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Abstract  

This paper examines the relationship between climate change and the decline of ancient civilizations, focusing 

specifically on the Maya, Harappan, and Norse Greenland settlements. Drawing on archaeological evidence, 

paleoclimatological data, and historical records, the research investigates how environmental shifts triggered or 

exacerbated societal vulnerabilities, ultimately contributing to collapse or migration. Analysis reveals that while 

climate change often served as a significant stressor, its effects were mediated through complex social, political, 

and economic systems unique to each civilization. The Maya experienced recurring drought cycles that 

undermined agricultural productivity and political stability; the Harappan civilization confronted shifting 

monsoon patterns and river course changes; and Norse Greenland settlements struggled with cooling temperatures 

during the Little Ice Age. This comparative approach demonstrates that environmental challenges rarely acted in 

isolation but rather interacted with existing cultural adaptations, social inequalities, and resource management 

strategies. The findings contribute to our understanding of human-environment interactions and offer insights into 

contemporary climate resilience, emphasizing the importance of adaptive capacity and social institutions in 

managing environmental change. 
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Introduction 

The relationship between human societies and their environments has been a central concern of 

archaeological and historical inquiry for decades. As contemporary climate change threatens modern societies, 

examining how past civilizations responded to environmental shifts offers valuable insights into human adaptation 

and vulnerability. This paper explores how climate change contributed to the collapse or migration of three ancient 

societies: the Maya of Central America, the Harappan (or Indus Valley) civilization of South Asia, and the Norse 

settlements in Greenland. 

These case studies represent diverse geographical regions, cultural traditions, and time periods, yet all 

experienced significant environmental changes that coincided with major societal transformations. By examining 

these cases through the lens of environmental archaeology and history, this paper addresses the complex interplay 

between climate change and societal resilience. While environmental determinism has been rightly criticized for 

oversimplifying human-environment relationships, careful analysis of archaeological evidence and paleoclimate 

records reveals that climate shifts did play significant roles in these societies' trajectories. 
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The primary research question guiding this investigation is: How did climate change contribute to the 

collapse or migration of the Maya, Harappan, and Norse Greenland civilizations? This question will be explored 

through three related inquiries:  

• What specific environmental changes occurred in each region?  

• How did these societies respond to changing conditions?  

• What factors enhanced or limited their adaptive capacity? 

Theoretical Grounding 

This analysis draws upon several theoretical frameworks that have shaped the study of human-

environment interactions in archaeological and historical contexts. The vulnerability approach, as developed by 

scholars like (Adger 2006) and (Cutter 1996), provides a useful framework for understanding how societies 

experience and respond to environmental hazards. This perspective conceptualizes vulnerability as a function of 

exposure, sensitivity, and adaptive capacity, which helps move beyond simplistic causal relationships between 

climate change and societal collapse. 

Political ecology, exemplified in works by (Blaikie and Brookfield 1987) and (Robbins 2012), offers 

insights into how power structures and resource distribution influence environmental management and adaptation. 

This framework is particularly valuable for examining how social hierarchies and political institutions mediated 

climate impacts in the complex societies under consideration. 

Recent developments in resilience theory, stemming from the work of (Holling 1973) and further 

developed by scholars like (Redman 2005) and (Redman and Kinzig 2003), help explain how socio-ecological 

systems respond to disturbances and either adapt or transform. This perspective emphasizes the dynamic nature 

of human-environment relations and the potential for both continuity and change in the face of environmental 

challenges. 

Archaeological approaches to climate change have increasingly embraced complexity, moving beyond 

monocausal explanations to consider multiple interacting factors. As (Butzer 2012) argues, societal collapses 

rarely result from environmental factors alone but rather from the interaction between environmental stressors and 

existing social, political, and economic vulnerabilities. This paper adopts this nuanced perspective, examining 

climate change as one factor within complex socio-ecological systems. 

Analysis 

The Maya Civilization (ca. 250-900 CE) 

The Classic Maya civilization flourished in the lowlands of present-day Mexico, Guatemala, Belize, and 

Honduras between approximately 250 and 900 CE. By the 9th century CE, many major Maya centers had been 

abandoned, marking what scholars refer to as the "Classic Maya collapse." Paleoclimate records from multiple 

sources, including lake sediment cores, speleothems (cave formations), and tree rings, provide compelling 

evidence for severe drought conditions during this period. 

(Haug et al. 2003) analyzed titanium concentrations in sediment cores from the Cariaco Basin, which 

reflect changes in rainfall over the Yucatán Peninsula. Their findings reveal multiple drought events between 760 

and 910 CE, coinciding with the period of Maya political disintegration. These findings have been corroborated 

by other studies, including (Medina-Elizalde et al. 2010), who examined oxygen isotope records from stalagmites 

in Yucatán caves, revealing a series of multiyear droughts during the Terminal Classic period. 

Archaeological evidence indicates that Maya agricultural systems were vulnerable to precipitation 

changes. Their intensive agriculture relied on seasonal rainfall and human-modified water management systems, 

including reservoirs and canal networks at sites like Tikal (Scarborough et al. 2012). As (Lucero 2002) has argued, 

Maya political power was closely tied to control of water resources, with rulers deriving legitimacy from their 

perceived ability to ensure agricultural productivity through ritual and water management. Prolonged drought 

would have undermined both agricultural systems and political authority simultaneously. 

However, the Maya response to climate change was not uniform across the region. Some areas 

experienced more severe depopulation than others, and certain communities showed greater resilience. For 

example, northern Yucatán centers like Chichén Itzá actually flourished during the initial period of drought, 

possibly due to their access to cenotes (natural sinkholes) that provided reliable groundwater (Medina-Elizalde 

and Rohling 2012). This regional variation highlights the importance of local factors in mediating climate impacts. 

Social factors also played crucial roles in determining vulnerability. Archaeological evidence suggests 

increasing social stratification and resource inequality preceded the collapse in many Maya centers (Kennett et al. 
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2012). As political competition intensified, elites responded by commissioning more monuments and engaging in 

warfare, placing additional strain on already stressed agricultural systems. When drought conditions intensified, 

the centralized political systems that had developed during more favorable climate conditions proved maladaptive. 

The Harappan Civilization (ca. 2600-1900 BCE) 

The Harappan or Indus Valley Civilization developed in what is now Pakistan and northwestern India, 

reaching its peak between 2600 and 1900 BCE. By 1700 BCE, the major urban centers had been largely 

abandoned, though the civilization did not disappear but rather transformed into smaller, more dispersed 

settlements in the eastern regions of their former territory. 

Paleoclimate records from the Arabian Sea, Himalayan glaciers, and lake sediments indicate significant 

changes in the Indian monsoon system during this period. (Dixit et al. 2014) analyzed oxygen isotope data from 

lake sediments in northwestern India, revealing a gradual weakening of the summer monsoon beginning around 

2100 BCE. This trend corresponds with broader patterns of aridification across South Asia identified in marine 

sediment cores by (Staubwasser et al. 2003). 

Geomorphological research has also revealed significant changes in river systems during this period. The 

Ghaggar-Hakra river system, often identified with the mythical Sarasvati River mentioned in Vedic texts, 

experienced substantial reduction in flow around 2000 BCE (Giosan et al. 2012). While this was once attributed 

primarily to tectonic activity, recent research suggests that changing precipitation patterns played a significant 

role. 

The Harappan civilization had developed sophisticated adaptations to their semi-arid environment, 

including well-planned drainage systems, reservoirs, and water-harvesting structures found at sites like Dholavira 

(Petrie et al. 2017). Their agricultural system relied on both winter and summer crops, with wheat and barley 

grown in winter and millet in summer, providing some resilience to seasonal rainfall variations (Weber et al. 

2010). 

As monsoon patterns shifted, archaeological evidence shows a gradual eastward migration of populations 

toward areas with more reliable rainfall. Late Harappan sites became smaller and less organized, suggesting a 

shift from urban to rural lifeways. Notably, this transformation appears to have been relatively gradual rather than 

catastrophic. As (Petrie et al. 2017) argue, the Harappan response represents a case of successful adaptation 

through population movement and changing subsistence strategies, rather than a complete societal collapse. 

Social and economic factors also influenced the Harappan trajectory. Trade networks that had connected 

Mesopotamia with the Indus Valley declined around 2000 BCE due to political changes in Mesopotamia, reducing 

demand for Harappan goods (Possehl  2002). This economic shift coincided with environmental changes, creating 

multiple stressors on the urban centers. 

Norse Greenland (ca. 985-1450 CE) 

Norse settlements in Greenland, established around 985 CE by colonists from Iceland, persisted for 

nearly 500 years before being abandoned in the mid-15th century. The settlers established two main colonies: the 

Eastern Settlement in southern Greenland and the smaller Western Settlement farther north, which was abandoned 

earlier, around 1350 CE. 

Paleoclimate evidence from ice cores, lake sediments, and biological proxies indicates a significant 

cooling trend beginning in the 13th century, marking the onset of the Little Ice Age in the North Atlantic region. 

Studies by (Massa et al. 2012) using lake sediment cores from southern Greenland reveal cooling temperatures 

and increased winter ice coverage that would have shortened growing seasons and reduced agricultural 

productivity. Additionally, (Patterson et al. 2010) found evidence of increased storminess and sea ice expansion 

that would have disrupted maritime communications and resources. 

Archaeological excavations at Norse farm sites reveal evidence of adaptation to deteriorating conditions. 

Analysis of faunal remains shows an increasing reliance on marine resources, particularly seals, over time as 

agricultural productivity declined (McGovern et al. 2014). This dietary shift indicates that the Norse were actively 

modifying their subsistence strategies in response to changing conditions. 

However, the Norse adaptive capacity was constrained by social and cultural factors. Despite increasing 

reliance on marine resources, they never fully adopted the hunting techniques of the indigenous Inuit population, 

who were far better adapted to Arctic conditions (Dugmore et al. 2012). Cultural identity and the desire to maintain 

European lifeways appear to have limited their willingness to adopt more efficient Arctic survival strategies. 

Institutional factors also played a role in Norse vulnerability. As (Dugmore et al. 2012) argue, the Norse 

Greenland settlements were characterized by rigid social hierarchies and strong ties to European economic and 
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cultural systems. Church and elite properties controlled the best agricultural land and dominated trade with 

Europe, primarily in walrus ivory and other luxury goods. When climate deterioration coincided with declining 

European demand for these goods and reduced ship traffic, the economic foundations of the colony eroded. 

The abandonment of the settlements appears to have been a gradual process of outmigration rather than 

a catastrophic collapse. Evidence suggests that the Western Settlement was abandoned first, around 1350 CE, 

while the Eastern Settlement persisted for another century before the final abandonment (Arneborg et al. 2012). 

This pattern suggests deliberate decisions to relocate rather than a sudden die-off of the population. 

Interpretation 

The comparative analysis of these three case studies reveals important patterns in how climate change 

interacted with societal dynamics. In all three cases, environmental changes created significant challenges for 

established subsistence systems. The Maya faced severe drought that undermined their intensive agriculture; the 

Harappans confronted shifting monsoon patterns and river changes; and the Norse Greenlanders struggled with 

cooling temperatures and expanding sea ice. However, these environmental challenges translated into social 

outcomes through specific cultural, political, and economic mechanisms. 

Political centralization appears to have been a double-edged sword in terms of climate resilience. The 

highly centralized Maya political system initially allowed for the development of sophisticated water management 

infrastructure, but this same centralization became a liability when environmental conditions changed. The 

legitimacy of rulers was tied to their perceived ability to ensure favorable conditions, making the political system 

vulnerable to environmental change. Similarly, the hierarchical nature of Norse Greenland society concentrated 

decision-making power among elites whose interests were aligned with maintaining European connections rather 

than maximizing local adaptation. 

The Harappan case offers an interesting contrast, as their political organization appears to have been less 

centralized than once thought, with multiple urban centers rather than a single dominant capital. This more 

distributed political structure may have facilitated their relatively successful adaptation through eastward 

migration and settlement pattern changes. 

Economic specialization and trade dependencies created vulnerabilities in all three societies. The Maya 

elites' focus on monument construction and prestige goods reduced resources available for adaptation. The 

Harappan urban centers depended partly on trade with Mesopotamia, and the Norse Greenland economy relied 

heavily on the export of walrus ivory and other Arctic products to Europe. When these trade networks were 

disrupted—through political instability, changing demand, or transportation difficulties—economic foundations 

were undermined. 

Cultural factors also shaped adaptive responses. The Norse cultural identity was strongly tied to European 

agricultural traditions, limiting their willingness to adopt Inuit subsistence practices despite their superior 

adaptation to Arctic conditions. Maya religious beliefs tied political legitimacy to rulers' perceived ability to 

communicate with deities and ensure favorable climate conditions, creating a crisis of legitimacy during prolonged 

drought. The Harappans appear to have been more flexible, gradually shifting their settlement patterns and 

subsistence strategies in response to changing conditions. 

Population density and resource pressure also influenced vulnerability. Both the Maya and Harappan 

civilizations reached high population densities that strained available resources even under favorable conditions. 

Archaeological evidence suggests deforestation and soil degradation in the Maya region preceded the major 

drought episodes, reducing resilience to climate stress. By contrast, the Norse never achieved high population 

densities in Greenland, but their marginal agricultural system was inherently vulnerable to even small climate 

shifts. 

Implications 

This analysis has several implications for understanding the relationship between climate change and 

societal transformation. First, it demonstrates that climate impacts are always mediated through social, political, 

and economic systems. Environmental changes create challenges, but societal responses—shaped by institutions, 

cultural values, and power structures—determine outcomes. This finding supports the conceptual shift in 

archaeology and history away from environmental determinism toward more nuanced socio-ecological 

approaches. 

Second, the case studies highlight the importance of adaptive capacity in determining resilience to climate 

change. Societies with more flexible subsistence strategies, less rigid social hierarchies, and more distributed 

decision-making appear to have been better positioned to adapt. The Harappan transformation, while involving 

significant changes in settlement patterns and urban life, allowed for population continuity and cultural 
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persistence. By contrast, the Maya and Norse cases involved more dramatic disruptions and, in the Norse case, 

complete abandonment of their settlements. 

Third, these historical examples demonstrate that climate change rarely acts alone but rather interacts 

with existing vulnerabilities and additional stressors. In all three cases, environmental changes coincided with 

social, political, or economic challenges: political competition and conflict among Maya centers, disruptions in 

Harappan trade networks, and declining European contact with Norse Greenland. These combined stressors 

overwhelmed adaptive capacities. 

Finally, these cases reveal that societies can respond to environmental challenges through various 

pathways, including technological innovation, migration, social reorganization, or some combination of these 

strategies. The Harappan eastward migration represents a largely successful adaptation, while the Norse 

abandonment of Greenland might be viewed as an adaptation through relocation rather than a failure. The Maya 

response was more variable, with some regions experiencing dramatic population decline while others showed 

continuity or even growth. 

For contemporary climate change discourse, these historical cases offer important insights. They remind 

us that societies have always faced environmental challenges and have developed various adaptive strategies. At 

the same time, they caution against complacency, demonstrating that even sophisticated societies can be 

overwhelmed when climate change coincides with other stressors or when adaptive capacity is constrained by 

rigid social structures or cultural preferences. 

Conclusion 

This comparative analysis of the Maya, Harappan, and Norse Greenland cases demonstrates that climate 

change played a significant role in the transformation of these societies, but always through interaction with 

specific social, political, and economic contexts. Environmental shifts created challenges for established 

subsistence systems, but societal responses—shaped by institutions, cultural values, and power structures—

determined whether these challenges led to collapse, migration, or successful adaptation. 

The findings of this study contribute to the broader understanding of human-environment interactions in 

several ways. First, they reinforce the need to move beyond simplistic causal relationships between climate change 

and societal collapse toward more nuanced analyses of vulnerability and resilience. Second, they highlight the 

importance of adaptive capacity—including technological innovation, social flexibility, and resource 

distribution—in determining how societies respond to environmental challenges. Third, they demonstrate that 

climate impacts are always mediated through cultural values, social structures, and political institutions. 

Future research would benefit from even more detailed integration of paleoclimate data with 

archaeological evidence, particularly at regional and local scales. The growing precision of paleoclimate 

reconstructions, combined with advances in archaeological dating methods, offers opportunities to better 

understand the temporal relationships between climate changes and societal responses. Additionally, more 

attention to non-elite adaptations and community-level resilience would provide a more comprehensive picture of 

how ancient societies experienced and responded to climate change. 

As contemporary societies face unprecedented anthropogenic climate change, these historical examples 

offer valuable perspectives on the complex interplay between environmental shifts and social dynamics. They 

remind us that climate adaptation is not merely a technical challenge but also a social, political, and cultural 

process shaped by institutions, values, and power relations. By examining how past societies navigated 

environmental changes, we can gain insights into the factors that enhance or limit resilience to climate challenges 

today. 
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