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Despite the vast evidence on the short-run effects of adverse climate shocks on the economy, our under-
standing of their long-run impact on institutions is limited. To tackle such a key issue, a vast body of research
has focused on ancient societies because of the limited complexity of their economies and their unparalleled
experience with environmental and institutional change. Notably, the “collapse archaeology” literature has
reported countless correlations consistent with the mantra that severe droughts are bound to trigger insti-
tutional crises. This conclusion, however, has been recently challenged by a stream of papers that, building
on more detailed data on Bronze Age Mesopotamia and a more credible theory-based empirical strategy,
have yielded the following two results. First, severe droughts pushed the elites to grant strong political and
property rights to the nonelites to convince them that a sufficient part of the returns on joint investments
would be shared via public good provision and, thus, to cooperate and accumulate a culture of cooperation.
Second, a more favorable climate allowed the elites to elicit cooperation under less inclusive political regimes
as well as a weaker culture of cooperation and, possibly, incomplete property rights. These patterns em-
phasize the importance of considering the asymmetric effect of droughts and, more generally, combining
natural and social sciences for the evaluation of climate-related policies.
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Despite the rapidly amassing evidence on the short-
run effect of adverse climate shocks on the economy
(1), our understanding of their long-run impact on in-
stitutional evolution is limited (2).

Tackling this issue is key for the evaluation of
climate-related policies, especially those directed to
developing countries, and has drawn the attention of a
vast body of research to ancient societies, which are
the most suited laboratories for evaluating the total
impact of climate change. These civilizations, indeed,
are characterized by economies sufficiently simple to
credibly relate variation in geographic characteristics
to institutional evolution as well as an unparalleled ex-
perience with environmental and institutional change
(3–6). Environmental crises, indeed, have threatened
human societies since the last Ice Age, when global
climate change forced humans to become increasingly

reliant on the domestication of their landscapes (7), first,
and to devise stable forms of state institutions easing
the organization of economic cooperation, later (8). De-
spite the obvious importance of a deep understanding
of these discontinuities, however, the majority of the
archaeological literature has restricted itself to amass
anecdotal accounts (9–11), first, and empirical evidence
(12–15), later, on disastrous episodes in which adverse
climate shocks were accompanied by social unrest and
institutional decline.* Assuming that these correlations
imply causal relationships, this “collapse archaeology”
literature has concluded that severe droughts—“cold
and dry spans” (19)—are bound to trigger epochal in-
stitutional crises and induce state dissolution (20, 21).

In reaction to such oversimplified, if not determin-
istic, analysis (22), a parallel and growing strand of lit-
erature has reported counter narratives stressing the
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*An exception is constituted by some of the earliest studies that, building on differential topology theories, have emphasized the role of social
complexity in driving societal collapse (16, 17). Combining this intuition with historical anecdotal evidence, Tainter (9) concludes that states
dissolve when their investment in social complexity and/or their exploitation of scarce resources reach a point of diminishing marginal returns.
This tailpiece is, however, false in general since, as documented by Benati et al. (18), both instances can favor state formation if the elite’s time
inconsistency issues are relevant and the preferences for public goods are heterogeneous.
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resilience of human societies and the relevance of the strategic
determinants of institutional evolution (23–25). While doing so,
these contributions have emphasized two crucial drawbacks of
the collapse archaeology literature. First, errors in the measurement
of institutional and climate variables are greatly worsened by the usage
of coarse-grained archaeological chronologies and by the reliance on
the few available local proxy climate data asmeasures of regional-wide
shocks (26). Second, the unfamiliarity of archaeological research with
causal inference has greatly limited the credibility of its conclusions
because of the endogeneity issues generated by both relevant unob-
servable factors and the even more subtle possibility of misspecifica-
tions of the empirical models embraced to study the relationships
between climate change and institutional evolution (2, 27–30).

A Time Inconsistency Theory of State Formation and
Evolution
To tackle these daunting issues, recent interdisciplinary research
has introduced two key innovations over the extant literature. First,
it has relied on more detailed simulated regional data on paleo-
climatic conditions (31) as well as recent absolute chronologies
more accurately linking archaeological data to institutional transi-
tions, both available for Bronze AgeMesopotamia (32, 33). Second,
it has embraced a more credible structural empirical strategy based
on a long game-theoretical tradition on state evolution (34–37). The
key tenet of this literature is that adverse production conditions push
groups empowered by old technologies—elite—to establish the
state by bestowing strong political and property rights on formerly
powerless individuals—nonelite—endowed with complementary
skills (18, 38). Formally (18), assume that the elite—she—and the
nonelite—he—try to cooperate in either farming or long-distance
trade. The elite has both control and transfer rights to the input—i.e.,
either the arable land or the trading networks, whereas the nonelite
can use the input to produce an output through an expensive in-
vestment and provided that the imperfectly observable environmental
conditions are “favorable,” e.g., the land is suitable for cultivation and
the temperature is sufficiently high or the trading risks are sufficiently
limited.† The elite keeps the untaxed output and to incentivize the
nonelite’s investment cannot commit to direct transfers but can lean
on two other instruments. First, she can enact an inclusive political
process, which allows the nonelite to select both the tax rate and his
preferred public good. Second, she can punish the nonelite for sus-
pected shirking by weakening his use rights to the input, e.g., short-
ening his land tenure (39, 40). This “stick” zeroes the nonelite’s future
payoffs from public good consumption and is expensive for the elite
as well, e.g., she needs to substitute an evicted tenant.

When the expected investment return is limited—but not too
tiny to avoid any cooperation (see the R < R area in Fig. 1)—the
nonelite cooperates only when his property rights are fully pro-
tected and he has been granted the more inclusive political pro-
cess and, thus, the power to fully tax the output and produce his

preferred public good (see the R ≤R < ~R blue area in Fig. 1).‡

These reforms are favored by the nonelite’s accumulation of a
culture of cooperation, i.e., the internalized return from cooper-
ating in any economic activity (38, 44, 45). Intuitively, a larger
implicit reward from cooperation credibly signals the nonelite’s
commitment to invest even in activities inducing a small payoff
and, thus, a little value from public good provision. When, instead,
the expected investment return is intermediate, the elite does not
need to give up her preferred public good and accept full taxation
to entice the nonelite, who, in turn, does not need to accumulate a
large culture of cooperation to credibly signal participation (38,
44). Then, the elite does not enact the more inclusive political
institution and the tax rate falls with the investment return (see the

R
;
≤R <R light blue area in Fig. 1). However, the protection of the

nonelite’s property must be complete to assure his participation in
investment. When, finally, the investment return is sufficiently large,
the elite can also restrict the nonelite’s property rights (see the R ≥R
gray area in Fig. 1). Punishment, however, is optimal only when
production is sufficiently transparent to unmask a shirking nonelite.

The unique combination of a large elite’s capacity to elicit the
nonelite’s cooperation through public good provision and a
forceful nonelite’s culture of cooperation induced by the intro-
duction of strong political and property rights clarifies why we see
in this institutional discontinuity the key feature of state formation
(46). This approach differentiates us from both the anthropologi-
cal and archaeological traditions, which, instead, identify state
formation with the transition from collective unstructured com-
munities to socially stratified and bureaucratically governed
societies (47, 48).§

Evidence on State Formation and Evolution in Bronze Age
Mesopotamia
The model predictions are consistent with five facts about the
evolution of the earliest recorded forms of state institutions in
Bronze Age Mesopotamia (8), which we summarize in the following
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Fig. 1. Political and property rights, fiscal capacity, culture, and
expected farming return. Note: R indicates the expected investment
return, whereas tr;p labels the tax rate. The pedix r;p keeps track of
the political regime r, where i and e label, respectively, the more and
less inclusive political institutions, as well as the property rights
protection p, where s and w stand for strong and weak, respectively.

†The valuable output can also be interpreted as a technological innovation.
‡Building on 30 preindustrial societies, Blanton and Fargher (41, 42) conclude,
similar to Benati et al. (18), that the elites incentivize through public good
provision those nonelites endowed with more relevant resources and, in turn,
a strong bargaining power (43). However, different from Benati et al. (18) and
Boranbay and Guerriero (44), Blanton and Fargher (41, 42) do not clarify that
the nonelite’s bargaining power is mainly determined by the mix of the elite’s
time inconsistency issues and the heterogeneity in the preferences for the
public goods and that culture is an enforcement tool for the elite and a com-
mitment device for the nonelite.

§Should the elite be able to enact a third political regime allowing a bureaucracy
to guide fiscal policies with the goal of maximizing a weighted average of the
two groups’ preferences, this option will partially substitute the more inclusive
political process, i.e., it will, intuitively, arise for RB ≤R<R

;
and RB ≥ R. This

scenario justifies the rise of tax farming under the harsh but not extreme climate
of the Old Babylonian period (49).
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and detail in SI Appendix. First, the increasingly cold and dry cli-
mate of the end of the Urban Revolution period (3800–3300 BCE)
enhanced consumption risk and, thus, the importance of irrigation
infrastructures (50). The consequent need for labor organization
promoted a shift of decision-making power from the former land-
holding groups to the temples (51). Exploiting this new role, the
religious leaders obtained, over the Late Uruk period (3300–3100
BCE), the command over public good provision (52). Furthermore,
they proposed a culture of cooperation in exchange for the support
in the provision of consumption risk-sharing activities, i.e., storing
agricultural output, supplying grain in times of famine, accommo-
dating loans to those in need, regulating interest rates, and orga-
nizing craft activities and short-distance exchanges (53). Second,
the droughts of the onset of the Early Dynastic period (3100–2550
BCE) decreased the agricultural yields forcing the temples to share
their power with emerging palatial elites (54), who succeeded in
involving a larger share of the population in farming by exchanging
tenure-for-service agreements for the participation in public build-
ing projects and conscripted armies (55). Conscripted personnel
gained political power and enjoyed several forms of redistribution
and consumption risk-sharing, i.e., victuals, garments, access to ir-
rigation and draft animal power in times of peace and spoils after
military victories (56). Thus, the organization of a conscripted army
became the nonelites’ preferred public good (56). Third, the more
favorable climate of the pre-Sargonic period (2550–2350 BCE)
curbed the elites’ need to entice the nonelites, easing the rise of
royal ranks as supreme executive bodies (57, 58). Fourth, the
harsher climate conditions of both the Akkadian and Old Bab-
ylonian periods (2350–1750 BCE) (59), and the resulting emergence
of far-flung exchanges as an alternative to farming, prompted the
religious and palatial elites of the polities foreseeing the largest
returns on long-distance trade to share their policy-making power
with the merchant guilds and produce trade-related public goods
(60). Finally, over the entire Bronze Age, adverse climate shocks
were never so fierce to impede any cooperation (61), and, together
with the diffusion of difficult-to-observe cultivations, such as olive
trees and grapevine (18, 62), induced reforms toward a stronger
protection of the farmers’ rights to land (63).

Benati et al. (18) confirm the links between these facts and the
theoretical implications discussed in the previous section through
data on 44 major Mesopotamian polities observed each half-
century between 3050 and 1750 BCE. Since these societies
were mainly involved in farming and evolved around one major
city, whose settled center was within a 30-km radius of the culti-
vated fields, Benati et al. (18) capture production conditions
through novel data on the regional growing season temperature
averaged within a 30-km radius of the polity’s historical coordi-
nates and the preceding half-century. This variable is obtained by
the TRACE climate model and represents the most suited proxy
for the regional factors easing the domestication of the most
diffused crops (31). Two are the key reasons. First, it is strongly
correlated with the available local proxy data (14, 64, 65). Second,
expanding evidence implies that the growing season temperature
is the key determinant of agricultural yields (66). Regarding public
goods, Benati et al. (18) rely on the number of public and ritual
buildings and an indicator for the organization of a conscripted
army, both constructed by building on a plethora of historical
analyses of the single periods and polity-specific secondary
sources informed by royal inscriptions as well as land and/or trade
contracts. Turning to the inclusiveness of political institutions,
Benati et al. (18) construct a five-point score rising with the division
of the decision-making power among the three institutionalized

decision-makers, i.e., temple, extended royal family, and town
elites. Similarly, the strength of the farmers’ property rights to land
is captured by a six-point index rising when the elites exploited
their estates through leasing, renting, or tenure-for-service con-
tracts, which assured a longer tenure to farmers, rather than
through waged labor and/or when the peasants’ entitlements
were enforced de jure rather than de facto. The construction of
both these institutional variables is based on polity-specific events
in a 40-y window around each period.

Overall, this dataset assures large variation across time and
space on the evolution of polities demarcated by well-defined,
narrow, and stable boundaries and involved in economic activities
sufficiently simple to credibly identify their geographic determi-
nants. Regression analysis implies that both the inclusiveness of
the political process and the strength of property rights are
negatively—and in a statistically significant manner—related to
the expected farming return, whereas only the former is positively
and significantly linked to the provision of public goods and, more
so, to that of the common interest good preferred by the
nonelites, i.e., a conscripted army.

Even if consistent with the testable predictions, these results
might be attenuated by measurement errors or they might be
capturing unobserved heterogeneity and/or reverse causality (45).
Crucially, none of these issues has a relevant impact on the con-
clusions of Benati et al. (18). Notably, they are robust to consid-
ering two key confounding factors. First, the sign, magnitude, and
statistical significance of the estimated relationships remain stable
when the estimated models also encompass polity and half-
century fixed effects, which capture, respectively, all polity-
specific and time-invariant and all polity-invariant and time-
specific unobserved determinants of institutions and public
good provision. Second, the estimated links are similar when
Benati et al. (18) also evaluate the other key determinants of po-
litical and property rights and/or the provision of public goods,
i.e., trade potential, severity of external and internal conflicts,
degree of urbanization, rainfall, climate volatility, geographic and
institutional circumscription, presence of merchant guilds, and the
extent of political instability. Hence, one can conclude that these
results are consistent with, if not proving, causality running from
geography to institutions and from the latter to public good
provision.

Conclusions: Policy and Methodological Implications
The framework discussed in the previous two sections suggests
that climate change has an asymmetric impact on institutional
evolution whereby severe droughts induce reforms toward strong
political and property rights as well as a large nonelite’s cultural
accumulation, whereas favorable climate conditions assure inter-
group cooperation under less inclusive political regimes as well as
a weaker culture and, possibly, incomplete private rights. Cru-
cially, these predictions also shed light on recent evidence on the
determinants of present-day institutional reforms in the least de-
veloped countries. To illustrate, data on the 32 most agricultural
countries observed between 1961 and 2013 imply that rainfall has
a solely contemporaneous inverted U-shaped effect on farming
output but a U-shaped long run impact on the probability of
democratization (67).

The analysis so far, together with recent evidence on the piv-
otal role of institutions in guiding the adaptation of less devel-
oped countries to climate change via cooperation (68–70), entails
three key climate-related policy implications, especially relevant
for developing jurisdictions.

Benati and Guerriero PNAS | 3 of 5
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First, severe droughts have the short-run impact of depressing
the economy but the long-run effect of eliciting an otherwise
unattainable cooperation between elites and nonelites endowed
with complementary skills. Then, in the aftermath of major adverse
climate shocks, policymakers should calibrate their intervention to
the degree of complementarity of the skills of differently powered
groups. When this is large, cooperation must be elicited by fa-
voring the participation of elites and nonelites in joint investments
and, in turn, the endogenous rise of strong political and property
rights as well as a culture of cooperation. When, instead, group-
specific skills are substitute, policymakers can either favor sectors
fostering skill complementarity or, if such a strategy induces too
large misallocations (40), transplant appropriate institutional ar-
rangements (71). This glance from the far past offers an encour-
aging perspective through which to assess the full-scale impact of
the present-day pandemic and take steps to turn a dramatic short-
run shock in a future success.

Second, provided that the production conditions generate a
sufficiently large output to share, less inclusive political regimes
can incentivize joint investments, especially if the nonelites have
accumulated some culture (44). This second implication, together
with the first one, speaks against the unfettered transplantation of
strong political and property rights in all developing jurisdictions
(71). Moreover, it squares with recent evidence on the fact that an
inclusive political process can assure cooperative investments in
the short run, but might become irrelevant, if not detrimental,
when social and/or technological innovations deprive these joint
endeavors of their role and if not accompanied by a strong culture

of cooperation (44, 45). To elaborate, an inclusive political process
does not help the monitoring of politicians by voters if the latter
are not morally compelled to punish political malfeasance or if the
former have weak civic virtues. Guerriero (45) confirms this remark
by showing that there are fewer criminal prosecutions of members
of the postwar Italian Parliaments in electoral districts in which a
culture of cooperation is strong, but not in those endowed with
more inclusive political institutions. Therefore, a key social goal
should be to accumulate a strong culture by supporting both
economic sectors in which the cooperation between elites and
nonelites is necessary and consumption risk-sharing activities. As
highlighted by Boranbay and Guerriero (44) and Guerriero (45),
the success of the latter is particularly dependent on the diffusion
of forceful norms of cooperation.

Finally, our analysis suggests that it is highly desirable to
properly combine natural and social sciences when evaluating
both the short- and long-run impacts of major climate shocks.
Such an interdisciplinary approach requires detailed and histori-
cally rigorous data on regional climate change, institutions, and
economic outcomes but also convincing theoretical models of the
interplay among these forces rising the credibility of empirical
tests (5, 72–74).

Data Availability. There are no data underlying this work.
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