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Abstract: Archaeology is often argued to provide a unique long-term perspective on humans that
can be utilised for effective policy-making, for example in discussions of resilience and sustainabil-
ity. However, the specific archaeological evidence for resilient/sustainable systems is rarely ex-
plored, with these terms used simply to describe a community that survived a particular shock. In
this study, a set of 74 case studies of papers discussing archaeological evidence for resilience/sus-
tainability are identified and analysed using bibliometric methods. Variables from the papers are
also quantified to assess patterns and provide a review of current knowledge. A great variety of
scales of analysis, case study locations, stressors, resilient/sustainable characteristics, and archaeo-
logical evidence types are present. Climate change was the most cited stressor (n=40) and strategies
relating to natural resources were common across case studies, especially subsistence adaptations
(n=35), other solutions to subsistence deficiencies (n=23), and water management (n=23). Resili-
ent/sustainable characteristics were often in direct contrast to one-another, suggesting the combina-
tion of factors is more important than each factor taken individually. Further quantification of well-
defined variables within a formally-produced framework is required to extract greater value from
archaeological case studies of resilience/sustainability.

Keywords: archaeology; resilience; sustainability; citation analysis; collapse; climate change; agri-
culture; natural resources

1. Introduction

Resilience and sustainability are buzzwords utilised frequently in wider literature
[1-13] and the field of archaeology [14-23]. In this paper, their use in archaeology is re-
viewed using bibliometric and quantitative analysis of 74 case studies [24-97].

Aspects of resilience and sustainability are studied in archaeological case studies, of-
ten with the claim that insights from the past can be used to predict and prepare for future
challenges [23]. This logic has provided invaluable information that has been used to mit-
igate the impacts of geological and environmental events [98]. However, the specific ar-
chaeological evidence for resilient/sustainable characteristics and the combination of char-
acteristics that best enable human survival is rarely explored; these terms are often used
to simply describe a community that survived a particular shock. This paper acts as a
starting point for more effective research into this topic. It does so by reviewing archaeo-
logical evidence for community resilience and sustainability with bibliometric analyses
and quantification of previously published literature.

Bibliometric analysis of the ten top-cited papers on general resilience/sustainability
theory [1-13] and archaeological resilience/sustainability theory or summary papers [14-
23], and 74 case study papers detailing archaeological evidence for resilience/sustainabil-
ity [24-97] (Supplementary Table S1), aims to assess the history of research and the rela-
tionships of papers to one-another for unique insight into the field. The utilized biblio-
metric methods were based on previous research by Werner Marx and colleagues [99-
102], with literature extracted from Web of Science (WoS: https://webofknowledge.com)
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and analysed wusing the software packages VOSviewer v1.6.18 [103]
(http://www.vosviewer.com) and CitNetExplorer v1.0.0 [104] (www.citnetexplorer.nl).
Alternatives to WoS - Scopus (https://www.scopus.com), Google Scholar
(https://scholar.google.com), and Dimensions (https://www.dimensions.ai) — were also
considered for this analysis. Scopus was found to have similar results to WoS; Google
Scholar and Dimensions both provide more exhaustive coverage but use automated ap-
proaches that include non-academic literature and duplicates in their searches; Google
Scholar offers limited options for filtering of results, bibliometric analyses and data ex-
traction [105-107]. If the findings of this paper relied more heavily on complete coverage
of publications, a combination of multiple databases would be preferable; however, some
Google Scholar results have been included where appropriate (see below).

Following bibliometric analysis, the 74 case study papers were reviewed and several
of their characteristics were quantified: Location, Scale, Period, Stressor (i.e., why was re-
silience/sustainability required?), Characteristic (i.e., how were the community resili-
ent/sustainable?) and Evidence (used to claim resilient/sustainable characteristic). Based
on the two analyses (bibliometric and quantitative), new insights are gained from old re-
search and current knowledge of archaeological evidence for resilience/sustainability is
reviewed. It is suggested that further research is required, specifically coding of variables
and a model or framework that integrates both these variables and, more importantly,
their interactions. The current paper thus demonstrates the utility of, and acts as a starting
point for, quantification of archaeological resilience/sustainability case studies to enable
formal comparative analysis. A more rigorous scientific methodology will enable us to
gain greater insights for modern and future resilience/sustainability policy (as argued for
in [108]).

2. Materials and Methods
2.1. Case Study Identification

To find suitable “papers” (this terminology is chosen to encompass both journal ar-
ticles and book chapters) that can act as case studies of archaeological evidence for resili-
ence/sustainability, a three-pronged approach was taken; this is depicted in Figure 1, with
search terms are recorded in Table 1. All searches were conducted on 11 July 2022.

WoS Query 1a WoS Query 1b WoS Query 2 WoS Query 3
“Title” “Topic” “Archaeology Resilience” “Resilience Theory”

10 most-cited
papers (13)

Y
References

1,231 papers Citations
=

e Master list N
g 1,444 papers 7

Final case studies
74 papers

155 papers

Figure 1. Flow diagram of Web of Science search steps. Colours match with Figure 4.
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The first step was to search directly for relevant papers by title (Search Query 1a) and
topic (Search Query 1b), using the terms “resilien*”, “sustainab*” and “archeolog*” (and
“archaeolog*” to accommodate British English). Topic searches provide articles that use
the terms in their title, abstract and keywords. In WoS, an asterisk (*) is a wildcard that
can represent any group of characters; it was utilized in these searches to enable any var-

iant of the above words (e.g., resilience and resilient).

Table 1. Web of Science searches.

Query Search Term Results
la: “Title TI=((resilien* OR sustainab*) AND (archaeolog*
' OR archeolog* OR ancient))
1,231

1b: “Topic” TS=((resilien* OR sustainab*) AND (archaeolog*

OR archeolog®))
2: “Archaeology = TS=((resilien* OR sustainab*) AND (archaeolog* 10
Resilience” OR archeolog®) AND theory)
3: “Resilience . .

TS=((resilien* OR sustainab*) AND (theory) 13*

Theory”

* Three additional resilience theory articles found in Google Scholar’s top ten most-cited

As there are likely many papers that discuss archaeological evidence for resili-
ence/sustainability — without including the terms in their title, abstract or keywords — ad-
ditional steps were taken to ensure the highest amount of recall possible. For this, the ten
top-cited resilience/sustainability theory papers from the field of archaeology [14-23] and
all fields [1-13] were identified (Table 2). Archaeology theory/summary papers were
found by topic searching with the terms “resilien*”, “sustainab*”, “theory” and “archae-
ology*” (Search Query 2). Theory papers from all fields were found by topic searching
with the terms “resilien*”, “sustainab*” and “theory” (Search Query 3). Similar searches
were conducted on Scopus, Google Scholar and Dimensions: Scopus and Dimensions pro-
vided the same results as WoS, Google Scholar identified three additional theory papers

which were included in this study (see Table 2).
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Table 2. Resilience theory papers and archaeological resilience theory/summary papers, ordered by

publication date.

Authors & Year Title Citations
Resilience Theory
Holli
;)9;3:& Resilience and stability of ecological systems [1] 8,179
A
Zci)%zr' Social and ecological resilience: are they related? [2] 2,127
Holling, Understanding the complexity of economic, ecological, and
. 2,034
2001 social systems [6]
Carpenter From Metaphor to Measurement: Resilience of What to 1832
et al., 2001 What? [7] ’
Holling & . . *
Gunderson, 2002 Resilience and adaptive cycles [8] 99
Walker Resilience, Adaptability and Transformability in Social- 2106
et al., 2004 ecological Systems [9] g
Folke, Resilience: The emergence of a perspective for social-eco-
, 3,718
2006 logical systems analyses [10]

Gallopin, Linkages between vulnerability, resilience, and adaptive 1438
2006 capacity [11] !
Nelson et al., Adaptation to environmental change: Contributions of a 1135
2007 resilience framework [12] !

Brand & Focusing the Meaning(s) of Resilience: Resilience as a De- 688+
Jax, 2007 scriptive Concept and a Boundary Object [13]
Norris Community Resilience as a Metaphor, Theory, Set of Ca- 5142
et al., 2008 pacities, and Strategy for Disaster Readiness [3] ’
Folke Resilience Thinking: Integrating Resilience, Adaptability 1116
etal., 2010 and Transformability [4] !
Cote & Resilience thinking meets social theory: Situating social 623+
Nightingale, 2012 change in socio-ecological systems (SES) research [5]
Archaeological Theory/Summaries
Redman & Resilience of past landscapes: Resilience theory, society, 213
Kinzig, 2003  and the Longue Durée [14]
Redman, Resilience theory in archaeology [15] 201

2005
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Redman, Should sustainability and resilience be combined or remain
. . 166
2014 distinct pursuits? [16]
Sundstrom Transdisciplinary Application of Cross-Scale Resilience 04
etal., 2014 [17]
Cumming &  Unifying research on social-ecological resilience and col- 78
Peterson, 2017  lapse [18]
Bradtmoller Resilience theory in archaeological practice - an annotated
. 42
etal.,, 2017 review [19]
Middleton, The show must go on: Collapse, resilience, and transfor-
L 18
2017 mation in 21st-century archaeology [20]
Haldon History meets palaeoscience: Consilience and collabora-
tion in studying past societal responses to environmental 63
etal., 2018
change [21]
Haldon & Society and Environment in the East Mediterranean ca
300-1800 CE. Problems of Resilience, Adaptation and 11
Rosen, 2018 .
Transformation. Introductory Essay [22]
Nicoll & Is the past key to the present? Observations of cultural con-
Zerboni, 2020 tinuity and resilience reconstructed from geoarchaeologi- 11

cal records [23]
* Resilience theory articles that were in the top ten most-cited in Google Scholar

Citations were extracted from the two key literature datasets and references were
extracted from the archaeological summaries. Here, “citations” refers to later papers citing
the key literature whilst “references” refers to earlier papers cited in the key literature.

The results of Search Query 1a,b and the citations/references extracted from Search
Query 2 and Search Query 3 were compiled into a “Master List” containing 1,444 papers.
This list was manually sifted for identification of suitable case studies that claim archaeo-
logical evidence for resilience/sustainability and was found to have very low precision
(i.e.,, many irrelevant papers were included). Manual sifting mitigates against a key chal-
lenge in bibliometric assessments: recall and precision are inversely correlated, meaning
that when attempting to find all relevant papers there will be many irrelevant papers in
your results [100,109]. In the “Master List”, most papers focused on how to conduct ar-
chaeology sustainably or the resilience of something other than communities (e.g., plant
or animal populations); others discussed community resilience/sustainability but pro-
vided no evidence, simply stating that a community which persisted (or “collapsed”) was
(not) resilient/sustainable. A total of 74 case studies [24-97] were identified which discuss
archaeological evidence for resilience/sustainability (Supplementary Table S1).

2.2. Dataset Visualization

VOSviewer v1.6.18 [103] (http://www.vosviewer.com) was used to map co-author-
ship and keywords of the two key literature datasets (23 papers) and the case studies (74
papers). The co-authorship map is based on full counting of authors, which are repre-
sented by nodes. The size of the nodes is proportional to the number of papers by the
author included in this dataset. Nodes (i.e., authors) are positioned close to, clustered
with, and connected by lines to other nodes they have published in collaboration with
(i.e., their co-authors). The keyword map is also based on full counting, with the size of
the nodes proportional to keyword occurrence and the size of connecting lines propor-
tional to the number of co-occurrences. Keywords that co-occur more frequently are also
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positioned closer together. The mean publication date of each keywork is represented by
a colour scale, thus displaying the changing important keywords (“buzzwords”) over
time.

CitNetExplorer v1.0.0 [104] (www.citnetexplorer.nl) was used to visualize the cita-
tion network of the two key literature datasets (23 papers) and the case studies (74 papers).
The citation network orders the papers by publication date and connects later papers to
those they cite, thus producing a history of research into archaeological evidence for re-
silience/sustainability.

2.3. Case Study Quantification

The 74 case study papers were manually reviewed, and several aspects were quanti-
fied: Scale, Location, Period, Stressor (i.e., why was resilience/sustainability required?),
Characteristic (i.e., how were the community resilient/sustainable?) and Evidence (used
to claim resilient/sustainable characteristic). These are categorised as follows:

e Scale — case studies analyse resilience/sustainability for: (1) a household, (2) a single
settlement/city, (3) a locality, roughly defined as a group of less than 10 settlements
in an area smaller than 100 km?, (4) a sub-region, one area containing numerous set-
tlements within a polity, (5) a region, a single polity or similar in scale (6) a macro-
region, the size of multiple polities.

e Location - latitude and longitude coordinates from the centre of the case study re-
gion are provided, which is then defined according to scale (settlement/city, locality,
sub-region, region, macro-region) and by continent.

e Period - the start and end date of the case study, as provided by the authors, are
recorded.

e Stressor, characteristic, and evidence — each of these variables was noted whilst read-
ing the case study papers and were then re-evaluated to create consistent groups.
They are also counted (i.e., the number of stressors is noted). The full list of these
variables can be found in Supplementary Table S1.

3. Results
3.1. Co-authorship Map

Analysis of authors in the two key literature datasets (23 papers) and the case studies
(74 papers) reveals the field to be largely collaborative, with archaeologists frequently
working alongside researchers working on reconstructions of the stressors (e.g., ecol-
ogists, palaeoclimatologists, or volcanologists). However, there are relatively few co-au-
thorship connections, partially resulting from the fact that 367 of the total 397 authors
(92.4%) have only published a single relevant paper in this dataset. Of the remaining au-
thors, only five published three papers (Carpenter, Dunning, Lancelotti, Walker, and
Weiberg) and two published four (Holling and Redman). A complete paucity of connec-
tions between groups is exhibited in the co-authorship map, Figure 2.
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Figure 2. Co-authorship map of all 397 authors from the 74 case study papers, 13 resilience theory
papers, and 10 archaeological resilience theory/summary papers. The size of the nodes is propor-
tional to the number of papers by the author included in this dataset. Clusters with multiple papers
are coloured and numbered by author count. Figure produced in VOSviewer.

A total of 67 clusters are formed, of which 58 are comprised of only a single paper
(86.6%). The remaining eight (i.e., those containing multiple papers) are numbered by au-
thor count. Cluster 1 is the largest cluster and contains six papers discussing resilience in
case studies across Eurasia, with a total of 88 authors. The lefthand side of this cluster is
comprised of two papers with a high number of co-authors discussing prehistoric resili-
ence during the last glacial [87] and early Holocene [61]; the other side of the cluster con-
tains four papers discussing agricultural and using radiocarbon dates [36,51,67,82]. Clus-
ter 2 links together four papers from 24 authors. Three of these papers discuss resili-
ent/sustainable land-use in pre-Columbian Amazonia [37,46,90] whilst the last is focused
on Mayan resource management in Belize [28]. Cluster 3 is comprised of six papers au-
thored by members of the Climate Change and History Research Institute (CCHRI),
Princeton University, and colleagues (22 authors). Two of these are key archaeological
theory/summary papers [21,22]. This interdisciplinary group focuses on the impact of an-
cient climate change, which these papers discuss for the Neolithic period in SW Asia
[72,74] and the Late Antique Eastern Mediterranean [73,91]. Many other key papers relat-
ing to historical climate change impacts have been published by this group, with a focus
on collaboration between paleo-scientists and archaeologists/historians, especially relat-
ing to the Byzantine Empire [110]. Cluster 4 is centred around three papers by Carla
Lancelotti [29,63,68], with 19 total authors. These papers focus on human-environment
dynamics using archaeobotanical remains and how this relates to human resilience.
Lancelotti has also published an important archaeological theory paper that provides a
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framework indicating key variables for resilience in small-scale societies [111]. This paper
was the 11t top-cited paper in WoS Query 2 and is discussed further below. Cluster 5 is
the largest in terms of papers, with 11 by 19 authors. This cluster encompasses many of
the key literature datasets, with three of the archaeological theory papers by Charles Red-
man [14-16] and seven of the theory papers [1,4,6-10]. One additional paper is included
here that has Redman as a co-author [56]. Redman and Holling are the only two authors
in this dataset to have four papers included, this is visualized by the size of their node in
Figure 2. Cluster 6, similarly to cluster 4, is centred around three papers by one author,
Nicholas Dunning [59,85,88], with 13 total authors. These papers discuss both resilience
and sustainability, as well collapse, for the ancient Maya in the Yucatan Peninsula. Two
of the papers are specific to the city of Tikal, Guatemala, whilst the other is a comparison
of sites across the Maya lowlands. One paper from Cluster 2 [28] could arguably have
been included here if they were manually sorted by theme. Cluster 7 is comprised of five
authors, with two publications summarizing water technologies and changing climatic
conditions on Crete [76,84]. Cluster 8 is another centred around three papers sharing one
author, Erika Weiberg [32,62,70], and three total authors. Two of the papers are collabora-
tions with colleagues from Uppsala University.

3.2. Keyword Map

A keyword map was produced to assess the changing trends of focus among the two
key literature datasets (23 papers) and the case studies (74 papers), presented in Figure 3.
For this map, all keywords were used - this includes both those supplied by the paper
authors and “KeyWords Plus”, which are provided by WoS.
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Figure 3. Keywords for the two key literature datasets (23 papers) and the case studies (74 papers).
The lefthand side is a keyword map produced in VOSviewer, minimum of 3 occurrences required
for inclusion (60 keywords). The size of nodes indicates the occurrence, the colour indicates average
publication date, lines indicate keyword co-occurrence. The righthand side indicates the changing
prevalence of three keywords over time, percentages relate to the publication year.
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The highest occurring keywords include the search terms of resilience (36), archaeol-
ogy (18) and sustainability (15), as well as related terms such as collapse (20) and vulner-
ability (13). Additionally, climate and adaptation appear frequently but with multiple var-
iations: 33 counts of climate, climate change or climate-change; 17 counts of adaptation,
adaptive capacity, or adaptive cycles. The map also reveals keyword changes over time,
with sustainability and related terms (e.g., biodiversity, management, adaptive capacity)
averaging older publication dates; the associated graph shows that sustainability was a
keyword in only six papers in the last five years (12.2%) compared to eighteen uses of
resilience (36.7%). Terms relating to climate have seen more frequent use in recent years
as well, with the first use in 2007 and are featured in 46.9% of papers published in the last
five years. Overall, more recent keywords relate to specific types of archaeological analy-
sis/evidence (e.g., charcoal analysis, archaeobotany), variables impacted by stressors (e.g.,
agriculture, land-use, landscape), or study periods (e.g., iron-age, ice-age, Holocene). Key-
words featuring in older papers are more frequently ecological terms (e.g., sustainability,
biodiversity, management, adaptive capacity), their older average dates are partially the
result of the key theory papers, which are largely from the field of ecology.

3.3. Citation Network

The citation network of the two key literature datasets (23 papers) and the case stud-
ies (74 papers) is presented in Figure 4; this visualises which papers cite one-another. Cit-
NetExplorer also identifies cited papers not in the dataset, these were removed from Fig-
ure 4. The highest internally-cited papers (i.e., papers cited by those within the dataset
[104]) are: (1) the key resilience theory papers by Holling [1,6,8] — with 20 citations (1973),
16 citations (2001), and 12 citations (2002), as well as the book containing the 2002 chapter
[112], which was cited 21 times; (2) the paper “Resilience Theory in Archaeology” by Red-
man [15], with 19 citations; (3) a popular book [113] and a journal article [114] discussing
the concept of “collapse”, with 13 and 11 citations, respectively; (4) a summary of the
“Grand challenges for archaeology” which highlights resilience and human-environment
interactions as important [115], with 10 citations; and (5) another key theory paper by Car-
penter et al. [7].
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Figure 4. Citation network (221 citation links) of the 74 case study papers (grey), 13 theory papers
(yellow), and 10 archaeological theory/summary papers (purple). The top right section shows the
central cluster from 2010 to 2022. Figure produced in CitNetExplorer.

The earliest publication in the dataset is a paper from 1973 by Holling [1], which in-
troduced the concept of resilience for studying ecological systems. The next papers in the
dataset, which were published several decades later in the early 2000s, introduced the
concept of resilience for studying socio-ecological systems. Many of these papers are in
Cluster 5 of Figure 2, are highly-cited (both internally and externally) and include key
authors with multiple publications. Important to note that here the adaptive cycle and
panarchy concepts are introduced, which have remained extensively used in archaeology
[19]; this has remained the case despite critiques stating it is a non-scientific narrative de-
vice [116]. The first archaeological uses of resilience theory (in this dataset) were also pub-
lished in the mid-2000s, with Redman as the primary author [14,15]. Here, it is argued that
archaeology can be utilised to study a greater variety of socio-ecological systems than
available in the present day, and over longer timescales, as in [117]. It is interesting to note
here that all of the key theory papers focus primarily on resilience rather than sustainabil-
ity, there are articles discussing resilience published in the early 2000s (e.g., Tainter, 2000
[118]); however, these are cited less frequently, despite the fact that sustainability as a
keyword is more prominent in earlier articles, see Figure 3. In 2006, the first case study is
published by Nelson [95], who also argued for a resilience framework the following year
[12]. Patterns observed in the 74 case study papers were better-assessed by quantification
of their key aspects, see below.

3.4. Case Study Metadata

The number of case study papers discussing archaeological evidence for resili-
ence/sustainability has mostly shown a steady increase over time. A total of 14 papers
were published in 2021, the year with the most case studies, however, the number pub-
lished in 2022 (currently 9) may exceed this considering the WoS search was performed
on 11 July 2022. There are some exceptions to this pattern, notably 2012 and 2020. Five
case study papers were published in 2012, two of which [86,89] resulted from a book titled
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“Surviving Sudden Environmental Change: Answers from Archaeology” [119]. One of
these pertains to the Mayan Civilization, as do another two published in PNAS with Dun-
ning as one of the authors (from Cluster 6 in Figure 2). Increased interest at this time may
result from the Maya calendar-related prediction that the world would end on 21 Decem-
ber 2012, which caused a pronounced peak in publications relating to the Maya collapse
in 2012 [99]. In Figure 5, a significant dip in the upward trend of publications is visible for
2020; this is likely due to the COVID-19 pandemic, which lowered the average amount of
new publications, submissions, and projects undertaken by scientists [120].
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Figure 5. Publication years for the 74 case study papers (grey), 13 theory papers (yellow), and 10
archaeological theory/summary papers (purple). This figure does not display the first paper by Hol-
ling (1973) for clarity.

The scale and global distribution of case studies are presented in Figure 6. Regarding
scale, the category with the most case studies is sub-regional (29 papers), followed by set-
tlement/city (19 papers), local (12 papers) and macro-regional (9 papers); there are only
three papers at a regional scale and two at the household scale. However, going forwards
these categories should be better defined (by size) due to variations in the area of coun-
tries. Case studies are spread globally, appearing on every continent except Antarctica.
Europe and Asia have the most, with 21 case studies each. North and South America have
17 and 8 case studies, respectively. Africa has only five case studies, located entirely in the
east. Oceania is the least represented, with only two case studies. Two areas with a high
density of case studies are shown as cut-outs in Figure 6: the Yucatan Peninsula, which
has six case studies, and the Eastern Mediterranean, with seventeen case studies.
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Figure 6. Map showing the location of the 74 case study papers. Cut-outs show two regions with a
high density of case studies: the Yucatan Peninsula and the Eastern Mediterranean. The pie chart
shows the proportion of case study scales, with colours corresponding to the points on the map.

The more important quantified variables of stressor, characteristic, and evidence
were identified by reviewing each individual case study paper. The full results of the
quantification can be found in Supplementary Table S1.

Stressors (i.e., why was resilience/sustainability required?) are presented in Figure
7a. There are 23 different stressors, with 138 total occurrences, meaning there is an average
of 1.9 stressors in each case study. Climate/weather is by far the most commonly occurring
stressor, appearing in 40 (54%) of the case studies. Other stressors can be separated into
three main groups. The first group is resource depletion/scarcity, which is observed for
food (n=16: 22%), water (n=8: 11%), soils (n=7: 9%), and trees (n=6: 8%). The second group
are all anthropogenic challenges, for example broader regional decline (n=8: 11%) and
separation (n=5: 7%). The final group is comprised of other environmental stressors, the
most common of which are floods (n=6: 8%), erosion (n=5: 7%), and volcanism (n=4: 5%).

Characteristics (i.e., how were the community resilient/sustainable?) are presented in
Figure 7b. There are 50 different characteristics, with 169 total occurrences, meaning there
is an average of 2.3 characteristics in each case study. Subsistence strategies were most
frequently-cited, appearing in 37 (50%) of the case studies; more specific details of the
utilised strategies are presented in Figure 7d. Additionally, a further 23 (31%) case studies
that did not describe subsistence strategies as important did include variables that are
subsistence-adjacent (trading food resources, managing wild fauna/flora (food resources),
soil or water management for subsistence). Other frequently recurring characteristics are
related to water management (n=23: 31%) or moving/mobility (n=15: 20%). There are nu-
merous other characteristics found to promote resilience/sustainability, with many only
stated in one (14 characteristics) or two (13 characteristics) case studies.
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Figure 7. Case study data. (a) Stressors, i.e., what they were being resilient to; (b) resilient/sustaina-
ble characteristics/actions; (c) the evidence used to argue resilience; (d) subdivisions of the largest
category in (b): subsistence strategies. Variables that appeared only once were not included, except
in (d).

Evidence types (used to claim resilient/sustainable characteristic) are presented in
Figure 7c. There are 26 different evidence types, with 246 total occurrences, meaning there
is an average of 3.3 evidence types in each case study. There are five evidence types used
in more than twenty case studies: architecture (n=29: 39%), settlement patterns (n=24:
32%), zooarchaeological remains (n=24: 32%), artefacts (n=22: 30%), and seeds (n=21: 28%).
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4. Discussion

The present bibliometric and quantitative review is based on papers (available from
the WoS literature database) that discuss resilience and/or sustainability in archaeological
case studies. There are several limitations to the bibliometric analysis, which result in the
number of case studies being relatively small (n=74) and, despite measures to enhance
recall (extracting citations and references from the key literature), the list is not exhaustive.
Firstly, only articles published in English are included in the dataset. Whilst up to 90% of
scientific publications are written in English [121], the proportion is likely lower in archae-
ology, suggesting at least 10% of relevant papers are missing from this dataset from the
outset. Secondly, as with the social sciences and the humanities more broadly, a significant
amount of archaeological research is published in books and discipline-specific journals
that are not indexed in WoS [122]. Lack of completeness in this dataset is exemplified by
the fact that only 5/74 (7%) of the case studies are from books and a key book on archaeo-
logical evidence for resilience by Ronald Faulseit [123] was not included. This book con-
tains four chapters with “resilience” in the title and at least five other relevant chapters,
which could feasibly have been case studies. Furthermore, a recent article by Tamara
Lewit [124] and an additional chapter by Erika Weiberg [125] were not found despite con-
taining “resilience”, “theory”, and “archaeology” in their titles/abstracts. Regardless of
these weaknesses, the bibliometric approach employed here has identified numerous key
case studies from which patterns can be observed. The bias of a traditional literature re-
view has also been avoided, whereby experts inadvertently focus on their own research
interests at the expense of others.

Resilience and sustainability are buzzwords, as reflected in the shift in their use over
time (Figure 3) and the fact that many authors (367/397: 92.4%) only publish once on the
topic in this dataset. Despite this, the number of identified papers discussing them in re-
lation to archaeology is relatively low. Conducting the equivalent search (TS=((archeo*
OR archaeo*) AND (KEYWORDS))) but for collapse narratives reveals a much larger
number of papers: 2,145 results for “collapse” alone, 22,853 results when synonyms of
collapse are included (i.e., breakdown, decline, demise, doom, end, downfall, and fall;
from [100]). This contrast is further exaggerated by the fact that only 74 of the 1,444 results
in the resilience/sustainability “master list” were appropriate case studies. Similarly, a fo-
cus on negative narratives has previously been observed in studies of human-environ-
ment interactions due to their appeal in public discourse [126,127].

Quantification revealed a great variety of scales of analysis, case study locations,
stressors (n=23), resilient/sustainable characteristics (n=50), and evidence types (n=26). In
stressors, climate/weather was by-far the most frequently occurring, appearing in 40 (54%)
case studies. Other stressors could be separated into three main categories: resource de-
pletion (37 occurrences), anthropogenic challenges (30 occurrences), and environmental
events/problems (24 occurrences). In terms of characteristics, adaptations to subsistence
strategies were very important, appearing in 37 (50%) of the case studies. In the case stud-
ies that do not have subsistence strategy adaptations as a resilient/sustainable character-
istic, another 23 (31%) adopted subsistence-adjacent strategies (e.g., trading food or man-
aging wild food resources). Other commonly recurring characteristics are management of
water infrastructure (n=17), moving settlements (n=11), and interconnectivity (n=6). Yet,
overall, there was diversity in the characteristics promoting resilience/sustainability, with
many only appearing in one (n=14) or two (n=13) case studies. Regarding the utilised ev-
idence, occurrences are diverse and more evenly distributed than in stressors and charac-
teristics. The top three are architecture (29: 39%), settlement patterns (24: 32%), and zoo-
archeological remains (24: 32%). However, architecture, as well as artifacts (22: 30%), are
mostly used as secondary types of evidence to support other types. More results from the
quantification are discussed below in the context of findings.

A key theme in the dataset is the importance of natural resources, principally related
to agriculture and food. Subsistence strategies, primarily agricultural methods, are recur-
ringly stated as characteristics that enable resilience/sustainability, together with
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subsistence-adjacent strategies, they are in 60 (81%) case studies. When only case studies
where climate/weather is a stressor are considered, subsistence is at the forefront of all but
two discussions (27: 67.5% direct; 11: 27.5% subsistence-adjacent). Of direct adaptations,
the most frequently occurring successful response was a subsistence shift (n=12), which is
here defined as adopting a new crop or suite of crops. Additionally recurring were diver-
sification (n=8) and existing diversity (n=4), as well as localisation (n=5) of subsistence
strategies. The importance of subsistence is also reflected in the evidence types, with
paleo-environmental evidence for species presence appearing a total of 70 times across 43
(58%) case studies. Other evidence types are likewise related to agriculture (e.g., soil anal-
ysis: n=10) or food (e.g., storage facilities: n=5; stable isotopes for diet: n=3). This may, of
course, simply reflect a research preference for subsistence strategies or a greater use of
the concepts of resilience/sustainability among those who study subsistence strategies.
However, at least for climate, it is consistent with archaeological (e.g., [128]) and modern
[129] understanding that agricultural productivity and the environment act as the medi-
ating factor between climate and society. The need to manage other natural resources is
also reflected in the results. Climate change, other environmental factors (e.gz., erosion or
floods) and overexploitation can lead to a depletion of food (n=16), water (n=8), soil (n=7)
and tree (n=6) resources. These stressors are principally adapted to via resource manage-
ment, for example of water infrastructure (n=17), soils (n=5), and wild species (flora=6;
fauna=4), or by following resource availability, as reflected in the characteristics of moving
settlements (n=11) and mobility (n=3).

There are several conflicting findings between the identified resilient/sustainable
characteristics, which themselves provide significant insights. The first is between existing
characteristics (e.g., economic or subsistence diversity, location, trade) and responses (e.g.,
subsistence diversification and other adaptations, moving settlements, increasing or re-
ducing trade). For example, the geography of the Yucatan Peninsula made coastal com-
munities more resilient than others, because of their location they had more dependable
access to drinking water, increased agricultural productivity, and the rivers/coastline pro-
vided easier access to trade, all of which increased their ability to withstand droughts [88].
Existing characteristics are not always natural, however. At Cadir Hoytik, the relatively
light touch of the Hittite Empire made adjusting to broader regional decline easier as the
community was already relatively self-sufficient [52]. On the other hand, in different cir-
cumstances similar stressors required adaptations by the afflicted communities to survive.
For example in Tell el-Dab‘a, Egypt, broader regional decline was adapted to by establish-
ing new trading relationships and collaborating with neighbouring settlements [33]. The
success of both existing characteristics and responses might be explained by varied defi-
nitions of resilience and sustainability. Resilience is generally defined as the capacity of a
system to retain essential functioning under changing conditions, whereas sustainability
is meeting the needs of the present without compromising future needs. Resilience is
therefore more related to adaptation and can be interpreted both in the short- and long-
term, whereas sustainability is focused on long-term outcomes [16].

Another chronological conflict is between characteristics which promote resilience
on shorter timescales but are ultimately un-sustainable. In Mexico City, management of
water through construction of defences and direct interventions temporarily solved issues
of flooding. However, the same management ultimately led to more severe flooding once
the defences were overcome, or moved the floodwaters to other areas without defences
[56]. A second example of this is observed in Amazonia, where investment in and man-
agement of raised fields was found to improve resilience to climatic shocks by retaining
moisture, thus improving agricultural productivity. Yet, on longer timescales, the raised
fields lowered the quality of the soil, which led to their abandonment [46]. Significant
infrastructure projects, such as Amazonian raised fields, require specific knowledge and
organized maintenance that can be difficult to maintain in periods of strife. Other exam-
ples of failed large-scale water infrastructure resulting from a lack of expertise or manage-
ment capacity are found globally. In Crete, after the Minoan Period, dry periods were
found to result in water scarcity, followed by social unrest and economic decline, as
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communities did not have the knowledge required to maintain and innovate upon the
existing Minoan water infrastructure [76]. Alternatively, in the Arabian Peninsula, water
infrastructure was abandoned when the large work forces required for maintenance and
repair could not be mobilised following the dissolution of states [60,130]. These examples
emphasise the unique value of archaeology in providing long-term perspectives on issues
of resilience and sustainability, which can be used to guide modern and future policy.
This has been noted many times previously (e.g., [14,19,115]), and in this special issue
[117], but this potential has not yet been fully actualised.

Comparison of the case studies reveals opposite characteristics which can promote
resilience/sustainability, dependent on the circumstances. For example, both collaborative
(interconnectivity (n=6)/ trade or trade increase (n=4)/ sharing resources (n=2)) and isola-
tionist (self-sufficiency (n=4)/ trade embargo (n=1)/ isolation (n=1)) strategies are found to
have enhanced resilience/sustainability in the case studies. This contrast is exemplified in
a network analysis of 24 communities/regions in the late pre-Hispanic North American
Southwest; this paper is also a prime example of quantification for better comparison (dis-
cussed below). Having an external orientation in social relationships was found to predict
persistence through a prolonged drought; however, the Zuni region was an exception,
persisting despite isolation from the regional network. The study suggests the Zuni per-
sisted by having a high population and mobility that enabled them to follow niches of
productivity [81]. This indicates two important points: (1) there are multiple possible
methods for persisting through stressors, and (2) it is the combination of factors that is
ultimately more important for determining resilience/sustainability.

The significance of the interaction of factors has been stressed before and is best ex-
plained by Carla Lancelotti [111]. In this paper, a framework for studying the resilience of
small-scale societies is provided with three resource domains (environmental, economic,
and social) and it is argued that the interactions between these domains may be more
important than the specifics of each individual factor. This ties into another problem in
studies of resilience to environmental changes. Whilst environmental determinism was
too extreme of a position, both baseline environmental conditions and the magnitude of
change can still be relevant for human impacts and perhaps the characteristics/strategies
that are most effective. This is illustrated in a paper focusing on community resilience to
volcanic eruptions in Costa Rica. Here, the frequency of eruptions in the region of the
Arenal volcano is suggested to have enhanced resilience by enabling the survival of local
knowledge between events [86]. The inverse is suggested in a recent study of climate
change impacts in southwest Anatolia, where the extended duration of drier conditions
resulted in a reduction of settlement and agricultural intensity. In this example, the local
population initially adapted following a shift to drier conditions but were eventually over-
whelmed by them. It may be that the endurance of the drier period, which had been per-
sisting for over a century, was more impactful. On the other hand, it may also have been
the result of a “perfect storm” of factors as threat of invasion, earthquakes and disease
later impacted the region simultaneously [91]. Likewise, a coalescence of factors was
deemed significant for the Barrilles chiefdoms in Costa Rica, where ongoing warfare un-
dermined their ability to adapt to a relatively low-magnitude volcanic eruption [86].

The paragraphs above all reflect the complexity of resilience and sustainability. To
unlock the full potential of case studies, coding of variables is required, as is a model or
framework that integrates these variables and their interactions. As has been highlighted
elsewhere, consistency in the coding of variables is crucial to enable quantitative cross-
comparisons of case studies; see examples discussing the value of this for sustainability
science by Michael E Smith [108,131]. The benefit of coding variables has been demon-
strated by statistical analyses of the SESHAT database to gain new insights, for example
assessment of climate change impacts on past societies by Peter Peregrine [132,133]. How-
ever, establishing methods for measuring different aspects of resilience/sustainability is a
significant challenge [19,116] and it is unclear what archaeological evidence can be used
to reflect core processes of societies [17]. This would necessitate archaeological projects
designed specifically around this outcome. Coding of variables would be particularly
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valuable to enable modelling of socio-environmental systems at varied scales, especially
the longer timescales which archaeology is in a unique position to explore [117]. By doing
this, we can gain greater insights for modern and future resilience/sustainability.

Overall, whilst this initial quantification has identified some interesting patterns, a
more formally-produced catalogue of case studies should be produced. This would be a
collaborative effort between multiple parties, with different decisions made in selecting
relevant papers/case studies. For instance, refining definitions of categories — in this ex-
ample scale is only roughly defined and there is significant overlap due to the varying
size of countries. It may also be advantageous to develop separate frameworks for resili-
ence and sustainability, or to reframe them under the category of persistence. There may
also be a need to separate the frameworks by the external shock and/or the type of com-
munity, due to the differing effects. For example, a framework examining the persistence
of communities under climate change might look rather different for a small-scale agri-
cultural society when compared to a group of hunter-gatherers, or a pre-industrial city
and its hinterlands.

5. Conclusions

Using bibliometric searching methods, this review has identified 74 archaeological
case studies of a community exhibiting resilience and/or sustainability. This is orders of
magnitude lower than the number of examples for the inverse scenario (i.e., archaeologi-
cal evidence for “collapse”). Quantification of several key aspects of these case studies
provided interesting findings, notably the importance of natural resources and assess-
ment of combinations of factors and demonstrates that greater value can be extracted from
such examples than is currently through statistical meta-analyses. However, for this,
stressor-specific formally-produced frameworks and quantification of unexplored varia-
bles is required.

Supplementary Materials: Table S1: Case Study Quantification.
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