it gen er-
ally leads to a pa ral y sis, be cause the uncertainties are 
quite large at that scale. This is es pe cially the case for 
pre cip i ta tion, as is il lus trated by fig ure 1b, which shows 
mod el-predicted changes in pre cip i ta tion over the 
twen ty-first cen tury un der a high-end cli ma te-change 
sce nar io. In many re gions, the mod els do not pro vide a 
con sis tent pre dic tion, with some suggesting an in crease 
and some a de crease in pre cip i ta tion. This lack of model 
agree ment pre cludes the at tri bu tion of ob  served changes 
to cli mate change in these re gions, where most peo ple 
live.

When con sid er ing lo cal man i fes ta tions of cli mate 
change, a fo cus on avoiding Type 1 er rors can thus lead to 
the re jec tion of cli ma te-change hy poth e ses. This raises 
the pros pect of com mit ting Type 2 er rors.15 Guarding 
against Type 2 er rors has been con tro ver sial within cli-
mate sci ence, per haps be cause it can be con strued as 
alarm ism.16 Yet it is quite ac cepted in other fields of 
ap plied sci ence. For ex am ple, with ex treme weather 
warn ings a bal ance is struck, and gen er ally the pub lic 
is more tol er ant of Type 1 er rors than of Type 2 er rors. 
In drug test ing, tests concerning the ef  cacy of the drug 

Figure 1a. Change in globally averaged surface temperature over the twentieth century. Observations are shown with the  
black line, and the range of climate model simulations with and without anthropogenic climate change with the pink and purple 
shading, respectively. From Stocker et al., Climate Change 2013.
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guard against Type 1 er rors, while tests concerning the 
pos si bil ity of ad verse side ef ects guard against Type 2 
er rors. Thus the bal ance of con cern be tween avoiding 
Type 1 and Type 2 er rors de pends very much on the con-
text; there is no purely sci en tific ba sis for choos ing one 
over the oth er.17

It fol lows that the de ci sions on how to frame cli-
mate in for ma tion and on the bal ance be tween guarding 
against Type 1 and Type 2 er rors have eth i cal im pli ca-
tions. There is no such thing as val ue-free cli mate sci-
ence.18 In the IPCC de tec tion-at tri bu tion frame work, it 
is stated that in or der to avoid se lec tion bi as, data for 
sci en tific anal y sis should not be preselected based on 
ob served ef ects.19 This implies that ques tions about 
cli mate change must be driven by the sci en tists rather 
than by those af ected by cli mate change. It thereby 
rep re sents a form of her me neu tic in jus tice.20 Similarly, 
the stated need to remove the in flu ence of nonclimatic 
fac tors—re ferred to by stat is ti cians as “confounding 
fac tors”—in or der to iso late the pure cli mate sig nal21 
makes it ex tremely dif  cult to de tect and at tri bute 
cli ma te-change im pacts in volv ing nonclimatic hu man 
fac tors that in crease the vul ner a bil i ty, for ex am ple, in 
ur ban flooding or the ur ban heat-island ef ect. Yet these 
tend to rep re sent the most dan ger ous cli ma te-change 
im pacts on hu man i ty.

In or der to ad dress risk and thereby guard against 
Type 2 er rors, Working Group II of the IPCC, which 
deals with im pacts and ad ap ta tion, de fi nes cli mate 
change as any ob served change, not nec es sar ily one 
at trib uted to an thro po genic causes.22 This ap proach 
in tro duces a knowl edge gap be tween Working Groups I 

and II, but it is the only way to avoid the pa ral y sis that 
would oth er wise re sult for Working Group II.23

Climate change at the lo cal scale has the chal lenge 
that the ev i dence base is of en le git i mately con test-
able. Observational re cords are lim it ed, and in any case 
do not al ways re late di rectly to an thro po genic cli mate 
change be cause of many confounding fac tors. The usual 
ex per i men tal test in sci ence, us ing a con trolled in ter-
ven tion, is not pos si ble (as it is not, in gen er al, in any 
of the earth sci ences). Climate mod els, based on the 
governing phys i cal equa tions, can be used for this pur-
pose (as in fig ure 1a), but they are not the real sys tem 
and can be wrong, par tic u larly at lo cal scales. Together 
this means that the like li hood of high-im pact cli mate 
out comes can not be re li ably quan ti fied in a prob a bi lis-
tic man ner, though this by no means implies that such 
out comes are im pos si ble or even im prob a ble. Alterna-
tive ways must be found to re spond to lo cal con cerns 
and to rec og nize an thro po genic cli mate change at the 
lo cal scale with out com pro mis ing sci en tific rig or.

Uncertainty
The lim i ta tions of sci en tific in for ma tion are usu ally 
expressed in terms of uncertainties. There are three 
ge neric sources of un cer tainty in how cli mate will 
change:24 the fu ture evo lu tion of cli mate forc ing (both 
nat u ral and an thro po gen ic, the lat ter be ing dom i nated 
by in creases in green house gas es); the re sponse of the 
cli mate sys tem to that forc ing; and in ter nal var i abil-
i ty. The un cer tainty in an thro po genic cli mate forc ing 
is mainly so cial, po lit i cal, and eco nom ic. Response un -
cer tainty is ep i ste mic and is some times called “model 

Figure 1b. Predicted changes 
in precipitation (in %) over the 
twenty-first century under a 
high climate-forcing scenario 
(RCP8.5). Stippling indicates 
where the model predictions 
are robust, in the sense of 
agreeing on the sign of the 
change; otherwise, the models 
do not agree. Hatching indicates 
where the average model 
changes are small compared 
with internal variability, but this 
does not mean that individual 
model changes are small. From 
Stocker et al., Climate Change 
2013.
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un cer tain ty.” Internal var i abil i ty—that is, nat u ral fluc-
tu a tions in cli mate that would oc cur in the ab sence of 
hu man in flu ence and that also oc cur in its pres ence—
re flects the cha otic na ture of the cli mate sys tem and 
is mainly ale a toric rather than ep i ste mic (al though 
the sta tis tics of ex treme be hav ior may be quite un cer-
tain, and in ter nal var i abil ity can itself change with cli-
mate change). The rel a tive im por tance of these three 
sources of un cer tainty varies with spa tial and tem po-
ral scale and with cli mate var i ables.25 Consideration of 
the hu man im pacts of cli mate change adds yet an other 
layer of un cer tain ty—more over, one as so ci ated with 
dif er ent forms of knowl edge, be cause vul ner a bil ity 
and ex po sure de pend on so cial and po lit i cal fac tors.

It is in struc tive to con sider the chain of causal 
fac tors lead ing to a par tic u lar cli mate risk, such as 
health im pacts from heat waves (fig ure 2). The tra di-
tion al, “sce nar io-driv en” ap proach, as ex em pli fied in 
Figures 1a and 1b, is to start from the cli ma te-forc ing 
sce nario and pre dict the con se quences, con sid er ing 
all  pos si bil i ties. But this ig nores the dif er ent kinds of 
un cer tainty in volved and thereby leads to a blurred pic-
ture.26 There are al ter na tive ap proaches that in volve 
what stat is ti cians call “con di tion ing” on the dif er ent 
causal el e ments depicted in fig ure 2 and that thereby 
amount to a de gree of lo cal i za tion within the space of 
pos si bil i ties. For ex am ple, it is rec og nized that fu ture 
ex po sure and vul ner a bil i ty—that is, what hu man as sets 
will ex ist and how badly they might be dam aged by a 
given level of nat u ral di sas ter—are re lated to the same 
so cio eco nomic fac tors as will de ter mine fu ture cli mate 
forc ing (e.g., a so ci ety built on sus tain abil ity can be 
expected to be less vul ner a ble than one char ac ter ized 
by re gional ri val ries and com pe ti tion for re sources), 

and this re la tion ship can be built into cli mate im pact 
stud ies.27

Conditioning can also be ap plied within the phys-
i cal cli mate sys tem. If one wishes to know the con se-
quences of a given mag ni tude of global warming, which 
is the sort of ques tion en vis aged by the Paris Agree-
ment, then the long-stand ing ep i ste mic un cer tainty 
in cli mate sen si tiv i ty—that is, how much the cli mate 
sys tem warms for a given in crease in CO2—is ir rel-
e vant. (Instead, it af ects the car bon bud get that will 
re sult in that global warming mag ni tude.) If one fur ther 
wishes to know the in crease in se ver ity of a his tor i cal 
heat wave in a warmer world, one may con di tion on the 
oc cur rence of the spe cific at mo spheric cir cu la tion pat-
tern lead ing to the heat wave, which—at the cost that 
one can no lon ger as sign a prob a bil ity to the event’s 
oc cur rence—removes the ma jor ep i ste mic un cer tainty 
as so ci ated with changes in ex treme weather events.28 
Finally, from the IPCC Working Group II per spec tive, 
one can con di tion on the heat wave itself and as sess the 
im pacts of dif er ent ad ap ta tion op tions af ect ing ex po-
sure and vul ner a bil ity at the lo cal scale—for ex am ple, 
green ing of an ur ban land scape, sit ing of se nior-citizens’ 
homes, or changes in build ing codes.

The causal net work depicted in fig ure 2 thus pro-
vi des a con cep tual frame work for fi ness ing the un cer-
tainty chal lenge: each of the con di tion ings rep re sents 
a plau si ble story line of cli mate change.29 In anal ogy to 
the stress tests used in fi nance, the ques tion is changed 
from “What will hap pen?” to “If X hap pens, what will 
be the con se quences?” Appropriately cho sen nu mer i cal 
mod els can be used to per form cred i ble coun ter fac tual 
“what if ” or in ter ven tion ex per i ments af er such con-
di tion ing, allowing hard num bers to be placed on the 

Figure 2. Schematic of a causal network depicting climate-related health impacts from a heat wave in a particular city. This  
factorizes the uncertainty. See text for details. Adapted from Shepherd, “Storyline.”
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re sults. In this way, in for ma tion that is lo cal—about 
a spe cific place, or a his tor i cal event, or a par tic u larly 
wor ri some model pre dic tion—can be given mean ing.30 
This avoids the blur ring and loss of in for ma tion that 
are in ev i ta ble when in ho mo ge neous data are pooled.31 
Local knowl edge from his tor i cal events can also be 
mean ing fully interpreted within such a frame work, 
which helps ad dress her me neu tic in jus tice by empow-
ering cit i zen sci ence32 and mak ing cli mate change 
“vis i ble.”33

It is pos si ble to learn about fu ture cli mate risk from 
a hand ful of events, or even from sin gle events,34 though 
from a sta tis ti cal per spec tive such a state ment seems 
non sen si cal. This is il lus trated by fig ure 3, which shows 
the heat-island ef ect in south ern Holland based on 
three nights of da ta. In or der to dis cuss cli mate ef ects 
in this event, there is not only the is sue of down scal ing 
from the typ i cal cli mate scale but also the in flu ence of 
the ur ban en vi ron ment itself, through this heat-island 
ef ect. From a cli ma te-sci ence per spec tive, the lat ter is 

a confounding fac tor; but from an im pacts per spec-
tive, it is the heart of the is sue. Figure 3 shows how the 
ur ban en vi ron ment in creases night time tem per a tures. 
It is cur rently not pos si ble to pre dict with any re li abil-
ity the fu ture like li hood of heat waves at such a lo cal 
scale in an un con di tional man ner. However, there is 
clearly in for ma tion contained in fig ure 3, most no ta bly 
the fact that cer tain neigh bor hoods—of en the poorest 
neigh bor hoods—ex pe ri ence the highest tem per a tures. 
The rea sons for this are gen er ally very clear; for ex am-
ple, less green space, denser con struc tion, and more 
dark sur faces.35 From this con di tional per spec tive, one 
may in fer that those neigh bor hoods are most at risk 
from the in creas ing heat waves expected from cli mate 
change. This is ro bust, ac tion able in for ma tion.

The Global South
As we con sider the lo cal ver sus the global and at the 
same time the in ter sec tion of cli mate sci ence with eth-
i cal and po lit i cal ques tions, it be hooves us to con sider 

Figure 3. Surface temperature differences in the province of South Holland, using Landsat 8 images, averaged over the nights of 
September 12/13, 2016, May 26/27, 2017, and June 18/19, 2017. Each color step represents an increment of 1°C, with red colors  
indicating higher temperatures. The nocturnal temperatures are a good indicator of the heat-island effect, which is very evident in the  
cities: Rotterdam is at the bottom of the image, and The Hague to the upper left. From van der Hoeven and Wandl, Haagse Hitte.
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one ma jor di vide that is pres ent both in the cli mate 
itself and in our global hu man so ci e ty, namely that 
be tween global South and North—or from a cli mate 
sci ence point of view, be tween trop ics and extratropics. 
The most glar ing fact of global eth ics when we con-
sider cli mate change is that most of the emis sions have 
come from the rich, de vel oped, extratropical coun-
tries, while the most se vere im pacts will be felt in poor 
trop i cal countries. This is true, but it is al ready widely 
un der stood. We fo cus here on is sues that may be less 
so. In par tic u lar, the trop ics are where the nor ma tive 
ap proach to cli mate pre dic tion and un cer tainty is most 
clearly found to be want ing. This adds a layer of her-
me neu tic in jus tice to the eth i cal di vide be tween global 
South and North.

The greater risk in the trop ics is, in part, sim ply a 
con se quence of the sign of the tem per a ture change. As 
the planet gets warm er, the re gions that are al ready the 
warmest are those where the cli mate will first reach a 
re gime not his tor i cally seen any where on the plan et.

Another dif er ence re sults from the dif er ent 
na ture of cli mate var i abil ity in the trop ics ver sus the 
extratropics. In cli mate pre dic tions, the “time of emer-
gence” is loosely de fined as the time at which the long-
term an thro po genic change will be suf  ciently large as 
to put some as pect of the cli mate state de fin i tively out-
side its his tor i cal range, where that range is as sumed to 
be de ter mined by in ter nal var i abil i ty. Figure 4 shows 
that, for tem per a ture, this will oc cur soonest in the 
trop ics.36 While the mag ni tude of the change is larg-
est at high lat i tudes, the var i abil i ty—both the sea sonal 
cy cle and year-to-year fluc tu a tions—is as well, and to 
an even greater ex tent, such that it is in the trop ics that 
tem per a ture will first reg u larly ex ceed its his tor i cal 
range.

On the other hand, pre cip i ta tion is also a cru cial 
as pect of cli ma te. Here the dif er ence be tween trop-
ics and extratropics lies in the poorer un der stand ing 
of the expected pre cip i ta tion changes—at least over 
land, which is where peo ple live—in the trop ics. Figure 
1b il lus trates this; over land the stip pling, in di cat ing 
agree ment be tween mod els (a proxy, though an im per-
fect one, for our de gree of un der stand ing or con fi dence, 
since a greater de gree of model agree ment sugg ests a 
smaller ep i ste mic un cer tain ty), is for the most part con-
fined to the higher lat i tudes. Thus while we know that 
pre cip i ta tion-re lated risks are greatest in the trop ics, 
the po ten tial for pa ral y sis due to un cer tain ty—if one 
in sists on pref er en tially guarding against Type 1 er rors, 
as de scribed above—is more pro nounced in the trop ics.

There are sci en tific fac tors that make trop i cal pre-
cip i ta tion in her ently chal leng ing to pre dict. The trop i cal 
at mo sphere is warmer and moister, and deep con vec-
tion (cloud sys tems that pro duce heavy rain) is a more 
im por tant fac tor than in the extratropics. The es sen tial 
phys i cal pro cesses of deep con vec tion act on rel a tively 
small space and time scales and thus must be “pa ram-
e ter ized” in weather and cli mate mod els, mean ing 
represented in ways that are partly em pir i cal and not 
as tightly connected to the un der ly ing laws of phys ics 
as the larg er-scale pro cesses are. Although there have 
been grad ual ad vances over time on the con vec tive 
pa ram e ter i za tion prob lem, it re mains a ma jor weak ness 
in cur rent mod els.

Short-term cli mate var i a tions rep re sent an ex cep-
tion to this sit u a tion; here the un der stand ing and pre-
dic tive ca pac ity is greater in the trop ics. This is mainly 
be cause of the highly pre dict able El Niño–Southern 
Oscillation (ENSO) phe nom e non, which oc curs in the 
ocean and at mo sphere of the equa to rial Pacific but 
strongly in flu ences weather through out the trop ics 
and pro vi des pre dict abil ity on the time scale of months. 
At pres ent, in fact, while weather fore cast mod els pre-
dict pre cip i ta tion more ac cu rately at higher lat i tudes 
than in the trop ics for the first few days, trop i cal pre dic-
tions ac tu ally be come more ac cu rate at lon ger lead and 
av er ag ing times, where “lon ger” is as short as a week, 
and this ap pears to be at least in part be cause the ENSO 
sig nal be gins to emerge that soon.37

Unfortunately, this ad van tage does not trans late 
to an thro po genic cli mate change. Most mod els pre-
dict that the av er age cli mate of the trop i cal Pacific will 
shif with warming to a state sim i lar to an ENSO warm 
event. Whether this pre dic tion is cor rect re mains con-
ten tious, how ev er. Analysis of the model phys ics on its 
own sugg ests the pos si bil ity that the model pre dic tion 
could be wrong;38 more over, the trend in ob ser va tions 
in re cent de cades is in the op po site di rec tion, to ward a 
cold ENSO-like state.

The trop ics also con sti tute the re gion most sus-
cep ti ble to trop i cal cy clones (also known as hur ri canes, 
ty phoons, and by other names). Tropical cy clones can 
cause enor mous dam age, with sub stan tial long-term 
det ri men tal ef ects on eco nomic growth in countries 
where they are en dem ic.39 Global warming in creases 
the risks from trop i cal cy clones in sev eral ways: by 
in creas ing the pre cip i ta tion they pro duce; by mak ing 
their winds stron ger, so that the fu ture will likely see 
storms more pow er ful than any in the past; and by rais-
ing sea lev el, thus ex ac er bat ing coastal flooding from 
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storm surge. How cli mate change will af ect the num ber 
of storms, how ev er, re mains un cer tain; we do not know 
whether storm fre quency will in crease or de crease, due 
to a lack of agree ment be tween mod els and, even more 
im por tant ly, a lack of phys i cal un der stand ing.40 The 
fre quency of the most se vere events—think of Typhoon 
Haiyan (2013) in the Philippines or Hurricane Maria 
(2017) in Puerto Rico—is likely to in crease re gard less, 
as over all in creases in storm in ten si ties make in tense 
storms rel a tively more com mon com pared to weak 
ones; but that pre dic tion is not cer tain, par tic u larly in 
any spe cific re gion. Regions of storm for ma tion and 
in ten si fi ca tion are likely to un dergo some changes, 
in creas ing haz ard lev els dra mat i cally in some re gions 
while re duc ing them in oth ers.

Some of these changes in trop i cal cy clone ac tiv-
ity may al ready be ev i dent; for ex am ple, an in crease 
in trop i cal cy clone ac tiv ity in the Ara bian Sea—where 
cy clones are his tor i cally quite rare—is ro bustly pre-
dicted by cli mate mod els and is ar gu  ably al ready be ing 
ob served,41 in creas ing haz ard lev els in the Middle East-
ern, East Af ri can, and South Asian na tions around it. 
And be yond cli mate change—and per haps even more 
im por tant—con tin ued ur ban i za tion in creases the pop-
u la tion at risk in many of the coastal cit ies most ex posed 
to trop i cal cy clones. When all  these fac tors are con sid-

ered, the risks of trop i cal cy clone im pacts are al most 
cer tainly in creas ing. Yet the spe cifi cs are quite un cer-
tain, es pe cially due to the un cer tainty around storm fre-
quen cy, and even that un cer tainty is dif  cult to quan tify 
since most of it is ep i ste mic in or i gin. This is pre cisely 
the sort of sit u a tion in which sto ry-line ap proaches are 
need ed. Ghosh imag ines the night mar ish pos si bil ity of 
a ma jor cy clone land fall in Mumbai, In dia, a city that 
ap pears un pre pared for it and ex ceed ingly vul ner a ble. 
A sub se quent sci en tific re search study shows this spe-
cific story line to be plau si ble, even though it is with out 
pre ce dent in the city’s mod ern his to ry.42

Epilogue
Although the driv ing force of cli mate change is glob al, 
cli mate change is be ing and will be ex pe ri enced at the 
lo cal scale and in ex treme events, in ways that are spe-
cific to both the na ture of those places and the ac ci dent of 
the weather his tory par tic u lar to that place and pe ri od. 
In other words, cli mate change is ex pe ri enced, and will 
be ex pe ri enced, through story lines rather than through 
the global (and mostly un re al ized) prob a bil i ties that are 
nor ma tive in cli mate sci ence. An over re li ance on prob-
a bil i ties dulls the edges, removes the hu man con text, 
and in hib its us from fac ing the full re al ity of our cli-
mate fu ture. We ar gue here for a more lo cal per spec tive 

Figure 4. Predicted number of months per year in 2051–2100 that will exceed the maximum absolute temperature found across  
all months from 1951–2000, under a high climate-forcing scenario (RCP8.5). From Harrington et al., “Seasonal Cycles.”
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(in mul ti ple senses); for an el e va tion of the nar ra tive; 
and for a de mo tion of the prob a bi lis tic from its place 
of priv i lege in the con struc tion and com mu ni ca tion of 
our un der stand ing of global warming and its lo cal con-
se quences.
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