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a b s t r a c t

Despite its apparently obvious conclusion that adverse environmental conditions must produce eco-
nomic and institutional crises, the “collapse archaeology” literature has been criticized for its lack of a
formal theory, a credible measurement strategy and a proper understanding of the roles of environ-
mental shocks. To tackle this issue, we propose to combine a time inconsistency theory of state formation
and evolutiondi.e., state-building, institutional proxies based on this model and highly granular simu-
lated climate data. To clarify our proposal, we apply it to the study of state-building in Bronze Age
Mesopotamia, and we show that moderate droughts shaped these economies directly via deteriorated
production conditions as well as indirectly via institutional resilience.
© 2023 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).
1. Introduction

To clarify how environmental crises shape state-building and,
thus, inform public policies in developing countries, a pioneering
archaeological literature has amassed growing evidence that
droughts triggered economic and institutional crises (e.g., Kennett
et al., 2012; Manning et al., 2017; Sinha et al., 2019; Fleitmann
et al., 2022). Yet, the credibility of this “collapse archaeology”
research program is undermined by three key limitations
(D'Alpoim Guedes et al., 2016). First, it lacks an underlying theory
identifying the strategic determinants of institutional resilience
(Degroot et al., 2021). Second, it relies on proxies whose mea-
surement is not theoretically informed (Butzer and Endfield, 2012).
Finally, it focuses on the single impact of environmental conditions
overlooking both their combined and indirect effects (Benati and
Guerriero, 2023). We consider these issues in the context of a
structural empirical model blending an economic theory of state-
building (Benati et al., 2022), institutional proxies informed by
this framework and highly granular simulated climate data. We
first describe the application of our proposal to the study of state-
).
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building in Bronze Age Mesopotamia. Next, we exploit these re-
sults to evaluate the limitations of the collapse archaeology litera-
ture and propose a general strategy for future research.

2. A structural model of state-building and its application to
Bronze Age Mesopotamia

BGZ (2022) study the possible cooperation between non-elites
and time-inconsistent elites, i.e., elites unable to commit to direct
transfers and, thus, assure the non-elites’ participation. The elites
can, however, incentivize investment by enacting a more inclusive
political process, which entrusts the non-elites with control over
fiscal policies. While adverse production conditions force the elites
to grant to the non-elites strong political rights to convince them
that a sufficient part of the returns on joint investments will be
shared via public good provision and, thus, to cooperate, a large
investment return allows the elites to garner cooperation and keep
control over fiscal policies. Since Bronze Age Mesopotamia was
mainly involved in farming investments whose return was never
tiny (BGZ, 2022), the model produces for this study case two key
predictions. First, the non-elites' political rights become stronger
the more adverse the climate turns. Second, reforms towards a
more inclusive political process foster public good provision,
easing, in turn, societal resilience.
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Following BGZ (2022), we assess these predictions by studying
44 Mesopotamian polities for which we can observe all relevant
information for each half-century between 3050 and 1750 BCE. We
capture the degree of societal resilience with the estimated settled
area of each polity in ha over the previous half-century, i.e., Polity-
Size. Obtained from walled area, artifact scatters, and settlement
remains, this variable is correlated with urbanization (BGZ, 2022).
Turning to public good provision, we record the number of public
and ritual buildings, i.e., Public-Buildings. Regarding the inclusive-
ness of the political process, we build on the events in a 40-year
window around each time period and we construct a score rising
with the division of the decision-making power, i.e., equal to one
for mostly dominated polities, two in the absence of institutional-
ized decision-makerdi.e., temple, palace and town elites, three
(four) when only one (two) was (were) active, and five when po-
litical power was contested among all institutionalized decision-
makers, i.e., Political-Institutions. Both Public-Buildings and Politi-
cal-Institutions are based on historical analyses of the single periods
and polity-specific secondary sources informed by royal in-
scriptions (BGZ, 2022).1 Finally, to pick the farming return, we
follow a large botanical literature suggesting that climate extremes
explain most of yield anomalies (Vogel et al., 2019), and we
construct the Palmer drought severity indexdi.e., PDSIdby
combining temperature and precipitation simulated by Armstrong
et al. (2019),2 latitude and available water storage capacity,3 all
averaged over the previous 50 years and a 30 km radius (Jacobi
et al., 2013). This was the maximum distance between the fields
and the settled center (BGZ, 2022). Different from its components,
the PDSIdinverselydcaptures the inability of the supply of soil
moisture to meet its demand. The PDSI ranges between �10di.e.,
extreme droughtsdand 10di.e., fully wet conditions, with negative
values above - 4 picking intermediate severity (Redmond, 2002).
Thus, we gauge negative, but not unbearable, climatic shocks fa-
voring state-building with the share of previous half-century dur-
ing which PDSI lied between �4 and 0, i.e., Drought-I.4

Conditional on polity and half-century fixed effects,5 OLS esti-
mates unveil three patterns (Table 1). First, droughts of intermediate
severity favored reforms covering half of the range between a fully
extractive and a fully inclusive political process (column (1)). Second,
these reforms were accompanied by a significantly larger public
good provision (column (2)). Finally, Drought-I has two significant
effects on the polity size and, notably, the direct and negative impact
of decreasing it of 92.4 ha and the indirect and positive effects of
increasing it of 26.3 and 5 ha via, respectively, a more inclusive
political process and larger public good provision (column (3)).
Hence, roughly a third of the direct and negative impact of droughts
is compensated by its indirect institutional effect.
1 The quality of the settlement data is homogeneous across polities (Palmisano
et al., 2021), and we take into account the possible impact of asymmetries in
excavation techniques by controlling for year fixed effects. Finally, our focus on the
middle chronology induces errors which range between 8 and 30 years and are,
thus, limited given our aggregation choices (Sallaberger and Schrakamp, 2015).

2 These data span the 60,000-0 BP period and the northern hemisphere at a 0.5�

spatial resolution.
3 This equals the mm/m of water that a soil can store for plants and is available

from the HWSD dataset.
4 Armstrong et al. (2019) validate time series and spatial variation of their sim-

ulations employing the available proxy and observational climatic data. The partial
correlation between Drought-I and the natural logarithm of coeval cereal yields in
liters per ha reported by cuneiform administrative texts is negative and significant.

5 Including these controls assures that the estimates are not driven by time-
independent or predetermined determinants of institutional resilience, like the
land suitability for agriculture and pasture and the timing of the agricultural rev-
olution, as well as macro-shocks such as epidemics and farming innovations (BGZ,
2022).

2

To evaluate if our results are attenuated by measurement errors
or are capturing reverse causation and/or unobserved heteroge-
neity, we perform several tests available upon request. First, we
reach similar conclusions when we evaluate the possibility that
Political-Institutions has no cardinal meaning and thus only discrete
switches towards some form of protection of the non-elites' polit-
ical rightsmatter. Second, the independence fromhuman effort and
institutions of Drought-I excludes reverse causation in our analysis
of institutional formation, whereas the fact that Public-Buildings
(Polity-Size) is unrelated to lead values of Political-Institutions (and
Public-Buildings) is inconsistent with the former driving the latter
given the lag with which institutions would adjust over time.
Finally, our results remain similar if we also consider other key
determinants of institutional resilience identified by the extant
literature and, notably, the returns on long-distance trades, degree
of environmental circumscription and severity of internal and
external conflicts.
3. Qualifying collapse archaeology

Our estimates allow us to qualify the limitations of the collapse
archaeology program. First, its lack of game-theoretical foundations
makes it difficult to specify the estimating equation and, thus,
distinguish extreme droughts inducing collapse from moderate
droughts favoring state-building and societal resilience. Second, its
focus on coarse proxies undermines the credibility of its results.
Starting from the institutional metrics, this literature studies the
presence of hierarchies, dynastic cycles, monuments, and/or set-
tlements, none of which captures the institutions garnering the
non-elites’ cooperation. Turning to environmental proxies, this line
of research relies on proxies based on the still limited hydro-
climatic records, which, in turn, might misrepresent the climatic
conditions ofdpossibly distantdpolities. Benati and Guerriero
(2023) clarify this point by comparing for our 44 polities the
Armstrong et al.’s (2019) simulated temperature with the closest
hydro-climatic records obtained from cave speleothems and lake
sediments (Palmisano et al., 2021). There are three key remarks.
First, proxy data do not replicate the inverted U-shaped evolution
of the temperature discussed by the historical literature and
captured by simulated data. Second, they inefficiently proxy the
farming return being negatively and significantly linked to coeval
cereal yields. Third, proxy data display lower between variation and
their partial correlation with simulated data is larger in the loca-
tions of the hydro-climatic records than in the 44 polities. Finally,
the collapse archaeology literature focuses on the direct impact of
climate extremes, ignoring not only their indi-
rectdinstitutionaldeffects, which we discussed in section 2, but
also the combined impact of temperature and rainfall, which is
instead gauged by the variable Drought-I.
4. Conclusions

Our proposal can be rephrased as a three-step approach to
future research. First, such projects should build on game-
theoretical models clarifying the incentives linking exogenous
conditions to social evolution. Second, they should rely on up-to-
date statistical methods. Finally, they should adopt measurement
strategies informed by social sciences, geoscience and archaeology.
This mix will help minimize the errors introduced by differential
data quality and their aggregation process.



Table 1
Climate change and state-building.

(1) (2) (3)

The dependent variable is

Political-Institutions Public-Buildings Polity-Size

Public-Buildings 7.046 (1.089)***
Political-Institutions 0.302 (0.044)*** 11.051 (1.646)***
Drought-I 2.381 (0.930)*** 0.784 (1.383) - 92.366 (50.302)*
Estimation OLS
Number of Observations 1188 1188 1188
R2 0.09 0.18 0.15

Notes: 1. Standard errors in parentheses; *** denotes significant at the 1% confidence level; **, 5%; *, 10%.
2. All specifications include polity and half-century fixed effects.
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