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Abstract: The development of human civilization has always been closely connected to the natural
environment. This paper synthesizes research from the last decade to examine the relationship between
environmental shifts and societal evolution. By analysing paleoclimatic data alongside archaeological
evidence, we investigate how climatic variability specifically droughts, aridification, and sea-level
change has catalysed both the collapse of ancient states and the migration of populations. Modern
data, including the IPCC ARG findings, suggest that while historical societies relied on traditional
knowledge and settlement flexibility to survive environmental stressors, contemporary technological
civilizations face unique “Anthropocene” risks that differ in scale, speed, and connection from
anything in the paleoclimatic record. This study highlights the shift from environmental determinism to
a complex model of socio-ecological resilience, emphasizing that institutional health, economic
diversification, and adaptive governance are as critical as climatic stability for civilizational longevity.
We conclude that the lessons drawn from the Maya, Akkadian, Norse, and other historical case studies
are not merely cautionary tales but functional templates for designing twenty-first-century adaptive

capacity.
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L. INTRODUCTION

Human history is strongly shaped by the natural environment. Climate affects where people settle and how many
resources they can use (Weitzel & Codding, 2022; Yaworsky et al., 2024). For much of the twentieth century, scholars
treated environmental influence and human choice as separate ideas. Some argued that societies failed because of
climate. Others argued that culture and innovation helped societies succeed. Today, researchers use more connected
models. These models show that environment and society change together. They also show that institutions and politics
can reduce or increase the effects of environmental stress (Butzer, 2012).

In the twenty-first century, the link between environment and society has become a major scientific concern. This is
mainly because of global climate change and environmental damage (Butzer, 2012). Better climate evidence now helps
researchers compare environmental changes with historical events. These records include ice cores, marine sediments,
cave deposits, and dated archaeological sites. They allow scientists to study whether climate caused social change or
added pressure to existing problems. This debate is important because climate may act as a main cause in some cases.
In other cases, it may expose weak institutions, economies, and political systems (Romadhona et al., 2026).

This paper explores the “Earth-Life-Human” system. It argues that past links between society and environment can help
us understand the future of modern civilization (Gerya et al., 2026). The paper has four parts. Section 2 explains the
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method and data sources. Section 3 discusses migration and collapse, resilience, and risks in the Anthropocene. Section

4 presents a “Future Dynamics” framework for modern governance and planning.

II. MATERIALS AND METHODS

This research uses a meta-analysis of peer-reviewed literature. It focuses on three main data streams. The analysis does
not treat these streams as separate evidence. Instead, it compares dated climate records with archaeological and
historical evidence. This helps assess when environmental stress matched social change and how strong that

relationship was.

1. Paleoclimatic Reconstructions: Marine sediment cores, ice cores, and speleothem records are used to
correlate climatic shocks with historical events, as in the dust-flux reconstruction linking Mesopotamian
aridification to the Akkadian collapse (Cullen et al., 2000). These reconstructions provide decadal-scale to
centennial-scale resolution of temperature, precipitation, and aridity indices, allowing researchers to date the

onset, duration, and severity of drought episodes with increasing confidence.

2. Archaeological Surveys: Settlement discontinuities and demographic retractions are analysed using
radiocarbon-dated site inventories and ideal-distribution modelling approaches that link settlement suitability
to resource availability (Weitzel & Codding, 2022). Site abandonment patterns, shifts in building density, and
changes in burial practices serve as proxies for population stress, economic contraction, and political

fragmentation.

3. Modern Climate Modelling: IPCC ARG6 projections and CMIP6 GCM (General Circulation Model) outputs
are integrated to assess twenty-first-century risks (Scafetta, 2024). These models generate probabilistic
projections of temperature rise, precipitation variability, and sea-level change under multiple emissions
scenarios, which this paper uses as the forward-looking analogue to the backward-looking paleoclimatic

record.

Sources were selected because they were peer-reviewed and directly relevant to climate-society relationships. The
review included work from paleoclimatology, archaeology, environmental history, and climate science. These fields
were treated fairly to avoid bias toward only physical or only social explanations. Table 1 summarizes the main case
studies from this literature. It also shows that different environmental pressures often led to similar social responses.
Table 1: Historical Climate Stressors and Societal Outcomes (Adapted from Butzer, 2012; Romadhona et al., 2026)

Primary
Region/Civilization Period Environmental Societal Qutcome
Stressor
Classic Maya 9th Century Prolonged Droughts Political Instability / Collapse
Akkadian Empire ~2200 BCE Aridification Institutional Failure
Doggerland ~7000 BCE Sea Level Rise Total Geographic Displacement
Central Asia Various Recurring Droughts Nomadic Expansion / Migration
. . . Political F tati First
0Old Kingdom Egypt ~2200-2150 BCE Nile Flow Failure outica . rag.m entation - (Firs
Intermediate Period)
Norse Greenland 14th—15th Century gz:;ng / Little Ice Age Settlement Abandonment
Modern Nations 215t Century Global ‘Heating / Sea Pr.ojected Internal and Cross-Border
Level Rise Displacement

As the table shows, the stressors were different across regions. Doggerland faced flooding, while the Akkadian Empire
faced long-term drying. However, the social outcomes were often similar. They included displacement, institutional
failure, political fragmentation, and migration. This pattern supports the resilience framework developed in Section 3.2.
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III. RESULTS AND DISCUSSION
3.1 Environmental Drivers of Migration and Collapse
Evidence shows that early human migrations were closely linked to major climate events. During the Early Holocene,
glaciers retreated and sea levels rose. Large lowland areas in northwestern Europe were slowly flooded, especially
Doggerland. Doggerland was the plain that once connected Britain to mainland Europe. Modelling and radiocarbon
evidence show that this was not one sudden event. It was a long process of flooding between about 9,000 and 7,000
years before present. This process gradually displaced Mesolithic hunter-gatherer communities and changed their
settlement patterns (Peeters et al., 2024).
In Mesoamerica, the collapse of the Classic Maya is closely linked to long droughts that reduced farming output (Braun
et al., 2023; Arnauld, 2024). Cave and lake records from the Yucatan Peninsula show several multi-year droughts in the
ninth century CE. These droughts happened around the same time as the abandonment of major lowland centers. The
Maya case shows that environmental stress rarely explains collapse by itself. Drought combined with dense cities, soil
damage from deforestation, and warfare between city-states. Together, these pressures caused agricultural and political
systems to fail (Romadhona et al., 2026).
A similar pattern appeared in Old Kingdom Egypt. Around 2200-2150 BCE, the Nile flood cycle weakened. This
change happened at the same time as the political fragmentation of the First Intermediate Period. The Maya had many
competing states, but Old Kingdom Egypt was highly centralized. Its administration depended on predictable Nile
floods for taxation. When this key water system failed, the state collapsed quickly. This case shows that centralization
can affect the speed and visibility of collapse (Butzer, 2012).
The Akkadian Empire shows another form of this pattern. A deep-sea sediment core from the Gulf of Oman recorded a
sharp rise in wind-blown dust about 4,025 + 125 years before present. This dry period lasted for about three centuries
and matched the abandonment of Tell Leilan in northeastern Syria (Cullen et al., 2000). Drying damaged rain-fed
agriculture in the empire’s northern provinces. This triggered migration to the south and placed pressure on irrigated
areas. In this case, environmental stress did not simply destroy settlements. It increased competition between regions
with different farming systems. A related pattern appeared in Central Asia, where drought often pushed pastoral groups
to migrate instead of collapse (Romadhona et al., 2026).
The Norse settlement of Greenland gives another useful contrast. It was established during the mild conditions of the
Medieval Warm Period. Cooling during the Little Ice Age later shortened growing seasons and disrupted sea trade. The
settlements depended on this trade for food and cultural links. Unlike the Maya or Akkadian cases, these settlements
did not become smaller successor states. They were abandoned. This shows that a narrow economy and geographic
isolation can lead to withdrawal instead of transformation (Romadhona et al., 2026).
Together, these cases show that “climate-driven collapse” is not one simple process. Environmental stress can lead to
different outcomes. The result depends on the society’s structure, including centralization, economic diversity,
flexibility, and existing social tensions. This point is developed further in the resilience section below.

3.2 The Resilience Paradigm
Recent research suggests that “collapse” is often a transformation rather than a single event. Many societies survived
breakdown by changing their social and environmental systems (Butzer, 2012). Populations often continued in new
forms. They moved into smaller settlements, adopted new food strategies, or changed political authority. This view
changes the main question. Instead of asking why a civilization failed, researchers ask what made change adaptive or
destructive.
Resilience is increasingly modelled using system dynamics where environmental, social, and economic variables
interact:

dX(y/dt = F(X(1), P(1), U(1))
In this formula, P(t) represents climate perturbations and U(t) represents intervention strategies, building on the broader
conceptual finding that societal outcomes following environmental stress are shaped jointly by the severity of the
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perturbation and the structural capacity of the society to respond to it (Butzer, 2012; Cullen et al., 2000). The state
vector X(t) captures the joint condition of the social-ecological system population, resource stock, institutional capacity
at time t, while the function F encodes the nonlinear feedbacks through which perturbation and intervention jointly
determine the system’s trajectory. A central insight of this formalism is that identical perturbations P(t) can produce
divergent outcomes depending on the responsiveness of U(t): societies with flexible governance, diversified economies,
and accessible exit options (migration, trade substitution, technological adaptation) tend to absorb shocks that would
prove destabilizing to more rigid systems.

This modelling approach also clarifies why some societies facing comparatively mild stressors nonetheless collapsed,
while others facing severe stressors persisted. Institutional rigidity, elite overextraction of surplus, and the erosion of
traditional ecological knowledge all reduce the effective magnitude of U(t), amplifying the destabilizing effect of even
moderate perturbations. Conversely, societies that maintained decentralized decision-making, redundant food-storage
systems, and strong inter-community trade networks demonstrated a capacity to reallocate resources rapidly in response
to localized failure, converting what might otherwise have been a collapse trigger into a manageable adjustment.
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Fig. 1: Global distribution of historical climate-driven population movements and major civilizational “tipping
points.” Source: Adapted from Romadhona et al. (2026).

The geographic distribution depicted in Figure 1 underscores that resilience is not evenly distributed: arid and semi-arid
zones, low-lying coastal regions, and societies dependent on a single hydrological or agricultural pillar appear
disproportionately among historical tipping points. This spatial clustering has direct relevance for anticipating where
twenty-first-century climate stress is most likely to translate into political and demographic disruption, a theme taken
up in the following subsection.
3.3 The Anthropocene and Modern Risk
The current era, or the Anthropocene, is unique in its scale of human impact on Earth systems (Waters et al., 2016).
Where historical climate shocks were exogenous to human activity driven by orbital forcing, volcanic events, or
natural ocean-atmosphere oscillations contemporary climatic change is substantially endogenous, produced by the
cumulative greenhouse gas emissions of industrial civilization itself. This reversal of causal direction introduces a
feedback loop largely absent from the historical record: the societies generating the stressor and the societies most
exposed to its consequences are not always the same, complicating both the ethics and the politics of adaptation.
CMIP6 General Circulation Models used in the IPCC AR6 assessment project that climate-change hazards become
high and very high once global surface warming exceeds roughly 2.0°C and 3.0°C above pre-industrial levels
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respectively, with associated sea-level rise threatening to displace large populations in low-lying coastal regions
(Scafetta, 2024). A systematic review of climate-induced migration in India and Bangladesh, drawing on sixty-five
peer-reviewed studies, identifies the Sundarbans and the Ganges—Brahmaputra Delta as among the most acute cases,
where rising sea levels, cyclones, and recurrent flooding are already forcing rural-urban relocation and cross-border
movement (Climate, 2025, 13(4), 81). Complementary modelling of coastal flooding under the full range of IPCC AR6
sea-level-rise scenarios projects substantial land loss and population displacement across Asia and the Pacific through
2100, even after accounting for plausible adaptation investment (Nicholls et al., 2025).

Low-elevation coastal zones in the Ganges-Brahmaputra delta, the Mekong delta, and numerous Pacific atoll nations
face a combination of gradual inundation, increased storm-surge intensity, and saline intrusion into agricultural land.
This is a multi-vector stress pattern that echoes, in compressed and intensified form, the centuries-long displacement
experienced by the inhabitants of Doggerland, but compressed from a millennial to a multi-decadal timescale (Peeters
et al., 2024).

The Anthropocene also differs from historical analogues in the density and interconnectedness of contemporary social
systems. Where the Classic Maya collapse unfolded across a network of city-states with limited long-distance
dependency, twenty-first-century societies are bound by globalized supply chains, financial markets, and digital
infrastructure. This interconnection offers, in principle, far greater capacity for resource reallocation and mutual
assistance than any historical society possessed raising U(t) in the resilience formalism described above but it
simultaneously introduces the possibility that a climate shock in one region propagates rapidly into food-price spikes,
financial instability, or political unrest in regions only indirectly affected by the original perturbation.

Modern technological civilization additionally faces risks with no clear historical precedent, including the potential for
simultaneous, correlated climate shocks across multiple breadbasket regions, the destabilization of polar ice sheets at
rates not captured in pre-industrial proxy records, and the compounding effect of climate stress on already strained
governance institutions in fragile states. These factors suggest that while the structural lessons of historical resilience
decentralization, diversification, and adaptive governance remain broadly applicable, the speed and scale of
Anthropocene risk demand that such adaptive capacity be built proactively rather than allowed to emerge reactively, as
it largely did in the historical cases reviewed above.

IV. CONCLUSION
Human civilization has always had to adapt to environmental change. Historical data show that institutions often
weaken before or during environmental collapse (Butzer, 2012). The cases discussed here include the Classic Maya, the
Akkadian Empire, Old Kingdom Egypt, Doggerland, Central Asian pastoralism, and Norse Greenland. These cases
show a clear pattern. Societies were most vulnerable when their institutions, economies, or settlements depended on a
narrow set of environmental conditions. Societies with flexibility, backup systems, and local decision-making were
more likely to transform instead of disappear.
For technological civilization to survive in the long term, development must work with the Earth’s long-term natural
cycles (Gerya et al., 2026). This means that societies should avoid narrow forms of growth. They should build diverse
institutions and economies. Governments should also invest in early-warning systems. These systems can turn climate
records and modern models into practical decisions. Planned and well-supported migration should also be treated as a
valid adaptation strategy. It should not be seen only as a policy failure. Central Asian pastoral societies used migration
as a normal response to environmental change, rather than as a final crisis response (Romadhona et al., 2026).
History shows that humans are not fully protected from environmental shocks. However, resilience and technology are
still important tools for survival. The main challenge of the Anthropocene is different from the past. Today’s
environmental stress is faster, larger, and partly created by human activity. To meet this challenge, societies must turn
past lessons into strong institutions. These institutions should act before serious environmental limits are crossed.
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