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GRAPHICAL ABSTRACT

PUBLIC SUMMARY
■   Centuries of archaeological studies reveal the ebb and flow of settlement centers across Eurasia.

■   The primary drivers encompass new technologies, human migration, and climate change.

■   Their concatenation progressively redefines the human-environment relation on various scales.

■   Multi-cycle interaction between local and continental networks integrates Eurasia as a whole.

G
eo

science
REPORT

The Innovation Geoscience 1(3): 100038, December 12, 2023　　　  1

mailto:ghdong@lzu.edu.cn
mailto:RLiu@britishmuseum.org
mailto:ghdong@lzu.edu.cn
mailto:RLiu@britishmuseum.org
https://doi.org/10.59717/j.xinn-geo.2023.100038
https://doi.org/10.59717/j.xinn-geo.2023.100038
https://doi.org/10.59717/j.xinn-geo.2023.100038
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


 

Human-environment interaction systems between regional and
continental scales in mid-latitude Eurasia during 6000–3000 years ago
Guanghui Dong,1,3,* Linyao Du,1 Ruiliang Liu,2,* Yuejiao Li,3 and Fahu Chen1,4

 

1Key Laboratory of Western China's Environmental Systems, College of Earth and Environmental Sciences, Lanzhou University, Lanzhou 730000, China
 

2The Department of Asia, British Museum, London WC1B 3DG, UK
 

3School of Geography and Tourism, Zhaotong University, Zhaotong 657000, China
 

4Alpine Paleoecology and Human Adaptation Group, Institute of Tibetan Plateau Research, Chinese Academy of Sciences, Beijing 100101, China
*Correspondence:  ghdong@lzu.edu.cn (G.D.);  RLiu@britishmuseum.org (R.L.)
Received: July 27, 2023; Accepted: November 30, 2023; Published Online: December 1, 2023; https://doi.org/10.59717/j.xinn-geo.2023.100038
© 2023 The Author(s). This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Citation: Dong G., Du L., Liu R., et al., (2023). Human-environment interaction systems between regional and continental scales in mid-latitude Eurasia during 6000–3000 years ago.
The Innovation Geoscience 1(3), 100038.
 
The Late Neolithic and Bronze Ages witnessed the extensive expansion of
human settlements,  along  with  the  dispersal  of  crops  and  livestock  origi-
nating  from  West  and  East  Asia.  These  events  profoundly  reshaped  the
human-environment  relationship  in  mid-latitude Eurasia  and  the  underly-
ing trans-Eurasian exchange. While the processes and factors that under-
pin  the  interaction  between  human  societies  and  ever-changing environ-
ments have been a heated debate in various regions of Eurasia, there is still
a lack of synergistic discussion regarding human-environment interactions
at regional  and  continental  scales.  To  this  end,  we  provide  a  comprehen-
sive review  and  synthesis  of  updated  radiocarbon  dates  and  archaeob-
otanical  and  zooarchaeological  data  from  sites  dated  between 6000 and
3000 cal.  yr  BP in  mid-latitude Eurasia,  coupled with  associated archaeo-
logical  and  palaeoclimatic  records.  The  results  reveal  the  emergence  and
expansion of a number of regional settlement centers along the prehistoric
Silk  Roads and Eurasian Steppes during the  6th–4th millennium cal.  yr  BP.
The prime  drivers  include  the  spread  of  new  technologies,  human  migra-
tion,  and  climate  change.  As  a  result  of  successful  food  production  and
increasing social  complexity,  many  areas  have  experienced  rapid  popula-
tion growth, creating a foundation for subsequent widespread expansion of
farming  and  herding  communities  across  Eurasia.  Under  this  overarching
picture,  many  regional  patterns  arose  due  to  specific  natural  and  social
conditions, weaving into broad spatiotemporal variations across Eurasia. A
new conceptual model is proposed to depict this feedback loop of the inter-
action between human-environment systems at and between regional and
continental scales.
 

INTRODUCTION
The interaction between social and natural systems during late prehistory,

particularly  during the 6th–4th millennium cal.  yr  BP has attracted enormous
research interest from various disciplines, ranging from archaeology to geo-
sciences. During this period, the Late Neolithic and Bronze Age groups were
widely  spread  across  Eurasia,  often  echoing  the  emergence  of  some of  the
earliest  civilizations  documented  in  the  literature.1-5 At  the  regional  scale,
climate change has been proposed as an important but also complex factor
for social  evolution.  On  the  one  hand,  climate  deterioration  very  likely  trig-
gered  the  collapse  of  ancient  civilizations.6-9 On  the  other,  it  may  well  have
facilitated technological  innovations and changes to new livelihoods10-14 and
further  promoted  the  development  and  expansion  of  farming  and  pastoral
groups.15-18 High precipitation  has  often  been  favourable  for  social  develop-
ment  in  most  regions,19-20 though  it  could  result  in  catastrophes,  such  as
flooding.21-22 Regional  culture evolution during the Late Neolithic and Bronze
Age was also affected by the transformation of social systems, including the
innovations  in  production  and  social  organization.23-25 At  the  continental
scale,  this  benefited  from  the  emergence  and  intensification  of  trans-
Eurasian exchange,26-27 the spatiotemporal pattern of human societies during
6000–3000 cal.  yr  BP  was  primarily  transformed  by  the  dispersal  of  new
lifestyles, involving  crop  cultivation,  livestock  herding,  metallurgical  produc-
tion,  and  social  complexity.28-29 Nevertheless,  the  mechanism  that  links
human-environment  systems  between  the  regional  and  continental  scales
has yet to be systematically reconstructed.

The  majority  of  sites  dated  to 6000–3000 cal.  yr  BP  in  Eurasia  were

distributed  in  mid-latitude  regions,  where  the  Silk  Roads  and  Eurasian
Steppes  provide  crucial  passages  for  both  short- and  long-distance  human
migration and dispersal of crops, livestock, technologies, and beliefs originat-
ing  from  different  areas  of  Eurasia.25,30-32 In  this  period,  mid-latitude  Eurasia
witnessed  the  rise  of  many  important  ancient  civilizations,  including  Sumer,
Elam,  and  China,  as  well  as  notable  spatio-temporal  variations  of  cultural
landscapes  over  the  vast  geography.33-35 A  comparative  study  of  human-
environment relationships  provides  a  greater  understanding  of  the  mecha-
nisms underlying the  interaction between human societies  and their  natural
environments on  various  geographical  scales.  Here,  we  reviewed  radiocar-
bon  dates  and  archaeobotanical  and  zooarchaeological  data  from  Late
Neolithic  and  Bronze  Age  sites  in  mid-latitude  Eurasia  to  reveal  the
spatiotemporal  patterns  of  human settlement  and  subsistence  strategies  in
the area during 6000–3000 cal. yr BP. These data are also interpreted along-
side the most recent archaeological and palaeoclimatic studies, aiming for a
new conceptual model to explore the interconnection of human-environment
systems evolution on both regional and continental scales. 

METHODS
A  comprehensive  database  was  synthesized  containing  the  geographical

location,  chronology,  and types  of  archaeological  cultures  of 2172 archaeo-
logical  sites  from 6000 to 3000 cal.  yr  BP  and  covers  53  modern  countries
and  regions.  The  data  were  mainly  obtained  from  the  works  of  Dani  and
Masson,36 Wittke  et  al.,37 and  Dong  et  al.,5 as  well  as  from  other  published
papers and monographs. All the data were grouped into a series of 1000-year
time slots (500-year time slots in the supplementary files). Those that fell on
the boundary were replicated in both adjacent groups.  Kernel  density analy-
sis of the archaeological sites was applied to the spatial distribution of these
sites  using  ArcGIS  10.2.  Current  kernel  density  analysis  follows  the  most
widely employed model and agreed parameters.38-40 The underlying rationale
assumes  that  each  site  should  be  represented  by  a  three-dimensional
smooth curve with a hypothetical radius that can be artificially set up. These
curves can be accumulated mathematically using the kernel density function.
The radius  of  the  curve  is  normally  set  to  1°  to  better  capture  major  varia-
tions in the kernel distribution at various geographic levels. More archaeolog-
ical sites in one region result in a higher kernel density and, therefore, a darker
colour  for  the  local  region.  Finally,  a  standardized  colour  spectrum (0  ~  >3)
was applied to the overall datasets attributed to the same period to facilitate
visual comparison. A total of 288 sites with complete reports on the propor-
tions  of  different  species  of  charred  seeds  and  151  sites  with  NISP  (the
Number of Identified Specimens) for different animal species were collected
to illustrate the temporal-spatial patterns of subsistence across Eurasia from
the Neolithic to the Bronze Age.41
 

RESULTS AND DISCUSSION
The timing of intensive human occupation and population growth in differ-

ent  regions  of  mid-latitude  Eurasia  during  the  Neolithic  and  Bronze  Ages
(~10500–3000 cal. yr BP) presents remarkable variation, mainly driven by the
emergence  and  diffusion  of  early  farming.42 During 10500–6000 cal.  yr  BP,
intensive  agriculture  practices,  based on the cultivation of  wheat  and barley
and herding of sheep, goats, and cattle, were widely developed in West Asia,
the  Iranian  Plateau,  and  Europe,43-45 whereas  rain-fed  agriculture  based  on

REPORT

2  　　　The Innovation Geoscience 1(3): 100038, December 12, 2023 www.the-innovation.org/geoscience

mailto:ghdong@lzu.edu.cn
mailto:RLiu@britishmuseum.org
mailto:ghdong@lzu.edu.cn
mailto:RLiu@britishmuseum.org
https://doi.org/10.59717/j.xinn-geo.2023.100038
https://doi.org/10.59717/j.xinn-geo.2023.100038
https://doi.org/10.59717/j.xinn-geo.2023.100038
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.the-innovation.org/geoscience
https://www.the-innovation.org/geoscience
https://www.the-innovation.org/geoscience


millet cultivation became the most important subsistence in northern China.46

In  sharp contrast,  the  central  and eastern  parts  of  the  Eurasian Steppes,  as
well  as  the  Tibetan  Plateau,  were  primarily  dominated  by  hunting/fishing-
gathering.47-48 The  diversified  subsistence  strategies  fostered  drastically
different  population  growth  and  settlement  patterns  in  the  subsequent
millennia.

The grandiose scheme after 6000 cal. yr BP in the old world was to ‘occupy
the  north’.  The  spatial-temporal  pattern  of  human  settlements  in  mid-lati-
tude  Eurasia  shows substantial  changes,  probably  as  a  result  of  the  further
expansion  of  farming  and  herding  groups  equipped  with  draft  animals
(horses,  cattle,  and camels),  carts,  and chariots.49-50 This expansion not only

facilitated long-distance exchange but also enhanced human adaptability to
diverse natural environments over the following millennia.25,51-52

Kernel  density  analysis  illustrates  the  increasing  intensity  and  scope  of
human  occupation  areas  across  mid-latitude  Eurasia  during  the  Late
Neolithic and Bronze Ages (6000–3000 cal. yr BP), especially in the Eurasian
Steppes  and  Central  Asia  (Figure  1).  Human  habitats  displayed  a  broadly
scattered distribution in the western and eastern parts of mid-latitude Eura-
sia between 6000 and 5500 cal. yr BP, with several distinctive clusters in the
Near East,  Middle Yellow River Valley,  and Lower Yangtze Delta. Major clus-
ters  flourished in  the middle  Yellow River  Valley  of  China and the Caucasus
from 5500 to 5000 cal.  yr  BP.  The  core  areas  of  human  settlements  in  the
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Figure 1.  Kernel density of mid-latitude Eurasia archaeological site distribution between 6000 and 3000 cal. yr BP The higher kernel density suggests more archaeological sites.
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Yellow  River  Valley  expanded  further  during  the  5th millennium  cal.  yr  BP.
During the same period,  another cradle of ancient civilization was formed in
Mesopotamia. During this period, intensive occupation began to be detected
in  the  central  Eurasian  Steppes,  as  exemplified  by  the  Minusinsk  Basin.  In
these  millennia,  a  prominent  center  can  be  observed  in  the  Levant  area  of
West  Asia,  which  links  Egypt,  Mesopotamia,  and  Anatolia,  and  is  one  of  the
earliest  centers  for  metallurgy  and  urbanization.53-54 The  scope  of  human
settlements  in  mid-latitude  Eurasia  continued  to  extend  during 4000–3000
cal. yr BP. Regions such as the Tianshan Mountains in Xinjiang and high-alti-
tude areas  in  the  northeastern  Tibetan  Plateau  have  experienced  unprece-
dented  settlement  density.  Meanwhile,  a  new  settlement  center  emerged  in
the Urals region during 4000–3500 cal. yr BP. Intriguingly, the human settle-
ment cluster  in  the  Yellow  River  Valley,  which  lasted  for  millennia,  disinte-
grated into a few smaller settlement centers during 3500–3000 cal. yr BP.

The emergence,  expansion,  and  disintegration  of  human settlement  clus-
ters  during 6000–3000 cal.  yr  BP  in  mid-latitude  Eurasia  were  driven  by
multiple  factors,  such  as  rapid  climate  change,  agricultural  intensification,
transregional  exchange,  and  the  improvement  of  social  systems.17,20,25,55-56

These factors were convoluted in different natural and social settings, giving
rise to regional discrepancies. At continental scales, the spatiotemporal varia-
tion in settlement across Late Neolithic and Bronze Age Eurasia was unlikely
to occur without large-scale human migration, which inevitably promoted the
dispersal of crops, livestock, and metallurgical technology.42

The  interaction  between  human  and  environment  systems  at  different
scales  can  be  detected  in  the  Caucasus  and  Eurasian  Steppes  during  the
Late  Neolithic  period.  Livelihoods  characterized  by  a  wider  spectrum  of
subsistence strategies, including herding sheep, goats, and cattle, cultivation
of  wheat  and  barley,  pig  husbandry,  hunting,  fishing,  and  gathering,  were
established in the Caucasus during 6000–5000 cal. yr BP.57-59 This economic
pattern likely enabled diverse local landscapes to be more effectively explored
and created a firmer economic basis for the local population to engage with
other groups, such as the Yamnaya culture (~5600–4200 cal. yr BP) across
the Eurasian Steppes,60-61 which further contributed to social development in
both  Europe  and  the  central-eastern  Eurasian  Steppes.12,62 The  migration  of
the Yamnaya  groups  to  the  central  Eurasian  Steppes  resulted  in  the  emer-
gence of the Afanasievo culture (~5500–4500 cal. yr BP) in the Altai Region
and probably preluded the shift of primary subsistence from hunting/fishing-

gathering  to  herding  herbivorous  livestock
supplemented  by  barley  and  wheat
cultivation.4,25,63

The  domestication  of  horses  started  to
revolutionize  transportation,  allowing  early
humans  to  traverse  vast  distances  on  an
annual  or  seasonal  basis  during  the  Neolithic
and Eneolithic Ages in the Eurasian Steppes.64-66

This  opened  more  pastures  for  sheep,  goats,
and cattle,  which  became  the  dominant  live-
stock  at  around 4500–4000 cal.  yr  BP
(Figure  3A).  The  high  proportion  of  weeds  in
the  plant  remains  (Figure  2A)  suggests  that
the cultivation of  barley and wheat  offered an
auxiliary  subsistence  strategy.  These  new
livelihoods  probably  facilitated  humans  to
sufficiently  utilize  grassland,  valleys,  and
mountainous  areas  and  promoted  a  rapid
population increase in the Altai Region and the

Minusinsk  Basin,  as  reflected  by  the  increasing  settlement  density  during
4500–4000 cal. yr BP (Figure 1). During ~4000–3000 cal. yr BP, the Eurasian
Steppes continued to be dominated by herbivorous livestock. Broadly speak-
ing, cattle and sheep/goats were utilized as the most important subsistence
in  the  north  and  south  of  the  central  steppes,  respectively  (Figure  3A  and
3B),42,67-68 potentially  due to their  different  physiological  characteristics,  such
as  water  requirement  and  disease  resistance.67 Furthermore, the  develop-
ment of metallurgical production across Eurasia has provided more effective
materials  for  craft  production,  transportation,  and  ritual  systems,  thereby
significantly enhancing human capabilities of natural resource utilization and
carrying out large-scale production. Large and complex systems, such as the
Eurasian  Metallurgical  Province,  vividly  exemplify  the  rapidly  increasing
scales  of  bronze  production  and  connectivity  across  different  regions
(~4000–3500 cal.  yr BP),69-71 in which case metal-rich deposits, such as the
Ural Mountains, became major attractions.72

In  the  eastern  Silk  Roads,  the  development  of  rain-fed agriculture  facili-
tated  the  rise  and  expansion  of  the  Yangshao  culture  (~7000–5000 cal.  yr
BP)  along  the  Yellow  River  Valley  and  intensive  settlements  in  the  middle
reaches of the Yellow River before 5500 cal. yr BP (Figure 1). It continued to
expand  westward  and  southward  from  ~5500–4000 cal.  yr  BP  (Figure  1),
which  was  probably  driven  by  the  development  of  rain-fed  agriculture.
Isotopic  evidence  from  the  Dadiwan  site  suggests  the  establishment  of
intensive rain-fed agriculture in  the western Loess Plateau at  approximately
5900 cal. yr BP.73 Recent archaeobotanical studies have revealed that broom-
corn  millet  was  widely  cultivated  in  this  area  from  ~6100–5600 cal.  yr  BP.
However, a climate deterioration event occurred at approximately 5500 cal. yr
BP  shifted  the  primary  cultivated  crops  to  foxtail  millet.11,74 The  latter  had
almost twice the yield of broomcorn millet.75 This transformation, which was
also  synchronous  with  the  obvious  intensification  of  millet-pig  agriculture,76

promoted rapid population growth, and the subsequent westward expansion
of  millet  farmers  along  the  upper  Yellow  River  Valley,  as  well  as  southward
expansion  along  the  eastern  margin  of  the  Tibetan  Plateau  during
~5300–4000 cal. yr BP.77-78

Wheat, barley, sheep/goats, and cattle were introduced into the eastern Silk
Roads  at  around 4000 cal.  yr  BP,79-80 but their  localization  varied  in  accor-
dance  with  different  regions.  Wheat,  barley,  sheep/goats,  and  cattle  have
been utilized as major subsistence sources in the Hexi Corridor since ~3700
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Figure 2.  Temporal  and  spatial  changes  in  plant
resources  between 6000 and 3000 cal.  yr  BP 
across the steppe (A) and oasis (B) routes of prehis-
toric  Silk  Roads  show  the  trans-continental
exchange  of  crop  systems  between  East  and  West
Asia,  as  demonstrated  by  the  pie  charts  with  both
light/dark blue (wheat and barley from the West) and
yellow/orange  (foxtail/broomcorn  millet  from  the
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cal.  yr  BP,81 whereas barley and sheep became the primary food sources in
areas above 2500 masl in the northeastern Tibetan Plateau after ~3600 cal.
yr BP.51 Indigenously developed millet remained the dominant crop in the mid-
lower reaches of the Yellow River from 4000 to 3000 cal. yr BP,42 with signifi-
cant  spatial  differences in  subsistence in  northern China during 4000–3000
cal. yr BP (Figure 2B and 3B), which were probably triggered by a substantial
decline in temperature and precipitation.82-85 The diversification of livelihoods
in  Bronze  Age  northern  China  may  have  induced  the  expansion  of  human
settlements  and  the  emergence  of  new  settlement  centers  (Figure  1).  New
habitats,  including  the  highlands  of  the  Tibetan  Plateau,51 and  the  Tianshan
Mountains in Xinjiang, started to see intensive settlements.86

The gear model of a dynamic feedback-loop is illustrated to summarize the
human-environment interaction at regional and continental scales (Figure 4).

It emphasizes that interaction at every scale of
communication  is  always  in  motion,  powered
by different  combinations  of  factors  at  differ-
ent times and spaces,  encompassing climatic
changes,  technological  innovations,  human
migration,  and  cultural  communications.  At
the regional scale, interactions between social
organizations and subsistence strategies may
lead  to  technological  innovations  and  social
complexity.  In  return,  it  provides  more  natural
resources  and  higher  production  efficiency,
and ultimately  increase  the  regional  popula-
tion, which  supports  more  labour,  technologi-
cal  transfer,  and migration.  New technologies,
lifestyles, rites, and people are spread through
direct  migration,  communication,  trade,
exchange,  or  warfare.  Coupled  with  other
externally  important  factors,  particularly
climate  and  environmental  changes,  these

new  cultural  packages  have  the  potential  to  exert  a  much  wider  impact  on
social  evolution  in  other  regions  through  a  variety  of  newly  occupied
geographic  channels,  such  as  the  Silk  Road  and  Eurasian  Steppes.  As  a
result,  the  spatiotemporal  patterns  of  cultural  landscapes  have  been
constantly transformed at the continental scale. New technologies and popu-
lation growth encourage the exploration of new lands, particularly those with
specific natural resources such as metal deposits in the Altai Region, and the
Ural Mountains. The successful localization of new technologies, species and
economic  patterns  in  wider  regions  led  to  the  extraction  of  more  natural
resources  and  social  energy,  which  backfilled  the  social  complexity  of  the
local  region(s)  that  came  up  with  technological  invention.  Nevertheless,  all
sorts  of  localization  must  be  context-specific,  and  it  is  likely  that  in  these
processes,  new  technologies,  economic  patterns,  social  organization,  and
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Figure 3.  Temporal  and  spatial  changes  in  animal
resources  between 6000 and 3000 cal.  yr  BP 
across the steppe (A) and oasis (B) routes of prehis-
toric Silk  Roads  indicate  the  dispersal  of  pastoral-
ism based on ruminant livestock in Central and East
Asia,  as  demonstrated  by  the  replacement  of  other
colours by light/dark blue (sheep/goat and cattle) in
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identities were again reinvented, diffused, and gradually converged into conti-
nental-scale  phenomena.  Underlying  this  is  the  ever-increasing  number  of
settlements  established  in  old  and  new  lands,  which  naturally  turn  Eurasia
into a well-connected network (Figure 4). 

CONCLUSIONS
Reconstruction of the dynamic settlement distribution in mid-latitude Eura-

sia at 6000–3000 cal.  yr BP illustrated long-term human-environment inter-
actions  and  highlighted  key  examples  on  both  regional  and  continental
scales, which assisted in disentangling the hidden drivers behind these broad
archaeological  narratives.  The  successful  occupation  of  the  northern
Eurasian Steppe bridged the crucial geographical gap in East-West commu-
nication and permitted trans-regional/continental exchange with new people,
technologies, species, and ideas across the entire Eurasian region, imposing
a global  web of  communication  that  interconnected  cultural  groups  at  vari-
ous  times  and  spaces.  The  regional  scale  is  primarily  concerned  with  the
basic  parameters  of  social  organizations  and  technological  systems  and
often  involves  technological  invention.  Facilitated  by  migration,  cultural
exchange,  and  potential  climatic  and  environmental  changes,  a  variety  of
local  inventions,  such as  new species  of  animals  and metallurgy,  wove  into
the overall network and increased production efficiency as well as population
size on a continental scale, which provided feedback to the local levels. Multi-
ple cycles drove the evolution of the human-environment interaction system
in Late Neolithic and Bronze Age Eurasia.
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