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With the efflorescence of palaeo-scientific approaches to the study of the past, historians have 

been confronted with a wealth of new evidence on both human and natural phenomena – 

ranging from human disease and migration through landscape change to climate. New data 

seem to demand a re-writing of our narratives of the past and cause us to question what 

 
1 This article is an outcome of a Princeton University Climate Change and History Research Initiative colloquium 

held in May 2017. 
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constitutes an authoritative historical source and who is entitled to recount history to 

contemporary societies. Humanities-based historical inquiry cannot but embrace this new 

evidence, but to do this, historians need to engage with it in a critical manner, as much as they 

engage critically with the textual and material sources. Here, we discuss this challenge by 

focusing on the most vital methodological issues, ranging from the spatiotemporal scales of 

the new evidence or its heterogeneity to the new roles attributed to quantitative methods and 

the place of scientific data in narrative construction. We do this by focusing on areas of study 

wherein the palaeo-sciences have “intruded” into fields and subjects previously reserved for 

historians: socio-economic, climate and environmental history. We argue that active 

engagement with new approaches is urgently needed if historians want to contribute to the 

challenges of the Anthropocene. 

 

1. Introduction: history at the crossroads 
History as a discipline finds itself in a transitional situation: on the one hand, there is a flood 

of new evidence, with which many historians feel uncomfortable, because they have not been 

trained to work with it; on the other hand, the current global crisis, featuring both 

unprecedented climate change, ecosystem disturbance and the (not unrelated) emergence of 

highly transmissible pathogenic diseases, has caused us to look to the past for parallels, 

meaning and guidance. Practitioners from other disciplines – notably, medical professionals 

and environmental scientists, but also economists – have taken over this task, relaying history 

and ‘historical lessons’ to the public. Historians are too often little involved in the ensuing 

debates about current challenges and the future of the planet that capture public attention and 

indeed help shape our future. 

To address this situation, historians must engage with the new evidence and the new 

disciplinary and theoretical perspectives on the past that have emerged in recent decades. 

Moreover, they must “defend” or even re-invigorate an understanding of the relevance of the 

recent human past (if seen from the evolutionary perspective) – stretching from antiquity to the 

Industrial Revolution – for the big questions that loom large in the public imagination and 

which are already to a large extent dominated by other disciplines. In other words, to use a 

popular metaphor, professional historians must work to demonstrate that ‘shallow’ history is 

as relevant as the ‘deep’ history, which presently tends to hog the limelight.2 Certainly the great 

 
2 Please note we are rather differentiating the ‘deep’, almost evolutionary history of the human species from the 

generally understood ‘historical times’ – cf. David CHRISTIAN, Maps of time: an introduction to big history, 

Berkeley ; London, University of California Press, 2004; James C. SCOTT, Against the Grain. A Deep History of 
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ocean of time consists of both closer and better-known continental shelves as well as the more 

mysterious chasms of the abyssal plains(as well as the beaches and coasts we can very easily 

access, just as we can relatively easily access large amounts of data for the study of the 20th c.). 

In brief, historians must consider allowing the sources – data – coming from other disciplines 

to permeate the research they carry out within history departments; they should not shy away 

from the theory and method, or jargon, those data come with, even if such openness requires 

critical engagement and supplemental education. 

The present authors – historians and natural scientists alike – wish to further this process of 

opening-up the discipline of history, by discussing the ways in which historians can engage 

with the natural sciences. For reasons of space, we do so by focusing on earth sciences, the 

branch of the natural sciences which has for a long time interacted with history, while 

acknowledging the many other natural scientific fields that interact with the discipline of 

history, and with great influence, such as ancient DNA research, vel archaeogenetics3, and 

cognitive science4. 

From a geological perspective, considering the timescales that earth sciences employ, nearly 

all historians work on the Late Holocene – the last three thousand years, more or less. The onset 

of this era coincides with the rise of “classical civilisations” at both ends of Eurasia, and in 

Mesoamerica, the Indus Valley and elsewhere, which in turn initiated socio-economic and 

political processes that have contributed immensely to both our present achievements and 

predicaments, the global crisis and the rise of the Anthropocene. The Late Holocene, 

surprisingly stable in its climatic variability compared to the Early Holocene, to earlier glacial 

and interglacial periods, or indeed even the 21st century CE, is the period for which we are best 

equipped to study the human past. In addition to the material record, traditionally the domain 

of archaeology and providing coverage from the dawn of human evolution onward, as well as 

 
the Earliest States, New Haven, Yale University Press, 2017. In other words, we do not focus on distinctions 

between the epochs within the discipline in history (for a recent discussion of premodern history as being 

‘deep’, in particular because of the relevance the paleosciences have for the study of this recent-yet-more-distant 

past, see J. R. McNeill, « Peak Document and the Future of History », The American Historical Review,  125-1, 

2020, p. 1‑18). 
3 Consider, as example, Carlos Eduardo G. AMORIM, Stefania VAI, Cosimo POSTH, Alessandra MODI, István KONCZ, 

Susanne HAKENBECK, Maria Cristina La ROCCA, Balazs MENDE, Dean BOBO, Walter POHL, Luisella Pejrani BARICCO, 
Elena BEDINI, Paolo FRANCALACCI, Caterina GIOSTRA, Tivadar VIDA, Daniel WINGER, Uta von FREEDEN, Silvia GHIROTTO, 
Martina LARI, Guido BARBUJANI, Johannes KRAUSE, David CARAMELLI, Patrick J. GEARY et Krishna R. VEERAMAH, « 
Understanding 6th-century barbarian social organization and migration through paleogenomics », Nature 
Communications, 9-1, 2018, p. 3547. 
4 See in particular the chapter on neurohistory by Rob Boddice and Daniel Smail in Marek TAMM et Peter BURKE, 

Debating new approaches to history, London, Bloomsbury Academic, 2019. 
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palaeo-environmental data collected from nature’s archives and studied by natural scientists, 

there is also abundant written evidence that generally increases in volume and quality as we 

near the present. Because of this written evidence, which opens unique research opportunities 

and the ability to more comprehensively reconstruct the human past, the Late Holocene may 

be considered the “age of historians”. It is an era studied across hundreds of history departments 

on all continents, where historians have spent decades, centuries in some cases,  working to 

explain the dynamics of complex Late Holocene societies. As a result, they have have much to 

contribute to the emerging interdisciplinary dialogue on humanity’s place in the planet’s 

history. 

Different disciplines join this dialogue with their own questions. In the case of paleo-

environmental science and paleo-climatology, these are inquiries into ecological, evolutionary, 

geological, and purely physical matters. In other words, these disciplines do not ultimately aim 

to supersede the discipline of history or to co-opt the role of other disciplines in reconstructing 

human pasts. Consequently, historians must not conceive of them as competing for priority as 

‘stewards of the past’. Rather, historians must enter into a dialogue with earth scientists and 

aim to understand their goals, motivations and the internal dynamics of their disciplines, if they 

wish to interact with them in the most fruitful and positive ways. 

At the same time, to bring in new sources (i.e., the natural scientific data) is to bring in new 

uncertainties. Even if the uncertainty has long been the everyday bread of historians for 

centuries, the new methodologies the discipline engages with, in particular through the use of 

the data originating in the natural sciences, force historians to confront new uncertainties. These 

often relate to the dating and spatial relevance, and the very precision, of the scientific data 

(i.e., how reliable they are in doing what they want to do). This is both a methodological 

challenge and an opportunity, as by combining a wider range of sources, each with its own (yet 

independent) uncertainties, we may eventually reduce some of the uncertainties and constraints 

that historians traditionally face. A change in mind-set regarding what constitutes historical 

sources, that is, the sources that represent the foundations for our narratives of the past and the 

sources historians are trained to use, has already been underway for more than a decade. During 

that time, palaeo-scientists started publishing data relevant to Late Holocene history, and 

inevitably proposing novel environmental explanations for major historical events and 

processes. In this they have often been motivated by demonstrating the broader utility of their 

data by its application to questions of human history, as well as a genuine desire to understand 

how past societies have responded to environmental changes, being perhaps more keenly aware 
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than those in many other disciplines of the perilous trajectory of future climatic change.5 Some 

historians responded by engaging with a range of natural scientific evidence and the arguments 

based upon that.6 If novel scientific data are, however, to become widely accepted as legitimate 

historical sources within the discipline of history, on par with the information provided by 

written texts and the remains of material culture, we must learn how to handle them properly: 

what are their strengths, but also what are their limitations. 

Historians must search out and advance theoretical frameworks and research design models 

within our discipline that are inclusive of natural scientific data. In the context of the earth 

sciences, these have been offered by environmental historians, often informed by historical 

geographers, historical and human ecologists, economic historians and others.7 Environmental 

history most clearly originates in the environmental movements of the 1960s and is particularly 

strong in the US.8 However, it is arguably on the European side of the Atlantic that 

 
5 Francis LUDLOW and Charles TRAVIS, « STEAM approaches to climate change, extreme weather and social-

political conflict » , in A. DE LA GARZA and C. TRAVIS (eds), The STEAM revolution: transdisciplinary 

approaches to science, technology, engineering, arts, humanities and mathematics, New York, Springer, 2019, 

33–65, 50. Even though there have been phases of such interest within the discipline of history before that, in 

particular in the context of the Annales school, e.g. the special issue of the Journal of Interdisciplinary History 

in the spring of 1980 (vol. 10, nr 4). The contemporary “phase” we deal with in this article is distinguished by 

huge advance in the scope, accuracy and precision of the data now provided by the natural sciences, but also 

access in history to archives at a greater scale than ever thanks to digitization and methods of content analysis of 

this material. 
6 Overviews and recent examples include: Michael MCCORMICK, « History’s Changing Climate: Climate 

Science, Genomics, and the Emerging Consilient Approach to Interdisciplinary History », Journal of 

Interdisciplinary History,  42-2, 2011, p. 251‑273 ; Nicholas P. DUNNING, Timothy P. BEACH et Sheryl 

LUZZADDER-BEACH, « Kax and kol: Collapse and resilience in lowland Maya civilization », Proceedings of the 

National Academy of Sciences, 109-10, 2012, p. 3652-3657; John HALDON, Neil ROBERTS, Adam IZDEBSKI, 

Dominik FLEITMANN, Michael MCCORMICK, Marica CASSIS, Owen P. DOONAN, Warren J. EASTWOOD, Hugh 

ELTON, Sabine LADSTÄTTER, Sturt MANNING, James NEWHARD, Kathleen NICHOL, Ioannis G. TELELIS et Elena 

XOPLAKI, « The climate and environment of Byzantine Anatolia: integrating science, history and archaeology », 

Journal of Interdisciplinary History,  45, 2014, p. 113‑161 ; Adam IZDEBSKI, Karin HOLMGREN, Erika 

WEIBERG, Sharon R. STOCKER, Ulf BÜNTGEN, Assunta FLORENZANO, Alexandra GOGOU, Suzanne A. G. 

LEROY, Jürg LUTERBACHER, Belen MARTRAT, Alessia MASI, Anna Maria MERCURI, Paolo MONTAGNA, Laura 

SADORI, Adam SCHNEIDER, Marie-Alexandrine SICRE, Maria TRIANTAPHYLLOU et Elena XOPLAKI, « Realising 

consilience: How better communication between archaeologists, historians and natural scientists can transform 

the study of past climate change in the Mediterranean », Quaternary Science Reviews,  136, 2016, p. 5‑22 ; 

Steven HARTMAN, A. E. J. OGILVIE, Jón Haukur INGIMUNDARSON, A. J. DUGMORE, George HAMBRECHT et T. 

H. MCGOVERN, « Medieval Iceland, Greenland, and the New Human Condition: A case study in integrated 

environmental humanities », Global and Planetary Change, 156, 2017, p. 123-139; C. AMORIM et al. 

« Understanding 6th-century barbarian social organization and migration through paleogenomics », op. cit.; 

Joseph R. MCCONNELL, Andrew I. WILSON, Andreas STOHL, Monica M. ARIENZO, Nathan J. CHELLMAN, 

Sabine ECKHARDT, Elisabeth M. THOMPSON, A. Mark POLLARD et Jørgen Peder STEFFENSEN, « Lead pollution 

recorded in Greenland ice indicates European emissions tracked plagues, wars, and imperial expansion during 

antiquity », Proceedings of the National Academy of Sciences, 2018, p. 201721818; Dan PENNY, Tegan HALL, 

Damian EVANS et Martin POLKINGHORNE, « Geoarchaeological evidence from Angkor, Cambodia, reveals a 

gradual decline rather than a catastrophic 15th-century collapse », Proceedings of the National Academy of 

Sciences, 116-11, 2019, p. 4871-4876. 
7 Donald J. HUGHES, What is Environmental History? Malden, Polity Press, 2006. 
8 Grégory QUENNET, Qu’est-ce que l’histoire environnementale, Seyssel, Champ Vallon, 2014. 
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interdisciplinarity has become more part and parcel of environmental history research, shaping 

the field into an often surprising polymorphous alliance of natural scientists and historians. 

There exist several different theories of human-environmental relations reflected in the work 

produced by these collaborations – many adapted from ecology, but there are also models from 

within history, such as the climate impacts model by Pfister and other climate historians, 

inspired by economic history, which sees natural forces as external ‘shapers’ of human 

experience – or the Hoffmann/Winiwarter model which focuses more on the continuous 

feedbacks between natural processes and human action.9 We will refer to several of these 

models and their practical implementations throughout this paper and discuss them from a 

rhetorical/meta-narrative point of view in the conclusion. 

The core of this article is thus divided into a methodological part and a practical part. The first 

introduces our readers to the intricacies of the paleo-environmental evidence that historians can 

engage with. It also discusses the key issue of spatiotemporal scale which the emerging field 

of interdisciplinary environmental history needs to flexibly operate on. The second segment of 

the paper presents several case studies: practical examples of research which attempt to develop 

historical narratives using textual and natural scientific evidence. The approaches are manifold 

- from simply gathering and discussing the diverse evidence, to carrying out intricate literary 

or quantitative analyses - and manifold are also their strengths and weaknesses. Our concluding 

section discusses the master narratives that dominate the field of interdisciplinary 

environmental history and presents some recommendations for future studies. 

2. Methodological considerations 

2.1. The diversity of the scientific data 
The natural sciences are highly diverse and pluralistic. There is no single paleo-science (a 

discipline/branch of the natural sciences that would deal with the past in toto); nor is there a 

single interdisciplinary environmental history. Most historians who interact with the earth 

sciences either specialize in working with a specific branch, gradually acquiring expertise 

needed to critically engage with the evidence it produces (these are “interdisciplinary 

historians” in a strict sense) or they encounter specific studies relevant to an historical question 

 
9 One of the most classical applications of the climate history model is probably C. PFISTER et R. BRÁZDIL, « 

Social vulnerability to climate in the “Little Ice Age”: an example from Central Europe in the early  1770s », 

Climate of the Past, 2-2, 2006, p. 115‑129; see also Christian PFISTER, « The vulnerability of past societies to 

climatic variation: a new focus for historical climatology in the twenty-first century », Climatic Change, 100-1, 

2010, p. 25‑31. For the ‘feedback’ approach, see for instance the introductions to Richard C. HOFFMANN, An 

environmental history of medieval Europe, Cambridge, Cambridge University Press, 2014 and Verena 

WINIWARTER et Martin KNOLL, Umweltgeschichte: eine Einführung, Köln, Böhlau, 2007. 
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of interest in their everyday research practice, in particular if they have the habit of “reading 

widely”, and use those studies to place their research questions in a broader context (we might 

call these scholars “open-minded” historians). Few members of both groups are aware of how 

diverse rich, or heterogenous, the world of the earth sciences (and, by extension, of the paleo-

sciences) actually is.  

Of the methodologies at the interface of history and the sciences, the study of past climate 

change has perhaps the longest research tradition10. In the context of modern historiography, 

climate change is a general notion that translates into a wide range of processes and phenomena 

occurring at different spatial and temporal scales. These range from extreme rainfall events 

taking place on short time scales such as hours or days; weeks- to multi-year droughts; 

abnormal weather conditions over a full season or series of subsequent years (such as a decade 

of monsoon weakening, for instance following a strong tropical volcanic eruption, or a decade 

of lower temperatures, forced through a low in the solar activity or internal climate dynamics); 

to longer-term trends in climate conditions over a given area, occurring at multi-decadal or 

even centennial scales (e.g., drying or cooling trends through external forcing or internal 

variations of the climate system).  

This means we are in fact considering both climate and weather. On the one hand, there is 

climate in the standard sense, i.e., regional weather patterns prevailing over a given area over 

a longer period of time (e.g., 30-40 years), which govern or influence regional ecosystems and 

agricultural practices; while on the other hand, there are discrete weather events of relatively 

short duration. The great variety of weather and climate phenomena make clear that there can 

be no easy generalization about climate’s role in history and that one must always pay attention 

to what is the actual phenomenon that comes into question when we study a given situation 

from the past. It is obvious that depending on the “climate change” we are concerned with, its 

interaction with any particular society (and ecosystems, understood together as a holistic social-

ecological system) will differ according to what weather or climate phenomenon actually 

occurred, or – to be more precise – what our interpretation of the palaeo-climatic data suggests 

actually occurred. And this, of course, is additional to the many intricacies of the society’s 

 
10 Starting in mature form with the works of E. LE ROY LADURIE, « Histoire et Climat », Annales. Histoire, 

Sciences Sociales, 14-1, 1959, p. 3-23. For a brief recent overview of the field, see Christian Pfister, Sam White 

et Franz Mauelshagen, « General Introduction: Weather, Climate, and Human History », in Sam White, 

Christian Pfister et Franz Mauelshagen (dir.), The Palgrave Handbook of Climate History, London, Palgrave 

Macmillan UK, 2018, p. 1-17. 
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cultural, economic and political systems which conditioned how the society could respond to 

said “climate change”. 

This is, however, still just the tip of the iceberg. Past changes in climate and weather varied in 

their spatial and temporal scale. What was experienced as an extreme drought event occurring 

in a single season or a few years characterized by abnormally dry spring-summer conditions 

may have been an expression of a longer-term trend toward a slightly different regional climate 

(weather pattern) that manifested itself in the course of a few decades or centuries. To put it 

differently, the trends of climate change and weather variability enumerated above in reality 

operated simultaneously across timescales.  

Climate-related phenomena can be local, regional, hemispheric or global. Again, when we 

examine the spatial scales of “climate change” in history, we are often faced with a perplexing 

diversity. To begin with, we have relatively rare global or hemisphere-wide phenomena (often 

associated with specific types of forcing such as strong tropical volcanic eruptions or El Nino 

Southern Oscillation, ENSO); they, in turn, translate differently into regional climates (such as 

shifts of semi-continental-scale seasonal rainfall patterns, related to the monsoons or sea 

surface temperature changes in the oceans). Finally, due to microclimatic and microregional 

variation, the same hemispheric or even regional climatic phenomena can have utterly different 

– even opposite – local effects, dependent on a wide range of factors, such as land-sea 

interactions, vegetation and land morphology (in particular, orography). There is a general rule 

that trends in temperature variability are more likely to be homogenous over larger areas (often 

on a continental or sub-continental scale), whereas hydroclimate (rain, snow, actual soil-level 

humidity, etc.) can vary more significantly on regional and local scales.11 Hence, we should be 

cautious in assuming that climate-related phenomena attested in one area certainly occurred 

even in a nearby region, unless we have local palaeo-climate data to corroborate the inference.   

This entire complexity of past climate variability has left traces in human and natural records, 

which on “nature’s side” include archives in the form of lake and marine sediments, peat 

deposits, speleothems in caves, living and dead trees, ice layers, etc. Each of these archives, 

properly interrogated, can return a wide range of proxies, that is, measured parameters that 

approximate past environmental conditions, though they do not reflect any parameters in a 

simple, direct, one-to-one relationship. As part of the development and maturation of the field 

 
11 U. BÜNTGEN, J. FRANKE, D. FRANK, R. WILSON, F. GONZÁLEZ-ROUCO et J. ESPER, « Assessing the spatial 

signature of European climate reconstructions », Climate Research, 41, 2010, p. 125‑130. 
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of palaeo-climatology, proxies became increasingly numerous and diverse. As archives were 

created through a variety of (natural) environmental processes, they require different methods 

of extraction and analysis. One may need to recognise the morphology of plant parts or animals, 

measure inorganic compounds and element concentrations, or undertake isotopic 

measurements of organic and inorganic materials to make sense of an archive and establish a 

proxy. Many different fields of biological, geological, chemical and physical sciences are 

involved and a high degree of specialization is required. Thus, the study of past climate is an 

inherently interdisciplinary undertaking involving a wide range of natural scientific disciplines 

and historians who try to reconstruct past weather and climate variability based on written 

sources.12  Historians who study the role of past “climate change” rely on a wide diversity of 

sources and employ a range of methodologies with varying capacities of grasping specific 

temporal and spatial scales of change, to tease out diverse sets of phenomena which can be 

collectively described as “past climate variability”. 

Last but not least, like all measurements, climate reconstructions based on proxies include 

several uncertainties, which in itself does not undermine their reliability: after all, no 

measurement can exist without an error. One important aspect of these uncertainties are issues 

that have to do with proxy calibration: as we cannot measure past climate directly, in the end 

we only measure extant organic and inorganic matter that is the result of complex processes 

influenced by past temperature and precipitation, as well as other meteorological phenomena. 

We calibrate the proxy data – the actual measurements – by comparing them with the 

temperature and precipitation measurement series from modern times, ranging between 

(usually) a few decades and one-to-two hundred years (or more) in some parts of the world 

(such as Europe or the US).13 In this context, it is important to bear in mind that while some 

proxies, in particular tree ring measurements, allow for a reliable and firmly dated 

reconstructions of actual past weather,  conditions, or aspects thereof (such as average 

temperature or precipitation in a given season, usually spring or summer), most proxies do not 

allow for such precise reconstructions. We are thus limited to observing trends in proxy 

 
12 Emmanuel LE ROY LADURIE, « Aspects historiques de la nouvelle climatologie », Revue Historique,  225-1, 

1961, p. 1‑20 ; Rudolf BRÁZDIL, Christian PFISTER, Heinz WANNER, Hans Von STORCH et Jürg LUTERBACHER, 

« Historical Climatology in Europe – The State of the Art », Climatic Change, 70-3, 2005, p. 363-430; Christian 

Pfister, « Evidence from the Archives of Societies: Documentary Evidence - Overview », in Sam White, 

Christian Pfister et Franz Mauelshagen (dir.), The Palgrave Handbook of Climate History, London, Palgrave 

Macmillan UK, 2018, p. 37-48. 
13 PAGES HYDRO2K CONSORTIUM, « Comparing proxy and model estimates of hydroclimate variability and 

change over the Common Era », Climate of the Past, 2017, vol. 13, no 12, p. 1851‑1900.  
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measurements themselves, knowing that the proxy is strongly correlated with specific seasonal 

weather conditions (such as snowmelt in winter, total autumn-winter precipitation, etc.). In 

such a case, we do not really possess climate reconstructions, but only inferred climatic 

variability discernable via proxies. Another aspect of the uncertainties is chronological. The 

obtained data must be anchored in time, but they cannot be directly dated (with the exception 

of tree rings, annually laminated lake sediments, shallow sections of ice cores, and 

speleothems). The dating is achieved with mathematical modelling of the age-depth 

relationship, based on radiocarbon and other age measurements. This overall “mixture” of 

intrinsic dating uncertainty and of the process of palaeo-climatic reconstruction (proxy 

calibration) contributes in the end to a kind of “composite” or “multifarious” uncertainty, which 

a historian using this data is faced with. 

Natural scientific studies of past landscapes – the most convenient term for this discipline or 

field would probably be palaeo-ecology – share many challenges with paleo-climatology, 

especially when it comes to the issues of chronology. In essence, their key methods belong to 

the sphere of earth sciences, and thus first of all they share the same chronological issues: 

approximating the exact time of the changes observed remains a major challenge, requiring 

great ingenuity and sometimes simply luck (we discuss this problem in more detail in the 

following section). When it comes to what paleo-ecology or paleo-environmental science could 

actually help us reconstruct, the approaches are also highly heterogenous, even though they all 

share the same objective of reconstructing past environments and understanding the ways in 

which environments changed. In the majority of cases, paleo-environmental science works on 

sediment cores, that is, long columns of organic and inorganic matter (“mud”) extracted from 

locations – such as lake beds or peat bogs – that favor their accumulation, one layer after 

another, and which ensure the preservation of organic material over long periods. Such 

sediments can be analysed with a variety of methods, beginning with sediment geochemistry, 

which is needed for establishing local erosion patterns and the physical-biological processes 

behind the production and accumulation of the sediments. Major shifts in such parameters 

could reflect important transformations of the local landscape, which in historical times were 

most often linked to human interventions. If we want to understand these interventions in more 

detail, we could refer to pollen analysis, that is the study of pollen grains preserved in the 

sediments, grains that were produced by plants that lived around our sedimentary basins (study 

locations). Even though this method allows for a high degree of precision in identifying specific 

plant species or families, and establishing the changes in their presence over time, it likewise 
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remains only an approximation. We are able to reconstruct relative changes, but we are often 

unsure of the exact spatial signature of interpretated vegetation dynamics: while the pollen of 

some plants is dispersed rather locally (e.g., vine or cereals), the pollen of other plants travels 

over long distances (e.g., olive or pine), often confounding local and regional signals in a single 

dataset.14 A variety of other techniques allow for the evaluation of human impact on 

landscapes, notably an array of biomarkers (study of specific organic compounds reflecting 

presence of plants or animals in the past, such as the beta-stanols, compounds coming from 

omnivores’ excrements, usually pigs or humans).15 None of these markers allows for a direct 

measurement or reconstruction of past ecosystems or human activities in the landscape, but 

together they allow for their reliable approximation; approximations that historians and 

archaeologists can further contextualize with the help of written and material sources. 

2.2. Approximating time and space 
The stories we tell about the past are located in specific places and relate to specific moments 

in time. Historians use time and space to structure narratives – we study a specific problem in 

a particular “when and where”. To a large extent, it is also time and space that define 

specialisations and sub-disciplines within academic history: one can be a historian of particular 

time periods in concrete areas – which is far less often the case with natural scientists, whose 

specialization is often methods-based. Not surprisingly, the exploration of the potential for 

integrating natural scientific data and insights into historical research often begins by surveying 

what natural scientific data are available within a specific spatiotemporal framework. Often we 

look for overlaps and start building new histories once they are found. Reliable approximation 

of time and space thus becomes absolutely crucial for integrating diverse lines of evidence 

coming from often radically different disciplines. Thus, before moving to different study 

designs, or methodological contexts in which humanistic and natural scientific communities 

interact and in which the datasets they produce become entangled, we focus here on how spatial 

and temporal scales are conceived of and approximated in the natural scientific disciplines that 

most often interact with Late Holocene history. 

In past climate change and paleo-environmental studies the temporal precision of the proxy 

depends on the natural archive from which the proxy was derived (this can be a lake bed, peat 

 
14 For a more detailed discussion, see A. IZDEBSKI, « Palynology and historical research », in A. IZDEBSKI et J. 

PREISER-KAPELLER (dir.), A companion to the environmental history of Byzantium, Leiden, Brill, 2020, in press. 
15 E.g., R.M. D’ANJOU et al., « Climate impacts on human settlement and agricultural activities in northern 

Norway revealed through sediment biogeochemistry », Proceedings of the National Academy of Sciences, 2012, 

vol. 109, p. 20332–20337. 
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bog, cave stalagmite, tree, etc.). In some cases, palaeo-climatologists can develop annually-

resolved climate reconstructions (for instance, based on tree rings), but usually they deal with 

multi-decadal or centennial resolution in their datasets (so, the distance between single data 

points in a proxy can be a single year or decades or centuries) – and the chronologies of their 

datasets are characterized by some degree of uncertainty (often ranging from a year or two to 

several decades). This means that palaeo-climate indices regularly do not allow for detailed 

analyses of decadal- or sub-decadal-scaled phenomena, the scale to which most historians are 

accustomed and traditionally work (“historical events” rarely span centuries after all).  

In most regions, large quantities of annually-resolved palaeo-climate datasets become available 

only from the early modern period onwards,16 the time for which there already exists a wealth 

of textual sources that can be (and have been) used for the reconstruction of climatic conditions. 

This means that historians of pre-industrial periods and less covered regions are often obliged 

to work with palaeo-climate data of lower temporal and spatial precision.  

Even the high-resolution and chronologically precise dendroclimatological records cover only 

some aspects of annual weather patterns, notably those directly related to tree growth, such as 

growing-season temperature or precipitation. In many geographical contexts, for instance in 

the Mediterranean, extended summer conditions are not necessarily the most important 

determinants of agricultural productivity and can rarely can be considered to be environmental 

factors contributing to subsistence crises. In the Mediterranean, extended winter season 

precipitation matters most. Moreover, summer temperatures (or precipitation) are not 

necessarily correlated with winter temperature or precipitation; medium-term trends can be 

different. Finally, these annually-resolved datasets do not record decadal or multi-decadal 

climate variability, but only inter-annual changes: so they allow for the investigation of short-

term shocks, but not medium- or longer-term trends. Linking such climate reconstructions to 

historical events and processes of social change remains a challenging task, one requiring 

historians to think critically about the scientific evidence they use and how it might be 

 
16 With some exceptions, such as Alpine, Andean and Fennoscandian tree-ring constructions. See: Antonio 

LARA et Ricardo VILLALBA, « A 3620-Year Temperature Record from Fitzroya cupressoides Tree Rings in 

Southern South America », Science, 260-5111, 1993, p. 1104-1106; Samuli HELAMA, Markus LINDHOLM, 

Mauri TIMONEN, Jouko MERILÄINEN et Matti ERONEN, « The supra-long Scots pine tree-ring record for Finnish 

Lapland: Part 2, interannual to centennial variability in summer temperatures for 7500 years », The Holocene, 

12-6, 2002, p. 681-687; Ulf BÜNTGEN et al., « 2500 Years of European Climate Variability and Human 

Susceptibility », Science,  331-6017, 2011, p. 578‑582 ; Jürg LUTERBACHER et al., « European summer 

temperatures since Roman times », Environmental Research Letters,  11-2, 2016, p. 024001 ; U. BÜNTGEN et 

al., « Cooling and societal change during the Late Antique Little Ice Age from 536 to around 660 AD », Nature 

Geoscience,  9-3, 2016, p. 231‑236. 
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integrated with more traditional historical data. It is worth stressing, that results of 

climatological-historical explorations must be identified as tentative, as they will continue to 

change and improve as techniques and measurements are refined: these knowledge structures 

are as unstable as in any other active field of science or scholarship.  

In order to appreciate the nature of the challenges involved in using proxy-based climate 

reconstructions, let us discuss two examples related to Lake Nar in Anatolia. Sediments 

accumulated over several thousand years in this lake contain palaeo-climatic and palaeo-

environmental information. This particular lake’s palaeo-climate and landscape 

reconstructions have near-annual chronological resolution thanks to seasonal changes in the 

lake’s geochemistry, which every year deposited distinguishable sediment layers , also known 

as varves (such lakes are very rare in the Mediterranean region). The changes in the ratios of 

oxygen isotopes in carbonate and diatoms (a group of algae) have been shown to resemble 

closely the variability of hydroclimatic conditions over time.17  

Figures 1 and 2 show the spatial Spearman correlations of detrended autumn-winter 

precipitation at the location of Lake Nar with surrounding areas for two periods of different 

length, 30 years (Figure 1) and 60 years (Figure 2), based on modern instrumental data 

(meteorological observations, thus we adopt here the basic tenet of geology, which assumes 

that physical processes are stable over time, a point we discuss in more detail below). Both 

figures show a homogenous positive correlation pattern with highest values around the location 

itself and decreases further away from Lake Nar (so it is most representative for Central 

Anatolia). Lower positive correlations, still significant, are visible in the remaining regions of 

Turkey (except for the very east), and the western coast of the Black Sea region. The explained 

variance (correlation squared) in the later regions is around 25 to 30%. It becomes also evident 

that the area of Lake Nar region does not share any winter precipitation behaviour with the 

Levant, Greece and Northern Africa. Only if we look at the longer time period, i.e. 60 years, 

(Figure 2), the area of low, but still significant positive correlations are found over Greece, the 

Balkans and the northern Levant. Thus, Lake Nar is basically a proxy record for Anatolia and 

parts of the Black Sea and Aegean regions. This suggests that differences in Anatolian and 

southern Levantine or Iraqi cold season precipitation and snowmelt proxies may reflect real 

differences in short-term or medium-term climate variability, and not just misalignment due to 

 
17 Jonathan R. DEAN et al., « Palaeo-seasonality of the last two millennia reconstructed from the oxygen isotope 

composition of carbonates and diatom silica from Nar Gölü, central Turkey », Quaternary Science Reviews,  66, 

2013, p. 35‑44. 
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dating uncertainties in other proxies.18 Even within Turkey the correlation decreases rather fast, 

therefore local precipitation anomalies at one place might not show the same signal across the 

country and can be even reversed. Moreover, it should be born in mind that Figures 1 and 2 

show correlations between modern instrumental data: even if we assume – and this is one of 

the central assumptions of palaeo-climatology – that modern relationships are valid for the past 

(the principle of uniformitarianism and stationarity), correlations based on proxy records would 

be smaller, because proxies do not resolve the full precipitation variations and include various 

uncertainties that reduce the overall correlation strength. This example should make it clear 

just how careful a historian should be at making inferences about the role of climate with 

local/regional proxy-based climate reconstructions and that precipitation shows much larger 

spatial variability compared to temperature. One should always bear in mind how spatially 

limited these records can be and one should not expect the same dry or wet anomalies to occur 

across large areas in the Eastern Mediterranean. It also shows the significance of time scale, as 

the differences in spatial correlations between the two maps make clear that each – with their 

different reference periods – allows for a different spatial and hence also historical argument. 

 
18 Sophie VERHEYDEN et al., « Paleoclimate reconstruction in the Levant region from the geochemistry of a 

Holocene stalagmite from the Jeita cave, Lebanon », Quaternary Research,  70-3, 2008, p. 368‑381 ; O. M. 

GÖKTÜRK et al., « Climate on the southern Black Sea coast during the Holocene: implications from the Sofular 

Cave record », Quaternary Science Reviews,  30-19–20, 2011, p. 2433‑2445. 
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Figure 1. Spatial Spearman correlation of detrended Lake Nar area autumn-winter precipitation with the neighbouring area 
for the period 1981-2010. 
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Figure 2. As Fig. 1 for the period 1951-2010. 

The spatial limitations associated with proxy data is but one problem; another is dating 

uncertainty, which apply almost to all proxies: tree ring (dendroclimatological) records are the 

only natural climate archives with annual-precise chronologies, all other annually laminated 

archives (corals, ice cores, lake and marine sediments and speleothems) have chronological 

uncertainties due to counting errors as annual layers are often poorly preserved and not easily 

recognizable. Thus, dating uncertainties apply to the vast majority of proxy records available 

for the historical periods that preceded the last half millennium. Radiometric dating methods, 

such as 14C or Uranium-series dating, are widely employed and have an associated 

measurement error. Even if this error can be relatively small – as technological advances 

continue to reduce the error – not all material is suitable for dating and the recovery of good 

samples is random. Chronological uncertainty associated to radiometric methods may be 

further compounded by the need to perform a calibration process. In the case of 14C dating, the 
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calibration process relies on a comparison of radiocarbon measurements with known calendar 

dates (e.g. obtained from dendroclimatological methods). The process of calibrating a 

radiocarbon measurement will result in a chronological uncertainty that can vary considerably 

with temporal segments within the calibration data. Scientists obtain dates for selected samples 

from different core or speleothem depths (which, due to sediment accumulation process, 

represent different moments in time), then extrapolate from those to develop an age-depth 

model, used to provide all other samples with age estimates. These estimates have varying 

uncertainties – radioactive dating of samples always lies within confidence intervals, and 

extrapolating beyond the actually measured sample locations introduces additional uncertainty. 

Historians who utilize these dates must therefore consider these methodological biases in their 

work. 

To demonstrate the importance of these confidence intervals, we consider a case study from 

late antique Central-Eastern Anatolia when agriculture in the region flourished until it was 

almost completely annihilated by the Arab conquest. While for decades we had to base this 

conclusion only on scattered written evidence, since 2008 pollen evidence has confirmed that 

intensive mixed agriculture disappeared from the area around the 660s CE, exactly when the 

written sources describe the first wave of intensive Arab raiding in Cappadocia.19 In 2018, 

another proxy record from Lake Engir, located close to the capital of the Roman province of 

Cappadocia, Caesarea (modern Kayseri), was published.20 Significantly, it shows the same 

scenario of landscape change as Lake Nar, with intensive mixed farming in Late Antiquity 

ending abruptly in the samples that come from above the core depth of 137 cm. Of course, for 

carrying out historical interpretation, the determination of the age of this sample is absolutely 

crucial. However, in this case – unlike the Lake Nar case – the sediments are not annually 

laminated or ‘varved’, so they had to be radiocarbon dated, and an age-depth model had to be 

constructed. The model developed by the researchers suggests that this change occurred at 1400 

cal BP (calibrated – i.e., taking into account the changes in solar radiation – year Before 

Present, that is before 1950 AD). This amounts to date around AD 550, approximately a 

hundred years “too early”, given what we know about the history of late antique Anatolia and 

the landscape change at Lake Nar. Does this mean that for some unknown reason (possibly the 

arrival of plague in the region) that the late antique agricultural regime collapsed abruptly near 

 
19 Ann ENGLAND et al., « Historical landscape change in Cappadocia (central Turkey): a palaeoecological 

investigation of annually-laminated sediments from Nar lake », The Holocene, 18-8, 2008, p. 1229‑1245. 
20 Çetin ŞENKUL et al., « Late Holocene environmental changes in the vicinity of Kültepe (Kayseri), Central 

Anatolia, Turkey », Quaternary International, 486, 2018, p. 107‑115. 
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the provincial capital in the mid-sixth century, while it continued uninterrupted until the Arab 

conquest in the more remote area surrounding Lake Nar? Not necessarily. Plague or dramatic 

mid-sixth-century climate change might not have anything to do with the change visible in the 

Engir core. 

 

Figure 3. Age-depth model of Lake Engir sediment core (blue: linear interpolation between data points; red: linear 

regression) and the estimated age probability distribution for the depth of 137 cm (the sample showing the transition 

between late antique agriculture and early medieval land abandonment). Executed in the age-modelling code clam 

(Maarten BLAAUW, « Methods and code for “classical” age-modelling of radiocarbon sequences », Quaternary 

Geochronology, 5, 2010, p. 512-518). 

Green lines represent radiocarbon measurements with their probability distribution and the surface of the core (modern 

times). Blue and red lines are the best single age estimate for each core depth in each age-depth model, light blue and red 

areas– 95% probability distribution of age estimate in each age-depth model. The lower panels – probability distrubtions for 

specific samples – show how the probability distributions for a specific section of the core depth, here, 137 cm, actually look 

like in detail, depending on the model (blue – linear interpolation; red – linear regression). 
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Lake Engir age-depth model must be based on the two radiocarbon dates that are available and 

the surface date for the top of the core, which is assumed to be modern (Figure 3). These are 

the givens but depending on the type of the age-depth model that we adopt in the calculations, 

we may obtain different outcomes. Figure 3 shows two such possibilities, linear regression and 

linear interpolation. Technically, linear interpolation is in fact a step-wise linear regression, 

that is interpolating estimated ages between 14C dates and the surface, with different linear 

functions for each of the two core sections (between the two dates, and between the second 

date and the surface). In this case, the estimated age distribution for the depth horizon of 137 

cm indeed leans toward the late sixth-early seventh century, that is right before the Arab 

conquest (although the crucial decade of the 660s is still included as a “possibility” within the 

95% age probability distribution). In the case of linear regression (that is one linear function 

for the whole of the core), the “center of gravity” of the age probability distribution for the 

depth of 137 cm falls exactly where it “should”: in the second half of the seventh century . 

Does it mean that this model is more correct? Not necessarily, it is possible to argue for both. 

On the one hand, linear interpolation is more tuned to the actual radiocarbon measurements, 

but it is unlikely that the change in the sedimentation rate (“speed” with which sediments 

accumulate on the bottom of the lake) changed exactly at the depth horizon for which the 

second date was obtained (especially that this date falls within a larger pollen zone, and not on 

its boundary – so during a period when the landscape did not change in a significant way). On 

the other hand, the linear regression model assumes no change in sedimentation rate over the 

last two thousand years, and thus may oversimplify the sedimentation history of Lake Engir. 

Let us now investigate the matter even further, by looking more closely at the radiocarbon 

dates. The second of these comes from a layer of sediment very close to the crucial horizon of 

137 cm. It comes from 114.5 cm (some 20 cm above 137 cm), so right from the middle of the 

sediment zone – time period – which is characterized by the almost complete disappearance of 

human agricultural activity (the entire zone extends from 137 to 100 cm). The measurement of 

the organic material from this core depth resulted in obtaining the date of 1320 14C 

(=uncalibrated) yrs BP, with a standard deviation of 30 years (so, in standard abbreviations, 

1320±30 yrs 14C BP). Figure 4 shows how the raw measurement, which has a theoretical 

Gaussian distribution, translates into the actual probability distribution once it is “refracted” 

through the radiocarbon calibration curve (in blue). The probability distribution changes, with 

new, less regular densities clustering around specific calendar dates. Following calibration 

(visible on Figure 4), and assuming that there is no systematic bias, the true date of the sample 
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should fall with a 95.4% probability somewhere within two intervals, AD 653-722 or AD 741-

767 (but of course there remains 4.6% probability that the true age actually lies outside this age 

range!). We have no way of saying which of these dates is true: we only know the true date 

could be somewhere between approximately AD 650 and 770. Taking into account that the 

radiocarbon date of 1320±30 yrs 14C BP comes from the central parts of the core zone we are 

interested in, the zone which represents the cultivation low of the early Middle Ages, it means 

that it is entirely possible that the lake close to the provincial capital, Caesarea, shows exactly 

the same trajectory of the landscape change as Lake Nar. In fact, this would mean that the Lake 

Nar scenario of intensive agriculture interrupted by Arab raiding was more widespread across 

Cappadocia. This example shows how important it is for historians using palaeo-environmental 

data to be aware of the complexities of the scientific chronologies and to consider probability 

distributions (and the resulting dating ranges) in their historical analyses. 

 

Figure 4. Calibration of the Lake Engir date of 1320±30 (at 114.5 cm of core depth).  

The vertical axis shows the radiocarbon measurement (yellow line), with its theoretical probability distribution (red – one 

standard deviation – 67% probability, light red – two standard deviations – 95% probability). The blue line is the northern 

hemisphere radiocarbon calibration curve. The horizontal axis shows the calibrated probability distribution (black – one 

standard deviation – 67%, grey – two standard deviations – 95%). 

As is visible from the example discussed above, integrating palaeo-environmental data in the 

historical narrative poses a significant methodological challenge. Even though issues of 

chronological or spatial uncertainty, as well as operating at different temporal scales, are not 
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unknown to historians, they still need to accommodate these new types of uncertainties – new 

to historians, but well known to environmental scientists – in their way of thinking about the 

past. However, what at first glance looks as a serious obstacle in constructing a coherent 

historical narrative, does not differ that much from other ways of handling dating uncertainty 

in the discipline of history, such as using termini ante quem and post quem, or when using 

archaeological dating of the material evidence. 

Moreover, as is in particular the case for premodern periods (before ca 1500 CE), historians 

have at their disposal only fragmentary and haphazardly preserved written sources. They often 

as such work on isolated case studies which they then extrapolate over larger spaces, looking 

to make more general observations. Although there is no clear guidance for such practices, this 

is something historians are used to. Unsurprisingly, there is constant concern and discussion 

about how representative a particular case study is. Even for the historical periods after 1599 

CE, for which larger quantities of written sources are available, historians are confronted with 

similar challenges, because they often have to be selective in their choice of the sources they 

work on, and hence they end up facing the representativeness issue as well.  

In this context of forced selectivity or self-limitation in the spatial and temporal scales we work 

on, historians must build on the fact that history as a discipline operates at different levels when 

interpreting causal mechanics – from the individual to the societal, the structural or systemic –

all of which involve different temporal plans. Several research traditions that emerged within 

the discipline of history developed their own ways of handling the differential effects of 

synchronic but dissimilar sets of phenomena, acting on different societal ‘levels’.  

Along these lines, in recent longue durée debates, it has been suggested that in order to work 

properly with longer-term perspectives in historical studies, it is necessary to deconstruct or 

break down the long-term into finer temporal scales. This should make it possible to understand 

the social processes that make up the base of centennial trends.21 In fact, the French historians 

of the late Annales school proposed and adapted similar solutions a couple of decades ago as 

they attempted to untie the deadlocks of quantitative history: the most common solution was 

to understand the specific events of micro-history as models for larger-scale phenomena.22 A 

 
21  Christian LAMOUROUX, « Longue durée et profondeurs chronologiques », Annales. Histoire, Sciences 

Sociales, 2015, vol. 70, no 2, p. 359‑365. 
22  The « question of scale » was one of the major concerns in the context of the « crisis » of the Annales in the 

1980s: « Histoire et sciences sociales. Un tournant critique ? », Annales, 1988, vol. 43, no 43, p. 291‑293 ; for a 

fuller treatment of the micro vs macro scale debate in the French historiography, see Jacques REVEL, « Micro-

analyse et construction du social », in Jacques REVEL (dir.), Jeux d’échelles: la micro-analyse à l’expérience, 
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successful study of the quantitative trends therefore must combine the longer-term approach 

with a more micro-historical, or at least higher-resolution and qualitative, historical method.23 

With the current explosion of palaeo-environmental data, historians also need not only combine 

quantitative and narrative approaches that exist within history itself, but also open themselves 

to non-humanistic evidence, including by actively searching for relevant data in other 

disciplines. Combining a range of different types of environmental proxies with archaeological 

and textual evidence makes it possible to narrow the range of interpretive possibilities down 

and limit the extent of potential interpretations. In this way, we can progress toward a more 

comprehensive and integrated understanding of our past.  

The change the historical discipline is undergoing, with recent advances in the palaeo-sciences, 

can also be understood as a redefinition of the Braudelian structure of historical time. Thus, the 

(sub)centennial-regional scale of much of the palaeo-climate data is exactly the “medium-term” 

level of change at which Braudel located the social and the economic.24 With the increasing 

availability of palaeo-environmental data, it has now become possible to also ‘translate’ the 

environmental phenomena from Braudel’s deep level of the longue durée, where no humanly-

perceptible change occurs, to the level of the medium-term, where “common destinies” and 

“trends” – including climatic trends, or conjonctures climatiques, as Le Roy Ladurie would 

call them25 – occur, with changes taking place at a relatively fast pace, from one generation to 

another or even quicker. This does not mean that there are no long-term processes in Braudelian 

change (or that “environmental” histories occur only at medium-term timescales) - rather, the 

processes are defined by their pace, and not by their specificity: the “environmental” 

 
Paris, Seuil, 1996, p. 15‑36 ; Jacques REVEL, « Paysage par gros temps », in Antonella ROMANO et Silvia 

SEBASTIANI (dir.), La forza delle incertezze : dialoghi storiografici con Jacques Revel, Bologna, Società editrice 

Il mulino, 2016, p. 353‑369.  
23 Such approaches have been pioneered also within the broader tradition of the Annales school, if we take into 

account the work of the Genoa-based laboratory of environmental history and archaeology led by Diego 

Moreno. In this case, detailed historical work, in particular in the field of historical geography, provides new 

basis for the interpretation of archaeological finds and palaeo-environmental data: see, for instance: Giulia 

BELTRAMETTI, Roberta CEVASCO, Diego MORENO et Anna Maria STAGNO, « Les cultures temporaires, entre 

longue durée et chronologie fine (Montagne ligure, Italie) », in Christine RENDU et Roland VIADER (dir.), 

Cultures temporaires et féodalité : Les rotations culturales et l’appropriation du sol dans l’Europe médiévale et 

moderne, Toulouse, Presses universitaires du Midi, 2014, p. 235‑258; Valentina PESCINI, Carlo Alessandro 

MONTANARI et Diego Teodorico MORENO, « Multi-proxy record of environmental changes and past land use 

practices in a Mediterranean landscape: The Punta Mesco cape (Liguria - Italy) between the 15th and 20th 

century », Quaternary International, 463, 2018, p. 376‑390. 
24  Fernand BRAUDEL, La Méditerranée et le monde méditerranéen à l’époque de Philippe II, Paris, Colin, 

1949 ; Fernand BRAUDEL, « Histoire et Sciences sociales : La longue durée », Annales, 1958, vol. 13, no 13, p. 

725‑753. 
25  The term he used for the first time in a paper published more than 50 years ago: E. LE ROY LADURIE, 

« Aspects historiques de la nouvelle climatologie », art. cit ; Ibid.. 
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accompanies the social and the economic, as well as the political and the cultural, at every 

timescale the phenomena we study actually occur. 

The issue of timescales (and associated spatial scales, as they usually go together in our 

research) can also be approached from a different angle: not that of the phenomena or the 

methods used to study a phenomenon, but of the disciplines involved and the time scales they 

are working on. This problem has been noticed especially by historians working at the cross-

roads of history and more traditional archaeology or geology. For instance, as recently as 

twenty years ago, the landscape historian Gérard Chouquer argued that instead of seeing the 

role of different disciplines as supplying information on different “layers” of temporality – 

from the deep(er) past of interest to geologists to the contemporary human-natural space of 

interest to geographers –  all disciplines should work together, with the means they have at 

their disposal, to address phenomena of interest along relevant spatiotemporal scales.26 

In this context, however, it is important to emphasise the progress that the palaeo-scientific 

approaches achieved in the last decade, both in the range of phenomena they are able to 

reconstruct and the temporal accuracy of their methods. As a result, many problems faced by 

earlier generations of historians who pioneered the collaboration with the earth sciences in the 

twentieth century are gradually disappearing, and as the earth sciences increase their focus on 

the origins of the Anthropocene, there is justified hope for achieving even better spatiotemporal 

synergy between scholars from the humanities and the earth sciences. 

3. The practice of interdisciplinarity 

3.1. Survey-type studies: bringing together disparate datasets 
After discussing major methodological issues involved in the collaboration between the 

discipline of history and the palaeo-environmental sciences, we should now present examples 

of interdisciplinarity in practice. We decided to focus on three groups of studies, which 

represent what we consider to be the most common models currently linking historical research 

with the natural scientific data in the field of environmental history: broad-stroke survey-type 

studies, more focused quantitative studies and interdisciplinary textual studies. 

Survey-type studies were the earliest examples of interdisciplinary environmental history. 

They can be described as attempts by historians and scientists, who authored the scientific data, 

to place in some historical context scientific data, which had been created in some instances 

 
26 Gérard CHOUQUER, L’étude des paysages. Essais sur leurs formes et leur histoire, Paris, Errance, 2000, pp. 

170-175. 



24 
 

long prior or accumulated over a long period and in most instances independently from 

traditional historical questions. In other words, historians together with scientists, who 

produced the data or scientists who could treat the data critically, sought to provide the natural 

scientific data with historical meaning and significance. Over the last two decades, most such 

studies have focused on past climate.27 This early model of survey-type studies brings up its 

delicate yet important ‘marketing’ aspect: often history is used mostly to bestow additional 

significance and publicity on an otherwise typical natural science project. Thus, these studies 

cannot be understood simply as historians using scientific “products”, but also as the sciences 

(or rather, natural scientists) validating their claims with history and using it to infuse their 

findings with additional significance.28 It is vital to mention this problem early on as we speak 

about the practice of interdisciplinarity: considerable tension and even power struggles can  

characterize interdisciplinary projects and the use and interpretation of scientific data. When 

engaging with the palaeo-sciences, historians can often be drawn into debates about which they 

are only partially aware, if at all. This may lead to the overemphasizing of the historical 

significance of a specific dataset or the disregarding of source criticism or the limits of plausible 

historical interpretation. It is quite possible for history to be misused and for historians to be 

 
27 The most comprehensive among them were probably two studies focused on the late antique world: 

Michael MCCORMICK, Ulf BÜNTGEN, Mark A. CANE, Edward R. COOK, Kyle HARPER, Peter HUYBERS, Thomas LITT, Sturt 
W. MANNING, Paul Andrew MAYEWSKI, Alexander F. M. MORE, Kurt NICOLUSSI et Willy TEGEL, « Climate Change 
during and after the Roman Empire: Reconstructing the Past from Scientific and Historical Evidence », Journal 
of Interdisciplinary History, 43-2, 2012, p. 169‑220; and John HALDON, Neil ROBERTS, Adam IZDEBSKI, Dominik 
FLEITMANN, Michael MCCORMICK, Marica CASSIS, Owen P. DOONAN, Warren J. EASTWOOD, Hugh ELTON, Sabine 
LADSTÄTTER, Sturt MANNING, James NEWHARD, Kathleen NICHOL, Ioannis G. TELELIS et Elena XOPLAKI, « The climate 
and environment of Byzantine Anatolia: integrating science, history and archaeology », Journal of 
Interdisciplinary History, 45, 2014, p. 113‑161. Other well-known examples include: Ulf BÜNTGEN, Tomáš KYNCL, 
Christian GINZLER, David S. JACKS, Jan ESPER, Willy TEGEL, Karl-Uwe HEUSSNER et Josef KYNCL, « Filling the Eastern 
European gap in millennium-long temperature reconstructions », Proceedings of the National Academy of 
Sciences, 110-5, 2013, p. 1773‑1778 ; Ulf BÜNTGEN, Vladimir S. MYGLAN, Fredrik Charpentier LJUNGQVIST, Michael 
MCCORMICK, Nicola DI COSMO, Michael SIGL, Johann JUNGCLAUS, Sebastian WAGNER, Paul J. KRUSIC, Jan ESPER, Jed O. 
KAPLAN, Michiel A. C. DE VAAN, Jürg LUTERBACHER, Lukas WACKER, Willy TEGEL et Alexander V. KIRDYANOV, « Cooling 
and societal change during the Late Antique Little Ice Age from 536 to around 660 AD », Nature Geoscience, 9-
3, 2016, p. 231‑236 ; Ulf BÜNTGEN, Willy TEGEL, Kurt NICOLUSSI, Michael MCCORMICK, David FRANK, Valerie TROUET, 
Jed O. KAPLAN, Franz HERZIG, Karl-Uwe HEUSSNER, Heinz WANNER, Jürg LUTERBACHER et Jan ESPER, « 2500 Years of 
European Climate Variability and Human Susceptibility », Science, 331-6017, 2011, p. 578‑582. The survey-type 
approach could be also deployed on a larger scale, even within a historical monograph, as demonstrated by 
Adam IZDEBSKI, A rural economy in transition : Asia Minor from late antiquity into the early Middle Ages , 
Warsaw: Taubenschlag Foundation, 2013. A recent example of a large-scale application of this approach is also 
Lee MORDECHAI, Merle EISENBERG, Timothy P. NEWFIELD, Adam IZDEBSKI, Janet E. KAY et Hendrik POINAR, « The 
Justinianic Plague: An inconsequential pandemic? », Proceedings of the National Academy of Sciences, 116-51, 
2019, p. 25546‑25554. 
28 Cf. Kristina SESSA, « The New Environmental Fall of Rome: A Methodological Consideration », Journal of 

Late Antiquity, 12-1, 2019, p. 211-255. 
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short shrifted.29 At the same time, naturally, the opposite is possible: scientists can 

unknowingly enter and even take a side in a subject of considerable debate within the field of 

history. 

Let us now have a look at a more recent example of this approach to see its weaknesses and 

strengths. We can analyze this example critically as many authors of the relevant publication 

are co-authoring this review article. Sicily, on which the study in question was focused, is 

particularly suitable for exploring the pre-industrial relationship between climate and society 

on the one hand, and the historical and environmental data on the other. This is thanks to its 

abundance of human records, written and material, and the region’s heightened vulnerability 

to contemporary climatic change. Thus, there is, and has been for a number of years, a wealth 

of data - coming from different natural scientific, historical and archaeological projects - that 

could be pulled together in order to create a new narrative of the island’s environmental history 

over the longue durée. 

Throughout the first millennium AD, Sicily was a unique place. At the end of Mediterranean 

antiquity, Sicily was a province of Western Roman Empire and then, after an Ostrogothic 

interlude, the Eastern Roman Empire. It, thus, remained under imperial Roman control for 

several centuries – until the ninth century. During that time, Sicily experienced significant long-

term changes in climate, which had the potential to alter the agricultural productivity of the 

island. The interplay of climatic shifts and social-ecological processes in late antique Sicily 

was studied by a team of natural and social scientists in 2016, and here we focus on the 

methodological aspects of their work.30 By looking at this example, we would like to show in 

 
29 Examples of such situations are many; to give just one, a study presenting a record of lead pollution in a 

Greenland ice core - most probably related to silver production in Iberia and France - was broadly promoted as 
a reconstruction of the Roman GDP, even though the study itself restricts itself to inferences about Roman 
economic growth (Joseph R. MCCONNELL, Andrew I. WILSON, Andreas STOHL, Monica M. ARIENZO, Nathan J. 
CHELLMAN, Sabine ECKHARDT, Elisabeth M. THOMPSON, A. Mark POLLARD et Jørgen Peder STEFFENSEN, « Lead 
pollution recorded in Greenland ice indicates European emissions tracked plagues, wars, and imperial 
expansion during antiquity », Proceedings of the National Academy of Sciences, , 2018, p. 201721818). Perhaps 
more revealing is the career of a “Digitising Historical Plague” dataset which was made available in 2012 by a 
team consisting predominantly of climate scientists: the dataset is based on a positivistic reading of an 
incomplete, and Western Europe-focused catalogue of late medieval and early modern plague outbreaks 
published in the 1970s, not meant to be used as a complete quantitative dataset on European plague in pre-
industrial times (Ulf BÜNTGEN, Christian GINZLER, Jan ESPER, Willy TEGEL et Anthony J. MCMICHAEL, « Digitizing 
Historical Plague », Clinical Infectious Diseases, 55-11, 2012, p. 1586‑1588 - based on Jean Noël BIRABEN, Les 
hommes et la peste en France et dans les pays européens et méditerranéens, Paris, Mouton, 1975). Since its 
publication, and especially since March 2020, this dataset has become the basis for a large number of papers 
on the epidemiology, demography, economic impacts, etc., of the Black Death as well as the later outbreaks of 
plague in Europe. 
30  Laura SADORI et al., « Climate, environment and society in southern Italy during the last 2000 years. A 

review of the environmental, historical and archaeological evidence », Quaternary Science Reviews, 2016, 
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more detail how historians and natural scientists combine different types of data to develop 

potential scenarios of social-ecological change and how they typically evaluate their 

plausibility in a survey-type study. 

For Sicily, the point of departure for the interdisciplinary research was a multi-proxy study of 

a sediment core from Lago di Pergusa, a lake located in the island’s central-east.31 A single 

sediment core, or “mud column”, was retrieved from the bottom of the lake and was sampled 

according to several different analytical approaches. That different scientific approaches were 

applied to the same core ensured that there would be no uncertainty regarding the chronological 

relationship between the results of the approaches. The sediments were analysed in particular 

for pollen (used to reconstruct past vegetation cover and agriculture history) and oxygen 

isotopes (δ18O – used to reconstruct winter precipitation, as the proportion of different oxygen 

isotopes is in the context of Lago di Pergusa linked to precipitation and evaporation). The core 

was radiocarbon-dated and provided with a relatively robust age-depth model, which resulted 

in known chronological uncertainty (a confidence interval) of ca. 50 years (for pollen as well 

as isotopes, since they come from the same sediment core). Already existing pollen and palaeo-

climatic data from other Sicilian and southern Italian sites were also taken into account, thus 

expanding the spatial coverage of the study. In terms of the quantitative evidence for socio-

economic processes, the study drew on numismatic data (presence of Eastern Roman coinage 

on Sicily) as well as archaeological survey datasets (rural settlement counts), and it also 

referred to other archaeological material, mainly pottery, in the final interpretation (for an 

overview of the data, see Figure 5).  

 
vol. 136, p. 173‑188 ; a summary figure for this article was also published in: A. IZDEBSKI et al., « Realising 

consilience », op. cit. 
31  A multi-proxy study employs a number of different analytical techniques to study material from the same 

sediment core, which leads to the reconstruction of a greater number of different environmental variables. 
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Figure 5. Palaeo-environmental data from Lago di Pergusa together with numismatic and rural settlement data from Sicily. 
Based on Sadori et al. 2016 QSR, vol. 136, figure modified after Izdebski et al. QSR 2016, vol. 136. 

The study argued for a strong four-sided correlation over a period of 300 years (mid-fourth to 

mid-seventh century) between (1) an increase in winter precipitation, as evidenced in oxygen 

isotope measurements; (2) a dearth of evidence for any arboreal expansion which would, in the 
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region, typically occur in periods of rising humidity (in lieu of human interference, of course, 

as was the case in this period); (3) an expansion of cereal and olive cultivation (visible in the 

pollen data); and (4) a discernible increase in rural site density from the mid-fourth to at least 

the mid-seventh century (see Figure 5). The authors suggested that the rise in winter rainfall 

(1) should have facilitated both an increase in farming and visible human impact on the 

landscape (2 & 3) as well as rural settlement expansion (4), particularly on the marginal lands 

on the otherwise dry island. It is important to note, however, that whereas there is no doubt 

about the temporal relationships between phenomena (1-3), as they are reconstructed from the 

same sediment core, the correlation with phenomenon (4) remains problematic. Rural 

settlement dating depends on ceramic typo-chronologies, the resolution of which can range 

between decades or centuries. Moreover, typo-chronologies are subject to change as research 

on the ancient ceramics progresses.32 This means that the association between phenomena (1-

2) and phenomenon (4) remains a broad-stroke picture, one based on approximate 

chronological association and the assumed causal link between an increase in rural site numbers 

and an expansion of agricultural activities. 

This potentially climate-related rural economic expansion was placed in the context of the 

relatively well-known phenomenon of the contemporary growth of grain markets in the Eastern 

Mediterranean, Italy and North Africa following the foundation of Constantinople in AD 330.33 

Importantly, the authors of the interdisciplinary study on Sicily abstained from arguing for a 

strong climate-environment-society causal link, despite the relatively strong temporal 

correlation between observed climatic, environmental and human phenomena, since they 

recognised that human factors (i.e., foundation of Constantinople and its consequences) 

themselves were sufficient to explain the visible socio-ecological changes, phenomena (2-4). 

While climate may have played a part in these developments, its role was not necessarily 

causal; rather it may have offered a context in which certain socio-economic processes could 

take place more efficiently. In this sense, it could be seen as an amplifier, facilitating the 

discernible social-ecological change. 

 
32 Philip BES, Once upon a time in the East: the chronological and geographical distribution of terra sigillata 

and red slip ware in the Roman East, Oxford, Archaeopress Publishing Ltd, 2015 ; David K. PETTEGREW, 

« Regional Survey and the Boom-and-bust Countryside: Re-reading the Archaeological Evidence for Episodic 

Abandonment in the Late Roman Corinthia », International Journal of Historical Archaeology,  14-2, 2010, p. 

215‑229 ; A. BEVAN et al., « Measuring Chronological Uncertainty in Intensive Survey Finds: A Case Study 

from Antikythera, Greece », Archaeometry,  55-2, 2013, p. 312–328. 
33  Domenico VERA, « Fra Egitto ed Africa, fra Roma e Costantinopoli, fra annona e commercio: la Sicilia nel 

Mediterraneo tardoantico », Kokalos, 1997, 43/44, p. 33‑72. 
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The authors observed another interesting fact, namely a sequence of (1) declining winter 

precipitation starting in the late seventh century; (2) contracting cereal cultivation, which led 

to land abandonment and woodland expansion, and which was preceded by a short-term rise in 

rye, a drought-adapted cereal species; (3) a de-monetisation of the island; and (4) the waning 

of Sicily’s political significance within the Byzantine Empire and its final conquest by the Arab 

rulers of North Africa. As in the previous example, the temporal relationship between 

phenomena (1) and (2) is certain, as the data come from the same sediment core. The 

numismatic data are likewise characterised by a high degree of chronological precision.34 

Moreover, as the authors note, the decrease in coin deposition in Sicily was possibly related to 

economic and political processes, that is, the general de-monetisation of the Byzantine 

economy and the imperial government’s fading interest in the island35. 

What remains most elusive, however, is the temporal connection between phenomena (1-3) 

and phenomenon (4), the Arab conquest of the island. A chronological sequence of events is 

not enough to prove a causal connection between them (nor is temporal correlation), and the 

authors were unable to provide further evidence to support a hypothesis that climatic 

deterioration weakened the island’s Byzantine social-economic system and led to its failure in 

the face of the Arab conquest. Notably, the Arab conquest of the island was very gradual – 

lasting nearly a century – and that Byzantine political-military circumstances on the one hand 

and the local (Italian) political situation on the other are sufficient to explain the Arab success 

and the snail’s pace of the island’s conquest. There was, thus, no ‘collapse’ as such, but rather 

a slow process of conquest and socio-economic transformation, which might have been in part 

triggered by a change in the regional winter precipitation regime that set in in late seventh and 

early eighth centuries. 

This case study showcases both the potential and the shortcomings of a purely quantitative 

approach, which is usually favoured by palaeo-environmental scientists, who often encourage 

historians and archaeologists to provide “numbers” that enable inherently quantitative palaeo-

climatic and palaeo-environmental reconstructions to be fitted with what are often inherently 

 
34 However, as long as we consider only the chronology of their issuing: they could remain in use considerably 

longer and it is difficult to provide a one-fits-all general estimate for how long this period was in the Byzantine 

context - for a further discussion, see: Marcus PHILLIPS, « Currency in seventh-century Syria as a historical 

source », Byzantine and Modern Greek Studies, 28-1, 2004, p. 13‑31. 
35 Which, as the authors point out, may have had to do with its decreasing agricultural productivity, so central to 

the interests of the imperial government in the times of struggle for survival with the caliphate. Cf. John 

HALDON, « Some Thoughts on Climate Change, Local Environment, and Grain Production in Byzantine 

Northern Anatolia », in Adam IZDEBSKI et Michael MULRYAN (dir.), Environment and Society in the Long Late 

Antiquity, Leiden, Brill, 2018, p. 200‑206. 
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qualitative written sources. Studies, like the Sicilian one, can reveal intriguing co-occurrences, 

sequences or lack of temporal connection between climatic, environmental and societal 

phenomena, but they are limited when it comes to establishing plausible causal connections. 

Such approaches – especially with the limitations of the different types of data – can serve as 

a useful first step in exploring the climate-society connection, but they cannot provide us with 

the type of answers that historians or environmental scientists often seek. In other words, it 

remains an open question to what extent datasets created in different projects, with different 

agendas, could be used for other purposes. This is done on a usual basis, often without weighing 

the pros and the cons. As long as this happens within the context of a similar line of inquiry or 

within the same field, it is usually not that problematic. However, when data originate in one 

field but are used to answer questions in another field, and are therein detached from their 

original research context, important interpretational issue, which hamper final conclusions, 

may emerge. 

Moreover, in order to improve this common approach of combining palaeo-climatic 

reconstructions with the fruits of historical research, we need to ensure that all types of evidence 

– historical, archaeological, environmental, etc. – are actually operating at the same level, in 

terms of spatial, societal and temporal scales. This is not always easy, as different datasets are 

frequently the result of disparate analyses: the final products were never truly designed to 

overlap with each other. This is not distinct from the palaeo-sciences. Most scientists collect 

only part of the data they use to arrive at their final conclusions, incorporating substantial 

amounts of existing data. Bringing more data to the table has its obvious advantages, 

facilitating larger-scale analyses and even interdisciplinarity, but it also risks study authors 

losing control over the data employed and weakening the precision of the study. One solution 

to this problem is to invite the relevant specialists to join the study, which of course can 

heighten the study’s complexity but also raise logistical problems and slow down project 

process. Finally, and additional to these issues, researchers tend also to be constrained by the 

nature of their evidence, so that comparison and correlation-testing of differently-calibrated 

time series runs the risk of comparing incomparable variables. To take this approach to a 

different level, such studies should ideally result from workshops, focused on a specific 

research question (or questions) embedded in a clear spatiotemporal framework. An even better 

approach would be to build more permanent teams geared toward the restructuring of already 

existing data and, whenever necessary, the production of new data, in order to address the 

research question in a more direct and precise manner.  



31 
 

3.2. Pitfalls and potential of quantification and statistical inference 
Sources that contain deliberate, continuous and systematic hydrometeorological, atmospheric 

or astronomical observations (e.g., recording potentially weather-relevant sunspot, auroral or 

dust-veil phenomena) are highly prized, particularly for pre- or early instrumental periods. 

These include weather diaries, often the virtuoso productions of keen amateur (but also 

sometimes trained professional) observers, and employing set terminologies to describe 

phenomena and their intensities or durations, a practice arising from an awareness by the 

diarists of potential subjectivity in language and description. In Europe, these are principally 

available from the later medieval period onward,36 but systematic environmental observations 

were certainly maintained elsewhere in other (e.g. institutional) contexts, with standout 

examples being the Babylonian astronomical diaries that survive from the seventh to first 

centuries BCE,37 and Egyptian Nilometer records (to which we will return).  

In being more readily quantifiable, such sources have advanced our understanding of past 

climatic changes and their societal consequences.38 But so too have more qualitative sources 

with, for example, medieval annals and chronicles furnishing records of extreme weather, 

political events and social behaviours that have been quantified in frequency and intensity.39 

 
36 Christian Pfister, Rudolf Brázdil, R. Glaser, A. Bokwa, F. Holawe, D. Limanowka, O. Kotyza, J. Munzar, L. 

Rácz, E. Strömmer and G. Schwarz-Zanetti, Daily Weather Observations in Sixteenth-Century Europe, Climatic 

Change, 43 (1999), 111-150 ; U. Gimmi, Jurg Luterbacher, Christian Pfister and H. Wanner, A Method to 

Reconstruct Long Precipitation Series Using Systematic Descriptive Observations in Weather Diaries: the 

Example of the Precipitation Series for Bern, Switzerland (1760-2003), Theoretical and Applied Climatology, 

87 (2007), 185-199 ; Stephen O’Connor, Conor Murphy, J. C. Butler, Arlene Crampsie, Francis Ludlow, Csaba 

Horvath and Eva Jobbova, E., “A Weather Diary from Donegal, Ireland 1846”, Weather (2020). 

DOI:10.1002/wea.3818 
37 Joost Huijs, R. Pirngruber and Bas van Leeuwen, Climate, war and economic development: The case of 

second-century BC Babylon, In: Robertus J. van der Spek, Bas van Leeuwen and J. L. van Zanden (eds.), A 

history of market performance: From ancient Babylonia to the modern world. London: Routledge, 2019, 

pp.128-148 ; Johannes Haubold, John Steele, and Kathryn Stevens (eds), Keeping watch in Babylon: The 

Astronomical Diaries in Context. Brill, 2019. 
38 They can still, however, exhibit biases, in which they fail to capture longer-term changes in background 

average climate conditions, with such trends escaping notice if occurring near or beyond the life-span of 

individuals observers, as noted by Raymond Bradley and Philip D. Jones, Climate Since A.D. 1500: 

Introduction, In: Raymond S. Bradley and Philip D. Jones (eds), Climate Since A.D. 1500. Revised ed. London: 

Routledge, 1995, 1-16, and M. J. Ingram, D. J. Underhill and G. Farmer, The Use of Documentary Sources for 

the Study of Past Climates, In: T. M. L. Wigley, M. J. Ingram and G. Farmer (eds), Climate and History: 

Studies in Past Climates and their Impact on Man. Cambridge: Cambridge University Press, 1981, 180-213. A 

similar challenge exists, indeed, when reconstructing long-term changes over centuries and millennia from tree-

ring samples that individually span smaller time-slices: Edward R. Cook, Keith R. Briffa, D. M. Meko, D. A. 

Graybill and G. Funkhouser, The “segment length curse” in long tree-ring chronology development for 

palaeoclimatic studies, The Holocene 5(2) (1995), 229-237. 
39 See, e.g.: Michael McCormick, Ulf Büntgen, M. A. Cane, Edward R. Cook, Kyle Harper, Peter Huybers, T. 

Litt, S. W. Manning, Paul A. Mayewski, Alexander F. More, Kurt Nicolussi and W. Tegel, Climate change 

during and after the Roman Empire: reconstructing the past from scientific and historical evidence, Journal of 

Interdisciplinary History 43(2) (2012): 169–220 ; Sebastian Guillet, Cristophe Corona, Francis Ludlow, Clive 

Oppenheimer and Markus Stoffel, “Climatic and Societal Impacts of a “Forgotten” Cluster of Volcanic 
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Annalistic sources have often been side-lined, in part because their focus on singular extreme 

events prevents a full annual reconstruction of average conditions, though Emmanuel Le Roy 

Ladurie, despite noting their limitations, argued that rejecting annalistic sources out of hand 

would be “hypercritical … flying in the face of texts and wantonly refusing to admit witnesses 

who have a right to be heard.”40 More recently they have found increasing use in tandem with 

natural archives to test specific hypotheses concerning past climatic behaviour, societal 

vulnerability and response, particularly in the high and early medieval periods for which other 

sources are comparatively scarce.41  

 
Eruptions in 1108-1110 CE”, Scientific Reports 10 (2020) 6715 ; G. Blöschl, A. Kiss, A. Viglione et al. Current 

European flood-rich period exceptional compared with past 500 years. Nature 583 (2020), 560–566. 
40 Emmanuel Le Roy Ladurie, Times of Feast, Times of Famine: A History of Climate since the Year 1000. 

London: George Allen and Unwin Ltd., 1971, 275. The issue, as described elsewhere is that while “a systematic 

drop in average temperatures may logically result in a greater occurrence of extreme cold events... the reverse 

cannot simply be assumed, and the reconstructed incidence of... cold in Ireland may not always scale linearly 

with longer-term average temperature change. Climate can also feasibly exhibit increased variability leading to 

more frequent extreme events whilst maintaining an approximately steady average state” (see Francis Ludlow, 

‘Assessing non-climatic influences on the record of extreme weather events in the Irish Annals’, in P.J. Duffy 

and W. Nolan (eds), At the anvil: essays in honour of William J. Smyth (Dublin, Geography Publications, 

2012), 93–133: 100). 
41 This scarcity is long-noted: Hubert H. Lamb, Climate, History and the Modern World. 2nd edition. London: 

Routledge, 1995. For prominent examples of such usage: Michael McCormick, Paul E. Dutton and Paul A. 

Mayewski, Volcanoes and the climate forcing of Carolingian Europe, A.D. 750–950, Speculum 82 (2007), 865–

895 (and also the statistical appendix by Nick Patterson), and Christian Pfister, Jurg Luterbacher, C. Schwarz-

Zanetti and M. Wegmann, Winter air temperature variations in Western Europe during the early and high 

Middle Ages (AD 750-1300), The Holocene, 8 (1998), 535-552. 
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Figure 6. Vellum page (H 42r b) from TCD MS1282, the Annals of Ulster, spanning 852 to 858 CE.  

In the inset, the encircled notation reads “K1. Ianair”, an abbreviation of the “Kalends of January”, i.e., the first day of January, 
marking each annual list of entries. The dashed underlined text gives the Anno Domini date in Latin numerals, and the solid 
underlined text shows the first historical entry for the year 856 (incorrectly 855 in the manuscript). This entry reports: “There 
was much ice and frost so that the principal lakes and rivers of Ireland could be crossed by people on foot an on horseback 
from the ninth of the Kalends of December [i.e., 23 November 855] to the seventh of the Ides of January [i.e., 7 January 856]. 
A tempestuous and harsh year.” Image reproduced by permission of the Board of Trinity College Dublin. 

Taking briefly the example of medieval Irish annals, the surviving corpus provides reliable 

reporting of major historical events starting in the sixth century CE or earlier, and ceasing only 

in the seventeenth when English colonial rule disrupted their recording.42 These texts credibly 

identify some sixty-five severe “cold events” across this period (Figure 6). When combined 

with evidence for the timing and magnitude of historic explosive volcanic eruptions (that 

register through elevated fall-out of atmospheric sulphate on the Greenland ice-sheet, and are 

identifiable by sulphate measurements in ice-cores extracted from the region), this reveals a 

major role for explosive volcanism on the climate of the northeast Atlantic region represented 

 
42 Daniel McCarthy, The Irish Annals: Their Genesis, Evolution and History. Dublin, Four Courts Press, 2008. 
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by Ireland across more than a millennium.43 To achieve this, evidence of severe cold relative 

to Ireland’s mild maritime climatic norm was identified (including frost, snow or general 

descriptions of cold) and quantified by type, frequency and seasonality. Consideration of the 

accuracy and precision of the respective ice-core and annalistic chronologies, as well as 

timescales of relevant atmospheric and climatic processes (e.g., governing sulphate transport 

times to Greenland and lag times between eruptions and their climatic impacts) was also needed 

to allow a count of meaningful correspondences in the dates of cold events and eruptions (i.e., 

those occurring close enough in time to hold a plausible causal association). Some 37 (53.6%) 

cold events were thus seen to correspond to eruption dates within a small number of years,44 

implying a sizable role for volcanism in inducing extreme cold that often heavily impacted 

Irish society.45 The Irish climate can, however, experience severe cold even without volcanic 

forcing. Importantly, therefore, the quantitative format of the data further allowed a 

determination that the probability of such a high level of co-occurrence arising purely by 

chance was vanishingly small at 0.03%, providing an interpretative guide that lends confidence 

to arguments proposing the reality of the apparent linkage. 

Most cold events were, moreover, reported for winter, regardless of whether they were 

associated with volcanism. The written evidence thus complements more widespread 

understandings of historic volcanic impacts on climate based upon natural (biological) archives 

such as tree-rings that can usually reveal only spring-summer climate during the period of 

active growth.46 Some scholars have expressed fears that “natural archives” are being accorded 

 
43 Francis LUDLOW, Alexander R STINE, Paul LEAHY, Enda MURPHY, Paul A MAYEWSKI, David TAYLOR, 

James KILLEN, Michael G L BAILLIE, Mark HENNESSY et Gerard KIELY, « Medieval Irish chronicles reveal 

persistent volcanic forcing of severe winter cold events, 431–1649 CE », Environmental Research Letters, 8-2, 

2013, L024035. 
44 A default correspondence window of +/-5 years was chosen to allow for small potential remaining errors in 

the annalistic chronologies, small remaining errors in the GISP2 ice-core chronology and its resolution, with 

each single sulphate measurement representing approximately 2.5 years worth of ice. As per the main text, the 

+/-5 year window also allowed for delays in sulphate transport and deposition from a source volcano to 

Greenland (such that a climatic impact may have been registered in the Irish Annals before a notable rise in 

sulphate in the Greenland ice), or a lagged or multi-year climatic response (such that severe winter cold may not 

occur in the first post-eruption winter, and/or when occurring, might span several years). A further advantage of 

this quantitative approach is the ability to “stress test” results, this the paper tested a range of alternative 

windows from +/-5 year to +/-1 years and observed a likely non-random association between volcanic and cold 

event dates in each case: Francis LUDLOW et al., « Medieval Irish chronicles ». 
45 For such impacts, see Bruce M. S. Campbell and Francis Ludlow, “Climate, disease and society in Late-

Medieval Ireland”, Proceedings of the Royal Irish Academy, 120C, 2021, 159-249, and Donnchadh Ó Corráin, 

‘Ireland c.800: aspects of society’, in Dáibhí Ó Cróinín (ed.), A new history of Ireland, vol. 1, prehistoric and 

early Ireland (Cambridge, 2005), 549–608. 
46 The winter cooling here also suggests the need to recognize additional real-world complexity relative to the 

winter-season warming expected for many Northern Hemispheric landmasses following large tropical eruptions 

(see e.g., Alan Robock, Volcanic eruptions and climate, Reviews of Geophysics, 38 (2000), 191–219). 
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automatic primacy over human archives in human-environmental studies,47 but the Irish 

example shows that natural and human archives should be considered as complementary, an 

understanding that requires an unbiased approach to the possibilities of these archives, efforts 

to learn their respective strengths and limitations, and confidence in what each discipline has 

to offer in this endeavour. Credible quantification of the Irish evidence required, for example, 

an understanding of the genealogy of the annalistic texts, which, because of shared ancestry, 

often duplicate reports and, because of errors in copying through time, can locate these under 

different years. This can effectively disguise their duplicate status and promote double (or 

greater) counting. Understanding the motivations for recording weather (linked to how extreme 

events were perceived by both the scribes and their intended audience, including as portents or 

vehicles of divine retribution) were also critical to identify reports of dubious veracity (e.g., 

exaggerated or fabrication to serve a political, rhetorical or theoretical agenda).48 While earlier 

efforts in historical climatology were criticised for insufficient attention to such concerns,49 

historical expertise is now deemed fundamental to the use of written evidence in climatic 

reconstruction.50 The importance of this is demonstrable in the Irish example with a didactic 

‘worst case’ scenario whereby if all dubious reports were included as genuine, and all 

duplicated reports went undetected, total cold events frequencies would increase from 65 to 

181 for an inflation of 178.5%.51  

While the Irish example (and similar work) puts historians, their sources and methods in service 

to natural scientific questions,52 the next example (a study led jointly by a historian and 

historical climatologist) highlights the use of natural archives, quantification and statistical 

modelling in pursuit of historians’ questions concerning climatic influences on society. Here, 

quantification of major historical events and socioeconomic activity by frequency and type in 

 
47 John Moreland, “AD536 – Back to Nature?”, Acta Archaeologica, 89:1 (2018), 91-111. 
48 Francis Ludlow, Utility of the Irish Annals as a Source for the Reconstruction of Climate, Unpublished PhD 

Thesis, University of Dublin ; Daniel McCarthy and Aidan Breen, ‘Astronomical observations in the Irish 

Annals and their motivation’, Peritia 11 (1997), 1-43 ; Mark Williams, Fiery shapes: celestial portents and 

astrology in Ireland and Wales, 700-1700 (Oxford, 2010). 
49 Such comments were often made of work by Hubert H. Lamb and Gordon Manley (albeit while emphasizing 

their pioneering status): Astrid E. Ogilvie and G. Farmer, « Documenting the Medieval Climate », In: Hulme, 

M. and Barrow, E. (eds), Climates of the British Isles: past, present and future. London and New York: 

Routledge, 1997, 112-134. 
50 Rudolf Brázdil, Christian Pfister, H. Wanner, H. Von Storch and Jurg Luterbacher, Historical Climatology in 

Europe – the state of the art, Climatic Change, 70 (2005), 363-430. 
51 Francis Ludlow and Charles Travis, “STEAM Approaches to Climate Change, Extreme Weather and Social-

Political Conflict”, In: Armida de la Garza and Charles Travis (eds), The STEAM revolution: transdisciplinary 

approaches to science, technology, engineering, arts, humanities and mathematics. New York: Springer, 2019, 

33-65. 
52 Even here, the exchange is ultimately two-way, not least as the consequently improved knowledge of past 

climate variability benefits historians pursuing their own questions of the role of climate in historical change. 
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one of Ancient Egypt’s most richly documented eras, that of Ptolemaic rule, 305-30 BCE, has 

allowed new and long-standing hypotheses about the historical influence hydroclimatic 

variability to be tested. Key to the interpretation of the associated results is again a precise 

determination of the likelihood that any observed evidence for this influence has occurred 

randomly.   

Egypt provides an excellent laboratory for the study of human-environmental relations, with 

its general lack of rainfall driving a heavy dependence upon the Nile to compensate via 

irrigation and flood recession agriculture using the Nile’s annual summer floodwaters. This 

makes Egyptian society historically vulnerable to the hydroclimatic impacts of volcanic 

forcing. Loading of the stratosphere with sulphate aerosols from large explosive eruptions 

imposes short-term energy imbalances on the climate system that can result not only in strong 

near-surface hemispheric to global cooling (the same mechanism at least partially responsible 

for the above-examined severe Irish winters), but also related changes in the hydrological 

cycle.53 Instrumental data and climate modelling suggest that strong tropical eruptions tend to 

reduce global average precipitation (mainly via cooling that reduces evaporation), while 

eruptions in the higher latitudes of the Northern Hemisphere (NH) can also reduce the north-

south temperature contrast that drives the northward migration of moisture bearing summer 

monsoonal winds. This is key for the Nile summer flood, as it is mainly fed by African 

monsoon rainfall over the Ethiopian Highlands. Before 20th-century damming, the monsoon 

rainfall here would result in the Nile beginning to rise at Aswan at the southern border of Egypt 

from early June. The highest levels were reached from August and September, with the water 

usually receding by the end of October, when sowing began.54  

The Ptolemaic era was a watershed in Egyptian history that witnessed the establishment of a 

new political and economic framework, including a new capital at Alexandria, one of the 

largest urban settlements in the Mediterranean world at this time. Free-threshing wheat, 

comparatively vulnerable to drought, was widely established as a principal crop throughout 

Egypt during this period, serving Greek preferences within Egypt and a wider Mediterranean 

 
53 Robock, Volcanic eruptions and climate. 
54 Fekri A. HASSAN. 1981. Historical Nile floods and their implications for climatic change. Science 212: 1142-

1145; Luke OMAN et al. 2006. High-latitude eruptions cast shadow over the African monsoon and the flow of 

the Nile. Geophysical Research Letters 33: L18711. Brian ZAMBRI and Alan ROBOCK. 2016. Winter warming 

and summer monsoon reduction after volcanic eruptions in Coupled Model Intercomparison Project 5 (CMIP5) 

simulations. Geophysical Research Letters 43: 10,920-10,928. See also citations in J. G. MANNING, F. LUDLOW, 

A. R. STINE, W. R. BOOS, M. SIGL and J. R. MARLON. 2017.  « Volcanic suppression of Nile summer flooding 

triggers revolt and constrains interstate conflict in ancient Egypt », Nature Communications 8: Article 900.  
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market.55 New fiscal institutions, coinage, banks, and tax farming placed Egypt’s already 

famous agricultural productivity under tighter control, allowing the state to extract more 

surplus from its territory.56 Major wars with its main rival, the Seleukid kingdom in western 

Asia, dominated interstate politics during the third and second centuries BCE.57 Generally 

regarded as the richest and most successful of the Hellenistic successor states to Alexander the 

Great’s empire (and indeed comprising the longest single dynasty in Egyptian history), 

Ptolemaic Egypt began to experience increasing troubles at the end of the third century BCE, 

being wracked with intermittent but more frequent social unrest, facing pressure from an 

expanding Rome and continued animosity from its Seleukid rivals, and internal pressures 

associated at least partly with demographic expansion.  

 

Figure 7. Panel a): Ensemble mean precipitation minus evaporation (P–E) response to five 20th century volcanic eruptions 
(color shading, mm per day) in CMIP5 model output.  The response is the average P–E over the first summer season (May–
October) that contained or followed the eruption, relative to the five summers preceding the eruption. Only anomalies 
statistically significant at the 5% level are shown. The area shown is the Nile watershed. Panel b): Annual Nile summer flood 
heights from the Islamic Nilometer composited relative to the ice-core-estimated dates of eruption years for 60 large 
eruptions between 622 and 1902 CE (eruption years are represented at point 0 on the horizontal axis; years 1 to 8 then 
represent the first to eighth years after these eruptions, and years −1 to −8 the first to eighth years before). Shading indicates 
the 2-tailed 90% confidence interval, estimated using the t-distribution. Nile summer flood heights average 22 cm lower in 
eruption years (P < 0.01). Panel c):  Dates of internal revolt onset against Ptolemaic rule composited relative to the dates of 
16 volcanic eruptions (represented at year 0 on the horizontal axes; years 1–8 then represent the first to eighth years after 
these eruptions, and years −1 to −8 the first to eighth years before), excluding an 8-year buffer at the start and end of our 
305–30 BCE period. Dots indicates statistically significant values estimated using Barnard’s exact test (green: P < 0.05, red: 
P < 0.01, magenta: P < 0.001). The green dashed line gives the 95% confidence threshold also estimated using Barnard’s exact 
test. Figures and caption text adapted from Manning et al. 2017.  

Hydroclimatic pressures via Nile flood variability have often been ascribed a role in earlier 

eras of Egyptian history.58 However, limitations to the available evidence, including the 

 
55 Joseph Gilbert MANNING, The last pharaohs: Egypt under the Ptolemies, 305-30 BC, Princeton, Princeton 

University Press, 2010, p. 117‑164. 
56 ibid., p. 117‑164. 
57 John D. GRAINGER, The Syrian wars, Leiden, Brill, 2010. 
58 Barbara BELL, « The oldest records of the Nile floods », The Geographical Journal, 136/4, 1970, p. 569-573 ; 

« The Dark Ages in ancient history. I. The first Dark Age in Egypt », American Journal of Archaeology, 75, 

1971, p. 1‑26 ; Barbara BELL, « Climate and the History of Egypt: The Middle Kingdom », American Journal of 

Archaeology, 79, 1975, p. 223‑269 ; Fekri A. HASSAN, « The dynamics of a riverine civilization: A 
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temporal and spatial resolutions of the palaeoenvironmental proxies in question, have reduced 

the confidence that can be placed in these ascriptions. Despite the great degree to which 

Egyptian agricultural fortunes were bound to the Nile (even in the Ptolemaic and Roman 

periods when we must also not neglect the important oases in the western desert), and important 

early work by Karl Butzer and others on this topic,59 hydroclimatic variability remains scarcely 

examined as an influence (even broadly) on Ptolemaic Egypt. But in one recent exception, an 

interdisciplinary team has demonstrated a statistically significant (i.e., likely non-random) link 

between key events in Ptolemaic political and economic history and explosive volcanism, 

operating via the (inferred) suppression of the Nile summer flood arising from volcanic impacts 

on the African Monsoon.60  

The key to this study was the integration of evidence from ice-core-based volcanic forcing data, 

climate modelling, and ancient papyri and inscriptions. This began with a comparison of 

summer flood heights recorded primarily at the famous Nilometer on Roda island near Cairo, 

with ice-core-based dates of explosive volcanism between 622 and 1902 CE. This revealed a 

reduction of the summer flood persistently following large tropical and extratropical eruptions, 

a result supported by analysis of climate model output showing a drying over the Nile 

watershed following major twentieth century eruptions (Figure 7a,b). That a volcanic flood 

suppression effect also occurred during the Ptolemaic period was examined by analysis of 

qualitative flood quality indicators based upon papyri and inscriptions that were employed to 

create annual flood quality ranks on an ordinal scale.61 Flood quality was shown to tend toward 

lower ranks during volcanic years. This association, then, between explosive volcanism and 

suppression of the agriculturally critical Nile summer flood provides the key hypothesized 

pathway that makes plausible a link between eruptions and major historical events in Ptolemaic 

Egypt.  

The ability to compare the timing of repeated volcanic events (sixteen in total) against the 

timing of repeated historical events by considering the broader sweep of Ptolemaic history was 

 
geoarchaeological perspective on the Nile Valley, Egypt », World Archaeology, 29, 1997, p. 51‑74 ; Fekri A. 

HASSAN, « Nile floods and political disorder in early Egypt », in H. Nüzhet DALFES, G. KUKLA et Harvey 

WEISS (dir.), Third millennium BC climate change and old world collapse, Berlin, Springer, 1997, p. 1‑23. 
59 Karl W. BUTZER, Early hydraulic civilization in Egypt: a study in cultural ecology, Chicago, University of 

Chicago Press, 1976 ; Karl W. BUTZER, « Long-term Nile flood variation and political discontinuities in 

pharaonic Egypt », in J. Desmond CLARK et Steven A. BRANDT (dir.), From hunters to farmers: the causes and 

consequences of food production in Africa, Berkeley, University of California Press, 1984, p. 1‑36. 
60 J. G. MANNING, F. LUDLOW, A. R. STINE, W. R. BOOS, M. SIGL et J. R. MARLON, « Volcanic suppression of 

Nile summer flooding », art. cit. 
61 These ranks were adapted from Danielle BONNEAU, Le fisc et le Nil: incidences des irrégularités de la crue 

du Nil sur la fiscalité foncière dans l’Égypte grecque et romaine, Paris, Cujas, 1971. 
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also foundational to the study’s approach, allowing the identification of statistically significant 

temporal associations. Due partly to the quality of the Egyptian documentation, large 

uncertainties in dating that can hamper such analyses were minimized, while the history of 

volcanic forcing was derived from the synchronization of multiple ice cores benefitting from 

recent improvements in the accuracy and precision of ice-core chronologies, correcting long-

standing chronological errors.62 The historical events under consideration comprised the onset 

of internal revolts against the Ptolemaic kings (three of ten onset dates happened in eruption 

years, with another five occurring within two years (Figure 7c)), the cessation of Ptolemaic 

interstate warfare with the Seleukid empire (three of nine cessation dates happened in an 

eruption year, with two further occurring two years after and one three years after) and the 

issuance of priestly decrees (two of nine were issued in eruption years, with one further in the 

first year following an eruption). The sale of hereditary lands (for which 84 sales dated with 

sufficient precision were available) was also observed to spike upward, on average, for several 

years following these eruptions.  

It is thus the repeated coincidence in timing between a small number of well dated events – 

explosive eruptions, internal revolts and the likely related cessation of external military 

campaigning, attempts at re-establishing or maintaining political order through the issuance of 

priestly decrees on behalf of the Ptolemaic kings, and an increased frequency of land sales 

(long hypothesized as symptomatic of economic distress,63 with families usually averse to 

selling hereditary lands) – that is so striking.64 Yet despite the suggestively close timing of 

these events and eruptions, we must recognize that this could have occurred randomly. 

Importantly, therefore, the probability that the association between volcanic eruption dates and 
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these events occurred purely by chance was examined, and the likelihood found to be low (at 

or considerably less than 5% in all cases).65   

To illustrate the utility of statistical models in informing historical research on past climate-

societal interactions, it is worth briefly elaborating upon the study’s approach. Consider the 

observed association between the dates of revolt onset against Ptolemaic rule and the dates of 

volcanic eruptions known from the polar ice cores. Even if these events are in reality unrelated, 

meaning there is no predictive association between them, and no underlying causal 

mechanism(s) or pathways leading from eruption to revolt, it can still be expected that an 

eruption will sometimes occur in the same year as a revolt (i.e., purely by chance). The relevant 

statistical question is, then, how unusual is the number of correspondences observed in 

actuality? Writing a probabilistic model for the number of correspondences expected if there 

was no real association between these events is straightforward. To do so the study conducted 

“simulations” that randomly re-assigned (or “shuffled”) each eruption to a new year between 

305 and 30 BCE and counted the number of correspondences between revolt onset and the re-

assigned eruption dates, repeating this process a million times to build a random reference 

distribution. Since the number of correspondences that were observed in reality exceeds the 

number of correspondences in 98% of these simulations, it is concluded that there is a greater 

than 98% chance that a real association exists between revolt onset and explosive eruptions 

(i.e., that the association has not occurred randomly, and the observed correspondence is thus 

“statistically significant” at 98% confidence). 

These statistics alone tell us nothing formally, however, about whether causality underlies 

observed associations, even if apparently non-random. One is not, however, left completely 

rudderless. In principle, if A and B are associated, there are four obvious possibilities. A could 

be the cause of B, even if this causality involves a long indirect chain of events, and requires 

additional causal contributions from other events, known or unknown. B could be the cause of 

A. A and B could ultimately be caused by some third set of events, C. Or the association could 

simply be a coincidence. Cause in this context must be defined broadly to include either 

deterministic processes, where A causes B every time, or probabilistic processes where A 

increases the chances of B sufficiently such that this association will be revealed under repeated 

events. Not all of these possibilities are plausible in the case of explosive volcanism and revolts. 

Events such as revolts in Egyptian history cannot not cause volcanism in far distant areas of 
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the Earth (B cannot lead to A). It is also difficult to hypothesize an external mechanism that 

can cause explosive volcanism and independently cause revolt in Egypt (C causing A and B). 

The implied arrow of causality thus logically runs from explosive volcanism to revolt (A 

causing B), though not necessarily along any simple direct pathway, and in a probabilistic 

rather than deterministic manner.  

The above assumes, of course, that the observed correspondence is not simply coincidence. 

The testing of statistical significance is an important guide here and it is on this basis that the 

study argues for a causal link between explosive volcanism and revolt onset, given the low 

apparent likelihood that the observed correspondence occurred by chance. The main causal 

pathway as proposed in this study hinges upon the demonstrable volcanic hydroclimatic on the 

Nile, and the known heavy (if not complete) dependence of Egyptian agricultural productivity 

(and relatedly state taxation) upon the flood, with consequently reduced crop yields potentially 

promoting food scarcity, price increases, fear of starvation, difficulties meeting state taxation 

demands, land abandonment and migration to urban areas in search of relief. Ultimately, and 

particularly when background conditions are facilitative, not least ongoing ethnic tensions 

between native Egyptians and Greek elites and costly military mobilizations, revolt may 

result.66 A finer understanding of the role of such background conditions, which were certainly 

in flux over the course of the nearly three centuries of Ptolemaic rule, remains to be achieved. 

So too does an understanding of the relative importance of instances in which multiple closely 

spaced eruptions occurred, versus singular volcanic events, as well as the role of feedbacks in 

the human-environmental system in question, and how the thresholds for a response like revolt 

evolved through time and space. 

Alternative eruption-to-revolt pathways are also possible, either as primary or auxiliary 

pathways underlying any given revolt. A hypothetical example would have eruptions disrupt 

Egyptian society through abrupt cooling that would reduce crop output and promote animal 

mortality, or through dimming or discoloration of the sun’s light that would promote unrest 

associated with local religious interpretations of this dust veil phenomenon (e.g., if taken as 

signaling divine displeasure). Depending upon the prevailing historical context, each causal 

link could be mitigated (or aggravated) by human action. For example, tax reductions, the 

imposition of food price ceilings, export bans, state granaries and emergency grain importation 

might conceivably weaken the connection between reduced crop yields and increased social 

 
66 Such background conditions, which can also be considered as making a “causal” contribution, act to make the 

association between explosive volcanism and revolt “probabilistically causal” rather than deterministically. 
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stress. A salient observation in this respect is that not every volcanic event in the Ptolemaic 

period is associated with a revolt; Ptolemaic Egypt was by implication successfully resilient to 

some volcanic hydroclimatic shocks.  

A notable feature of social unrest in the period involves its heterogeneous temporal and spatial 

scale and severity. Some known periods of revolt appear effectively Egypt-wide for twenty 

years and others appear more short-lived and localized. A simple explanatory model of unrest 

as a response to climate shocks thus does not offer a complete explanation of this variability. 

The scale of Nile failure, on some occasions causing only short term local distress and at other 

times multiple years of flood failure impacting the entire Nile valley, would likely have resulted 

in different scales of response, potentially even large-scale famine on some occasions. More 

localized Nile flood failures may have produced panic and fear, as inhabitants recalled earlier 

episodes of flood failure, as documented in the 238 BCE Canopus Decree.67  In both scenarios, 

stress resulting from the poor flooding, among other issues, can be hypothesized as an amplifier 

of existing ethnic tensions in some parts of Egypt.68 Thus, there is scope for substantial 

improvement by undertaking primary work on historical sources to complement historical-

statistical approaches and enrich their interpretation. By returning to the documents, historians 

can further refine (independently of the palaeoclimatic data) their understanding of the nature 

and scale of periods of social unrest (and also their geographical resolution – which may be 

related to topography in terms of how vulnerable a given area is to a reduction of the Nile flood 

of a given amount) and also divide them into more meaningful revolt typologies (not all revolts 

are created equally, so to speak), to distinguish more meaningful fine-grained associations with 

hydroclimatic shocks.  

It is important in sum to emphasize that statistical modelling cannot “prove” the reality of a 

link such as that observed between historical eruption dates and revolt onsets. Hence the study 

examined here did not, and can never, achieve “100% confidence”. Rather, in estimating the 

(always greater than zero) likelihood that observed links are non-random, statistical modelling 

informs decisions about the likely direction and nature of causality, and informs likely 

profitable directions for future research. This includes the generation of further hypotheses 

(ideally also testable for statistical significance and meaningfulness)69 regarding the pathways 

of causality by which a volcanically induced hydroclimatic shock may ultimately act as one 
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trigger (of many possible) for revolt, as well as the socioeconomic, political and cultural 

contexts in which hypothesized pathways might operate effectively (i.e., in contexts where they 

are not strongly mitigated by societal coping mechanisms). The best such hypotheses must 

ultimately spring from a deep understanding of the relevant historical context, guided by further 

examination of available historical, archaeological and other palaeoenvironmental evidence. 

Approaches such as those illustrated in the Irish and Egyptian examples remain comparatively 

rare in the broader field of environmental history but,70 we argue, can offer considerable 

insights given the increasing focus on generating quantitative data and specialized methods to 

analyze them, thereby opening the field to modes of reasoning characteristically reserved for 

the social sciences in dealing with data-rich modern societies. Certainly there are also 

limitations and concerns. Aryn Martin and Michael Lynch remark that while “it is a simple 

practice when considered abstractly, in specific cases counting can be… complicated, 

contentious, and socially consequential… categorical judgements determine what counts as an 

eligible case, instance, or datum, and these judgements can be difficult and controversial.”71 In 

historical climatology, the categorization and quantification of (especially qualitative) 

historical information is, to begin, inherently reductive.72 Some degree of nuance and context 

is inevitably lost when coding events or phenomena according to set categories that can never 

perfectly encompass all dimensions of an event, be it a drought or famine.73  

Such loss can be partly mitigated by the creation of additional categories to quantify, encode 

or extract ever more information from a written text concerning the events or phenomena it 

describes, as well as contextual variables about the text or document itself (type, author, 

 
70 See recent reviews of studies linking climate to society, also paying attention to concerns over environmental 
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72 Beyond historical climatology, and in the context of the proliferation of histoire sérielle (quantitative history) 

in 20th c. French historiography, a number of major figures of this movement have remarked upon the 
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Mesure, 1989, vol. 4, no 4, p. 191‑199, p. 193. This observation is not unlike more recent critiques of the 

“cliometric” approach in economic history (see Francesco BOLDIZZONI, The poverty of Clio: resurrecting 

economic history, Princeton, N.J. ; Woodstock, Princeton University Press, 2011). The cliometricians (economic 
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purpose, dating, provenance, physical medium, and more). Studies in historical climatology 

have thus attempted to capture the severities of documented events by grading them by 

apparent severity, using adjectival qualifiers provided by the authors (e.g. a “great” drought),74 

or descriptions of physical impacts such as the freezing of water bodies or destruction of 

infrastructure. Uncertainties no doubt exist. Bradley and Jones ask “what do the terms 

“drought”, “frost”, “frozen over” really mean?”75 This will vary by author, period and region, 

but such inconsistencies are not necessarily so great as to prevent meaningful information from 

being derived. As Christian Pfister and colleagues remark: “many observers were... well aware 

that their narratives included a subjective bias... [and] thus, they referred to physical and 

biological proxy indicators that were known to be more objective yardsticks and that could be 

compared over time.”76 Scores reflecting confidence in any given categorization or gradation 

are also increasingly applied by historical climatologists, allowing results to be stressed-tested 

by repeating analyses using data deemed only the most reliable, though there are diminishing 

returns to a proliferation of categories, gradations or scores that they become indistinct and the 

assignment to any particular level overly subjective.77  

In the end there is no way to perfectly capture the relevant content of complex written evidence, 

but not everything must be quantifiable to legitimately employ this approach to “reading” a 

text, or to allow nuance and knowledge of the context of a source’s creation to inform 

quantitative analyses. Ultimately, the benefits to this approach, as illustrated in the Irish and 

Egyptian examples, are real. But for it to contribute to the fullest extent possible, it must be 

received in an open-minded way that treats fairly of both its potential and limitations and 

understands that it complements (not competes with) more established approaches in history.78 

 
74 See e.g., A. M. J. De Kraker. 1999. A method to assess the impact of high tides, storms and storm surges as 

vital elements in climatic history. The case of stormy weather and dikes in the northern part of Flanders, 1488 to 

1609, Climatic Change, 43, p. 287-302. 
75 Bradley and Jones, Climate Since A.D. 1500: Introduction, 6.  
76 Christian Pfister, Rudolf Brázdil and Marianos Barriendos 2002. Reconstructing past climate and natural 

disasters in Europe using documentary evidence, PAGES News, 10, 6-8. 
77 In ranking the apparent reliability of weather reported in the Irish Annals, Ludlow (Utility of the Irish Annals) 

argued that a scale with many more than three points would be overly subjective, with potentially little 

meaningful distinction between information given adjacent scores (e.g., on a 10-point scale of reliability, is there 

a really meaningful difference between an event rated at point 5 versus 6, and is another expert assessor likely to 

easily replicate these scorings?). For further examples of gradings, see the database underlying Michael 

McCormick et al., Climate change during and after the Roman Empire, and Michael Sigl, “Timing and climate 

forcing”, which ranks potential dust-veil observations on a four point scale. 
78 A point well made concerning cliometrics and economic history by Joshua L. Rosen, Editor’s introduction: 

the good of counting, in Joshua L. Rosenbloom (ed.), Quantitative economic history: the good of counting. 

London, Routledge, 2008, 1-7: 2. 
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3.3. Re-interpreting textual sources in the light of the scientific data 
The two previous types of interdisciplinary practice focused on situations when the natural 

scientific data in one way or another received assistance – that is, were complemented or 

enriched by additional information – from the textual and material evidence which historians 

work on. The main difference between the two approaches was the extent to which they were 

able to apply quantitative methods, and the ways in which – as a consequence – they organised 

their reasoning. Here, we look at situations in which the direction of the intellectual inquiry 

goes the opposite way: namely, when the scientific data bear on our interpretation of the textual 

sources and the textual evidence remains the main focus. The first example deals with literary 

sources, and focuses on late antique Italy; the second one looks at documentary sources, and 

focuses on medieval Poland. In both cases the availability of new paleo-climatic or paleo-

ecological data improved our understanding of the written sources which historians had used 

for generations. 

The example drawn from late ancient history highlights the still-untapped potential for 

expanding the ambit of climate history into the realm of literary analysis. Beginning in the 

1980s, scientists connected natural archives suggestive of a powerful mid-century volcanic 

eruption in the sixth century to five excerpts from contemporary written sources that appeared 

to record the subsequent atmospheric clouding the eruption generated.79 Known as the 536 

event for the year when the aftereffects became noticeable, the climatic downturn associated 

with the eruption is argued, contentiously, by historians and scientists to have outsized and 

deleterious importance in the social and political history across the Northern Hemisphere, from 

Maya Mesoamerica to the late antique Mediterranean to late-iron-age Scandinavia to Central 

and East Asia.80 The insights made available by natural proxies, principally polar ice core 

records and long-running dendroclimatological series, have encouraged a steady stream of 

 
79 First proposed on the basis of ice-core data in R. Stothers and M. Rampino, “Volcanic Eruptions in the 
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“Dendrochronology Raises Questions about the Nature of the AD 536 Dust-Veil Event,” The Holocene 4, no. 2 
(1994): 212–217. Apparent discrepancies in dating between the ice cores and the tree-rings were resolved in 
M. Sigl et al., “Timing and Climate Forcing of Volcanic Eruptions for the Past 2,500 Years,” Nature 523, no. 7562 
(July 8, 2015): 543–49. For an overview of the paleo-scientific evidence and a history of the debate, consult T. 
Newfield, “The Climate Downturn of 536–50,” in The Palgrave Handbook of Climate History, ed. S. White, C. 
Pfister, and F. Mauelshagen (London: Palgrave, 2018), 452-63. 
80 The maximalist position may be found in Joel Gunn, ed., The Years without Summer: Tracing A.D. 536 and Its 

Aftermath, BAR International Series 872 (Oxford, England: Archaeopress, 2000); Ulf Büntgen et al., “Cooling 
and Societal Change during the Late Antique Little Ice Age from 536 to around 660 AD,” Nature Geoscience 9 
(2016): 231–36; and Kyle Harper, The Fate of Rome: Climate, Disease, and the End of an Empire (Princeton: 
Princeton University Press, 2017).  
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revisiting and re-interpreting textual sources in light of new environmental contexts. Seemingly 

disparate historical texts were collated together as witnesses to a climatic event, which the 

paleo-sciences were fleshing out. 

Debates on the scope and magnitude of the eruption’s historical impacts has been adjudicated 

almost entirely from the paleo-scientific evidence.81 The narratives provided in the textual 

sources themselves have not received similar attention.82 A close-reading of one source for the 

536 event in light of the known climatic realities not only supports the arguments of the 

minimalist position on the impacts but, more importantly, provides a framework for 

reconstructing historical narratives in the new “heteroglossic” context. The Italian government 

official Cassiodorus penned the longest description of the 536 eruption, found in a curated 

collection of his official correspondence while serving the Ostrogothic monarchy that ruled 

Italy between 493 and 553.83 At first reading, the letter supports the maximalist position. We 

are told that the sun has lost its usual brightness and is now colored sea-green and that 

temperatures have been cool for nearly an entire year.84 The seasons themselves have been 

thrown into disarray; “we have had winter without storms, spring without mingled weather, 

summer without heat waves.”85 The harvest could not grow under such conditions, and so 

Cassiodorus ordered a subordinate to open up state granaries to stave off imminent famine.86  

This appears to be a fearsome description of the unrelenting power of climate on pre-modern 

society, yet we should not take it at face-value. The catalog of environmental disasters found 

in Cassiodorus’ writings are sometimes pulled directly, occassionally verbatim, from previous 

accounts of astro-meteorological anomalies in Roman literature. The Latin used to relate the 

 
81 S Helama, P. Jones, and K. Briffa, “Dark Ages Cold Period: A Literature Review and Directions for Future 

Research,” The Holocene 27, no. 10 (October 2017): 1600–1606; S. Helama, P. Jones, and K. Briffa, “Limited 
Late Antique Cooling,” Nature Geoscience 10, no. 4 (April 2017): 242–43; J. Haldon et al., “Plagues, Climate 
Change, and the End of an Empire: A Response to Kyle Harper’s The Fate of Rome (1): Climate,” History 
Compass, November 9, 2018, e12508; T. Newfield, “The Climate Downturn of 536–50,” in The Palgrave 
Handbook of Climate History, ed. S. White, C. Pfister, and F. Mauelshagen (London: Palgrave, 2018), 467-74. 
82 A notable exception is A. Arjava, “The Mystery Cloud of 536 CE in the Mediterranean Sources,” Dumbarton 

Oaks Papers 59 (2005): 73–94. 
83 Cassiodorus, Variae 12.25; a translation may be found in S. Bjornlie, The Variae: The Complete Translation 

(Oakland: University of California Press, 2019), 493-5. On Cassiodorus, the Variae, and the Ostrogothic 

monarchy, see S. Bjornlie, Politics and Tradition between Rome, Ravenna and Constantinople: A Study of 

Cassiodorus and the Variae 527-554 (Cambridge: Cambridge University Press, 2013), 306-28. 
84 Cassiodorus, Variae 12.25.2: “What does it mean, I ask, to intently gaze upon the most conspicuous star and 

not witness its usual brilliance...we all still perceive a kind of sea-colored sun...the strength of the sun’s fullest 

exposure attains only the dullness of a cooling tepidness, which has happened not in the momentary lapse of an 

eclipse, but for the duration of almost a full year.” Bjornlie 2019, 494. 
85 Cassiodorus, Variae, 12.25.3; trans. Bjornlie 2019, 494.  
86 Cassiodorus, Variae 12.25.6; trans. Bjornlie 2019, 494. 
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duration of the strange clouding – “of almost a full year” – is an exact copy of Pliny the Elder’s 

account of the sole other recorded example of a prolonged period of solar dimming found in 

Roman literature,87 which occurred in the aftermath of Julius Caesar’s assassination in 43 

BCE.88 Cassiodorus tells how “air laden with snow...blocks the heat of the sun and deflects the 

view of human frailty.”89 The redirection of the sun’s heat has another parallel in an account 

of Caesar’s comet. Plutarch’s Life of Caesar tells how “heat came to earth only faintly and 

ineffectually, so that the air hung dark and thick on the earth because of the lack of radiance to 

penetrate it.”90 Additionally, the seasonal disorder that Cassiodorus ascribes to the 536 event 

likewise has predecessors in two earlier Latin texts.91 That such intertextual allusions were 

common stylistic hallmarks of Roman literature serves as a warning against taking them at face 

value when they are used.92  

Identifying how the 536 eruption impacted Italy’s climate and society with any specificity then 

becomes an impossible task; we are left with the generalizing observation that environmental 

oddities of some sort were noticeable. Reconstructions of past climatic events and processes 

should be assessed on the basis of the scientific evidence. Use of historical texts, especially 

ones rich in rhetoric and artifice, for this purpose is a flawed enterprise because they cannot 

specify the duration, scope, magnitude, or other necessary variables. However, historical 

narratives are enriched and transformed through the addition of information that is only 

derivable from the paleo-sciences. The reconstructions made possible by the climate archives 

tell us that the intertextuality present in Cassiodorus’ letter is no mere literary invention, created 

entirely from the author’s imagination. The references to other texts describing similar 

 
87 Cassiodorus, Variae 12.25.2; trans. Bjornlie 2019, 494. Pliny the Elder, Natural History 2.98. Note the exact 

matches in the Latin for Cassiodorus (Quod non eclipsis momentaneo defectu, sed totius paene anni agi 

niholiminus constat excursu) and Pliny (Fiunt prodigiosi et longiores solis defectus, qualis occiso dictatore 

Caesare et Antoniano bello totius paene anni pallore continuo). 
88 For an historical and scientific synthesis of what the evidence refers to as Caesar’s comet, consult J. Ramsey 

and A. Licht, The Comet of 44 B.C. and Caesar’s Funeral Games, American Classical Studies 39 (Atlanta: 

Scholars Press, 1997). Similar to the 536 event, the climatic disturbances of 43 BCE were likely the result of a 

volcanic eruption, which recent research has identified as stemming from the Okmok volcano in Alaska’s 

Aleutian islands; Joseph R. McConnell et al., “Extreme Climate after Massive Eruption of Alaska’s Okmok 

Volcano in 43 BCE and Effects on the Late Roman Republic and Ptolemaic Kingdom,” Proceedings of the 

National Academy of Sciences 117, no. 27 (July 7, 2020): 15443–49. 
89 Cassiodorus, Variae 12.25.5; trans. Bjornlie 2019, 494.  
90 Plutarch, Caesar 69.4; trans. C. Pelling, Plutarch: Caesar (Oxford: Oxford University Press, 2011), 128. 
91 See P. Jaillette, “‘Il n’y a plus de saisons’: lieu commun, climat et décadence dans l’antiquité tardive,” in 

Concepts, practiques et enjeux environnementaux dans l’empire romain, ed. R. Bedon and E. Hermon 

(Limoges: Presses Universitaire de Limoges, 2005), 331-3. 
92 For a full treatment of intertextuality in a single letter collection, consult I. Marchesi, The Art of Pliny’s 

Letters. A Poetics of Allusion in the Private Correspondence (Cambridge: Cambridge University Press, 2008). 
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environmental prodigies are, instead, efforts to transform the unprecedented into the legible 

using a framework familiar to Roman literary culture. To date, most of the new 

interdisciplinary research has focused on understanding climate’s impact on human 

populations. We should also be willing to ask how the authors of our sources engaged with 

climate in their own lives; the study of the literary sources may be one of the best ways to do 

that.  

As we now move to the second example and focus our attention on documentary rather than 

literary sources – that is     , texts that are more or less devoid of intertextuality apparent in 

Cassiodorus – it turns out that the outcome is similar. Paleo-environmental data can help us 

better understand the content and the context of the written sources. When embedded in the 

broader palaeo-environmental context, documentary sources reveal new aspects of past 

realities which can be interpreted with more nuance and precision. 

In this second example, we look at Greater Poland (Wielkopolska), the cradle of the Polish 

state, established      in the second half of the tenth century AD. For centuries it was one of the 

most economically developed, most populous, and richest regions of the country. The 

economic history of Greater Poland (as well as of the whole country), especially in the early 

modern period, has been the subject of many studies, but one of its basic concerns remains a 

limited number of written sources. Administrative sources, such as tax registers or estate 

inventories, only appear in the sixteenth century. The availability of sources for the Middle 

Ages is even more limited. Although an inventory of archaeological excavations of early 

medieval material in Greater Poland is available, it tends to focus on proto-urban centres, 

whereas the dominant forms of economic activity in the area were agriculture and livestock 

farming. 

The reconstruction of the network of medieval rural settlement and the state of rural economy 

has been possible thanks to the use of such written sources as “location privileges” issued since 

the thirteenth century, when German colonization began in Greater Poland. In the light of 

recent research, the fourteenth century has surfaced as the key period in this process. Written 

sources then record a significantly larger number of existing and newly established villages.93 

 
93 Teodor TYC, Początki kolonizacji wiejskiej na prawie niemieckim w Wielkopolsce (1200-1333), Poznań, 

Drukiem K. Miarki, 1924; Konstanty Jan HŁADYŁOWICZ, Zmiany krajobrazu i rozwój osadnictwa w 

Wielkopolsce od XIV do XIX wieku, Lwów, Skład Główny, Kasa im. Rektora J. Mianowskiego, 1932; Karol 

STEFAŃSKI, ”Wsie na prawie niemieckim w Wielkopolsce w latach 1333-1370”, Roczniki Historyczne, 1971, 

vol. 37,  p. 1-36. 
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As a result, it has become commonplace to argue that the network of rural settlements in 

Greater Poland, which in some areas has survived until today, with its regular layout of fields 

and placement of houses, is a consequence of changes taking place in the thirteenth and 

fourteenth centuries.94 Villages were transferred to German law and the farming methods were 

modernized at the same time. 

However, when understood properly, location privileges creating some kind of legal reality 

confirm no more than the plan, the design to establish a new or to modernize an existing village. 

They must not be taken as a proof that such plans were either immediately or ever 

implemented.95 Moreover, primary sources of this kind do not record the chronology of a 

village’s demographic and economic development, nor do they record moments of crisis; all 

they do is document relevant legal actions. The source limitations, therefore, have been an 

obstacle to understanding the dynamics of Greater Poland’s medieval economic 

transformation. This impediment can be overcome by using environmental archives and 

conducting joint historical and environmental research. 

A recent historical-paleo-ecological project in Greater Poland has taken the form of micro-

studies, with high-resolution multi-proxy paleo-ecological research conducted on the basis of 

material extracted from peat bogs in the region. The focal points were breakthrough moments 

in political and economic history of the region. 

Integration of historical and environmental archives, and humanistic and scientific research 

methods, altered the assessment of the course of late medieval colonization in the region. 

Frequency of radiocarbon dates (one date per less than a century) obtained for the purposes of 

the study made it possible to capture the dynamics of the colonisation processes. Analysis of 

environmental data revealed that the turn to German law, mentioned in written sources, was 

not as dynamic as historians had argued and probably had a different chronology than was 

previously thought. Palynological data reveal not only gradual deforestation, but also a 

similarly gradual increase in the proportion of pollen from cultivated plants, in particular 

cereals (see Figure 8). 

 
94 Antoni GĄSIOROWSKI, ”Krajobraz naturalny i rozwój osadnictwa. Organizacja społeczna i 

rozwój gospodarstwa wiejskiego” in J. TOPOLSKI (ed.), Historia Wielkopolski do roku 1795, 

Poznań, Wydawnictwo Poznańskie, 1969, p. 256. 
95 Stanisław KURAŚ, Przywileje prawa niemieckiego miast i wsi małopolskich XIV-XV wieku, Wrocław, 

Instytut Historii Polskiej Akademii Nauk, 1971, p. 111. 
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Figure 8. Development of the rural settlement in Greater Poland, based on the pollen (upper panel) and charter data (lower 

panels: middle panel reflects the immediate vicinity of the site shown on the upper panel, the lower panels shows data for the 

entire region). Based on: Konstanty Jan HŁADYŁOWICZ, Zmiany krajobrazu i rozwój osadnictwa w Wielkopolsce od XIV do 

XIX wieku, Lwów, Skład Główny, Kasa im. Rektora J. Mianowskiego, 1932, p. 109-227; S. CZERWIŃSKI et al., ”Znaczenie 

wspólnych badań historycznych i paleoekologicznych nad wpływem człowieka na środowisko. Przykład ze stanowiska Kazanie 

we wschodniej Wielkopolsce”, Studia Geohistorica 2019, vol. 7, p. 59, 63. 

The Kazanie peat bog in central Greater Poland is an illustrative example of such slow, gradual 

development. Although most of the settlements around the site were established or reorganized 

according to German law in the thirteenth and fourteenth centuries, a significant increase in 

human economic activity resulting from the development of agriculture can be dated only from 

the fifteenth century. It was then that population grew noticeably and farming methods were 

probably modernized (the three-field system), more advanced tools (plough, iron harrow) were 

introduced, and field organization was altered.  It was not until the end of the fourteenth century 

that the share of grain pollen in our samples permanently exceeded 1% and it grew over the 

fifteenth century to reach the level of 3%. This means that colonizationm which began in the 

thirteenth and fourteenth centuries, did not entail large groups of settlers. Newly established or 
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modernized villages were relatively small and their demographic and economic potential 

increased only slowly over a long period of time to reach a peak in the sixteenth century.96  

Thus, adding environmental sources to the existing base of written sources results in a 

substantial revision of the traditional historiographical image of German colonization as a very 

dynamic, large-scale phenomenon. Reading the written sources in the context of the palaeo-

environmental data rather shows a more gradual rural growth in Greater Poland, based to a 

large extent on natural demographic growth. As in the first example we discussed in this 

section, the Latin literary texts from late antique Italy, we could see that whenever a connection 

can actually be made, bringing in the natural scientific data either leads us to a completely new 

interpretation of the written sources or weighs on choosing one of two or more possible 

arguments, which in some cases had been developed over decades and long persisted in 

historical scholarship. Both examples demonstrate what historians themselves can gain from 

engaging with the natural sciences. There is no doubting, of course, that as the precision and 

versatility of the palaeo-scientific data grows, we will gain a more precise, comprehensive and 

solid understanding of the past. Hopefully, the methodological and practical perspectives we 

offer in this article will further precipitate and facilitate this process.97 

4. Conclusions: constructing historical narratives in heterodisciplinary environments 
In his 1967 monograph, Histoire du climat depuis l’an mil, Emmanuel Le Roy Ladurie 

concluded that in the long term the human consequences of climate seemed to be slight and 

difficult to detect. Now, after more than fifty years of research, we know that this statement 

was overly skeptical, or in fact reductionistic in the direction of anthropocentric solipsism. In 

fact, in this book, Le Roy Ladurie was wary of simplistic interpretations; after its publication, 

he admitted he feared being discredited as a climate determinist. More than thirty years later, 

when global climate crisis directed public and scholarly attention back to climate’s role in 

 
96Sambor CZERWIŃSKI, Piotr GUZOWSKI, Monika KARPIŃSKA-KOŁACZEK, Mariusz LAMENTOWICZ, 

Mariusz GAŁKA, Piotr KOŁACZEK, Radosław PONIAT et Adam IZDEBSKI, « Znaczenie wspólnych 

badań historycznych i paleoekologicznych nad wpływem człowieka na środowisko. Przykład ze 

stanowiska Kazanie we wschodniej Wielkopolsce », Studia Geohistorica, 7, 2019, p. 56‑74.. Please 

note the same research team has demonstrated that large-scale colonisation with profound ecological 

impact could have also occurred within one generation, in special circumstances when the financial 

and institutional capacities were available: Mariusz LAMENTOWICZ, Katarzyna MARCISZ, Piotr 

GUZOWSKI, Mariusz GAŁKA, Andrei-Cosmin DIACONU et Piotr KOŁACZEK, « How Joannites’ 

economy eradicated primeval forest and created anthroecosystems in medieval Central Europe », 

Scientific Reports, 10-1, 2020, p. 18775. 
97 Other recent examples of such approach include Martin BAUCH, « Die Magdalenenflut 1342 am Schnittpunkt 

von Umwelt- und Infrastrukturgeschichte », NTM Zeitschrift für Geschichte der Wissenschaften, Technik und 

Medizin, 27-3, 2019, p. 273‑309. 
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human affairs, Le Roy Ladurie formulated a stronger case for the role of climatic variability in 

human history, in his three-volume Histoire humaine et comparée du climat, published in 2004. 

In some way, this was a return to the positions held by the generation of historians active in the 

first decades of the twentieth century, such as Ellsworth Huntington in the USA or Franciszek 

Bujak in Poland.98 More importantly, from our point of view, it shows the tensions faced by 

those historians who decide to write about the “natural” aspects of history: the ready ideological 

master narratives, in which one can be easily subsumed, even against one’s own will. 

As readers might have already observed on the basis of the case studies we presented in the 

“practical” part of this article, what master narratives comes to the fore often depends on which 

humanistic or natural scientific discipline actually dominates in each case study. This often 

goes unnoticed: the mere choice of a journal where the case study is published, often dictated 

by the journal’s prestige or the career needs of some of the authors involved in the study, 

determines the literary and narrative framework in which the whole analysis has to fit.99 

Similarly, the interpretational boundaries can be pre-defined by the composition of the team, 

the funding source behind the study, or the team members’ institutional affiliations. As a result, 

in the first instance such important choices - which often determine the final message of a case 

study - hinge first of all on the negotiations between the scholars involved in the case study 

while considering their career goals. One solution to this problem might be to endorse hybridity 

in academic publishing: giving different disciplinary, theoretical frameworks and methods 

equal weight within the same article, making space for different interpretations, and explaining 

the rationale - intellectual and disciplinary (‘tribal’) - that speaks for each of them. Of course, 

this depends on the openness of the journal and book series editors, and there is clearly an 

urgent need to develop more flexible yet still prestigious publication venues. This might 

actually be the only way to achieve full transparency and accuracy in deploying hetero-

disciplinary data in large-scale historical studies, especially if this would include - which is still 

not always the case - inviting at least one (ideally two) component reviewer for every discipline 

involved in each case study. 

In order to understand what is at stake in this struggle over the master narrative, it is worth 

discussing briefly the main rhetorical tropes - sensu Hayden White, but limited to the 

environmental context - that dominate the emerging field of interdisciplinary environmental 

 
98 Ellsworth HUNTINGTON, Civilization and climate, 3rd. ed., New Haven, Yale University Press, 1924 ; 

Franciszek BUJAK, Nauka, społeczeństwo, historia, Warszawa, Państ. Wydaw. Naukowe, 1976. 
99 As discussed extensively in A. IZDEBSKI et al., « Realising consilience », op. cit. 
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history. Until recently, the main rhetorical trope used in climate change-history discussions 

was something of a metonymy, with its reductionist representation of reality, focusing on a 

single cause to promote a simple mechanistic argument; in sum, deploying a story dominated 

by a tragic plot. Such stories usually also have the radical intention of shaking the readers’ 

consciousness and encouraging them to take action.100 Thus, catastrophism and determinism, 

which are environmental history’s metonymic trope, despite their ability to mislead by 

“streamlining” the past and their fixation on a tragic end, are not without merit. They can be 

deployed in historical narratives to motivate human action, and it is not a surprise that such 

master narratives tend to prevail in stories authored by natural scientists: in the end, it is they 

who are most acutely aware of environmental change and of the severity of the environmental 

crisis we are approaching.101  

Of course, metonymy-catastrophism is just one of at least four tropes available to a historian 

(at least one of the four described by White, who emphasised that there are probably more yet). 

Thus, a mature field of historical research, such as environmental history, even if by its very 

nature interdisciplinary and strongly embedded in the natural sciences, which are usually less 

self-aware in literary terms than the humanities, should not restrict itself to a single trope, a 

singular narrative arc for recounting the past. At present, the most strongly promoted alternative 

master narrative is resilience, something of an irony if not synecdoche in White’s terms. 

Synecdoche is characterised by an integrative mode of representation (and resilience accounts 

indeed aim at presenting holistic perspectives), an organicist argument (hence, unity rather than 

conflict of society and nature), and a conservative – as opposed to radical – ideology (again, 

resilience is often used to reinforce neo-liberal policies). Unsurprisingly for a synechdoche 

trope, whose basic trope is comedy (ending on a rather positive note) resilience narratives tend 

to be cautiously optimistic. This optimistic note often makes their authors feel uncomfortable 

in the context of the global climate change and the planteratyr crisis, as these narratives often 

include admonitory notes about not taking their optimism too far and underestimate the 

seriousness of the Anthropocene crisis. 

Resilience has emerged within scholarly discourse as one method to assess the impacts of 

climate and climatic variability on human populations, past and present, migrating from an 

 
100 Hayden WHITE, Metahistory: The Historical Imagination in Nineteenth-Century Europe, JHU Press, 1975. 
101 Of course, such approaches have made its way into the discipline of history, and gained a lot of public 

attention, e.g. Ronnie ELLENBLUM, The Collapse of the Eastern Mediterranean: Climate Change and the 

Decline of the East, 950–1072, Cambridge, Cambridge University Press, 2012, and in particular Kyle HARPER, 

The fate of Rome: climate, disease, and the end of an empire, Princeton, Princeton University Press, 2017. 
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original definition that focused on first engineering and then ecological systems.102  At its heart, 

resilience attempts to measure a system’s durability and stability in the face of various stressors 

that threaten the equilibrium; resilience is the system’s “resistance to change”.103  When applied 

to historical contexts of climate variability, resilience has most often been used to study the 

environment’s impact on the state and socio-economic institutions at varying levels, from the 

empire to the village.104 Climate makes its impact felt in past societies primarily in the realms 

of state declension and formation, agricultural productivity, settlement patterns and density, 

and the like. Resilient societies were able to weather the storms and adapt to new realities while 

maintaining their fundamental social attributes, as defined by the modern observer-researcher. 

Despite the career that catastrophism has had in natural scientific publications on climate 

history and in popular environmental history books, structuralist interpretations of the 

relationship between the environment and human history, akin to the resilience theory, are 

some of the most enduring within the field of environmental history, stretching all the way 

back to Le Roy Ladurie’s first publications.105 While avoiding the declensionist tendencies 

common to the metonymy-catastrophist narratives, synecdoche-resilience nonetheless 

perpetuates the idea that climate acts and humans respond to it. Even successful adaptations 

and ameliorations are still reactions to outside stimuli. To date, most interdisciplinary research 

has focused on understanding climate’s impact on human populations.  

 
102 For resilience’s origins within ecology, see C. Holing, “Resilience and Stability of Ecological 

Systems,” Annual Review of Ecology and Systematics 4 (1973): 1–23. On the utility of resilience for 
human societies, consult Carl Folke, “Resilience: The Emergence of a Perspective for Social–
Ecological Systems Analyses,” Global Environmental Change 16, no. 3 (2006): 253–67; Muriel Cote 
and Andrea J. Nightingale, “Resilience Thinking Meets Social Theory: Situating Social Change in 
Socio-Ecological Systems (SES) Research,” Progress in Human Geography 36, no. 4 (2012): 475–89. 
On the growing appeal of resilience, see Li Xu and Dora Marinova, “Resilience Thinking: A 
Bibliometric Analysis of Socio-Ecological Research,” Scientometrics 96 (2013): 911–27. 
103 Myriad definitions of resilience exist, and many differ on the details. But, “the tendency to 

understand resilience as resistance to change is ubiquitous in the literature,” from Lennart Olsson et 
al., “Why Resilience Is Unappealing to Social Science: Theoretical and Empirical Investigations of the 
Scientific Use of Resilience,” Science Advances 1, no. 4 (2015), 2. 
104 Inter alia, consult Adam Izdebski, Lee Mordechai, and Sam White, “The Social Burden of 

Resilience: A Historical Perspective,” Human Ecology 46, no. 3 ( 2018): 291–303; Elena Xoplaki et 
al., “Modelling Climate and Societal Resilience in the Eastern Mediterranean in the Last Millennium,” 
Human Ecology 46, no. 3 (2018): 363–379; Tamara Lewit, “A Viewpoint on Eastern Mediterranean 
Villages in Late Antiquity: Applying the Lens of Community Resilience Theory,” Studies in Late 
Antiquity 4, no. 1 (March 1, 2020): 44–75. The myopic attention is acknowledged in Adam Izdebski, 
Lee Mordechai, and Sam White, “The Social Burden of Resilience: A Historical Perspective,” Human 
Ecology 46, no. 3 (2018), 299. A 2018 special issue of the journal Human Ecology was devoted to the 
question of historical resilience in the face of climatic strain; see the introductory essay of John 
Haldon and Arlene Rosen, “Society and Environment in the East Mediterranean ca 300–1800 CE. 
Problems of Resilience, Adaptation and Transformation. Introductory Essay,” Human Ecology 46, no. 
3 (2018): 275–90. 
105 Emmanuel  Le Roy Ladurie, Histoire Du Climat Depuis l’an Mil (Paris: Flammarion, 1967). 
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From the point of view of historical research, if we are to remain rooted in the humanities, we 

should be equally willing to ask how historical actors made climate into a productive entity in 

their own lives. Moreover, if we consider the role of the humanities and social sciences as the 

branch of scholarship that is able to deliver critical perspectives, we should bear in mind the 

philosophical critique of socio-ecological resilience as a means of defending the existing neo-

liberal status quo: the whole point of any action is to strengthen the existing systems so that 

they can weather the oncoming storms. Past precedents of resilience societies (based on historical 

analysis) should not be used to legitimize supporting a top-down resilience-building policy approach 

today, with little concern to the people who might be affected by climatic and environmental changes 

in the present. Consequently, as soon as one agrees that neo-liberalism is the dominant ideology 

of the contemporary globalised world, and defending it is in fact not a liberal but a conservative 

act, the identification of the resilience master narrative as White’s synecdoche trope, with 

conservatism as its ideological motivation, becomes evident. This is yet another reason why 

resilience narratives should not entirely dominate the field of interdisciplinary environmental 

history, despite the repeated calls to move away from catastrophist narratives.106 

In fact, we should neither reject metonymy-catastrophism and resilience-synecdoche, but rather 

realise the strengths and weaknesses of each, and continue experimenting with their application 

in recounting interdisciplinary environmental history. The more aware the field becomes of its 

theoretical and rhetorical entanglements, the easier will it become to blend tropes, invent new 

ones, and carry across a socially powerful and intellectually insightful message that is needed 

in our times. 

We should not forget, however, that the main challenges remain practical and theoretical. 

Traditional academic structures of the discipline of history are not accustomed to researchers 

moving across historical periods and regions, trying to harness expertise of entire teams in 

order to tackle socio-environmental research questions. Quite often, while the discipline is 

proud of such undertakings that prove its vigour and relevance to the public, its practitioners 

prefer to stay within their “tribal” structures and tacitly reject the new academic habits and 

values, the openness that is the prerequisite of interdisciplinary history. Those historians firmly 

 
106 The most recent examples: Bas J. P. van BAVEL, Daniel R. CURTIS, Matthew J. HANNAFORD, Michail 

MOATSOS, Joris ROOSEN et Tim SOENS, « Climate and society in long-term perspective: Opportunities and 

pitfalls in the use of historical datasets », WIREs Climate Change, 10-6, 2019, p. e611; Fredrik Charpentier 

LJUNGQVIST, Andrea SEIM et Heli HUHTAMAA, « Climate and society in European history », WIREs Climate 

Change, n/a-n/a, p. e691. 
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entrenched in history, and fixed with controlling the narrative and the data, often do not value 

teamwork that leads to joint publications, in which it is the synergy of several authors that 

creates intellectual value, and not the well-demarcated contribution of an individual. If the 

discipline of history, particularly the field on pre-industrial environmental history, is not to 

become dated or antiquarian, it should openly confront the issues of co-authorship and working 

in teams with mixed expertise, as did the natural sciences or even history’s sibling, 

archaeology. For that, perhaps the surest way forward is to reorient how we educate and train 

those historians interested in the environment who need exposure to the relevant natural 

sciences. They must be trained the written sources and the natural scientific data with care. 

With the flourishing of the natural scientific approaches to the past, history as a discipline – 

and as an intellectual adventure – by all means has a great future ahead of it. 
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