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Foreword 1

The Graduate School of Human Development in Landscapes at Kiel University is
an advanced school engaged in studying and teaching interdisciplinarily the
interactive development of past human society and physical landscapes. Since it
was established 11 years ago, I have been involved many times in its project
reviews, advisory issues and have noticed its significant progress. A remarkable
aspect is its young researchers who explore human development from various
perspectives, including the lead author of this book Dr. Yang who I was impressed
by when I first heard him talk in November 2016 at the School. It is a promising
direction that he and others have taken to investigate the adaptation and resilience
of human society (both successfully and unsuccessfully) in facing of the past cli-
mate changes with the target to inform the present global climate problems.

This new book “Socio-Environmental Dynamics along the Historical Silk Road”
continues this direction as well as other aspects of climate-related social-environ-
mental changes, including landscape, water, disaster, population, empire, civiliza-
tion, culture and heritage. It is often challenging to discuss on such large-scale and
long-term social development issues in one book. However, the concept Silk Road
is a natural framework for these topics and thus perfectly links the international
contributions to this book. Especially, several chapters in the book focused on the
Central Asia area with the ever existed Han Dynasty (Chap. 3), Sogdiana civi-
lization (Chap. 9), Saljiq Empire (Chap. 13), Oxus civilization (Chap. 14), which
collectively evidenced certain interactives between physical environment and social
systems.

It has been widely agreed that human migration and cultural exchanges in the
Eurasia hinterland existed much earlier than the traditionally recognized start time
of the Silk Road around the end of third century BC. Culture is rooted in the local
environment and associated living habits, but cultural change involves many
external factors, among which the exchange with others is a most significant one.
The Scythians of the Eurasia steppe in seventh century BC was formed like this,
where nomadic confederations developed either symbiotic or forced alliances with
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agriculture peoples—in exchange for animal produce and military protection. While
the rise of the Silk Road networks subsequently facilitated those exchanges, the
integration and coexistence of cultures from the West and the East of the Eurasia
continent performed more pronounced in Central Asia.

The editors and authors have made great efforts in putting together an important
body of knowledge in this book. It is very important because it reveals partially the
history of man as well as human development. We have to learn how cultures
developed in the past to understand why we have certain processes today. Learning
from the past experience will help us understand these exchanges and integrations
at the systematic level. For instance, the current problem of climate change is not a
problem only of today, but was faced by many societies in the past. These societies’
experiences and lessons, the development of unique social and cultural systems, the
power of religions, tolerance and intolerance to each other should never be for-
gotten. Against this backdrop, the book includes state-of-the-art research on
socio-environmental dynamics, integrates knowledge on multiple aspects of
social-cultural exchanges, and highlights case studies on and references for human
development. Today, more than ever, we need sharp research like this.

The book is a collaborative venture. The chapters provide an interdisciplinary
perspective and document emerging and innovative knowledge of the past envi-
ronmental conditions and its links to social-culture development. Such knowledge
based on solid analysis of data, materials and proxies in the field is indispensable as
we move forward. We are still a long way from understanding the essential
mechanisms of the socio-environmental interactives in various scales and periods.
This book is a welcome addition to the literature.

Berlin, Germany Hermann Parzinger
June 2018 President, Professor Prussian Cultural
Heritage Foundation
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The long history of human—environment interactions has attracted and is attracting
a large number of investigations by international scholars, and it is also a major
research field that I and my research team explored for many years. Our studies in
Western China, Central Asia and other alpine Asian sub-regions have been focusing
on the paleoclimate records of loess sections and lake sediments to reveal climate
changes in the late Quaternary, especially in the Holocene, in the
Westerlies-dominated region. Exciting geo-archaeological studies revealed the
linkages between dramatic environmental changes in the past and prehistoric
human activities at regional scale. We have found that the cultural exchange was
certainly influenced by geographic setting and environmental changes, and the
proliferation of crops and agricultural technologies along the prehistoric Silk Road
from the west promoted human adaptation and living at the Tibetan Plateau during
the late Holocene. These findings initiated extensive discussions in the global
academic community.

Recently, we are supporting and increasing integrative geoscientific research in
the Pan-Third Pole Region. One of the focal themes is the relationship between the
cultural history and the environmental and climatic changes along the Silk Road
territory, and the implications to the formation and development of contemporary
China and the Eurasian societies. Five years ago, the Chinese President Xi Jinping
proposed “The Belt and Road Initiative” to strengthen economic ties and cooper-
ation between China and neighbouring countries in Central and West Asia. The
initiative is increasing development opportunities for the countries and the region in
general, and at the same time, brings major opportunities for scientific research
focusing on this vast area. Traditionally, resources and environmental conditions
of the Pan-Third Pole Region are key constraints for the development of West
China and the countries along the ancient Silk Road. Therefore, the studies of the
human activities, environmental changes and the rise and fall of the Silk Road
civilizations as well as their mutual relations at different historical stages in the
Pan-Third Pole Region are of urgent and great significance to understand the
human—environment interactions in science, and to enhance the regional
eco-environment sustainability and socio-economic development in practice.

vii
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I was excited to learn about the international workshop on the socio-
environmental issues of the historical Silk Road area that was organized and con-
ducted by the authors of this book in 2017. The theme of the workshop fits well with
our research interests, and I am happy to see that some of my colleagues participated
in the workshop and contributed to the book. The lead author Dr. Yang has a similar
research philosophy as I have: investigating the past social-climate relationships
with a present geographical perspective. This may not be a perfect combination in
terms of scientific research, but it starts from the present social-environmental
challenges and seeks answers from the complex historical experiences and lessons.
This perspective often helps since the long human history has rich stories to tell but
only targeted researchers can comprehend the meaningful implications. I think this is
one of the reasons why the workshop was very successful.

The publishing of this book “Socio-Environmental Dynamics along the
Historical Silk Road” is of cause the biggest success, in which the editors and
authors put great efforts and invested long time. It is a wise integration of expertise
from different disciplines, including climatology (Dr. Yang), geo-archaeology
(Prof. Bork), geography (Prof. Fang) and geology (Prof. Mischke), and additional
disciplines represented by the authors of the chapters. Organizing contributions
from such various disciplines and integrating them into a thematic book is certainly
challenging, but the editors successfully framed them within a logic chain including
landscape evolution, environmental disasters, climate impacts, social resilience and
culture connections.

The chapters cover a broad research area, the historical Silk Road area in the
hinterland of the Eurasia. It naturally involves the diversity of natural landscapes
and environmental characteristics, while the diverse aspects are linked by one
essential factor: water. Water was related to agriculture development and population
growth during water-rich periods, but the scarcity of water also caused disasters that
forced social system changes as described in case studies in Parts II and III of the
book. However, human societies were not always transformed when climate and
environmental stresses were faced. As the chapters in Part V indicate, social resi-
lience existed (human—water relationships in Chap. 16) and human knowledge was
advanced (Karez Systems in Chap. 17), so that those societies maintained their
functions and developed into the present. The exchange of goods, culture and ideas
along the Silk Road was an important power that promoted the mutual under-
standing and peaceful coexistence of different groups of people, as well as sharing
the experience living with tough natural conditions.

The book is a further research step to answer the grand question “Why collapsed
some civilizations while others persisted?” from the perspective of
climate/environment changes. Though it does not provide a clear answer (maybe,
no clear answer may exist!), research in this direction will provide more case
studies and will improve our knowledge to inform a better strategy of social
development in this critical region. Especially in recent years, the revival and
reconstruction of exchange pathways and trade routes between the East and West
of the Eurasia continent call for better understanding of the evolution rules of
coupled social-environmental systems. This is the true value of studies such as
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those presented in the book, reaching beyond academic research. From this point of
view, this book could not come at a better time.

The effort of the editors and authors demonstrated in achieving this book is a
good sign that the “old” science is very alive and attractive to especially young
researchers. I hope that this fresh body of knowledge captured hereinafter will reach
an audience beyond the paleo-science communities and by doing so undoubtedly
become useful to everyone in the broader environment and development
community.

Beijing, China Fahu Chen
July 2018 Director, Professor
Institute of Tibetan Plateau Research

Academician of the Chinese Academy

of Sciences
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Over the last decade, interdisciplinary efforts directed on past societies and their
environments are broadening our view on socio-environmental dynamics and have
opened exciting new perspectives on old archives. Among the key areas that
demonstrated these dynamics in the past and therefore attracted intensive investi-
gations in the recent are the northeast Mediterranean, Middle East, Central Asia and
the Eurasia Steppe, which are linked by the modern concept Silk Road.

The Silk Road is one of the oldest routes of international trade in the world. It is
first reported to have been used during the Han Dynasty (206 BC-220 AD) in
China, but recent archaeological evidence indicates that trade managed by the
ancient steppe societies across the central Asian deserts began as early as 5000—
6000 years ago. In several millennia, territory along the Silk Road has been both, a
home to ancient civilizations and a hot spot of environmental hazards. Therefore, it
is a key region through which we may disentangle the interwoven forces of
long-term interaction between humans and the environment. Managing risks,
maintaining livelihoods and promoting development were unavoidable tasks for
local communities in the long past. Until now, however, there have been few
attempts to bring different archives together to form an integrated long-term nar-
rative of the interactions between humans and the environment in the region.

In early 2017, Dr. Yang proposed the International Workshop “The Rise and Fall:
Environmental Factors in the Socio-Cultural Changes of the Ancient Silk Road Area”
and raised this specific and significant research question. The workshop brought
together experts from 12 countries with 19 presentations and enabled to produce this
book as a proceeding volume. The book “Socio-Environmental Dynamics along the
Historical Silk Road” is a manifestation of the research progress in the field and an
achievement made by the four editors, more over 30 (co-)authors and over 50
reviewers. Both the workshop and the book were sponsored by the Graduate School
Human Development in Landscapes at Kiel University (GSC 208/2) and the Past
Global Changes project (PAGES) and are considered among the most fruitful ini-
tiatives by young researchers at the school and through the project.

xi
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The GSHDL and Johanna Mestorf Academy (JMA) strive to promote interna-
tional partnerships as a means of advancing education and research in the field of past
socio-environment. The global theme of human development in their cultural and
natural environment is linked to the detection of cross-linkages between different
factors: the influence of man on nature and vice versa. With this integrative back-
ground, the GSHDL/IMA offers a favourable opportunity to understand the highly
dynamic spatial-temporal processes that join interdisciplinary expertise in palaeo-
climatic, palaeoecological, palaeodemographic, as well as cultural research. Though
the processes involved may be of global character and may apply to the entire human
history, case studies concentrate on the Holocene and mainly in Europe and adjacent
regions. I think, this unique feature of the school contributes an important part to the
success of the workshop and book about the Silk Road.

In many cases, research questions arise in highly specialized fields, and progress
is accompanied by increasing specialization and divergence of research fields.
However, to gain an integrated understanding of the multifaceted phenomenon of
human development in an ever-changing environment, a multidisciplinary approach
uniting the full width of philosophical, social and natural sciences is needed. The
book using Silk Road as the geographical scope and inspirational concept and
striving to provide such a frame to address the human-environment interactions has
well handled this challenge and is absolutely successful.

Our new Cluster of Excellence ROOTS aims to explore archaeological and
historical places in a diachronic perspective, covering a wide range of
socio-environmental constellations, under the basic assumption that humans and
environments deeply shaped each other, creating social, environmental and cultural
connectivities. As planned, the ROOTS programme will introduce new and
long-term research perspectives, expanding the existing broad interdisciplinary
expertise and extending strengths to the central and eastern areas of the Eurasia
continent. This book is certainly a pioneer effort in this large and foreseen vision.

I would like to express my gratitude and appreciation to the editors, authors,
reviewers, workshop conveners and assistants, the GSHDL, PAGES and all those
who have collaborated to support the workshop and the publication of this book.
I trust that this book will provide a useful knowledge base and tool for future
students and researchers to comprehend the mounting challenges in human
development and to explore innovative approaches to promote human—environ-
mental harmonious and sustainability.

Kiel, Germany Johannes Miiller
July 2018 Director, Professor
Graduate School “Human Development in

Landscapes”, Institute of Prehistoric

and Protohistoric Archaeology

Kiel University
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Abstract This chapter introduces, by literature reviews, the issue of the links and
processes behind climate change, environmental change, and socio-culture change
in the past at the ancient Silk Road region. Analyses of the changes of the socio-
environment system in this area enhance our understanding on the regular patterns
of coupled natural and social evolution, and is thus of important theoretical and prac-
tical significance. We argue that the cross-cutting theme has been to reach beyond
simple explanations of environmental or human determinism, but social resilience
under environmental impacts. Studies indicate both that climate conditions signif-
icantly influence human socio-cultural systems and that the socio-culture systems
are certainly resilient to climate impacts. This chapter also summarizes the scope of
all chapters in this book by illustrating the specific topics, research areas, focused
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1.1 Introduction

The Silk Road is a modern concept for an ancient network of trade routes that
for centuries facilitated and intensified processes of cultural interaction and goods
exchange between West China, Central Asia, the Middle East, and the Mediterranean
(Elisseeff 2000). The term derives its name from the lucrative trade in Chinese silk
carried out along its length. The Silk Road flourished when the Han Dynasty explored
Central Asia around 139 BC and thrived throughout Antiquity and far into Middle
Ages under the Islamic and Mongol Empires. However, the Silk Road network also
often covers other earlier or regional routes, e.g. the Persian Royal Road established
during the Achaemenid Empire (550-330 BCE) as well as the maritime connections
between China and the West (Frankopan 2015) that are not involved in this chapter
and the book.! Though silk was certainly the major commodity, many other goods
were traded, and religions, syncretic philosophies, and various technologies, as well
as cultural influences, also spread along these networks. Trade and contacts on the Silk
Road played a significant role in shaping the societies and cultures of ancient China,
as well as those of the Mongols, Iranians, Arabs, Mesopotamians, Syro-Anatolians,
Greeks and Romans, opening long-distance political and economic relations between
various peoples and cultures (Bentley 1993; Frankopan 2015).

Along the ancient Silk Road, empires, dynasties and the associated institutions,
social structures, and economic systems changed for several reasons. There is increas-
ing discussion that climate and environmental factors might have also played a sig-
nificant role in fostering economic and socio-cultural changes along the Silk Road as
well as in a broader area (Zhang et al. 2011; Clarke et al. 2016). For instance, favor-
able environmental conditions may have boosted agriculture and animal husbandry,
thus increasing the availability of resources necessary to support a powerful empire,
while adverse conditions may have undermined the level of production and the liv-
ing conditions of human society or exacerbated social stresses which eventually may
have led to severe crises or collapse of socio-culture systems (Yang et al. 2017).
In fact, coherent patterns and synchronous events in history suggest certain links
between the social upheaval and climate forcing (Issar and Zohar 2004; Clarke et al.
2016), and environmental factors have been claimed as multipliers that accelerated
socio-culture changes in some cases (Zhang et al. 2005; Rosen 2007).

However, it is also argued that many analyses over-emphasized the determin-
istic mechanisms (Gemenne et al. 2014). Research on climate change and social
consequences primarily focuses on a few accessible regions, biasedly states the links
between both phenomena and cannot explain the absence of social crisis in the face of
climate risks (Adams et al. 2018). Indeed, archive-based studies of socio-economic
responses to climate variability in colonial Mexico illustrate that vulnerability to
change can lead to improved understanding of risks and increased adaptive capacity
(Endfield 2012). At the same time, the possibility that social transitions themselves
may have been responses/resilience strategies to abrupt climate events has also been

I'The term Silk Road in this chapter thereafter and in the whole book indicates the overland Silk
Roads as illustrated in Fig. 1.1, if not otherwise stated.
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under exploration (Clarke et al. 2016). Studies also provided evidence that diverse
ethnics, religions, industries, business activities and physical environments supported
the resilience of a port city development through long history along the North Coast
of Java in Southeast Asia (Ariestadi et al. 2017). Increasingly in recent literature,
studies on civilization resilience (Dunning et al. 2012), mountain resilience (Tinner
and Ammann 2005), coastal resilience (Adger et al. 2005), urban resilience (Ernst-
son et al. 2010), community resilience (Gunderson 2010; Wilson 2014), etc., also
indicated certain resilience capacities of human societies with various perspectives
from the past to present, and at the same time, emphasized the significance of under-
standing resilience in a historical and holistic way.

Societal responses to external forces are nonlinear in nature (Leroy 2006), mean-
ing that in the archaeological and historical records, any hypothesized direct linkages
between cultural transition and environmental forcing must be treated with caution.
Purely environmental explanations of societal collapse, including climatic explana-
tions, remain less than convincing and are still controversially discussed to make a
general conclusion (Endfield 2012). Different societies might pursue different adap-
tation strategies when faced with similar changes in climate, depending on existing
environmental and cultural factors. Resilience and adaptation frameworks therefore
help us move away from deterministic models of human-environment interaction and
beyond existing causal models of climate-induced collapse (Brooks 2012). Bearing
this in mind, links between climatic, environmental, economic, societal and cultural
changes manifested themselves differently in different places and times and often
remain unclear.

This chapter reviews, compiles and analyses published literature, environmental
proxies alongside archaeological records, and strives to illustrate the state-of-the-
art in the field of socio-environmental interactions along the historical Silk Road
areas. The introduction also briefly discusses the scope of other chapters in this
book by illustrating the specific topics, research areas, focused time periods and
their inner relationships to each other. We aim to highlight the complexity of the
relationships between climatic and socio-cultural changes, and therefore encourage
further investigations, for instance, of the concept of climate resilience that links both
the climate impact and social response into one framework.

1.2 Paleo-climatic/Environmental Changes and Impacts
along the Historical Silk Road

1.2.1 The Physical Geography and Environmental
Conditions

The overland Silk Road is often recognized as a combination of the Desert Silk Road,
Steppe Silk Road and the Southern Silk Road (the Tea-Horse Road) and covers a
broad region of the Eurasian hinterland (Fig. 1.1). The most significant environmental
characteristics of the region are dry sand deserts and Gobi (gravel desert), with
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Fig. 1.1 Map of the historical overland Silk Road areas with rough representation of the road
networks and node towns. Every number (chapter number in the book content) in the map indicates
the main geographical location of the studies of a certain chapter in this book

high mountains including the Pamir, Tian-Shan, Karakoram and Hindukush. Another
landscape characteristic of the region are the snow-fed rivers and oases that served
as major places for human activities.

Geographically, the eastern areas of the Tian-Shan Mountains, mainly in the con-
temporary China, are complex with various local landscapes, including mountains,
basins, deserts, Gobi, grasslands and oases (Yao et al. 2013). The Kunlun Mountains
and Qilian Mountains at the northern margin of the Tibetan Plateau supported the
predominant possibility for human exchanges along the foot hills in the east-west
direction. There are only two possible pathways to go across the Tian-Shan Moun-
tains, one is the southern foot hill line that passes over the Pamir at its western end,
and another is the northern foot hill line that is a much longer alternative. The west-
ern side of the Tian-Shan Mountains represents typical grasslands in its north and
deserts in the south (Hu et al. 2014). The grasslands compose a part of the Eurasia
Steppe together with the Eastern European grasslands, while the deserts connect to
the Iranian dry plateaus in the southwest. The Tarim River, Amu Darya, Syr Darya,
and several lakes like the Lop Nur, Bosten, Balkhash and the Aral Sea form the main
inland water bodies of the vast expanse of the drylands. Many oases fed by snow
melting from the surrounding mountains are the major human settlement areas and
provide stations for travelers. Due to the impacts of global climate warming and
increasing human demands, most of the water bodies were shrinking significantly
(Sorg et al. 2012).

The Desert Silk Road linked with the existing road networks in the Persian Plateau
and further west-toward the Mesopotamia Basin and Anatolia (Frankopan 2015).
The Persian Plateau and Anatolia are both surrounded by high arid mountains with
sharp valleys. The central part of the Persian Plateau is a vast inland basin with dry
salt marshes and deserts. The fertile Mesopotamia plain is surrounded by deserts,
mountains and the Persian Gulf, where the Euphrates and Tigris Rivers flow almost
in parallel from northwest to southeast and feed the alluvial plain (Fisher 2013).
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The Steppe Silk Road was formed at the north of the Aral Sea, Caspian Sea and the
Black Sea, linking mainly local nomad people. The steppe belt covers wide temperate
grasslands, savannas, and shrublands, where the relatively few and mobile nomad
people did not develop large human settlements in the ancient times, and thus the
trading roads were erratic (Christian 2000). The Southern Silk Road or “Tea-Horse
Road” is an ancient Chinese commercial road network comparable to the traditionally
known Silk Road (Forbe and Henley 2011). It is located in the Hengduan Mountains
and the Tibetan Plateau and includes the Yangtze River (Jinsha River), Minjiang
River, Nujiang River, Lancang River (Mekong River) and the Yarlung Zangbo River.
The road networks originated from the Sichuan Basin of the ancient Chinese Empire
and the major tea producing areas in Yunnan, and extended to Lhasa in the Tibetan
Plateau and south to India across the Himalaya.

Generally, the natural environment at the historical Silk Road areas is very difficult
for human living and traveling. The environmental conditions can be felt today and
somehow also be imagined from ancient poems “yellow sands and dry grasses linking
the land and sky”? and traveling records “no flying birds, no walking animals, no

living grasses”.’

1.2.2 Paleo-climatic/Environmental Changes and Social
Impacts

Over the ~12 millennia period of the Holocene, the climate in arid Asia has fluc-
tuated. It has experienced the early Holocene warming period (11700-8500 years
BP (Before Present)), the mid-Holocene warm period (8500-3000 years BP), and
the late Holocene cooling and drought period (from 3000 years BP to present).
Chen et al. (2008) confirmed that during the early Holocene most of the lakes in the
region experienced very low water levels or even dried out before ca 8000 years BP.
The study based on loess grain-size changes of loess sediments in the Ili Basin by
Li et al. (2011a) also recorded the warm and dry period of 11000-8000 years BP.

Small climate fluctuations in each large period are still relatively consistent. Sev-
eral cold climate periods around 8200, 5000, 4200, 3100 and 600 years BP occurred
in almost every sub-region (Mayewski et al. 2004), which generally showed sig-
nificant continental and arid climatic characteristics in Central and West Asia. As
a result of paleo-environmental syntheses based on several types of proxy data,
it is accepted that the mid-Holocene drought reached its peak between 3800 and
3500 years BP (Arikan 2015). However, some humid periods occured in middle
to late Holocene as evidenced by loess records in Xinjiang (Chen et al. 2016) and
Iran (Chen et al. 2017), which had a profound impact on the development of human
civilization in the inland dry areas in Asia.

2Cen Shen, Remember Duling at Jiuquan. %2, G, 2k 5 Sk,
3The biography of Master Sanzang. Tang Dynasty. ¥ [ 150, B4, (KRB ZmuEmifs) |, 10 %.
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Overall, the traditional Silk Road area has a distinctive semi-arid climate with
hot, cloudless, dry summers and moist, relatively warm winters in the south and cold
winters with severe frosts in the north. Precipitation throughout most of the region
has a spring maximum (Lioubimtseva and Henebry 2009). Records of stalagmites
from Kesang Cave demonstrate that precipitation history in the region exhibits a
processional rhythm over most of the past 500,000 years (Cheng et al. 2012). Based
on the early-to-mid-Holocene reconstructions, the arid zones of Central Asia may
become moister as a result of global warming, due to an expected southward shift
and probable intensification of the westerly cyclones (Lioubimtseva and Henebry
2009). However, due to the very high uncertainty in such studies, it is important to
further understand the mechanisms of precipitation changes and climate in general.

Oasis systems play a dominant role in supporting human activities in the arid Asia,
but they are fragile to large-scale climate change and also human influences. For
instance, the eco-environment of the oasis systems in the southern part of the Tarim
Basin has taken great changes during the recent 2000 years, which are characterized
by the evolution and desertification of oasis and led to many famous ancient cities
having been abandoned (Zu et al. 2003; Liu et al. 2016). However, research based on
analyses of lake sediments from Lop Nur in the eastern Tarim Basin also shows that
the Loulan Kingdom decline resulted from a man-made environmental disaster rather
than from changing climate, because lakes in adjacent regions recorded rising levels
and relatively wet conditions during the same period (Mischke et al. 2017). Analyses
on the distribution and evolution of oases show that environmental changes are partly
due to the aridization of climate before the 20th century but mainly attributed to the
human activities in the 20th century.

The environments in the Silk Road areas are complex and diverse, and the climate
is sensitive and variable. The development of regional cultures was deeply influenced
by the natural environment and its evolution (McMichael 2012). Tree ring-based
reconstructions of European summer precipitation and temperature variability over
the past 2500 years revealed human susceptibility to climate variability (Buntgen et al.
2011). The direct manifestation of climate impacts may be in terms of its resource
utilization and economic shape of human society, while the extensive influences can
contribute to the development, migration, spreading and the rise and fall of cultures.
Abrupt climate change events, such as the widespread droughts around 8200, 5200
and 4200 years BP, are suggested to be the result of altered subtropical upper-level
flow over the eastern Mediterranean and Asia (Staubwasser and Weiss 2006).

In monsoonal Asia, drastic swings in moisture availability, notably megadroughts
associated with monsoon failure, interacted with socio-political and technical insti-
tutions to spur the disintegration of the 14th century Khmer Kingdom at Angkor
(Hessl et al. 2017). The late 16th and early 17th century experienced a period of
drought and the collapse of the Ming Dynasty in China, while most of the regions
across Southeast Asia saw great unrest and rapid realignment during one of the most
extended periods of drought (Buckley et al. 2014). New paleo-proxy records and
the incorporation of historical documentation are expected to further improve the
understanding of these disruptions in regional societies.
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Looking at the natural environment and cultural development of late Holocene
period in the Silk Road areas, we could see the following salient features:

e First, when the climate developed toward dry-cold or warm-humid, the vegetation
belt in Eurasia moved southward or northward accordingly (Li et al. 201 1b; Zhao
et al. 2017; Dallmeyer et al. 2017). In most cases, the climate shifts drove people
of different economic modes move to the south or north as well. As a result, a
boundary line between agriculture (oasis regions) and pastoralism groups (steppe
areas) was formed. In China, the line was stretched to a belt region approximately
equivalent to the position of the Great Wall (Shi et al. 2017).

e Second, the north-south movement of human groups is often accompanied by
wars and conflicts, especially between the agricultural and non-agricultural groups
(Cosmo 2002; Zhang et al. 2007). As a result, cultures and blood was often
exchanged between both regions.

e Third, the social development model associated with local environment was also
formed over long periods of time, for example, the oasis agriculture mode and the
steppe pastoralism mode (Porter 2012). These modes were formed and developed
relatively slowly but were compatible with the harsh natural environment.

e Fourth, in several extreme climatic periods of the last 5000 years, the different
socio-economic modes and their coping strategies have brought about distinctly
different results in terms of society, economy and culture that some successfully
transformed and some collapsed (Fang and Zhang 2017).

In general, the development level of culture and productivity in arid Asia was
limited during most of the Holocene period. However, human societies were always
learning to adapt to environmental changes and influences. Similar to results of Tol
and Wagner (2010) for Europe, the relationship between social conflicts and climate
varies weakens in the industrialized era, and is not robust to the details of climate
conditions in many contemporary societies. It often seems that human beings were
passively adapting to nature, but essentially it might also be a process of continuous
learning and active response.

1.3 Socio-Cultural Dynamics and Resilience in a Historical
Perspective

1.3.1 Socio-Cultural Features and Exchanges along the Silk
Road Areas

Cold mountains, dry deserts and seasonal grasslands composed the complex and
diverse landforms of most areas along the historical Silk Road, which are tough
conditions for human activities in ancient times. However, our ancestors were not
isolated by the unfavorable geographical conditions. There are often rivers flowing
down from the snow-capped mountains on the edge of the deserts, which irrigated
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oases and served as cradles of local socio-cultural development and exchange places
of different civilizations. The Silk Road connected these places and people and major
civilizations in the Eurasian continent, including the Confucian in Eastern Asian,
Buddhism-Hinduism in Southern Asian, Islam civilization in Western Asian, and
the Greek-Roman civilization in Europe (Beckwith 2009). Its strategic and historic
position around the East-West axis and the major trading routes guaranteed a steady
influx of ideas and conflicting notions of tribalism and traditionalism, and stimulated
a variety of cultures such as the Buddhism, Mongols, Persians, Tatars, Russians
and Sarmatians (Liu 2010).

From the 2nd century BC to the 2nd century AD, four empires juxtaposed along
the historical Silk Road from west to east. That is, the Roman Empire in Europe
(30 BC-284 AD), the Parthian Empire in West Asia (247 BC-224 AD), the Kushan
Empire in Central Asia (30-375 AD), and the Han Dynasty of East Asia (206 BC-220
AD). The four empires were in a period of prosperous states around the 1st year AD
and were actively expanding outward. Their pioneering efforts directly connected the
East and West worlds and enhanced the mutual exchanges and influences between
the four ancient civilizations of China, India, Persia and Greece (Beckwith 2009).
Since then, the development of any civilization has not been carried out in isolation.

The ancient Silk Road contributed greatly to the cultural exchange between China
and the West. From the 2nd century BC to the 15th century AD, splendid cultures
among China, India, Greece, Persia and Rome were exchanged along this famous
trade route, making the route a great “Cultural Bridge” between Asia and Europe
(Foltz 2010). Religion is of great importance in most places, but this is especially true
in the Silk Road areas where the culture cannot be separated from religious beliefs
and practices. In the 1st century AD, Manicheism and Christianity penetrated from
the Near East to Central Asia and further to China. Islamic doctrine might have been
brought by warriors of Arabian caliphates in the 7th century but its distribution along
the Silk Road was carried out peacefully. At the same time, the Silk Road was also the
route for Buddhist monks who went from India to Central Asia and China (e.g. the
most known monks Zhu Shixing, Fa Xian, and Xuan Zang) (Liu 2010), as well as the
route for Christian doctrine dissemination. The most significant religion in the Silk
Road areas, by far, is Islam that dominants in the southern and western parts, while
the northern steppe areas are more related to the Russian Orthodox Church (Foltz
2010). The Southern Silk Road regions had a significantly different culture reflecting
a mixture of Chinese Buddhism, Tibetan Buddhism and many local religions.

Central Asia was once the center of multiple nomadic empires and tribes, including
the Scythians, Mongols and Turks. The invasions and migrations of nomads were an
important force in history that greatly affected all parts of Eurasia and also influenced
the traditions and cultures of many Silk Road sub-regions to the present day. A big
shock occurred from the 2nd century BC when the Xiongnu nomadic tribes raised
and moved from the east to west in the steppe (Wu 1983). This movement led to a
series of nomadic intrusions into the farming empires such as the Chinese Qin-Han
Dynasties, the Indian Kushan Empire and the Western Roman Empire. In the 13th
century, another big wave of the impact of the nomadic world on the farming world
broke out, when the Mongols and Turkic people attacked the whole region along the
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Silk Road from East Asia to Central Europe (Wu 1983). The interaction between
farming civilization and nomadic civilization was an important way to promote the
development of civilization in Eurasia. So dynamic were the steppes that vast empires
could rise and fall within a generation (Invictus 2006). In the modern era, with the
ultimate decline of nomadic cavalry and the rise of maritime trades, the nomadic
Eurasia gradually lost its military superiority to the surrounding farming civilizations.

The Silk Road was not only the source of goods but also information on their
making, i.e. technologies, in particular, the breeding of silkworms, silk spinning,
paper making, printing with movable types, the making of gunpowder, porcelains
and lacquers, and the invention and use of the compass. Material culture exchange
was also underway on this long trade road (Liu 2010). A large number of products
of the West flowed into China, such as grapes, walnuts, carrots, peppers, spinach,
cucumbers, pomegranates, medicinal materials, flavorings and jewelry. Also, along
with spreading goods, cultural developments in the applied art, architecture, wall
painting, music and dances enriched the intercultural exchange along the Silk Road
(Elisseeff 2000). The cultural exchange between China and the West offered mutual
benefits and achieved common progress, which greatly sped up the development of
the Eurasia world.

1.3.2 Resilience of the Socio-Cultural Systems

Climatic change has certainly influenced socio-culture characters in the long
(pre-)history of the Eurasian continent, while it can also be a factor of technological
innovations in order to compensate difficulties and to maintain a certain threshold
of vital yields for the whole population, such as moving to new ecological areas
and adapting new irrigation or planting techniques (Clarke et al. 2016; Flohr et al.
2016). Actually, the diversity of cultures, livelihoods, and political formations indi-
cated that relationships between climate, ecosystems, and societies are non-linear,
complex, and variable over time (Endfield 2012). Examples of human-environment
interactions in the monsoonal and arid Central Asia suggested that societies have
adjusted to climate variability in diverse and (mal)adaptive ways over the last three
millennia (Hessl et al. 2017).

It has recently been emphasized that the concept of social resilience can be usefully
deployed in some historical contexts (Haldon and Rosen 2018). Among the five
patterns of the impacts of climate change on civilization summarized by Fang and
Zhang (2017), only one is socio-cultural collapse while the other four are different
types of resilient continuous cultures and transformations of socio-cultural systems.
Itis anormal phenomenon in the Silk Road areas that a group of people (e.g. nomadic
tribes) migrate to another area after consuming the resources of one area. This kind
of migration is not a manifestation of social system collapses. On the contrary, it is
the performance of the social system with resilience and adaptability.

History and archaeology have a well-established engagement with issues of pre-
modern societal development and the interaction between physical and cultural envi-
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ronments; together, they offer a holistic view that can generate insights into the nature
of cultural resilience and adaptation (Haldon et al. 2018). The so-called 9.2 and 8.2 ka
events were among the most pronounced and abrupt Holocene cold and arid events
in the Northern Hemisphere and especially in Southwest Asia. However, a thorough
study did not show evidence for a simultaneous and widespread social collapse,
large-scale site abandonment, or migration at the time of the events, instead, there
are indications for local adaptation (Flohr et al. 2016). This result could lead to the
conclusion that early farming communities were somehow resilient to the abrupt,
severe climate changes.

Modeling tools have the advantage to represent the process of human responses
under climatic and environmental stresses. An agent-based model indicated that
highly interconnected social systems without mobility are less effective in adaptition
to climate impacts, while they jointly as a larger social unit can be more resilient
than the individuals (Rogers et al. 2012). The case analysis at Gordion in central
Turkey implicated temporal and spatial mismatches as a cause for local environmental
degradation, and increasing extra economic pressures as an ultimate cause for the
adoption of unsustainable land-use practices (Marston 2015). Integrated analyses of
palaeoclimate proxies and model simulations also reveals the limited extent in which
climate trends determine patterns of socio-economic activities in complex historical
societies (Xoplaki et al. 2018). These analyses suggest that a research approach which
integrates environmental archaeology with a resilience perspective has considerable
potential for explicating regional patterns of agricultural change and environmental
degradation in the past.

Still, it is often unclear which characters a social system must have to be resilient.
Peregrine (2017) examined 33 archaeologically known societies bracketing 22 catas-
trophic climate-related disasters and concluded that societies allowing greater polit-
ical participation appear to provide greater resilience to catastrophic climate-related
disasters, which generally supports the predominant perspective in recent disaster
response studies. Another opinion is that human societies gained increasing abili-
ties and productivities to not only adapt but also “reform” the natural environment
since the traditional farming technologies emerged from the 3rd—4th century BC in
China (The Warring States Period) (Han 2008). In other words, this also means that
human impacts on the natural environment have significantly increased. For instance,
many oasis grasslands were changed into farmlands when the Han Dynasty attached
Xiongnu and opened the Desert Silk Road, which brought irreversible damages to
the natural desert-oasis environment.

Apparently, discussions of significant climate impacts on social systems so far
have focused on ancient agricultural and pastoral societies because these societies
are more sensitive to climatic and environmental conditions. On the contrast, very
few studies discussed climate-society relationships after the Industrial Revolution
or in industrialized countries. A broad consensus is that technology and economic
development can increase the resilience and resistance of human social systems and
mitigate the negative impacts of climate change (Adger et al. 2009). As the corre-
lation between climate and society is weakening and even negative, it appears that
global warming would not lead to an increase in social conflicts in warmer climates
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(Tol and Wagner 2010). It can be assumed that as long as the climate conditions do
not undergo large-scale dramatic changes, the socio-cultural systems would unlikely
be completely destroyed at one time. Social and cultural characteristics (e.g. stabil-
ity of core territory and the main ethnic groups) can thus still achieve cumulative
development. However, in comparison with the topic of climate impacts on society,
societal responses to climate changes have far less been explored. This is right the
direction that this chapter and the book are dedicated to.

1.4 Book Overview and Key Messages

1.4.1 Coverage of the Book

Independent studies on the natural environment and social development of the Silk
Road region began in the early 20th century. So far, the academic community has
basically defined the routes network and the areas along the Silk Road, and built up
a general understanding of the natural environment and social conditions. There are
also a number of studies investigating local specific human-environment relations.
Despite this state of research, there is still a lack of comprehensive research focusing
on the social and environmental development of the entire Silk Road area in its long
past. Therefore, the core purpose of this book is to discuss the socio-cultural changes
that took place in the Silk Road area where climate/environmental proxies indicate
rapid and/or high amplitude changes and impacts.

The book has 22 chapters. Versions of most of the chapters were initially prepared
for the international workshop entitled “The Rise and Fall: Environmental Factors in
the Socio-Cultural Changes of the Ancient Silk Road Area”, which was convened at
the Kiel University during September 27-28, 2017. Each chapter has a specific topic
focusing on a specific geographical region, and as a whole the book covers most
of the overland Silk Road areas (Fig. 1.1). The chapters are divided into six parts
based on the related topics. An overview of each part and associated key messages
are provided below.

1.4.2 Key Messages from the Book

The first part of the book is this introduction paper (Chap. 1; Yang et al. 2019). It first
reviewed the state-of-the-art on socio-environmental dynamics in the historical Silk
Road areas and then introduced the scope of all chapters in this book by illustrating
the specific topics, research areas, focused time periods and their inner relationships
to each other. The introduction further summarizes the findings achieved in this
book, as well as some outlooks. The chapter also discusses some key concepts and
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definitions that are deemed useful for examining resilience and vulnerability from
an archaeological perspective.

The second part includes five studies on landscape evolutions in the human-
environment system (Chaps. 2—-6). The concept of landscape has for quite a long
time been important to geo-scientists and environmental scientists in understand-
ing human-environment systems, which is well reflected in the chapters about dry-
ing lakes in western China (Fei et al. 2019; Mischke et al. 2019). In Central Asia,
hydrogeological systems evidenced human colonization, and the impacts of water
extractions on tributaries of large river and lake systems are suspected as the main
causes of water level regressions in the Ili River Delta (Deom et al. 2019) and the
Aral Sea (Sala 2019). The chapter of Spate (2019) synthesized past archaeological
and climate data in Kashmir and concluded that differentiated landscape patterns
may have resulted from long-term adjustment and reorganization as a response to
climate pressures.

Part III of the book consists of a series of four papers (Chaps. 7-10) that are
arranged under the topic of natural disasters and impacts. The Silk Road areas overlap
well with the earthquake and mountain fault belt that runs from China to Italy,
and thus many local earthquake-resistant techniques were developed in sub-regions
(Kéazmér 2019). The study on climate-related dryness, famine and diseases in the
Eastern Turkic Empire suggested that the climatic factor did have an impact on the
historical processes that took place in the nomadic territories (Ganiev and Kukarskih
2019). As we stated before, dryness is the major natural threat for most of the Silk
Road areas especially over the last millennium when human activities have increased
dramatically (Opata-Owczarek and Owczarek 2019; Chen et al. 2019).

The book includes a major part investigating climate impacts on social sys-
tems (Part IV, Chaps. 11-15). Analysis of global climate simulations over the last
6000 years indicate that 10% more precipitation may have provided the climatolog-
ical foundation for the golden era of Silk Road trades (Hill 2019). Even in adverse
climate conditions, social adaptation activities helped to avoid hardship and expanded
the capabilities for the continual development of the Chinese civilization (Fang et al.
2019). In Central Asia and Western Asia, inferences of Turkic tribes’ migration in
Saljugs period reach beyond climatological determinism and provide more socio-
political explanations (Frenkel 2019). And, Luneau (2019) argues that the present
data do not support a drastic climate change during the first half of the 4th millen-
nium BP as a responsible factor for the fall of the Oxus civilization. Pow (2019)
also questions the climatic and environmental effects on the Mongol Empire’s with-
drawal from Hungary in 1242. A common message from these articles is that climate
impacts are recognized but not considered as a dominant factor in the development
of social events.

The fifth part of the book includes four papers of social adaptation and resilience
to environmental stresses (Part V, Chaps. 16—19). Experience of extreme climate
conditions can increase opportunities for learning and innovation, e.g. local people
developed hydraulic systems of water-sediment separation at the mountainous Tea-
Horse Road region that effectively mitigated flood hazards (Xu et al. 2019), and
the Karez system in the dry Asian regions is a great human creation that survives
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social development for thousands of years (Michtle et al. 2019). The study from
Panyushkina et al. (2019) shows that Saka people of the Iron Age employed extensive
ravine agriculture on alluvial fans and that they were able to apply simple flow control
structures, which certainly reduced water constrains to agricultural expansion in
the Lake Balkhash Basin. The steppe landscape in the Middle Volga region was
also transformed by cultivation, wood extraction, and the expansion of pastures and
road networks in the past 2500 years (Vyazov et al. 2019). These examples from
the past might help inform the degree to which societies can develop strategies to
deal with environmental perturbations at different scales and highlight that social
breakdown and collapse are not an inevitable result of transformation.

The last part of the book discusses three environment-related socio-cultural issues
(Part VI, Chaps. 20-22). Studying early rock carvings in the Karakoram Ranges gains
insight into the roots and spread of early Buddhism in the extreme dry-cold-high envi-
ronment (Aerde 2019). The chapter by Marten-Finnis (2019) reveals how ecological
zones and their division into steppe and sown, nomadic and sedentary people, helped
Russian ethnographers to understand the heritage and urban neighborhood princi-
ples of Bukhara. In addition, Abudu et al. (2019) review the Karez systems from the
perspective of the cultural heritage, and argue that Karezes should be protected as
indigenous human heritage and utilized to enhance water resilience under changing
environments.

Overall, human societies have always been living with and adapting to a vari-
able climate and environment. It is clear from studies in this book that climate has
certainly influenced human societies while societies have also shown increasing
resilience and capability in coping with adverse climate impacts. The Silk Road
areas are richly endowed with information on human and environmental history,
which makes it suitable for exploring interactions between climate, environment
and humans over a variety of time scales. As historians, archaeologists, geogra-
phers, paleo-environmentalists and paleo-climatologists, we often seek to contribute
to a better understanding of this complex topic. This book is an important step in this
direction.

The concept of social resilience has gradually become an important topic in sci-
entific communities (e.g. Climatology, Geography, Socio-ecology, Geoarchaeology,
and Sustainability). In fact, increasingly sophisticated detection and attribution stud-
ies already suggest that societies have largely persisted and developed continuously
in hazard-prone areas and climate-change periods. Findings and discussions of chap-
ters in this book make evident that many challenges remain which are connected to
even more complex questions for forthcoming research:

e Are there clear cases of social resilience to climate changes in the past societies?
If so, what are the general environmental-socio-cultural patterns?

e What are the key factors and features for a social system to be resilient in face of
climate variation? In other words, how can resilience be maintained in key sectors,
e.g. agriculture, nomadism, livelihood, population and urbanization?

e How did social resilience change and evolve in response to climate changes? What
are the scope, thresholds and tipping points for the dynamics of social resilience?
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e What can we learn from the experience and lessons of the past resilient and/or
“un-resilient” societies? Are these learnings up-scalable to explanatory theories?

These are open questions that some chapters in this book addressed but which
were not deeply investigated yet. In order to both forecast and adapt to future condi-
tions we need to advance our understanding of interactions between cases of socio-
cultural resilience to climate change in time and space, and to utilize the knowledge
in supporting sustainable development at local, regional and global levels.

1.5 Summary and Outlook

The development of the Silk Road has supported a great leap of long-distance, large-
amount cultural exchange across the Eurasian continent, and has had a profound
impact on the overall development of human society. Studies on the rise and fall of
the Silk Road have shown some principles of human-climate relationships. Climate
conditions can lead to the abandonment of villages or castles but that does not nec-
essarily mean a collapse of the human society. People are active and social systems
are able to migrate or adapt. Migration is not a manifestation of the collapse of the
socio-cultural system, on the contrary, it shows the resilience of the system.

Today, the Silk Road has become a road of friendship for economic and cultural
exchanges between Asia, Europe, Africa and even further areas. The Silk Road
was declared a World Heritage Site by UNESCO in 2014. China’s recent “Belt and
Route Initiative” further promotes attentions to the traditional Silk Road areas. On
the one hand, the Silk Road has become a popular word through cinema, television
and other popular media. On the other hand, however, the Silk Road has so far
majorly been discussed in politics and business themes from the East side (e.g.
China’s business attempts) while its reception in sciences are less targeted. It remains
a challenge for research to overcome the chronological, regional, linguistic, and
disciplinary fragmentation of Silk Road research. However, the fact that the term is a
modern construct, makes it a fruitful, organizational concept for the scholarship. By
constructed definition, it could also allow and promote transnational, superregional,
intercultural and interdisciplinary approaches to research and comprehension.

The Loulan Kingdom at Lop Nur region used to be an ancient country with animal
husbandry and oasis agriculture in the center of the Silk Road areas. Sima Qian
wrote in his “Historical Records” (1st century BC) that “Loulan is rich of jade, reed,
poplar trees and white grass. The people often move to where there are water and
grasslands”.* However, when Xuan Zang passed by this area in the Tang Dynasty (7th
century AD) he saw only “remains of towns and castles, but no people anymore”.’
This tragic change happened with both impacts from natural environment change
and human activities. Research on the environmental changes, social development,

4Sima Qian, 91 BC. Historical Records. i Tiffe ($i) dricdl: “B2 i, LB KM, 945, ..
5Xuan Zang (talk), Bian Ji (write), 646 AD. Great Tang Records on the Western Regions.
CRBEVEIAC) « BRI IR, NIHWTL.
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the rise and fall process, and their interactions along the Silk Road can provide
important historical experience and decision-making basis for regional sustainable
development in present times, and is thus of theoretical and practical significance.

A growing network of multi-millennial, multi-proxy records from multiple sub-
regions would help reveal climatic contexts for more important historic events which
emphasize the diversity of human-environment interactions. Future efforts in this
field will need to account for the diversity of economic, political, and cultural features
that filter, dampen, and amplify the effects of climate change on society. This chapter
and the book hold the concept of “taking history as a mirror”, and hope to promote
more studies on the evolution process of environmental-social interactions, in both
the Silk Road areas and other regions.
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Evolution of Saline Lakes St
in the Guanzhong Basin During the Past

2000 Years: Inferred from Historical

Records
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Abstract This study reconstructed the possible existence of saline lakes in the
Guanzhong Basin during the past 2000 years. Using Chinese historical literature as
well as stone inscriptions, a total of five historical saline lake bodies which had existed
in this region were documented: Lakes Yanchize, Xiluchi, Dongluchi, Zhuyanze and
Xiaoyanchi. Lakes Zhuyanze, Yanchize, Xiluchi, Dongluchi, and Xiaoyanchi desic-
cated respectively at some point during 1076-1701 AD, 1584-1735 AD, 1666—1791
AD, 1666-1791 AD, and 1712-1906 AD. The lakes in the west of this region pos-
sibly desiccated relatively early, and the lakes in the east desiccated relatively late.
Most of the lakes desiccated during a cold climate period. It seems that the dry
period of the 15th—17th centuries overlapped with the periods that some of the lakes
desiccated. All the five lakes desiccated during periods of increased soil erosion.
The main causes of the degradation and desiccation of Lakes Yanchize, Xiluchi and
Dongluchi were flood irrigation and silt sedimentation. The degradation and desic-
cation of Lake Yanchize and Lakes Dongluchi and Xiluchi corresponded to periods
of population explosion when land was heavily cultivated in Fuping and Pucheng
Counties. The existence of historical saline lakes indicates that the remains of the
Sanmen Paleo-Lake existed in the Guanzhong Basin during the past 2000 years.
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2.1 Introduction

Analysis of the evolution, degradation and desiccation of saline lakes during the
past 2000 years will help us to better understand the geographical distribution and
evolution of saline lakes. There are more than 1500 modern saline lakes in China
(Zheng et al. 1993). Knowledge of the historical saline lakes is not as advanced as
geographical and historical value suggests it should be, since historical saline lakes
contain information about local hydrology, regional environmental change and salt
resources.

No saline lakes exist in the Guanzhong Basin in modern times (Williams 1991;
Zheng et al. 1993; Wang and Dou 1998; Zheng et al. 2002). Here, the possible exis-
tence of historical saline lakes in this region during the past 2000 years is examined.
We deduce the dates of their desiccation, and discuss the relationship with environ-
mental change and human activity.

2.2 Regional Setting

The Guanzhong Basin lies in the middle Shaanxi Province, China, and sometimes it
is also referred to as the Weihe River Plain (Fig. 2.1). The Weihe River is the largest
tributary of the Yellow River. The total length of the river is 818 km, and it flows
through the Guanzhong Basin from west to east. However, the Weihe River Plain does
not correspond exactly to the Guanzhong Basin because there are several patches of
undrained depressions in the basin, and these depressions are exactly where saline
lakes could exist.

This region is well known as a major cradle of ancient Chinese civilization. Xi’an
and its vicinity formed the national capital city of China during the Western Zhou
Dynasty (1046-771 BC), Qin Dynasty (221-206 BC), Western Han Dynasty (206
BC-25 AD), Sui Dynasty (581-618 AD) and Tang Dynasty (618-907 AD). This
region is tectonically a graben basin between the Loess Plateau and Qinling Moun-
tain. The basin extends about 400 km from west to east, and about 30-80 km from
south to north. It occupies an area of 19,000 km?2, and the altitude is 325-900 m
above sea level.

The climate in the region is mostly a semi-arid temperate East Asian monsoon
type, with a few patches of sub-humid type in the southwest part. The annual mean
temperature is 11-14 °C, and the monthly mean temperatures of January and July
are —2 to —1 and 25 to 27 °C, respectively. The annual precipitation ranges from
500-720 mm, and decreases from southwest to northeast (Liu and Guo 2008; Chen
and Dong 2009). Although the distribution of saline lakes is related to precipitation,
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temperature and net evaporation (Williams 1991), the limit at which saline lakes
can exist is about equal to the 500 mm line of annual precipitation (Zheng 2010),
and therefore saline lakes could have existed in some areas of this region. When
the precipitation is significantly higher than 500 mm, desalination occurs; when
precipitation is too low, desiccation occurs.

Lacustrine sediments were identified in some isolated depressions of this region,
which indicated that lakes had existed during the past several million years (Yan 1988;
Zhao and Zhang 1994). A previous study obtained the quasi-continuous lake sedi-
ments over the past 34,000 years in the Lupotan Flats (‘lu’ means saline, ‘po’ means
Lake, and ‘tan’ means Flats). However, sediments during the past 2000-3000 years
were partially eroded and disturbed by human activities, thus hampering a reliable

Fig. 2.1 Schematic map showing the recent topography of the Guanzhong Basin (upper panel) and
the estimated locations of ancient saline lakes in the basin (lower panel). The Guanzhong Basin at
the west of the Yellow River is indicated by blue dashed line, and the Shaanxi Province is in red
dash-dotted line
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interpretation of the limnological information (Yan et al. 2016). Historical records,
supplemented by archaeological evidence, are very reliable and effective.

2.3 Materials and Methods

Historical literature has been proven to be a critical source of information for gath-
ering data on lake evolution during the past 2000 years (Brooks 1923; Dixey 1924;
Nicholson 1999; Nicholson and Yin 2001; Fang 1993). The Guanzhong region is
well known for its long history of civilization and abundant archives of historical
literature. For this study, we examined the Chinese historical literature as well as
archaeological materials (stone inscriptions), and investigated whether saline lakes
existed in this region during the past 2000 years.

Various kinds of historical literature were examined, and relevant records were
found in the historical local chronicles of the Fuping, Pucheng, Lintong and Dali
counties and cities, historical chronicles of Shaanxi Province, dynastic histories,
historical geography books, and stone inscriptions.

The data of population and cultivated lands of the relevant counties are scattered
through the Chinese local historical chronicles. A systematic literature survey was
conducted, and those of the Fuping, Pucheng, Lintong and Chaoyi counties are
carefully examined. The population data were converted into population density
data. With regard to the data of cultivated land, we employed a Cultivated Land
Ratio (CLR), which was defined as the ratio between the cultivated land area and the
total land area.

2.4 Results

After an exhaustive literature survey, nearly a hundred records concerning saline
lakes were discovered. A synthesis of these records pointed to the existence of five
historical saline lakes in the Guanzhong Basin, i.e. Lake Yanchize in Fuping County,
Lakes Dongluchi and Xiluchi in Pucheng County, Lake Zhuyanze in Lintong County,
and Lake Xiaoyanchi in Dali County (former Chaoyi County, Fig. 2.1). The five lakes
will be discussed separately in the following sections.

2.4.1 Lake Yanchize in Fuping County

2.4.1.1 Prior to the 13th Century

Historical records on Lake Yanchize in Fuping County may be traced back to the
Northern Wei Dynasty (386-534 AD). It was recorded in the History of the Northern
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Wei Dynasty that, ‘there was a salt lake in the Pinyang County (modern Fuping
County. Wei 554).

In the Yuanhe Reign Period General Geography (Li 813), it was recorded that,
‘Lake Yanchize was located 25 li from the southeast of the administrative centre of
the county (Fuping County). The circumference of the lake was 20 li.” Because the
circumference was about 20 /i (1 i ~0.5 km), i.e. 10 km, the area of the lake is
estimated to have been about 4-8 km?. Similar records were also found in the New
History of the Tang Dynasty (Song and Ouyang 1060), Chronicle of Chang’an (Song
1076) and Revised Chronicle of Chang’an (Luo 1296).

The earliest record is that which recorded the history of the Northern Wei Dynasty
(386-534 AD). The latest record is that in the Revised Chronicle of Chang’an, which
recorded the history prior to 1296 AD. Based upon the above sources, we inferred
that Lake Yanchize was a saline lake with an area about 4-8 km? between the late
4th and 13th centuries.

2.4.1.2 14th-16th Centuries

Two records were found in the Chronicle of Fuping County (Liu and Sun 1584),

The Lupotan Flats, was also known as the Mingshuitan Flats (‘Mingshui’ means water
covered) and East Flats (Dongtan). The flats did not dry up in winter or summer, and the
water could be boiled for extracting salt (Liu and Sun 1584).

Lake Yanze (i.e. Yanchize) lies in the east of the county, and looked like a lake (Liu and Sun
1584).

It may be inferred that Lake Yanze was still a saline lake during the 14th—16th
centuries. However, the name of the lake was changed from ze (lake) to fan (flat),
which possibly indicated that the lake had become significantly reduced in size.

24.1.3 17th-18th Century

Two brief records were found within two local chronicles which were printed in 1735
and 1740 AD respectively.

(1) ‘The Lupotan Flats lay in the east of the county, and now it was silted up.’ (Liu
and Shen 1735. As indicated by the reference, ‘now’ probably refers to the early
18th century.)

(2) ‘The Lupotan Flats, also known as the Mingshuitan Flats and East Flats. It was
just the ancient Yanchi of Pinyang County. Now it dried up.’ (Qiao 1740; Wu
and Hu 1778; Fan and Liu 1891. As indicated by the references, ‘now’ probably
refers to the early 18th century.)

In addition, two official reports of the Lupotan Flat were recorded in the Draft
Chronicle of Fuping County (Fan and Liu 1891),
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22nd Day, 7th month, 56th year, Qianlong Reign Period (21st Aug. 1791), the county head
reported that ‘there was no saline lake in Fuping County. But there is Luopotan Flat in the
east of the county extending 6-7 li from east to west. The area is low and contains saline and
alkali (that is, it contains NaCl and Na;SO4). When the weather is favourable, local people
collected the surface soil, put it into water, and boiled it to extract salt. The salt is brackish
(because it contains NaySO4). When it rained too much, the flat was covered by water.

16th day, 11th month, 56th year, Qianlong Reign Period (16th Dec. 1791), the county head
reported that ‘the Lupotan Flat in our county was in all probability the Lake Yanchize in the
chronicles... however, it dried up.

24.14 19th Century

An official investigation of the Lupotan Flats was conducted in the autumn of 1886
AD.

The Lupotan Flat in our county was the ancient Yanze Lake, and extends from Fuping to
Pucheng. It was a saline land, local people took the saline soil after rains and boiled for Xiao
(glauber’s salt, i.e. Sodium Sulfate Decahydrate).

The flats in Fuping County extended 3-4 li from east to west, and 2-3 li from north to south...
The area was full of weeds and contained no saline waters, and the areas that still possessed
salt production extends to less than 1 square li (1 square li ~0.25 km?)... there were only five
or six small ponds that were producing salt, other areas were wastelands and were overgrown
with weeds (Fan and Liu 1891).

According to the investigation, the flats in Fuping County were dry by the late 19th
century. In addition to the official report of the investigation, a few related materials
were recorded in the Draft Chronicle of Fuping County. In conclusion, the above
records indicate that Lake Yanchize in Fuping County (also known as the Lupotan
Flats) had desiccated at some point during 1584—1735 AD.

2.4.2 Lakes Dongluchi and Xiluchi in Pucheng County

Lakes Dongluchi and Xiluchi lay in the south of the Pucheng County. Here, ‘dong’
means ‘east’, ‘xi’ means ‘west’, and ‘luchi’ means ‘salt lake’. Historical records on
Lakes Dongluchi and Xiluchi in Pucheng County are numerous and very detailed.

2.4.2.1 Prior to the 13th Century

As early as 2000 years ago, the History of the Western Han Dynasty (Ban et al.
80) recorded that ‘Emperor Xuandi (reign in 91-49 BC) was trapped in Luzhong,
Lianshao County... There was a salt lake in the Lianshao County, and it extended
over 10 /i from north to south. The local people called it Luzhong.” The Lianshao
County during the Han Dynasty lay near the modern Lupotan Flats (Tan 1982), and
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Lake Luzhong should be the possible predecessor of Lakes Dongluchi and Xiluchi,
as well as the modern Lupotan Flats.

No relevant historical records are available concerning the Three Kingdoms Period
(220-265 AD), but archaeological evidence has been identified. Archaeological
research unearthed two official seals, one is ‘Lianshao Lu Xian Du Yin’ (Seal of
the Lianshao Governor of Salt and Alkali Industries), and the other is ‘Lianshao Lu
Du Yin’ (Seal of the Lianshao Governor of Salt Industry) (Luo 1987). The seals
support the idea that there was salt production during the Three Kingdoms Period,
which thus possibly indicates the existence of one or more salt lakes in this region,
as there are no salt mines or dry lake salt crusts in this region.

Detailed historical records become available again from the Tang Dynasty
(618-907 AD). The Luchi Lakes (including the Dongluchi and Xiluchi lakes) of
Fengxian County (modern Pucheng County) were recorded as one of the salt pro-
duction places in the History of the Tang Dynasty (Liu 945), New History of the
Tang Dynasty (Song and Ouyang 1060) and the Collection of Material on the Lives
of Emperors and Ministers (Wang 1013).

2.4.2.2 14th-17th Centuries

Detailed records are available concerning the Ming and Qing Dynasties (1368—1644
AD, 1644-1911 AD). In the History of the Ming Dynasty (Zhang 1739), it was
recorded that ‘there were Xiluchi in the west Pucheng County and Dongluchi in the
south Pucheng County, and salt was produced previously.’

A poem titled ‘Bing gi ri ji (Sunshine on the ice covered salina)’ was recorded
in the Continued Chronicle of Pucheng County (Wang and He 1714). The date of
the poem was sometime during the Ming Dynasty. The poem probably refers to the
Xiluchi Lake or the Dongluchi Lake, as there were only two saline lakes in Pucheng
County. This poem indicated that saline lakes and salt production existed in Pucheng
County during the Ming Dynasty (1368—-1644 AD).

Within the Chronicle of Pucheng (Deng and Li 1666), three records are identified:

(1) ‘There is a saline lake looking like a mirror in the south of the county.’

(2) ‘East Luchi Lake lies 20 li to the south of the city centre of the county, and it
was also called Anfengtan Flats. Salt was formed naturally in the 12th year
of Dali Reign Period (777 AD). After that, salt production in the salt lake was
forbidden, but alkali production went on.’

(3) “West Luchi Lake lies 40 li to the southwest of the city centre of the county...
it did not dry up even in droughts. The local people boiled the lake water and
extracted salt. Recently, salt production was given up because of the high cost.’
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2.4.2.3 18th Century

In the Draft Chronicle of Fuping County, a detailed report on the Lupotan Flats,
entitled Hui Kan Lu-po-tan Bin (Report of the joint investigation of the Lupotan
Flats), was provided (Fan and Liu 1891; Li and Wang 1905).

The Lupotan Flats included the former East Luchi, West Luchi, and Yanchize
lakes. The report was based on an official investigation of the Lupotan Flats in
autumn 1791 AD.

It was said that the Lupotan Flats extended 50-60 li from east to west. The East Flats extended
5-6 li. The middle part of the Lupotan, extending 30-40 li, was a wasteland. The West Flats
extended about 10 li. The end part of the Lupotan, extending a little more than 1 1i, was
overgrown with weeds. Apart from the middle and end sections, the flats extended a little
more than 10 li. Ever since the Tang Dynasty, salt production left numerous deserted ponds,
and saline water dried. There were salt production operations only in a few square li of the
flat now.

We investigated the East Flats and learned that saline water existed in the middle of the
East Flats, and was surrounded by wheat fields... we criticized that they were producing salt
illegally, and it was told that it was not salt but mirabilite. They told us that of the products
in the flats, 90% was mirabilite, and 10% was salt.

Then, we investigated the West Fats. They lie between Pucheng and Fuping counties, and
mostly in Pucheng. We walked for two days, and saw no people, but only desert and weeds.
The ponds were old and long abandoned.

According to this report, the East Flats, i.e. the former East Luchi Lake, desiccated
before 1791 AD; The West Flats, i.e. the former West Luchi Lake and the Yanchize
Lake, also completely desiccated. Inferring from the print dates of the literature, both
the East and West Flats probably desiccated during the years 1666—1791 AD.

2.4.2.4 Late 19th Century and Early 20th Century

Maps recorded the lakes of Pucheng County in the Shaanxi Provincial Atlas (Wei
1899) and the New Chronicle of Pucheng County (Li and Wang 1905). The West
Luchi Lake was drawn as Lupotan (Saline Lake Flats) in these maps. A road was
drawn in the Lupotan (Xiluchi Lake) in the map in the New Chronicle of Pucheng
County, thus providing evidence that the Xiluchi Lake probably desiccated around
1890-1910.

An atlas was made in 1915 AD by the Japanese Territorial Geodesy Department
(1938). According to the atlas, the west and middle areas of the Lupotan Flats were
dry in 1915. The east part of the Lupotan Flats also desiccated except for several
ponds scattered around the flats.

It may be inferred from these sources that the Lupotan Flats, including Xiluchi
Lake, Dongluchi Lake and Yanchize Lake, desiccated earlier than the late 19th cen-
tury and early 20th century. This is consistent with the above inference that the lakes
desiccated during the period 1666—1791 AD.
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2.4.3 Lake Zhuyanze in Lintong County

Lake Zhuyanze lies in Lintong County. The earliest record of this lake was identified
in the Yuanhe Reign Period General Geography. It was recorded that,

Lake Zhuyanze lies 15 li to the south of the Yueyang County. The lake’s water contains a lot
of salt. People boiled the water and extracted salt during the Fuqin Period (350-394 AD).
The circumference of the lake was 20 li. (Li 813)

A similar record was found in the Chronicle of Chang’an (Song 1076) which was
compiled in the late 11th century. The New History of the Tang Dyansty contains a
chapter that recorded the lakes that yielded salt, and Lake Zhuyanze was one of them.
It was recorded that, ‘there was a Lake Zhuyanze in the Yueyang County.” (Modern
Yueyang Town of Lintong County) (Song and Ouyang 1060) 600 years later, the
Chronicle of Lintong County repeated this record, and added one more sentence,
‘the water in the Zouma village was salty now. A lake is supposed to have existed
here (Zhao 1701).” Because the Chronicle of Chang’an was printed in 1076 AD, and
the Chronicle of Lintong County was printed in 1701 AD, the date of the desiccation
of the lake should be sometime in the period 10761701 AD.

2.4.4 Lake Xiaoyanchi in Dali County

The earliest record of Lake Xiaoyanchi in Chaoyi County' was found in the History
of the Tang Dynasty which listed Lake Chaoyi Xiaochi as a salt production place
(Liu, 945).

In the New History of the Tang Dynasty, it was recorded that ‘salt was manufac-
tured in Lake Xiaochi, Chaoyi County’ (Song and Ouyang 1060). In the Chronicle
of Tongzhou Prefecture (Zhang and Ma 1625), it was recorded that

‘Salt was produced in Lake Xiaoyanchi during the Tang Dynasty. Now, salt was
not manufactured regularly, and the output was very limited.’

It was then recorded in the Continued Chronicle of Chaoyi County (printed in
1712 AD. Wang 1712) that

The water of the area gathered in Lake Xiaoyanchi. It was extremely arid in this area. By
boiling the water, salt was extracted.... When it was rainy, salt could not be produced... The
basin extended more than 20 li, and the soil was saline. Crops could not grow, whereas wild
grass grew everywhere.

In addition, it was recorded in this chronicle that there was illegal salt produc-
tion, whereas salt production was officially organized in the Wanli Reign Period
(1573-1620 AD).

These records indicate that Lake Xiaoyanchi was still a salt lake in the early 18th
century. However, in the Chronicle of the Chaoyi County, it was recorded that Lake

!Chaoyi County was merged into Dali County in 1958.
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Table 2.1 Historical saline lakes in the Guanzhong Region®

Name Location Size (km?) | Type Desiccation

Yanchize Fuping County | 4-8 Chloride and sulphate 1584-1735 AD
Xiluchi Pucheng County | Several Chloride and sulphate 1666-1791 AD
Donglu Chi Pucheng County | Several Chloride and sulphate 1666-1791 AD
Zhuyanze Lintong County | Several Chloride 1076-1701 AD
Xiaoyanchi Dali County Several Chloride 1712-1906 AD

4The sizes of the lakes are estimated according to the circumferences and relevant records. The
types of the lakes are based on the historical records of salt production and Xiao (Glauber’s salt.
NaySO;4 - 10H,0) production

Xiaoyanchi was abandoned in later times. The area occupied by Lake Xiaoyanchi
was called ‘Yanchiwa’, which means a flat called Yanchi (Zhu 1906). The lake, by
this time, probably desiccated and was possibly reduced to an inland salt marsh.

According to the timing of the chronicles compiled, we infer that Lake Xiaoyanchi
desiccated and was possibly reduced to an inland salt marsh sometime in the years
1712-1906 AD.

In summary, the evolution of the five historical saline lakes is reconstructed using
historical records (Table 2.1). Historical records about the three Lupotan lakes were
found to be numerous, whereas records on the Zhuyanze and Xiaoyanchi lakes are
relatively rare. All the saline lakes lie in the relatively arid northeast part of the
Guanzhong Region. Among them, Lakes Dongluchi, Xiluchi and Yanchize lie in
an area commonly known as the Lupotan Flats where lacustrine sediments were
identified, indicating the existence of saline lakes during the past several million
years (Yan 1988; Zhao and Zhang 1994).

2.5 Discussions

2.5.1 Causes of the Degradation and Desiccation
of the Saline Lakes

Despite the presence of historical records and the plethora of evidence they contain, a
fundamental question remains to be ascertained. What is the cause of the disappear-
ance of these lakes? The causes of the drying up of saline lakes maybe complicated,
and various causes need be considered.
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2.5.1.1 Climatic Change

Climatic change is commonly considered a major force behind lake evolution (Fang
1993; Ma et al. 2010). Here we discuss the climatic background of the saline lake
evolution in the Guanzhong Basin.

With regard to precipitation, we employed the six-grade data set of drought or
flood of Shaanxi Province (Yuan 1994). The data set is based on various historical
records, and the starting point is 580 AD. Droughts and floods are classified into six
grades according to their respective severity. We calculated the decadal arithmetic
mean of the grades of droughts and floods as an indicator of precipitation (Fig. 2.2d)
(Yuan 1994).

It seems that the dry period of the 15th—17th centuries overlapped with the periods
that the lakes Yanchize, Xiluchi and Dongluchi possibly desiccated. We compared
the lake evolution with a recently updated set of chronology for temperature changes
in China based on multiple sources (Fig. 2.2e) (Ge et al. 2013). A comparison with
temperature change chronologies indicates that Lakes Yanchize, Dongluchi, Xiluchi
and Xiaoyanchi desiccated in the cold period of 14th—19th centuries, but the rela-
tionship is not very clear.

As a whole, the desiccation of the historical saline lakes usually occurred in
relatively dry periods. A possible explanation is that the humid summer monsoon
was weak during the Little Ice Age (Zhang et al. 2008).

2.5.1.2 Silt Sedimentation

A previous study indicated that sediment accumulation caused the filling of lake
basins and contributed significantly to the drying up of lakes in the lower reaches of
the Yellow River Plain (Fang 1993). The middle reaches of the Yellow River are well
known for severe soil erosion. Figure 2.2¢ shows the sediment outputs of the upper
and middle reaches of the Yellow River, which illustrates how many tons of silt and
sand were transported by the Yellow River. About 90% of the sediment outputs come
from the middle reaches. Therefore, the erosion of the middle reaches of the Yellow
River increased over time during the last 2000 years (Xue 2001; Shi 2009).

Is silt sedimentation the cause of the desiccation of Lakes Dongluchi, Xiluchi
and Yanchize in Pucheng and Fuping counties? The Draft Chronicle of the Pucheng
County recorded,

The East and West Luopo Flats lay in the south of the county (Pucheng County)... The salt
lake in Pucheng had a poor fate. Ever since the times of antiquity, no one protected it, and
no one developed it. Every year it was flooded by the mountain floods, whereby sand and
silt were deposited. Year after year, it was further reduced to dry flats. (Institute of Pucheng
County 1946)

An earlier source also briefly recorded the cause of the desiccation of the Lupo
Flats. It was recorded that ‘The Lupo Flats lay in the east of the county (Fuping
County), and it was silted up now.” (Liu and Shen 1735). The records on Lake
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Fig. 2.2 a Evolution of the population density of Shaanxi Province during the past 2000 years
(Xue 2001). The bars denote the approximate dates that the lakes desiccated. b The cultivated land
ratio of Shaanxi Province (Ge et al. 2004). ¢ The annual sediment outputs from upper and middle
reaches of the Yellow River (Shi 2009). d The dryness/wetness index change of Xi’an and Yan’an
(Central Meteorological Administration of China 1981). e The annual temperature anomalies in
China (Ge et al. 2013). Edited by Liang Emlyn Yang

Zhuyanze are relatively terse, and it is difficult to determine precisely when it des-
iccated. The topography might have contributed to the desiccation of the lake. Lake
Zhuyanze was very close to the channel of the Weihe River, which frequently caused
flooding during the past 2000 years (Yin et al. 2005). River flooding and the resulting
silt sedimentation are a potential cause of the desiccation of Lake Zhuyanze.
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Lake Xiaoyanchi evolved from a saline lake to a salt flat during the 18th—19th
centuries. This lake was very close to the channel of the Beiluo River, which flooded
and migrated frequently over the past 2000 years of history (Wang 2005). Therefore,
the evolution and shrinking of the lake is possibly also related to the river flooding
and the resulting silt sedimentation.

However, historical records concerning Lakes Zhuyanze and Xiaoyanchi are rela-
tively brief, and no sources clearly recorded that these two lakes were directly flooded
by the Weihe and Beiluo Rivers. The link between the evolution of the two lakes and
river flooding remains inevitably hypothetical.

2.5.1.3 Population Density and Cultivated Land Area

In an agricultural society, increased population causes expanding areas of cultivated
lands. Population pressure and cultivated lands were discussed on both provincial
and national levels. The population and cultivated land changes at the county level
offer a detailed relationship between specific saline lake evolutions and population
and cultivated land changes. The saline lakes’ basins were enclosed drainage basins,
and these lakes were small and only occupied certain parts of the counties. The
comparison of population change on countywide levels would be more informative
than other approaches.

The population data were divided by the area data and converted into popula-
tion density, which is helpful to understand historical population pressure. Previous
researches have integrated the data sets of the historical population and cultivated
land of Shaanxi Province (Xue 2001; Ge et al. 2004). Among them, Xue’s (2001) data
set of the historical population sizes of Shaanxi Province during the past 2000 years
is of good quality. We used this to indicate the population density change there. The
population density of Shaanxi Province fluctuated during the 1st—17th centuries, and
increased dramatically since the 18th century (Fig. 2.2a).

Historical records of cultivated lands are less detailed in comparison to those
of population, and that of Ge et al. (2004) is the only available data set of the
cultivated land data of Shaanxi Province in historical times (Fig. 2.2b). The Lakes
Yanchize, Dongluchi, and Xiluchi desiccated sometime during the years 1666—1791
AD, and Lake Xiaoyanchi desiccated during 1712-1906 AD, which corresponds
to the population explosion in Shaanxi Province during the 18th—19th centuries
(Fig. 2.2a). Concerning the CLR of Shaanxi Province during the past 400 years, its
relationship with the saline lake evolutions is not very significant (Fig. 2.2b).

‘We compared the population density and CLR of Lintong County, Fuping County,
Pucheng County, and Chaoyi County (Fig. 2.3) with the dates of the desiccation of
Lakes Zhuyanze, Yanchize, Dongluchi-Xiluchi, and Xiaoyanchi, respectively. The
population density and CLR in this region in historical times were very high. It
is clear that the desiccation of Lake Yanchize and Lakes Dongluchi-Xiluchi corre-
sponds to periods of population explosion and elevated CLR in Fuping and Pucheng
Counties (Fig. 2.3). The desiccation of these lakes is apparently related to the mas-
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sively increased population pressure on the region’s natural environment, leading to
increased soil erosion, increased sediment accumulation and lake reclamation.

With regard to Lake Zhuyanze in Lintong County and Lake Xiaoyanchi in Chaoyi
County (Fig. 2.3), the relationship with population and cultivated land are not clear.
In particular, the time that Lake Zhuyanze desiccated was deduced to be in the range
of 1076-1701 AD, which is too long and difficult to be discussed in detail.

In addition, population pressure also caused the destruction of forests. A qualita-
tive study suggested that the forests on the Loess Plateau reduced gradually during
the past 2000 years, which resulted in an increase of the rate of soil erosion and
accelerate the silting up of lakes in the region (Shi 2001).

2.5.14 Flood Irrigation and Reclamation

A map engraved on a stone in Fuping County, Shaanxi Province, recorded that the
silty flood carried by the gully stream, Zhaolaoyu, flowed to the saline flat Lupotan
and made it reclaimable (Fig. 2.4). The map was engraved in 1670 AD, thus the map
was drawn during the period that the three lakes, Yanchize, Xiluchi and Dongluchi,
in the Lupotan region were shrinking or about to shrink. It indicates that the silt
carried by flood irrigation was possibly related to the desiccation of these lakes.
Some researchers argued that the flood irrigation possibly had a history of
2000 years in the Guanzhong Basin, though the historical records and evidence
are brief and ambiguous (Ye 1991, 1992; Chang 1997). Few historical records are
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Fig. 2.4 Part of the
geographical map of Fuping
(Fuping yuditu. Shen Qiqian,
1670. The map was engraved
on a stone, and the stone is
archived in the Fuping
County Library, Shaanxi
Province, China). The letters
A, B, C, D are added by the
authors. ‘A’ denotes the text
that reads ‘Lupotan (a saline
flat)’. ‘B’ denotes the text
that reads ‘the silt carried by
the gully stream deposited in
the flat and made it
reclaimable’. ‘C’ denotes the
text that reads ‘Zhaolaoyu (a
gully stream).” ‘D’ denotes
the boundary between
Fuping and Pucheng counties

available concerning unambiguous description of flood irrigation, and no evidence
indicates that it was extensive and long-lasting in this region prior to the Qing Dynasty
(1644-1912) (Ye 1991, 1992; Chang 1997).
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2.5.2 Relationship with the Sanmen Paleo-Lake

During the Pliocene (5.3-2.6 Ma BP) and Pleistocene (2.6-0.01 Ma BP) epochs,
there was a large Sanmen Paleo-Lake in the modern plains of the Weihe and Fenhe
rivers (Anderson 1923; Wang et al. 1999). The area of the Sanmen Palaeolake varied
during the Quaternary Period, and the maximum extent was about equal to the modern
plains.

Stratigraphical research indicates that it was most probably a saline lake which
was drained about 0.15 Ma BP, when the mountain to the east of the lake was cut
through by the paleo Yellow River, thus forming the modern Yellow River (Wang
et al. 2001, 2004; Zhang et al. 2004; Liu et al. 2006; Jiang et al. 2007). The Yellow
River flowed through the modern Sanmenxia Gorge and eventually drained into the
sea. The Sanmen Paleo-Lake shrank and resolved into several relatively small lakes.
There is Lake Yuncheng Yanchi (Yuncheng Salt Lake), along with a few small saline
lakes in the lower reaches of the Fenhe River, even in modern times, which comprise
the remains of the Sanmen Paleo-Lake.

Previous researchers suggested that the remains of the Sanmen Paleo-Lake had
existed as several isolated saline lakes in the Guanzhong Basin during the Pleistocene
Epoch (Yan 1988; Zhao and Zhang 1994) and early Holocene (Yan et al. 2016). In
particular, late Quaternary and early Holocene lacustrine sediments were identified in
the Lupotan region (Luopotan Flats), an isolated depression where Lakes Yanchize,
Xiluchi and Dongluchi existed (Yan 1988; Zhao and Zhang 1994). Recent research
confirmed the quasi-continuous existence of lake sediments in the Lupotan Flats, and
the paleolake possibly desiccated ca. 4600 years ago (Yan et al. 2016). The sediments
during the past 4600 years were disturbed by increasingly intense human activities,
and the lake evolution history of this period remains uncertain.

Regarding Lake Zhuyanze in Lintong County and Lake Xiaoyanchi in modern
Dali County, there is no doubt that these regions were parts of the Sanmen Paleo-
Lake before the middle Pleistocene, but no stratigraphical research has been done
concerning the lake evolution in the late Pleistocene and the Holocene. Because lake
remains most probably exist, our inferences at least support the evidence for smaller
remaining lakes of the Sanmen Paleo-Lake in historical times.

Our inference on the existence of historical saline lakes suggests that the remains
of the Sanmen Paleo-Lake still existed in the northeast part of the Guanzhong Basin
during the past 2000 years. This result improves the understanding of the temporal
and spatial history of the Sanmen Paleo-Lake.
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2.6 Conclusions

There are no saline lakes in the Guanzhong Basin in modern times. Using Chinese
historical sources and archaeological materials, we inferred the existence of five
historical saline lakes in the region during the past 2000 years, i.e. Lakes Yanchize,
Xiluchi, Dongluchi, Zhuyanze and Xiaoyanchi.

Lakes Zhuyanze, Yanchize, Xiluchi, Dongluchi, and Xiaoyanchi desiccated some-
time during 1076-1701 AD, 1584—-1735 AD, 1666-1791 AD, 1666-1791 AD, and
1712—-1906 AD, respectively. Most of the lakes desiccated during cold climate con-
ditions. The dry period of the 15th—17th centuries overlapped with the periods that
some of the lakes desiccated. However, the relationship is not very clear.

The lakes in the west of this region possibly desiccated relatively early, and the
lakes in the east desiccated relatively late, but the reasons remain unknown. All the
five lakes desiccated during periods of increased soil erosion. Flood irrigation and silt
sedimentation were probably the main causes of the desiccation of Lakes Yanchize,
Xiluchi and Dongluchi.

The desiccation of Lake Yanchize and Lakes Dongluchi and Xiluchi correspond to
periods of population explosion and more land was cultivated in Fuping and Pucheng
Counties. Population pressure, increased levels of cultivated lands and soil erosion
are the potential causes of the desiccation of these historical saline lakes.
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Chapter 3 ®)
Landscape Response to Climate i
and Human Impact in Western China

During the Han Dynasty

Steffen Mischke, Chengjun Zhang, Chenglin Liu, Jiafu Zhang,
Zhongping Lai and Hao Long

Abstract The Chinese empire experienced a large expansion to the arid regions in
the west during the Han Dynasty (206 BCE-220 CE). The Hexi Corridor, the Yanqi
Basin, the southeastern part of the Junggar Basin and the Tarim Basin became part of
the empire. The expansion of the Han Dynasty was accompanied by the significant
intensification of irrigation farming along rivers draining the Qilian, Tianshan and
Kunlun Mountains. Sedimentological and geochemical analyses and dating of lake
sediments and shorelines revealed that four large lakes in the region experienced
falling levels, or were almost or completely desiccating. The level of Zhuyeze Lake
was falling rapidly ca. 2100 years before present (a BP), and the accumulation of
lake sediments was replaced by an alluvial fan setting in large parts of the basin.
Lake Eastern Juyan desiccated ca. 1700 a BP. Lake Bosten experienced low levels
and increasing salinities at ca. 2200 a BP. Lake sediments in the Lop Nur region were
mostly replaced by aeolian sands during a period of near-desiccation at 1800 a BP.
In contrast, records from fifteen lakes farther in the west, north or south of the Han
Dynasty realm indicate relatively wet climate conditions ca. 2000 years ago. Thus,
dramatic landscape changes including the near and complete desiccation of large
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lakes in the arid western part of today’s China probably resulted from the withdrawal
of water from tributaries during the Han Dynasty. These changes likely represent the
earliest man-made environmental disasters comparable to the recent Aral-Sea crisis.

Keywords Central Asia - Xinjiang * Inner Mongolia - Gobi Desert
Lake desiccation

3.1 Introduction

The climate conditions in the Chinese section of the ancient Silk Road during the Han
Dynasty have not been addressed by many studies so far. Climate change research
usually focussed on longer time scales such as the Holocene, or on recent global
change (Liu et al. 2008, 2015a; Tao et al. 2010; Yang and Liu 2014). The work
on Holocene climate records is often motivated by the need to understand climate-
controlled environmental change since the last ice age with special emphasis on the
rapidness and amplitude of environmental change during times of natural climate
changes without human impact but with comparable climatic controls of the Earth’s
orbital parameters (Wiinnemann et al. 2012; Fan et al. 2014). As a result, periods of
maximum moisture and temperature of northwestern China have been proposed in
the early and middle Holocene (Liu et al. 2015a; Chen et al. 2016). However, the cli-
mate and environmental conditions in northwestern China specifically during the Han
Dynasty deserve more attention of the palaeoclimate community because the Han
Dynasty expansion of the Chinese empire had caused a large population migration
towards the west accompanied by significant land use changes (Zhang et al. 2003,
2011; Yang et al. 2006; Lii et al. 2009; Qin et al. 2012). A recent study by Mischke
et al. (2017) showed that water withdrawal from the tributaries of the large ancient
Lake Lop Nur in the eastern Tarim Basin for irrigation farming caused not only the
near-desiccation of the lake ca. 1800 years before present (a BP) but eventually also
the abandonment of the Loulan Kingdom upstream of Lop Nur. Thus, human impacts
on environments along the Silk Road apparently already reached a significant mag-
nitude during or shortly after the Han Dynasty. We follow and extent the approach of
Mischke et al. (2017) here by assessing and comparing the available palaeoenviron-
ment and palaeoclimate records from northwestern China and surrounding regions
with special emphasis on the Han Dynasty period. Which environmental and cli-
mate conditions can be inferred for northwestern China and surrounding regions
during the Han Dynasty? Are there spatial differences in environmental and climate
conditions, and if so, can these differences be linked to changes in westerlies or sum-
mer monsoon precipitation? Alternatively, were spatial differences in environmental
conditions possibly caused by man?
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3.2 Previous Research

The Holocene climate history of northwestern China and surrounding regions was
addressed by relatively many studies in the last decades. Studies often focussed on
the Holocene “Climatic Optimum” in China, i.e. the identification of the warmest
and wettest period of the Holocene (Zheng et al. 1998; An et al. 2000; Chen et al.
2008). Ca 2—4 °C warmer conditions synchronously in different regions of China
between 9000 and 6000 a BP were postulated by Zheng et al. (1998). In contrast, An
et al. (2000) suggested that warmest and wettest conditions culminated at 11,000,
between 10,000 and 8000 or 10,000 and 7000, between 7000 and 5000, or at 3000 a
BP in different regions of China. Highest lake levels along the eastern section of the
Silk Road in the Hexi Corridor region occurred mostly between 10,000 and 7000 a
BP. Chen et al. (2008) and Wang et al. (2010) argued that the arid regions of Central
Asia or the area influenced mainly by the East Asian Summer Monsoon experienced
wettest conditions during the middle Holocene whilst the more humid part influenced
by the Indian Summer Monsoon received higher precipitation in the early Holocene.
Relatively dry conditions during the early Holocene were also reported for locations
along the ancient Silk Road in Xinjiang (Bosten Lake, Aibi Lake, Wulungu Lake,
Balikun Lake) or further to the east in the Hexi Corridor of Gansu (Lake Zhuyeze;
Liu et al. 2008; Tao et al. 2010; Zhang et al. 2010; Wang et al. 2013; Mischke et al.
2016). The Han Dynasty climate was not specifically addressed in these studies.
However, the lake records from Aibi, Wulungu and Balikun suggest relatively wet
conditions ca. 2000 a BP whilst Lake Bosten and Lake Zhuyeze experienced falling
lake levels.

In contrast to studies of the Holocene climate conditions in northwestern China and
surrounding areas in general, archaeological investigations of Han Dynasty sites in
northwestern China included discussions of the specific climate conditions as poten-
tial drivers of oases evolution and abandonment during and after the Han Dynasty.
For example, Qin et al. (2012) described that the Loulan Kingdom and intensive
farming in the eastern Tarim Basin was established during a climatically favourable
wet period between 2100 and 1700 a BP and that its abandonment was apparently a
result of climatic aridification of the region afterwards. Similarly, the oasis Yuansha
in the Keriya River region at the southern margin of the Tarim Basin was thriving
during relatively wet climate conditions before 2200 a BP and eventually abandoned
1600 a BP following a first avulsion of the Keriya River at 2200 a BP and a drought
at ca. 1900 a BP (Zhang et al. 2011). Zhou et al. (1994) also discussed the natural
diversion of rivers, drier climate and social unrest as possible causes that may have
led to the decline of oases in the Keriya River region. Zhang et al. (2003) described
that warm and wet climate conditions between 2800 and 1900 a BP led to signifi-
cantly larger water resources in the Tarim Basin and flourishing desert oases which
were abandoned due to deteriorating climate after 1800 a BP. Yang et al. (2006)
reconstructed the extent of irrigated farmlands in the Tarim and Yanqi Basin (includ-
ing Bosten Lake) during the Han Dynasty. They concluded that irrigation farming
was widespread between 2200 and 1500 a BP and that changing climate probably
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caused the termination of the oases in the Tarim Basin. Thus, climate deterioration
was mostly assumed as the main cause of the decline of local kingdoms and desert
oases along the ancient Silk Road between 1900 and 1500 a BP.

3.3 Discussion of Climate Records from Northwestern
China and Surrounding Regions

3.3.1 Lake Records from the West

Three lake records were analyzed from the Pamir Mountains in the westernmost part
of the discussed region: records from Sasikul, Karakul and Karakuli lakes (Figs. 3.1,
3.2, Table 3.1). The records were obtained from alpine lakes at more than 3600 m
above sea level (asl) representing relatively small catchment areas. The §'80 val-
ues of fine-grained carbonate from Sasikul Lake are generally high during the Han
Dynasty period but also high during the 300 a before (since the start of the record)
and in the following centuries (Lei et al. 2014). Consequently, relatively dry con-
ditions are inferred from the high 3'30 values of the closed-basin lake. Relatively
comparable §'80 values of fine-grained carbonate were provided for the closed basin
of Lake Karakul 150 km north of Sasikul Lake. Here, 8'30 values are highest during
the middle of the Han Dynasty but decreasing towards the end of the Han and later
on too (Mischke et al. 2010; Fig. 3.2). Increasingly wet conditions existed at Lake
Karakul during the Han Dynasty and in the subsequent centuries. The study of Aich-
ner et al. (2015) applied compound-specific stable isotope analysis to the sediments
of Karakuli Lake which is 150 km to the southeast of Karakul Lake. The 3D values
for terrestrial biomarkers decrease throughout the Han Dynasty and remain low in
the centuries afterwards, and increasingly wet conditions during the Han are inferred
from Karakuli Lake too (Fig. 3.2).

Two lake records are available from the central Tianshan Mountains in the north-
east of the Pamirs (Fig. 3.1). Son Kol Lake is an open-basin lake at 3016 m asl and
Issyk-Kul is a closed basin lake at 1607 m asl. The catchment areas of both lakes
are relatively small in comparison to the lake surface areas, representing relatively
local conditions similar to the Pamir lakes (Savvaitova and Petr 1992). Lauterbach
etal. (2014) used 8'°N values of organic matter in lake sediments as proxy for winter
snowfall in the Son Kol Lake catchment. Increasing winter precipitation during and
after the Han Dynasty is inferred from the §'°N increase (Fig. 3.2). The low 8D val-
ues for a terrestrial biomarker (8D,_c29) during the Han Dynasty suggest wet climate
conditions whilst decreasing 8D values in the following centuries indicate diminish-
ing summer precipitation. However, high winter precipitation during the centuries
following the Han Dynasty probably maintained generally wet climate conditions
in the region. Stable oxygen isotope values for ostracod (micro-crustacean) shells
from Issyk-Kul Lake were highest before the beginning of the Han Dynasty and
slightly lower afterwards (Ricketts et al. 2001; Fig. 3.2). The timing of the 3'%0
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Fig. 3.1 Location of the reviewed climate records from northwestern China and surrounding
regions. Extent of Qin Dynasty (light green and dotted line) and of Han Dynasty (green) empires
marked. (References provided in Table 3.1)
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Fig. 3.2 Lake records from the western section of the discussed region. Vertical grey bars at left
of records indicate calibrated '#C ages with 2o error ranges. Duration of Han Dynasty marked by
blue bar. (References and additional chronological information provided in Table 3.1)

record is not well constrained for the period of the Han Dynasty due to the absence
of radiocarbon data between about 3000 and 500 a BP but relatively low changes of
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the sediment accumulation rate might be expected for a large and deep lake such as
Issyk-Kul (Fig. 3.2). Interpolated sample ages between dated stratigraphic levels in
the obtained sediment core are probably relatively robust. However, the decrease of
8!80 values over the Han period probably represents a rising lake level which led to
overflow conditions and a lake level at least 16 m higher than present between 1400
and 1200 a BP. Thus, increasingly wet conditions were inferred from the lakes Son
Kol and Issyk-Kul in the central Tianshan Mountains.

Balkhash Lake in the northern foreland of the Tianshan Mountains lies at ca. 340 m
asl. The closed-basin lake drains a large catchment area of 501,000 km? including
the northern ranges of the Tianshan Mountains and the Dzungarian Alatau (Chiba
et al. 2016). Palaeoclimate signals from the lake are therefore expected to integrate
local peculiarities and should represent regional climate conditions. However, late
Holocene climate records from the lake presented in previous years often cover only
the last 1000 or 1800 a BP and do not include the period of the Han Dynasty (Endo
et al. 2010; Narama et al. 2010; Chiba et al. 2016). The rough assessment of relative
lake level changes of Sugai (2012) includes two periods of low lake levels between
2500 and 2000 a BP and 1300 and 1000 a BP (Fig. 3.2). Correspondingly, a low-
lake-level period between 2500 and 1800 a BP was described by Akhmetyev et al.
(2005). Relatively dry conditions existed in the catchment of Balkhash Lake during
the early half of the Han period or the entire Han time, which subsequently gave way
to wetter conditions in the region.

3.3.2 Lake Records from the Central Region

One additional lake record is available from relatively high altitude in the eastern
Tianshan Mountains. Pollen data were reported from Sayram Lake which is sur-
rounded by steppe vegetation (Jiang et al. 2013). The setting of the lake with rela-
tively dense vegetation in its vicinity and its moderate size (453 km?) suggest that
the pollen record mostly represents local and regional vegetation. Pollen transported
over far distances contributed probably to a minor degree to the recorded assem-
blages. The Artemisia/Chenopodiaceae (A/C) ratio was used as a moisture indicator
to discriminate between steppe (higher A/C ratios) and desert (lower A/C ratios) veg-
etation (Jiang et al. 2013). The A/C ratio is increasing continuously from ca. 2500
a BP to 800 a BP, and increasingly wetter conditions are inferred over the period of
the Han Dynasty (Fig. 3.3).

Three lake records were presented for the Junggar Basin between the Tianshan
Mountains in the south and the Altai Mountains in the north (Fig. 3.1). Aibi Lake is a
closed-basin lake in the southwestern part of the Junggar Basin 150 km east of Sayram
Lake. Pollen data from the desert environment of the lake probably represent regional
vegetation changes. The pollen concentration as a measure of vegetation density and
the A/Cratio increase from 3600 to 1400 a BP (Wang et al. 2013). Increasing moisture
availability is inferred for the Han Dynasty period in the Aibi Lake region (Fig. 3.3).
Manas Lake 250 km further northeast of Aibi Lake was a terminal salt lake until the
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1960s before the lake turned into a salt-covered playa as a result of the diversion of
the entering Manas River for agricultural purposes (Rhodes et al. 1996). Lake and
river sediments were recovered in Holocene sediment cores from near the former
lake’s centre. Phases of lake formation regarded as wetter climate periods existed
from 4500 to 2500 a BP and from 2000 to 1000 a BP. The 3'30 values for carbonate
increase during the initial period of lake formation after 2000 a BP as a result of the
evaporative enrichment in a stagnant water body. '%0 values from the river period
before the lake phase are not regarded as good climate proxy here because they likely
represent a mixed signal of detrital carbonate grains from Mesozoic limestones in the
upper reaches of the Manas River, reworked carbonate from earlier deposited lake
carbonates in Manas Lake, and possibly authigenic carbonate formed in the slowly-
flowing river. However, a transition from drier to wetter conditions is reflected during
the Han Dynasty through the replacement of river sediments by lake sediments at
about 2000 a BP (Fig. 3.3). Wulungu Lake 180 km further northeast receives water
from the southern slopes of the Altai Mountains. A multiproxy record of grain size,
geochemistry and pollen data from the terminal lake was used by Liu et al. (2008)
to construct a lake level curve for the Holocene. The surroundings of the lake are
characterized by desert vegetation and the pollen record is regarded to reflect regional
vegetation changes. The authors recorded a high lake level during the Han Dynasty
and a change from desert steppe to steppe vegetation in the region (Fig. 3.3). Thus,
relatively wet conditions were recorded for the northern part of the Junggar Basin.
A 880 record of authigenic carbonate from Bosten Lake in the Yangi Basin
between the Junggar and Tarim basins was provided by Zhang et al. (2010). Although
Kongi River is the outflow of Bosten Lake, the lake probably behaves like a semi-
closed lake due to the close location of the in- and outflows at its western margin
(Mischke and Wiinnemann 2006). As a result, a significant W-E oriented salinity

Sayram Lake Aibi Lake Manas Lake  Bosten Lake Wulungu Lake Lop NurLake Balikun Lake
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Fig. 3.3 Lake records from the central section of the discussed region. Vertical grey bars at left
of records indicate age data with 2o error ranges. Duration of Han Dynasty marked by blue bar.
(References and additional chronological information provided in Table 3.1)
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gradient from 0.5 to 2.5%o exists in the lake (Jin et al. 1990). The 5'80 values rapidly
increase at the beginning of the Han Dynasty as a result of a reduced inflow in
comparison to evaporation. The §'80 values remain high during the Han period and
in the subsequent two centuries (Fig. 3.3). Rapidly decreasing moisture availability
with a significantly reduced inflow to the lake in the early part of the Han Dynasty
and dry conditions afterwards are suggested based on the Bosten Lake data.

Lop Nur Lake 350 km further to the southeast of Bosten Lake was a terminal lake
before its desiccation in the late 1930s or early 1940s. The lake represented the base
level for the Konqi and Tarim rivers. Stable isotope data of carbonate and grain-size
data of detrital sediments from a dug section in the centre of the dry lake basin were
discussed by Mischke et al. (2017) who argued that a first period of massive aeolian
sand deposition in the lake basin occurred 1800 a BP and caused the near-desiccation
of the lake. A relative lake level curve based on the earlier presented data includes
two periods of rapid lake-level lowering before and at the end of the Han Dynasty
(Fig. 3.3). Thus, diminishing moisture availability during the Han period is indicated
by the record from Lop Nur.

Another mountain foreland lake record was provided from Balikun Lake some
430 km in the northeast of Lop Nur (Tao et al. 2010). The A/C ratios for a Holocene
lake sediment core increase steadily over the Han Dynasty period with a minor drop
recorded following the termination of the Han time (Fig. 3.3). However, A/C ratios
increase from the middle Holocene at about 4000 a BP to the late Holocene at about
1000 a BP, and relatively wet conditions are inferred for the Han Dynasty period.

3.3.3 Lake Records from the East

A lake record from the large Qaidam Basin between the Qilian Mountains in the
north and the Kunlun Mountains in the south, and two records from intramontane
basins in the Qilian Mountains represent climate archives from relatively high alti-
tude in the eastern part of the examined region. Hurleg Lake is an open-basin lake in
the eastern Qaidam Basin with a moderate catchment area of 12,600 km? (Fan et al.
2014). Shoreline deposits above the present lake level were dated using optically
stimulated luminescence (OSL) dating and used as proxies of higher lake levels dur-
ing wetter periods. The proposed high lake-level period between ca. 2200 and 1400
a BP suggests that the time of the Han Dynasty was a wetter period in comparison
to today’s conditions in the region (Fig. 3.4). Hala Lake 130 km to the northeast
is a terminal lake which was studied as a climate archive in detail by Wiinnemann
et al. (2012). Their multi-proxy data were synthesized in a relative lake level curve
(Fig. 3.4). Rising lake levels starting a few centuries before the beginning of the
Han Dynasty and continuing a few centuries afterwards suggest increasingly wet
conditions during the Han time. Qinghai Lake 270 km to the southeast of Hala Lake
is also a closed-basin lake (Fig. 3.1). OSL dating of shoreline deposits suggests that
relatively low levels existed before the Han Dynasty, rising levels during the period
of the Han, and high levels at its end and in the subsequent centuries (Fig. 3.4; Liu
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et al. 2015b). Thus, relatively wet conditions are inferred from Qinghai Lake for the
Han time too.

Two lake records were presented from the northern foreland of the Qilian Moun-
tains. Eastern Juyan Lake was a terminal lake 600 km north of Qinghai Lake.
The lake was fed by the Hei River which flows towards the northwest in the
Hexi Corridor. The river formed one of the largest alluvial fans of the world covering
an area of 30,000 km? in the west of the Badain Jaran Sand Sea. An abrupt change
from lake carbonates to sands in the top of an 8 m thick Holocene sediment sequence
suggests the desiccation of the lake 1700 a BP (Herzschuh et al. 2004). The modern
vegetation in the former lake region consists of semi-desert and desert plant commu-
nities, and the pollen record from the lake sediments is regarded to represent regional
vegetation changes. Lowest precipitation in the region was reconstructed in the cen-
turies preceding the Han Dynasty, and a slight increase in moisture availability was
recorded during the Han time (Fig. 3.4). However, the rapid onset of dry conditions
is implied by the desiccation of the lake 1700 a BP. The second lake record from the
Qilian Mountains foreland originates from Zhuyeze Lake 380 km to the southeast of
Eastern Juyan Lake. The lake is the terminal lake of the Shiyang River which drains
the northeastern part of the Qilian Mountains and the eastern section of the Hexi
Corridor. Most of the lake basin is dry today due to water withdrawal from Shiyang
River for irrigation farming upstream. The remaining Baijian Lake is a salt swamp
in the eastern part of the former lake basin. Dating of shoreline and lake deposits
was conducted by Long et al. (2012) who draw a relative lake-level curve for the
Holocene history of the basin. Continuously decreasing lake levels since the middle
Holocene were reconstructed (Fig. 3.4). Higher levels before the Han Dynasty and
lower levels afterwards suggest that relatively dry conditions prevailed during the
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Fig. 3.4 Lake records from the eastern section of the discussed region. Vertical grey bars at left
of records indicate age data with 2o error ranges. Duration of Han Dynasty marked by blue bar.
(References and additional chronological information provided in Table 3.1)
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Han time. The western part of the former lake basin (Qingtu Lake) fell dry 2100 a
BP at the section location QTLO02 investigated by Mischke et al. (2016).

Ulaan Lake is a terminal lake 600 km to the north of Zhuyeze Lake. The lake is dry
since the mid 1990s until it was fed by the Ongin River from the southeastern ranges
of the Khangai Mountains in central Mongolia. Total organic carbon (TOC) contents
of lake sediments of a Holocene core were used as proxy of summer monsoon precip-
itation and warmer and moister climate by Lee et al. (2013). Before, during and after
the Han Dynasty, very low TOC values indicate dry conditions and predominantly
accumulation of detrital particles in the lake (Fig. 3.4). Thus, generally dry condi-
tions were recorded at Ulaan Lake during the Han Dynasty. However, the obtained
OSL age data have large uncertainties and more studies are required to understand
climate conditions in southern Mongolia during the last millennia (Fig. 3.4).

3.3.4 Speleothem Records

Two speleothem records are available for the region, the Uluu-Too Cave record from
the western Tianshan Mountains and the Kesang Cave record from the eastern part
of the mountain range. Relatively low 8'30 values for the speleothem record from
Uluu-Too Cave during the Han Dynasty suggest relatively wet conditions (Wolff
et al. 2016; Fig. 3.5). Higher values 200 a before the beginning of the Han time and
also soon afterwards indicate relatively dry conditions. The §'80 pattern is different
at Kesang Cave 800 km further to the northeast. The 3'%0 values are moderate
during the Han period with lower values indicating wetter conditions before and
mostly higher values suggesting relatively dry conditions afterwards (Cheng et al.
2012; Fig. 3.5). Thus, the two speleothem records from the Tianshan Mountains do
not provide a consistent reconstruction of the climate conditions in the region. The
Uluu-Too Cave record shows some similarities with the 8D record from Karakuli
Lake which is 320 km to the southeast of the cave location. Low §'80 values of the
cave carbonates and low 3D values for terrestrial biomarkers from Karakuli Lake
were recorded at 3000 a BP or shortly before, at 2500 a BP and at the end of the
Han Dynasty 1800 a BP (Aichner et al. 2015; Wolff et al. 2016; Figs. 3.2 and 3.5).
Similarities with the closer Karakul Lake in Tajikistan (170 km in the southeast of
Uluu-Too Cave) are less obvious. Sayram Lake is the closest lake record for Kesang
Cave, but the wetness proxies from both sites show unrelated patterns apart from
possibly corresponding wet conditions inferred from Kesang Cave 600 a BP and at
Sayram Lake 800 a BP. There are significant altitudinal differences between the cave
and lake locations, and it is not clear whether stable isotope or pollen records from
lakes reflecting catchment-wide climate conditions or regional vegetation changes
can be easily compared with more site-specific speleothem records. The §'80 records
of the speleothems mainly reflect the stable isotope composition of precipitation
above the caves which is mainly determined by 3'®0 changes of water vapour in
upstream regions and the pathways of air masses. Air mass trajectories for Uluu-
Too Cave in 2014 show a large variability of moisture source areas ranging from
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Fig. 3.5 Speleothem and ice core records from northwestern China. Vertical grey bars at left of
cave records indicate U/Th ages with 20 error ranges. Duration of Han Dynasty marked by blue
bar. (References and additional chronological information provided in Table 3.1)

the Atlantic Ocean off northwestern Africa to the Barents Sea in the Arctic Ocean
(Wolff et al. 2016). Besides trajectories and moisture sources, seasonality changes
and snow melt contribution were regarded as most significant factors controlling the
8'80 signal of the Uluu-Too Cave record (Wolff et al. 2016). Snow melt might be
partly controlled by local wind strength and direction. The Uluu-Too Cave region
in the central Tianshan Mountains is dominated by winter and spring rainfall whilst
Kesang Cave in the eastern part of the Tianshan Mountains and at 500 m higher
altitude mainly receives spring-summer precipitation. Slight temperature changes in
the past may have caused changes in precipitation seasonality. Thus, it remains open
to which degree long-term changes of 3'0 values at the caves reflect changes in
precipitation amount or changes in dominating air mass trajectories and moisture
source areas, seasonality or other factors.

3.3.5 Ice Core Records

Ice cores from the Guliya ice cap in the western Kunlun Mountains and the Dunde ice
cap in the Qilian Mountains may provide additional evidence for climate conditions
during the Han Dynasty. High resolution §'80 data for ice accumulated during the
last 2000 a BP at Guliya were presented by Yang et al. (2004). The §'80 values
are high during the second half of the Han Dynasty (2000-1800 a BP) and shift to
significantly lower values afterwards (Fig. 3.5). Thus, warmer and wetter conditions
during the Han time are indicated by the Guliya ice core data with an abrupt cooling
and aridification after its termination.



58 S. Mischke et al.

Comparison of the Guliya ice core data with lake records from the region is not
straightforward due to its large distance to nearest lake records. The closest lake
record was provided from Karakuli Lake which is located 670 km to the northwest
of Guliya. Increasingly wet conditions were recorded at Karakuli Lake and also at
Son Kol Lake during the Han Dynasty (Lauterbach et al. 2014; Aichner et al. 2015;
Fig. 3.2). In contrast to the abrupt shift to drier conditions after the termination of the
Han observed at Guliya, gradual and long-term transitions to drier conditions were
recorded at the two lakes (Yang et al. 2004). The reconstruction of wetter conditions
in the centuries after the Han Dynasty at Sasikul, Karakul, Balkhash and Issyk-Kul
lakes is contrary to the inference of drier climate conditions from Guliya (Ricketts
et al. 2001; Mischke et al. 2010; Sugai 2012; Lei et al. 2014; Fig. 3.2). However,
distances between these regions are large and spatial differences in climate conditions
are possibly reflected at the individual locations.

The §'80 data from Dunde ice cap are relatively moderate and less variable during
the Han Dynasty in comparison to the preceding 2400 a and the subsequent 1800
a BP (Yao and Thompson 1992; Fig. 3.5). Relatively moderate and stable climate
conditions are suggested by the Dunde ice core record. The Dunde ice cap is located
100 km to the west of Hala Lake and 100 km in the north of Hurleg Lake (Fig. 3.1).
Moderate and increasingly wet conditions inferred from Hala Lake possibly corre-
spond to the moderate 8'80 values from the Dunde ice core record. Similarities in
both records are also the inference of relatively wet conditions 2900 a BP and during
the most recent centuries, and of relatively dry climate 4100 and 900 a BP (Figs. 3.4
and 3.5). Similarities exist also between the Dunde ice core and the Hurleg Lake
records: relatively wet conditions are inferred at 4500 a BP, during the Han Dynasty
and in the most recent centuries, and relatively dry conditions 4100 and 900 a BP.
However, the temporal resolution of the shoreline age data from Hurleg Lake does
not allow a detailed comparison with the §'80 data from Dunde. Moderate and wetter
conditions at the Dunde ice cap 4500 a BP and during the Han Dynasty apparently
correspond to higher lake levels at Qinghai Lake 350 km to the southeast of the ice
cap. In contrast, the inferred period of low lake levels at Qinghai Lake (4500-2500 a
BP) does not correspond to relatively high 8'30 values of the Dunde ice cap record.

Inconsistencies between ice core and lake records may not only arise from spatial
heterogeneities of climate conditions but also from dating uncertainties of OSL ages
for shoreline deposits, and poorly constrained chronologies of ice core data (missing
annual layers due to removal of snow by wind or ablation, multiple dust layers in
years with several severe storms or missing dust layers in less stormy years). In
addition, lake records may not only reflect climate conditions but also local human
impact in contrast to ice core records. For example, wetter conditions inferred for
the most recent centuries at Dunde were also inferred at Hala Lake and Hurleg Lake.
The lake-level fall at Qinghai Lake during most recent centuries corresponds not to
the inferences from Dunde ice core and Hala and Hurleg lakes, and possibly results
from water withdrawal from the lake’s tributaries for farming purposes (Fig. 3.4).
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3.4 Lake Records Which Indicate Significant Drying
During or After the Han Dynasty

The majority of the lake records indicate either increasing moisture availability during
the Han Dynasty (Balkhash, Karakuli, Son Kol, Issyk-Kul, Sayram, Aibi, Manas,
Balikun and Hala lakes) or generally wet conditions (Wulungu, Hurleg and Qinghai
lakes; Figs. 3.2, 3.3 and 4). A significant decrease of moisture available and drier
conditions during the Han period or shortly afterwards were recorded at Bosten, Lop
Nur, Eastern Juyan and Zhuyeze lakes (Figs. 3.3 and 3.4). Generally dry conditions
during the Han time and in the centuries before and afterwards were recorded at three
lakes (Sasikul, Karakul and Ulaan lakes; Figs. 3.2 and 3.4).

Different types of evidence were provided for the four lakes which apparently
experienced distinctive reductions in moisture availability during the Han time or
in the subsequent centuries. The desiccation of the Eastern Juyan Lake at 1700
a BP is probably the most significant evidence for dramatic landscape change
(Herzschuh et al. 2004). However, the record of predominantly aeolian sands in
the Lop Nur Lake region at 1800 a BP for the first time since sediments were accu-
mulated in the investigated sequence at 9000 a BP is also strong evidence for a
significant decrease in moisture availability and the near desiccation of the lake
(Mischke et al. 2017). $'80 values of lake carbonates increased by 4%o at Bosten
Lake between 2300 and 2100 a BP, and a major reduction in moisture availability
and inflow was reconstructed (Zhang et al. 2010). Shoreline deposits higher before
the Han Dynasty and ca. 4 m lower afterwards were recorded at Zhuyeze Lake (Long
etal. 2012). Thus, the accumulated evidence for drier conditions at these lakes during
the Han time and shortly afterwards is robust.

The four lakes are all located in the forelands of high mountain ranges. The
catchment areas are generally large, ranging from>500,000 km? for Lop Nur Lake
to 41,600 km? for Zhuyeze Lake (Long et al. 2012). Thus, the four lakes represent
relatively large regions and do not reflect local hydrological peculiarities. Tributaries
of the four lakes originate at high altitude in the Tianshan and Qilian Mountains. The
main tributaries of Bosten and Lop Nur Lake are the Kaidu, Kongi and Tarim rivers
which flow through the transitional belts between the mountains and the deserts
in the basin centres which are mostly used for agriculture today. Similarly, most
of today’s intensively farmed fertile Hexi Corridor in the northern foreland of the
Qilian Mountains is drained by the tributaries of the Eastern Juyan (Hei River) and
Zhuyeze (Shiyang River) lakes. Thus, all four lakes are characterized by catchment
areas which include significant portions along the foot of large mountain ranges
intensively used as farmlands today. Another characteristic in common with the lakes
that experienced a change to significantly drier conditions during the Han Dynasty
or in the following centuries is that these lakes are situated within the area of the
Han Dynasty expansion of the Chinese empire (Fig. 3.6). All other examined lake
records originate from regions in the west, north or south of the Han Dynasty realm.

The spatial pattern of a change to significantly drier conditions during or shortly
after the Han Dynasty at the four lakes and mostly increasingly wetter or generally
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Fig. 3.6 Lake records from northwestern China and surrounding regions which experienced a
significant decline in water level during or shortly after the Han Dynasty (white dots) or relatively
stable or relatively wet conditions (black dots). (References provided in Table 3.1)

relatively wet conditions in adjacent regions of the Han empire cannot be explained
by regional climate change. Instead, the coincidence of (1) lake basins situated
within the expansion realm of the Chinese empire, (2) large catchment areas with
significant portions in regions along the foot of mountain ranges appropriate for irri-
gation farming, and (3) recorded decreases of moisture availability during the Han
time or in subsequent centuries, suggests that the water balance of these lakes was
affected by human activities. Appropriate regions for irrigation farming are located
in the middle reaches of the catchment areas of these lakes, and are used for inten-
sive irrigation farming today. Thus, water withdrawal from the tributaries of the four
lakes must have caused the desiccation of the Eastern Juyan Lake, the near desicca-
tion of Lop Nur Lake, the lake-level drop of Zhuyeze Lake and reduction in inflow
of Bosten Lake. Yang et al. (2006) compiled historical data for the oases agriculture
in the Tarim and Yangi basins in the Han and Qing (17-20th centuries) dynasties
and concluded that the area of cultivated land was significantly larger during the Han
Dynasty. They argued that land-use practices and climate change caused the trans-
formation of the large Lop Nur Lake in the Han Dynasty to a group of small lakes in
the Qing Dynasty. However, they also claimed that “It is somehow unlikely that the
irrigated area [in the Korla region, northeastern Tarim Basin; information added] at
that time [i.e., during the Han time; information added] was larger than at present.”
More geological, geomorphological and archaeological research is required to better
understand human impact on the landscape during the Han Dynasty.

However, resulting landscape change in and near the lake regions must have been
dramatic due to the flat topography of the lake basins in mountain foreland regions
and the large areas affected. Several ten thousands of square kilometres of open
water surface were probably turned into barren desert or salt marshes due to human
activities already ca. 2000 a BP. The former area of Lop Nur Lake is estimated as
17,000 to 50,000 km? of which most was probably dry during the near-desiccation
state 1800 a BP (Yang et al. 2006). Eastern Juyan Lake may have covered 320 km?
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before its desiccation (Hartmann et al. 2011). The drying of the western sub-basin of
Zhuyeze Lake, the Qingtu Lake Basin, probably left some 500 km? of previous lake
area dry. The areal changes of Bosten Lake are not inferred in a straightforward way
from the stable isotope data but the observed 1.5 m lake-level difference between the
years 1980 and 2000 caused a change of lake area by ca. 650 km?, which shows that
a relatively minor lake level fall results in a significant lake area reduction (Wang
et al. 2003). Thus, substantial areas were apparently turned into barren desert or
salt marshes in the four lake regions as a consequence of water withdrawal from
tributaries during the Han Dynasty and in the subsequent centuries.

Whilst regional changes of climate conditions are ruled out here as potential
drivers of lake desiccation or lake-level decrease during and after the Han time,
hydrological changes may have contributed to the desiccation of the Eastern Juyan
Lake. Active channels of the Hei River on its large alluvial fan in the north of the Hexi
Corridor may have become inactive due to the rapid filling of channels by fluvial
sediments and formation of new channels, or due to blockage of active channels by
dunes moving over the fan surface. Thus, the terminal Eastern Juyan Lake on the
distal margin of the fan is not only controlled by regional climate conditions and
discharge under natural conditions, and by water withdrawal upstream in the Hexi
Corridor, but also by channel avulsion processes in a flat-lying terrain. However,
similar processes were probably negligible for the other three lake catchments.

Another yet ignored line of evidence for potential landscape change triggered by
man during the Han Dynasty or in subsequent centuries is the change of land-use
practices and possible landscape degradation in or near the core region of the Chinese
empire. For example, dramatic landscape change ca. 2000 a BP has been reported
from the Ulan Buh Desert in southwestern Inner Mongolia at the margin of the Qin
Dynasty realm preceding the Han Dynasty (Li et al. 2015). Tectonic activity and
climate change were suggested as causes of aridification in the Ulan Buh Desert
so far (Li et al. 2015). Further to the east and within the Qin Dynasty realm, sand
mobilization and dune formation occurred apparently already as a result of a massive
migration of people and farming intensification in the Mu Us Desert region during
the earlier half of the Han time, the Western Han (206 BCE-9 CE; Sun 2000). Here,
man’s impact was clearly identified. Further in the southeastern part of the Mu Us
Desert, studies by Li et al. (2011) and Liu and Lai (2012) implied a drastic change
from long-term sediment accumulation to rapid incision of the Salawusu River by
60 m since 2000 or 1750 a BP. Other rivers on the Chinese Loess Plateau have late
Pleistocene and older terraces, and apparently significantly lower erosion rates (Qiu
et al. 2014). Thus, it remains open to which degree intensified land use or changing
practices during the prosperous Han Dynasty may have contributed to landscape
change in the core region of the Chinese Empire too.
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3.5 Conclusions and Perspectives

The comparison of lake, speleothem and ice core records from northwestern China
and surrounding regions for the Han Dynasty period and subsequent centuries shows
that relatively wet climate conditions were mostly inferred for areas immediately
to the west, north and south of the Han Empire realm. In contrast, the available
four lake records from within the Han Empire region witnessed decreased moisture
availability and significant landscape change ranging from substantial decreases in
lake level and open-water surface areas (Bosten and Zhuyeze lakes) to near (Lop Nur
Lake) or complete desiccation (Eastern Juyan Lake) of lake basins. The spatial pattern
of lake records indicating drier conditions during the Han time or shortly afterwards
cannot be explained by climate change due to mostly wetter conditions inferred
from nearby locations which are outside the Han Dynasty region. Thus, man-made
impact on surface waters must already have reached an order of magnitude during
the Han Dynasty which was sufficient to cause large-scale landscape change. Water
withdrawal from the tributaries of the lakes for irrigation farming was most likely
the main driver of landscape deterioration downstream.

The timing of landscape response is not very consistent and partly not well con-
strained for the four lake basins. Significant reductions in inflow are recorded at
Bosten and Lop Nur lakes as early as 2300 a BP and more significantly at Lop Nur
Lake 1800 a BP whilst the desiccation of the Eastern Juyan Lake occurred 1700 a
BP. The underlying radiocarbon and OSL chronologies are likely not precise due
to problematic materials used for dating (e.g., bulk organic matter for radiocarbon
dating potentially biased by lake-reservoir effects; Mischke et al. 2013) or uncertain-
ties in post-depositional water content assessments for OSL dating. The lowering of
the level of Zhuyeze Lake during the Han Dynasty is also not precisely constrained
due to the dating of higher shoreline deposits with ages preceding the Han time and
dating of lower deposits formed after the Han Dynasty (Fig. 3.4). Thus, it remains
open whether man exerted significant impacts on local hydrological systems already
as early as the beginning of the Han Dynasty or even before, or whether significant
impacts occurred only after the initial Han Dynasty expansion to the west. Better
constrained chronological control is required to answer such questions in the future.

Our conclusion that man impacted the landscape already in a very significant
way as early as the Han Dynasty clearly calls for an assessment using other lines of
evidence. Archaeological field evidence for intensive irrigation farming during the
Han Dynasty such as remnants of artificial channels, dams and reservoirs, soils and
farmlands buried beneath aeolian sands, and ruins of desert oases from Han times
could be assessed in future studies in addition to the screening of written historical
documents. Detailed geological, geomorphological and archaeological studies are
required to better understand early human impact on fragile landscapes in the arid
and semi-arid regions of Central Asia.
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Chapter 4 )
The Ili River Delta: Holocene e
Hydrogeological Evolution and Human
Colonization

Jean-Marc Deom, Renato Sala and Anne Laudisoit

Abstract Extensive survey of paleocourses of the Ili delta discovered archaeological
findings that, chronologically attributed and systematized, allowed the historical
reconstruction of the human occupation of the delta. Until recently the colonization
was believed to have begun only during medieval times. We argue it began much ear-
lier at the start of the Bronze Age of Kazakhstan (second half of the III millennium
BC) under the impulse of new economical activities based on stockbreeding and
bronze metallurgy. The basic method of research consisted in surveys, collection of
surface finds and documentation of hydrogeological and climatic data. The correla-
tion between the two types of information gives an idea of the factors that influenced
the distribution of habitats, mostly represented by winter camps. Their number and
concentration change by epoch, pointing to changes in both cultural proclivities and
environmental factors. The understanding of the whole historical process requires
background knowledge of the hydrological history of the Ili delta, a complex system
involving active distributaries and intermittent or inactive paleo-courses, and show-
ing the anticlockwise rotation of 5 successive deltas. Generally speaking, arid climate
phases stabilize the delta, pluvial phases favor changes in various directions. Human
colonization concerned the two Holocene deltas preceding the modern one: relict
terraces of the Uzunaral delta (8—4 ka BP) and terraces of mild active distributaries
of the Bakanas delta (4000-250 BP), subject during the last 4000 years to complex
geomorphological and hydrological changes that, when reconstructed and correlated
with the distribution of finds, explain the location of habitats and allow the mutual
chronological attribution of geological and cultural deposits.
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4.1 Introduction

The Silk Road is not just a system of transport routes but includes also a series
of human communities distributed along a longitudinal geographic corridor across
Eurasia. In this sense, the Ili valley integrates both aspects: it constituted an important
segment of east-west interregional itineraries as well as the historical habitat of
important human cultures. It is located at the junction between the transcontinental
roads of traders and the meridional Central Asian mountain corridor traveled by
mobile pastoralists.

During the initial phase of activity of the classical Silk Road (II BC), the Ili valley
was a wealthy political center under the rule of the Saka tribes (Eastern Scythians).
These peoples were practicing pastoral vertical transhumances, had a mighty military
power and were managing a lucrative horse trade with adjacent settled civilizations.
Their importance, attested not only by Chinese accounts but also by the density
and size of their funerary monuments (kurgans), which are among the largest in
all Eurasia, witness the highly favorable ecological conditions of the region (Deom
and Sala 2012; Gass 2016). The foothills of Semirechie enjoy a temperate climate
with regular precipitations coming from the Atlantic atmospheric circulation, well
watered alluvial fans nourished by snowy peaks, large summer pastures in mountains
and, at few km of distance, winter camps in desert: all conditions providing good
pastoral resources using short vertical migrations.

This Iron Age economical system derived from a scheme already developed during
the Bronze Age' and continued to the modern era. The residential pattern consisting
of winter camps in semi-desert and desert zones, spring and fall dwellings in foothills,
and summer camps in mountains meadows has been extensively documented by the
Laboratory of Geoarchaeology during more than 20 years of surveys of these three
landscape zones. Settlements and burial grounds of all historical periods occupy the
same loci in cultural layers overlapped or next to each other. Concerning the Ili delta,
the fact that this territory has been used for millennia as a huge winter camp was
not known until recently. Up to now the first and only recorded traces of human
colonization of the delta consists of a line of medieval forts marking a caravan road.

The present article communicates for the first time the history of the human
colonization of the Ili delta region. It begins with background knowledge about
the geography and geological history of the territory (part 1) and about the former
archaeological studies and ethnographical reports concerning the cultural processes
that happened in the delta region and beyond its borders (part 2). Areas, methods and
results of the present research are expounded in part 3. Part 4 provides the prelimi-
nary reconstruction of the complex interaction of natural and cultural processes that
characterized during the last 4500 years the area of the third and second last deltas
of the Ili river.

1By Bronze Age and its partitions in early, middle, late and final, we refer to their establishment on
the Kazakhstan territory between 2800 and 800 BC.
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4.2 The Ili Delta

4.2.1 General Features

The Ili river system rises in Xinjiang and, fed by sources in China and Kazakhstan,
develops for 1400 km forming a delta in the Southern Pre-Balkhash region, supplying
70% of the annual inflow to the Balkhash lake.

The last 300 ka saw the succession of 5 generations of Ili river deltas. Under the
forcing of sedimentary and tectonic processes, their heads and fronts were gradually
displaced northwest and rotated anticlockwise, up to the present Balkhash shore,
with their areas reducing in size and largely overlapping each other. In chronological
order: (1) Akdala, (2) Bakbakty, (3) Uzunaral, (4) Bakanas, (5) Modern Ili.

Today relict and active channels stretch northwestward for 230 km, starting at
the foot of the Tasmuryn mountains at 415 m asl and ending in the Balkhash lake at
341 m asl, with an average slope of 0.30%. The entire territory is clearly composed
of 3 very different parts, western, central and eastern: the first consists of the area of
the modern delta and the other two of the previous 4 deltas.

The western part, crossed by the active delta distributaries of the modern delta
(modern Ili, Topar, Zhideli), is a vegetated wetland of 8000 km2, covered by tugai
forest and reeds. The central part, which is 3 times wider than the first and includes the
research area, contains the previous Bakanas and Uzunaral deltas and is today des-
iccated, covered by sand dunes with bushes and shrubs and cut by dry river channels
with rare seasonally moistened segments. Here the most remarkable paleocourses,
from west to east, are: the entire Naryn course and the mid-low Orta-Bakanas, which
belonged to the second last Bakanas delta; and the upper Orta-Bakanas, the Shett-
Bakanas, Ortasu and Akdala, which had been distributaries of the Uzunaral delta and,
in segments of their upper course, expose rare traces of erosion by the other two most
ancient deltas. The eastern part is the largest, developing further eastwards for more
than 300 km until the Karatal river course. It consists of the most arid expanses of
the huge Saryesyk-Atyrau desert, which constitutes the area occupied by the oldest
Akdala and Bakbakty deltas, today totally invisible under a thick cover of aeolian
deposits (Fig. 4.1).

4.2.2 Geological History

The geological history of the Ili delta as reconstructed by Soviet scientists provides the
general background of the recent researches implemented in the region (Aubekerov
et al. 2009; Dzhurkashev 1972; Sala et al. 2016).

Its establishment is dated around 300 ka BP when the Ili river was diverted north-
ward by the uplifting of the Karoi plateau and started discharging its waters in the
Balkhash depression, establishing a system of shallow lakes (Bakanas lake) that were
progressively displaced northward by a huge accumulation of sediments (Kostenko
1978; Platonov 1959).
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Delta Chronology
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Fig. 4.1 Map of the Ili delta, showing the chronological succession of 5 main deltas and the location
of camps and medieval forts. Adapted from Abdrasilov (1993), superimposed on Landsat image

Its subsequent evolution has been a quite complex process across a succession of
several deltas. Arid phases, through diminishing the water regimes of delta distribu-
taries, favor the erosion and lowering of the river channels, the formation of terraces
and, generally, the stabilization of the existing delta morphology. The establishment
of a new delta typically coincides with pluvial phases that enhance the energy levels
of the river and promote diversions in various directions. Tectonic and sedimentary
processes fix the thresholds that bring to sudden morphological changes and are
responsible for the general patterns of the multi-millennial evolution.

Aeolian deposits of different thickness cover most of the region (with the exception
of areas like floodplains and proluvia from where they are regularly washed away)
so that the dating of their bottom layer by OSL can sort the chronological attribution
of the covered surface.

An approximated reconstruction of the area and historical succession of deltaic
fans has been produced by Abdrasilov (1993) (Fig. 4.1). For presenting our research,
we will draw on this chronology, supplemented with fresh data collected during
subsequent research projects (see below Sect. 4.1).
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The 300 ky long evolution of the Ili delta can be outlined in 5 phases, in chrono-
logical order: (1) Akdala, (2) Bakbakty, (3) Uzunaral, (4) Bakanas, (5) Modern Ili.
The heads of the first two deltas were located at the outlet from the mountains and
fed by a river segment called Paleo-Ili running on the plain for 10-50 km. During the
Middle Holocene, the third delta was formed: the head displaced 30 km NW, its dis-
tributaries slightly redirected anticlockwise, and their terminal sediments reaching
the line of the present Balkhash shore and building the Saryesik peninsula.

During the Late Holocene, northward and anticlockwise displacements acceler-
ated and the modern Ili river course became established, bifurcating from the Paleo-Ili
at the mountain outlet and running parallel southwest of it. At first it proceeded just
50 km NW until the area of the Bakanas village where it formed the fourth delta,
the Bakanas delta: smaller than the previous ones and discharging totally in the
Western Balkhash basin. During the last 700 years, the modern Ili opened its way
50 km further NW where the head of the modern Ili delta—the smallest—is located
(Fig. 4.1).

1. Akdala delta (second half of Middle Pleistocene, 300-18 ka BP) is the most
ancient. It was a large delta with head at the first outlet from the mountains
(Tasmuryn) and distributaries running to NNE and spanning from west of the
modern Ili course to the Karatal river course. Today its remains are covered by
subsequent aeolian and alluvial sediments and are just barely detectable in the
delta head zone.?

2. Bakbakty delta (Late Pleistocene, 18—8 ka BP). Following the late-glacial reduc-
tion of the Balkhash water surface and increased sedimentary processes, the Ili
delta migrated 40 km north in the form of the Bakbakty delta. Fed by the Paleo-Ili
course, its head was in the Bakbakty region; its distributaries, tectonically forced
into anticlockwise rotation, ran to NNW; its front, more advanced, dammed the
middle part of the Balkhash lake until 40 km south of the present shore.

3. Uzunaral delta (Early-Middle Holocene, 8—4 ka BP), also called Older Bakanas
delta, was formed with the first significant moistening of climate occurring at
the start of the Atlantic period. The delta head was displaced 30 km NW, half
way to the Bakanas village; its distributaries (Uzunaral, Ortasu) ran NNW, its
final deposits pushed the lake’s coast further north to the modern shores. In that
way the Saryesik peninsula has been formed, lying on 100 m thick sediments
and separating the W and E Balkhash by the narrow and shallow Uzunaral strait,
which is today 5 km wide and 5 m deep. An alternation of dry and pluvial phases
marks the transition from the Middle to the Late Holocene, during which the Ili
branches cut new narrower beds and wandered to the west of the Uzunaral strait,
where in a couple of millennia a new delta was formed.’

2Preliminary results of OSL dating of terraces located at the head of the Akdala, Uzunaral and
Bakanas deltas confirm the channel chronology given in the text and, in the case of Bakanas
terraces, antecede the dating of diagnostic Bronze Age sherds. Anyhow, OSL dates are still under
study and the final results will be published by Japanese geologists (Sato et al. 2013; Shimizu et al.
2012; Shimizu et al. 2015).

3See note 2.
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4. Bakanas delta (Late Holocene, 4-0.3 ka BP), also called Younger Bakanas, is
superposed to the wider Uzunaral delta, fed by a new parallel southern segment
of the Ili course (New-Ili) and of lesser extension. The head is now located
30 km NW and all its distributaries, today desiccated, were redirected to the NW
discharging their waters in the Western Balkhash basin. According to the Soviet
scientists who researched the soil stratigraphy and geomorphological profile of
the Bakanas delta (Dzhurkashev 1972; Rybin 1955; Vyatkin 1948), in spite of
the anticlockwise rotation of the delta system, the chronological sequence of the
main branches of the Bakanas delta went from West to East, from Naryn (oldest
and most eroded) to Orta-Bakanas and Shett-Bakanas (which takes active part
in 3 successive deltas). Ruins of medieval towns and artificial canals attributed
to the VIII-XIII centuries AD are aligned along the Shett-Bakanas and Ortasu
distributaries, witnessing some persisting activities of these easternmost courses.*

5. Ili delta (700-250 BP-now). The switching from the Bakanas to the modern
Ili delta happened very gradually during the XIII-XVIII centuries AD, a phase
of relative humidity that followed the intense aridity of the Medieval Warm
Period (Chiba et al. 2016). At first, a transitional “Bakanas” distributary oriented
to the west was activated; then the entire water flow became concentrated in
the Ili course that opened its way 50 km further NW towards Araltobe village,
establishing here the head of the modern Ili delta. After a few centuries of double
course activity and reversals, the Bakanas delta died off completely between
the years 1733 and 1785 (Mushketov 1886).> This last Ili delta has a much-
reduced areal dimension beginning just 125 km far from the shore of the lake,
and ramifies in few branches that chronologically succeeded each other from
west to east: Topar, Iley, Zhideli.

4.3 Archaeological Data and Ethnographic Accounts
Concerning the Southern Balkhash Territory

4.3.1 Archaeological Complex

The southern Balkhash region hosts monuments of all epochs, spanning from the
Late Paleolithic to the modern periods (Deom et al. 2009). In particular, in the areas
of the delta and in its immediate surroundings, archeological reports preceding the
present communication documented the presence of the following monuments.
Late Paleolithic and Neolithic stone tools have been documented in 13 loci of
the ancient shorelines of the Northern Balkhash and of the Ulken-Araltobe island
(Dzhurkashev 1972), and on both sides of the Ili canyon upstream from the delta and

4See note 2.

5 According to the Russian geologist Mushketov, the Bakanas delta dried up between the years 1733
and 1785 as on the Oirat maps preceding this period, the Ili river was drawn with a large branch
reaching the Bakanas.
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below the Kapchagai dam. No material clearly attributable to the Neolithic period
or earlier has been found in the delta (Coque et al. 2000). In the western terraces of
the Karatal river finds of Neolithic potteries (which are rare in Semirechie), grinding
stone and pestle, lithics (including microliths, blades, scrapers, borers) have been
reported (Arkheologicheskaya karta 1960); however, according to the description of
the finds, these collections include also ornamented sherds and Bronze objects that
seem more related to the Early-Middle Bronze Age.

Bronze Age copper slag and potsherds have been found in all areas spoken above.
These sites could belong to the earliest phase of the Bronze Age in the region.
Ascribed to this phase are settlement layers dated to the Chalcolithic-Early Bronze
in the foothills of the Tienshan, like the pit house floor found in the Talgar fan
(3360-3100 cal. BC) (Macklin et al. 2015), and in the upland valleys of the Djungar-
ian Alatau, like the cist burial in Tasbas (2832 and 2492 cal BC) (Doumani 2014).

Contra the formerly accepted view that in Semirechie the Bronze age started in the
early II millennium BC with the coming of Andronovo tribes from Central and East
Kazakhstan, recent excavations in the Djungarian Alatau (Begash, Tasbas, Dali) and
a new campaign of absolute dating of materials resumed from the Zailiski Alatau
(Turgen, Kyzylbulak) pushes the chronology of the colonization of the region to
the XXV century BC, i.e. the Early Bronze Age (Frachetti et al. 2014; Gass and
Goryachev 2016).

Petroglyphs starting from the Bronze Age are present above the delta head in the
last small mountain ranges of Kulanbasy and Tasmuryn. Typical Bronze Age cist
tombs are found on the northern shore of the Balkhash and on the Tasaral island.

Iron Age kurgans are located on the terraces of the modern Ili course (Marikovskii
1982) and along some paleo-channels at the south of Bakbakty village. No kurgans
have been documented further downstream neither in the Bakanas delta.

The Medieval period is represented by 8 square forts (fortkuls) that have been
studied during 4 expeditions (1962—1997) and dated between VIII-XIII centuries
AD, from south to north: Koktal 1 and 2, Boyauly, Aktam, Karkaraly, Agashayak,
Karamergen and Barkhan (Akishev and Baipakov 1969; Baipakov and Groshev
1993; Baipakov 1998; Baipakov et al. 2001). Karkaraly and Barkhan® have been
barely identified during 2 different expeditions just on the base of potsherds and slag
accumulation, and both lack dimension and precise location. The other 6 had been
documented in plan and can be considered as real monuments: Koktal 1-2 and Boy-
auly are now under rice fields or village houses; Aktam, Agashayak and Karamergen
are still visible aligned along the Shet-Bakanas paleocourse (Fig. 4.1).

Around Aktam the ruins of ‘settled agrarian cultures’ were reported on the basis
of numerous potsherds, dated at first to the VII-IX centuries AD and ascribed by
later publications to the X—XIII centuries AD. The presence of a copper melting
workshop has been suspected on the basis of copper slag and fragments of copper
vessels. Also SW and W of Aktam, near the Orta-Bakanas course, medieval houses

%Concerning Barkhan, a dense deposit of potsherds along a takyr, without visible structures, only
makes the presence of ruined ‘houses’ suspect.
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and other pottery and metallurgy workshops have been recorded, stretching for 7 km
along the main and secondary canals.

In the surrounds of the 3 visible medieval forts, remains initially interpreted as
complex irrigation networks consisting of one magistral canal and several secondary
channels, sometimes extending for few km till the banks of a main delta branches
(from Aktam till Orta-Bakanas, from Agashayak and Karamergen till Shett-Bakanas)
have been reported as well as associated to irrigated agricultural fields with identifi-
able planimetry, supposedly corresponding to the cultivation of ‘cucurbitaceae and
vineyards’. In 1997 an expedition especially devoted to the pedological assessment
of phases of activity of the forts contradicted those hypotheses, revealing that forts
were built in a dry environment when no active channels were crossing the area and
that the ruins interpreted as ‘irrigation systems’ were just small aryks (water ditches)
using natural paleochannels for bringing water till the forts.

Late Medieval (Ethnographic) period. During the Jungar khanate (1634-1745
AD), the Oirat (Kalmyk) tribes intensively occupied Semirechie and the Ili delta,
multiplying winter camps, organizing irrigated agriculture and building forts. They
erected 3 walled garrisons in the estuary of the Zhideli branch, later partially eroded
by floods, and others near the modern villages of Bakbakty and Bakanas. Most
probably they also reused the 3 forts that are clearly visible along the Shett-Bakanas.

These data are supported by toponymic evidence. In the Zhidely estuary, a long
stripe of sand dunes paralleling the river is called Ush-tam (meaning ‘3-mounds’
or ‘3-forts’) and was previously called Ush-kalmak (meaning ‘3-Kalmyk’, i.e. Bas,
Orta, Ayak, ‘Upper, Middle, Lower’) referring to 3 Kalmyk groups living in the
area (Erofeeva 2008). According to the pedologist M. Vyatkin, the ancient irrigated
fields found in areas with resurgent riverbeds (zabok) at the Bakanas delta head
and in the middle Naryn course were initially built by Kalmyk tribes during the
middle of the XVIII century AD (Vyatkin 1948). Kalmyk peoples were also living
in the eastern parts of the delta, probably in the 3 medieval forts aligned along the
Shet-Bakanas course. In fact, until the end of the XIX century AD, the fort Aktam
was called Durtgut, which doesn’t have any meaning in Kazakh and might refer to
the ‘Torghuts’, a main Kalmyk tribe that settled in the Ili and then moved to the
NW Caspian. The Russian geographer N. Palgov reported in 1930 that the Kazakhs
considered the 3 ‘Aktam’ (referring in this case to Aktam, Karamergen plus Boyauly
or another fort north of it) as Kalmyk vestiges “haunted by ghosts” (Palgov 1932).

4.3.2 Ethnographic Accounts

Ethnographic accounts of Russian geographers provide important information on the
land and water use within the delta during the XIX century and the start of the XX
century.

Concerning ethnic distribution and land use, the driest parts of the delta (3/4 of
it) were available for common use, while the relatively moistened lands closer to the
Ili banks were belonging to Jalair tribes (Baigaly, Baichigir) from the Karatal valley.
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Most of the Jalair clans were living all year round in the delta, though the richest
stockbreeders would practice seasonal migration between the best winter camps in
the delta and summer pasture in the Djungarian Alatau (Aristov 1894; Vostrov and
Mukanov 1968), with horses and camels, because sensitive to mosquitoes, gnats and
botflies, all sent during summer to the highlands.

Concerning caravan routes across the delta, significant information was recorded
by N. Palgov who carried out the population census of the region in 1930. According
to his account, there were several caravan roads linking the Ili delta to the lower
Karatal river, with raft ferries helping the cross of active delta branches. The main
road, called Otrau-zhol (delta road) was following the right bank of the Ili river
till modern Karoi village and then turning eastward along the southern shore of the
Balkhash lake till the Karatal estuary. It was the most crowded due to the availability
of water, it had several yurt villages regrouped around active wells. The second
main road, shorter but much harder, called Tuya-kuduk-zhol (the road of the camel
well), crossed the Bakanas delta in its central part through the ruins of Aktam and
a series of often saline wells in a depopulated corridor. These tracks were also used
for transporting salt collected in the salt pans on the right bank of the lower Karatal:
it was considered the best culinary salt of South Kazakhstan and sold by Kazakh
herders in Ushtobe, 100 km upstream, at the price, in 1942, of 1 kg of salt for 1.5 kg
of wheat floor (Miller 2014).

It is also recorded that 500 yurts of the Argyn tribe living on the northern shores
of the Balkhash lake were grazing in the Ili delta during winter by crossing the iced
surface of the lake (Rumyantsev 1913). As soon as ice melted in spring, fishing
became an important activity, an expedient surely in use during all epochs.

4.4 Geoarchaeological Study and Chronological
Attribution of the Human Occupation of the Ili Delta

4.4.1 Research Projects, Area and Methodology

4.4.1.1 Research Projects

The background of the present research started with the Japanese-Kazakh project
(2007-2012), based on the cooperation of 3 institutions’ and dedicated to the recon-
struction of the Holocene environmental changes in the Ili-Balkhash basin. The
project implemented studies of the evolution of environmental and cultural aspects
of the Balkhash basin: climatic changes and lake water levels, shorelines, alluvial
deposits, river terraces and sand dunes, archaeological traces of land-water use,
reading of Late Medieval historical accounts and Soviet documents concerning

"The 3 institutions are: Research Institute for Humanity and Nature (RIHN), Kyoto; Laboratory of
Geoarchaeology, Almaty; K.I. Satpaeva Institute of Geological Sciences, Almaty.
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the territory, interviews about post-Soviet pastoral and agricultural activities in the
region, and geoarchaeological surveys with documentation and collection of surface
archaeological material (Endo et al. 2012; Sala et al. 2016).

Geoarchaeological surveys were undertaken during 4 seasons (2008-2011) along
the Balkhash lake shorelines, on the terraces of its tributary rivers (Ili, Lepsy), and
in particular on terraces of Ili paleo-deltas. The fieldwork yielded the discovery of
an unexpectedly abundant surface material representing a wide chronological frame
from Eneolithic to modern times (Deom et al. 2012), giving impetus for further
research.

Further work followed in 2011-2013 under the auspices of the British-Kazakh
Wellcome Trust Project “Advances in the Prediction of Plague Outbreaks in Central
Asia”, aimed at studying the percolation of plague in gerbil population by mapping
and analyzing their burrows in the area of the Ili delta (Wilschut et al. 2013). Together
with the biologist Anne Laudisoit surveying rodents’ colonies, we collected surface
archaeological findings during 3 seasons.

4.4.1.2 Study Area

The survey areas represent the entire variety of desert habitats at varying distances
from the piedmont zone. The upper parts of the entire delta system deserved special
geological analyses intended for interpreting the chronological succession of the
deltas. The Naryn paleocourse has been privileged as it represents the most relevant
and longstanding active or intermittent course during the last 4000 years.

Geoarchaeological surveys focused on the river terraces distributed all along the
entire course of the today dry Uzunaral and Bakanas paleodeltas (the area spoken
as ‘central’ in Sect. 2.1), in particular: the terraces of the paleo-Ili and modern Ili
river segments upstream from all deltas; the heads of the Bakbakty, Uzunaral and
Bakanas deltas; the upper courses of the Akdala, Shett-Bakanas and Orta-Bakanas
paleodistributaries; and the entire upper, middle and lower course of the Naryn paleo-
distributary.

As a whole, have been surveyed the terraces of 3 regions, focusing on 11 zones
(Z-1-11) of 10 x 10 km (marked in Fig. 4.2 and listed in Tables 4.1 and 4.2), where
has been detected a total of 70 clusters (areas of 200 x 200 m at mutual distance
0of>200 m) including a total of 134 loci (areas of around 20 x 20 m characterized by
a dense deposition of cultural objects).®

The eastern and northeastern borders of the Bakanas delta, at the location of
the 4 medieval forts of Aktam, Agashayak, Karamergen and Barkhan, are not yet
explored and should be the object of future research. Four archaeological expeditions
devoted to the study of the forts and their hydraulic implementations have recorded the
surface occurrence of a large numbers of potsherds (exclusively medieval, VIII-XIII

8Concerning the repartition of the survey areas between the Japanese-Kazakh and British-Kazakh
projects, see Fig. 4.2. Regions, zones, clusters and loci are listed in Table 4.1. Of the total 134 loci,
39 have been found under the first project, 95 under the second.
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Fig. 4.2 Map of the researched territory. Red dots=loci of cultural findings; green squares =
medieval forts; square red perimeters of 10 x 10 km =areas studied under the Wellcome Trust
project. Zones are marked by red numbers. Paleo and modern paleo delta heads marked in azure.
(Soviet topo map L-43, scale 1:1 million)

centuries AD) scattered around the forts (sometimes within a radius of 7 km) and
also in northern areas closer to the Saryesyk peninsula (Baipakov et al. 2001).

4.4.1.3 Methodology

Methodological procedures have been chosen specifically for selecting surveying
areas, collecting and analyzing artifacts, fixing a data base and elaborating data by
statistical analyses.

Surveys Surveys were implemented through field walking for collection and GPS
recording of surface finds. They didn’t constitute a systematic grid-based survey
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Table 4.1 1li paleodelta: assemblages of surface finds by zone, material and period

Location and number of sites and finds (microlyths and sherds)
Location Finds
o o o
= = . Sherds
@
Region Zone 4 S
& 2 = by Zone by Period* n°
23|l £
ol S s n° | %** | B EI M KZ
1.1- Ili upper, R-bank 4 14 11 127 9.6 31 64 16 5
1.2- Akdala delta head 1 2 0 8 0.6 8 0 0 0
1 P
Akdala 1.3- Paleo-Ili (Birlik-N) 2 6 11 38 2.9 9 11 6 1
head, 1.4- Bakbakty delta head 3 12 3 25 1.9 9 8 4 1
Eak;akty 1.5- Akdala-mid 5106 9 16 | 12 1 1 0 5
cal
1.6-Akdaka-low_LShett B. upper | 12 | 13 33 132 10 34 54 11 0
Subtotals 27 | 53 67 346 26 92 138 37 12
) 2.1- Orta-B. upper 4 7 0 18 1.4 3 10 4 1
Bakanas | 2-2- Naryn upper 6 7 3 57 4.3 21 18 10 3
head Subtotals 10| 14 3 75 0057 | 24 28 14 6
3.1- Naryn mid 10 | 20 5 331 25 190 107 29 0
3 3.2- Naryn low 21 | 45 0 550 | 41.6 | 287 191 72 0
Naryn
mid-low 3.3- Naryn final 2 2 0 18 1.4 1 6 11 0
Subtotals 33| 67 5 899 i 68.1 478 304 112 0
TOTALS | zones: 11 70 | 134 75 1245 1 100% | 594 470 163 18
Ratio on total n° of sherds and microliths (1320) (5.6%) 94.3 (45%) | (35.65) | (12.3) | (1.3%)

*  Mc=Microliths (19% Pre-Bronze, 81% Bronze), B=Bronze Age, EI=Early Iron, M=Middle Ages, KZ=Kazakh
(Ethnographic) period (last 4 centuries).

** The ratio of finds by zone is calculated on the total number of finds in all zones. Highlights are applied to numbers
relatively high by column: azure=very-high, green=high, yellow=average.

aimed at geostatistical analyses, as it has been done fruitfully in other paleodeltas
of arid Central Asia (Markofsky 2014) but focused on the terraces of dry paleodelta
channels.

Spatial Selection In the frame of the first research project 2007-2012, the strategy of
survey was motivated by the aim of gathering chronologically attributed artefacts on
terraces of paleochannels where geomorphological profile and sampling for absolute
dating were also implemented, in order to correlate geological and cultural chronolo-
gies. In this context, the surface collection was done in a perimeter of 1 km around
the study site.

The spatial objective of the second project was circumscribed to selected square
areas with good satellite image resolution and high density of rodent burrows, which
happen to correspond to the areas crossed by the main and most ancient segments of
paleodeltas. For plague monitoring, the research area was based on a cartographic
division of the territory into primary squares (40 km x 40 km), then each into four
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Table 4.2 1li paleodelta: Assemblage of surface finds by zone, material, period and diagnostic type

text 11 (2%)

o
ZONE ; ASSEMBLAGES BY ZONE, MATERIAL, PERIOD, TOTAL & DIAGNOSTIC TYPES *
& 1 & (%)
(n° of loci) 2 o0
= = Sherds by period Metal & Stone
= Bronze Early Iron | Medieval Kazakh
S
£
g [ Lalltypes | alltypes | alltypes
morpholo; i H
}[ilup evaml 127 1 31(25%) 64 (50%) |16 (13%) 5(4%) | KZ iron hanger,
l(14) ’ O%) 1 12 (39%) 2 (6%) 0 0 0 0 iron fragment
1.2 o
|Akdala delta 8 0 8(100@ 0 0 0 -
head (2) 0 2 (5%) 0
1.3
Paleo-Tli 13 11 9 (24 %) 11(29%) | 6(16%) 1 (3%)
(Birlik N) (29%8) - e e -
(6) 2 (22%) 1(11%) 0 \form 1 (9%) 0 0
1.4 9 (36%) 8(32%) | 4(16%) 1(4%)
Bakbakty P WUEETRRNTRVON. .- RTTOTPPnT WL H M WA S S
25 -
delta head (12%) 0 1(11%) 0 \form 1 (12%) 0 0
a2)
1.5 . 9 1(6%) 1 (6%) 5(31%)
|AKkdala-mid 16 sevpy hranmenssssesneancsanctancncnaeenzeecs e _
) (56%) 0 0 0 0 0 form 1 (20%)
1.6
A kdaka-low . 33 34 (26 %) 54(41%) | 11 (8%) 0 B conner bead
Shett B, up @svy fooemme e A NN F—— PP
13) 4(12%) 2(6%) 1(3%)  |form2 (4%) 0 0
2.1 3 (17%) 10 (56%) | 4(22%) 1(5%)
Orta-B. up 18 0 N AT e 2 IEnhreig _
(7) 0 1(33%) 0 0 0 0
ha 57 3 21 (37 %) 18 (32%) | 10(18%) | 5(9%)
2 o573 e ) S e S 2 e g fron
[Naryn up (7) (5%) 1(5%) 0 4(19%) form - form 1(20%)
3.1 190 (57 %) 107 (32%) | 29 (9%) 0
Naryn mid 331 zf/ ....................................... reass & Py -=-~{slag (iron?)
20) (2%) 19 (10%) 17 (9 %) 9(5%) text 7, (12%) 0
287 (52 %) 191 35%) | 72(13 %) 0 EI whetstone, grinding
3.2l e e isasiaaasty TTEEEEer prrecrLen stone (EI);
INaryn low 550 0 ' - ’ M? slag in 2 loci (iron &
45) $3315%) L 16(6%) 2709%) ool [0t @ 0 |copper?), crushed iron,
i copper leaf
3.3 1(6%) 6(33%) | 11(61%) 0
Naryn final 18 0 i s e e _
0 0 0 form 2 (33%) || form 2 (18%) 0
TOTAL 1320 75 594 470 163 18 B
(134) (100%) | (5.7%) (45%) (35.6%) (12.3%) (1.3%)
164 33 10 2
TOTAL 209 61 (28%) (7%) (6%) (11%)
\diagnostic (16%) | (81%) form 21 (4%) | form 7 (4%) | form 2 (11%) -
finds* 81(14%) 12(7%) 41 (7%) | deco 1(0.2%) | deco 3 2%)

*  Materials: microlith, sherd, metal, stone. Periods: B=Bronze, EI=Early Iron, M=Medieval, KZ=Kazakh.
Diagnostic sherds of 3 types, by: morphology, ornament, textile imprints (rows marked in grey).

**  For each zone, the ratio of n° of sherds of all types is calculated on the n° of sherds of all periods within the
same zonal assemblage; the ratio of n° of diagnostic sherds is calculated on the n° of all sherds of the same
period within the same zonal assemblage.

*** The ratio of total diagnostic finds is calculated on the above total number of finds.

4Materials: microlith, sherd, metal, stone. Periods: B Bronze, EI Early iron, M Medieval, KZ Kazakh.
Diagnostic sherds of 3 types, by: morphology, ornament, textile imprints (rows marked in grey)

bFor each zone, the ratio of n° of sherds of all types is calculated on the n° of sherds of all periods
within the same zonal assemblage; the ratio of n° of diagnostic sherds is calculated on the n° of all
sherds of the same period within the same zonal assemblage
“The ratio of total diagnostic finds is calculated on the above total number of finds
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secondary squares (20 km x 20 km) and these into four sectors (10 km x 10 km),
as described elsewhere (Wilschut et al. 2013). The study sites concerned randomly
chosen 500 m x 500 m (25 ha) squares spread over 6 sectors (see Fig. 4.2) (Levick
et al. 2015).

In the context of these sectors, within 3 seasons (autumn 2011, summer and autumn
2012, spring 2013), 2113 burrow were mapped and most of the surface artefacts were
collected. Other finds were gathered when circulating on foot between close squares
(within 10 km radius) and during a recognizance survey in the estuary of the Naryn
channel. Visual contact with surface archaeological remains occurred predominantly
on the ledge of recently dug burrows, around takyr, between dunes, and along the
banks of dry paleodelta channels (Photo 4.1).

Collection and Count In each spot with single or multiple finds, the total or a repre-
sentative amount of archaeological items was collected. Potsherds are by far the most
abundant finds, so that in loci with numerous finds, the ones belonging to the same
pot and similar sherds were discarded. Among other artefacts, microliths slag, metals
and stone tools were systematically collected. Surface finds visually contacted were
photographed, georeferenced and packed in labeled bags.

All data were recorded in a database, which includes several entries: exact loca-
tion, geomorphological setting, amount and type of findings, preliminary chronolog-
ical attribution, and assessment of buried condition (uplifted, deposited). Subsequent
office work based on satellite images added new entries such as elevation and prox-
imity to stream.

Loci and Terraces Most of the loci discovered during the surveys—=86 out of the total
134 (64%)—are located on relict or active river terraces, allowing the chronological
correlation between cultural and geological data sets. The spatial distribution of
the loci corresponds to the orientation of the delta channels and of the dune ridges
associated with them, both having, as the dominant wind in the delta, a NNW-SSE
direction.

They all consist of surface finds without stratigraphy and are not associated with
visible settlement structures or irrigated fields. Most of the surface scatters probably
correspond to the original location of occupied sites, but many are located around
takyr depression as aggregation from surrounding dunes. Actually, it is almost impos-
sible to distinguish surface and subsurface material being that most of the artefacts
might have moved with dune displacement and been uplifted by rodents.

The entire territory of the delta is densely populated by the great gerbil (Rhom-
bomys opimus, carrier of endemic plague), which builds burrows with galleries usu-
ally running 30-50 cm below the surface while food and nest chambers can be built as
low as 5 m underground (average 2.5 m). By digging and cleaning, the rodents con-
stantly excavate and eject to the surface ancient objects, stones, pebbles, vegetation
debris, bones and faeces. This is how most of the findings were spotted.
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Chronological Attribution of the Surface Material The non-stratified, open site con-
dition of the surface artifacts discourage the possibility of the absolute dating of
finds, leaving the chronological information to be retrieved from their typological
elements. Out of total 1331 finds, 1320 have been chosen for chronological attribution
(Table 4.1).

Sherds have been first of all visually classified according to: (1) shape and thick-
ness; (2) technique of manufacture and firing, hand or wheel made, external and
internal color, etc.; (3) paste and inclusions. These elements allow their preliminary
partition within 4 periods (Bronze, Early Iron, Medieval and Kazakh-Ethnographic
periods). The resulting chronological classification allows the implementation of sta-
tistical analyses (see below), at the cost of few ambiguities and potential mistakes.’

A way to increase chronological confidence exists: it consists in sorting among the
entire bulk of sherds and microliths just the diagnostic samples carrying more precise
chronological markers. Diagnostic sherds (16% of their total) are individuated by 3
types of markers: morphological elements (rim, base, spout, handle, etc.), ornaments
(incised, applied or colored), and textile imprint (molding technique) (Photo 4.2).
The most reliable for chronological attribution are diagnostic sherds with decoration
(typical); slightly less reliable are those carrying shape and/or fabric (textile) infor-
mation. Diagnostic microliths (81% of their total) are individuated by presenting
forms classified as characteristic of the Bronze period in several stratified sites of
Semirechie.

A disadvantage of this procedure is the reduction of reference samples to 16%
and their specific distribution within sites and periods, i.e.: some loci would be
empty and disappear from the count and ornamental proclivities would privilege the
Bronze period (where diagnostic sherds constitute the 28% of the total) and disfavor
the others (Iron Age 7%, Medieval 6%, Kazakh 11%) (see Table 4.2).

On the other side an advantage of referring to diagnostic artefacts is that in some
cases they can provide better temporal resolution. This happens for the diagnostics
of the Bronze Age pointing to sub-periods and, by being predominantly dated to the
Late or Final Bronze, indicates those phases as the ones concerned by largest wave
of Bronze Age colonization of the delta.

Assemblages by Loci and Periods The statistical analysis of the ratio of chronolog-
ical assemblages by zone and period provides precious information about the privi-
leged human habitats during particular phases, under different climate, hydrological
regimes and socio-economical scenarios.

In general, zonal and local assemblages include artifacts of different periods and
in different ratios, but some sites are characterized by a dominant chronological
assemblage representing >50% of the total finds. 6 out of 11 zones follow that
category:

9For decreasing potential arbitrary attribution, the chronology of collected artifacts was cross-
checked by A. Goryachev and K. Dubyagin, archaeologists of the Margulan Institute of Archaeology
of Almaty.
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Photo 4.1 View of loci with surface finds in 6 zones representative of the Ili paleo-delta system. a
Right terrace of the modern Ili river (Z-1.1); b Akdala delta head (Z-1.2); ¢ Paleo-Ili relict course
at Birlik-N (Z-1.3); d Bakbakty delta head (Z-1.4); e Bakanas delta head in the upper Orta Bakanas
(Z-2.1); £ surface sherd uplifted by great gerbil from burrow; g surface sherd at the border of takyr
depression; h dune ridge stretching NW-SE vegetated by saxaul trees in the Naryn branch (Z-3.1);
i dry bed of the Naryn paleocourse seen from its western terrace (Z-3.1)
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e the Bronze period assemblage is dominant by 100% in the Akdala delta head
(Z-1.2), by 57% in mid-Naryn paleo-course (Z-3.1) and by 52% in low Naryn
(Z-3.2).

e the Early Iron assemblage is dominant by 50% on the right bank of the upper Ili
course (Z-1.1) and by 56% in the upper Orta Bakanas (Z-2.1).

e the Medieval assemblage is dominant in final Naryn (Z-3.3) (Table 4.2).

Quite interesting is the distribution of microliths, which can refer to the Pre-
Bronze or Bronze periods. They are mainly found in the upper part of the delta
system: the highest number of Pre-Bronze types (11) along the Upper-Ili course (Z-
1.1); Bronze types in the Mid-Akadala (Z-1.5) where 9 pieces represent 59% of the
local assemblage, and in the Low-Akadala (Z-1.6) where 33 pieces represent 25%.

4.4.2 Research Results

4.4.2.1 Spatial Distribution and Density of Finds

Concerning the number of cultural findings by region, the densest is by far the Naryn-
mid-low region including almost half of the total documented loci and more than
half of all finds. In general the loci of the middle and lower delta system are more
concentrated and include more finds than the loci at the delta heads.

4.4.2.2 Classification of Findings by Type, Area and Chronology

99% of all finds (1331) consist of potsherds [1245 (93.5%)] and stone tools
(microliths) [75 (5.6%)]: together they count 1320 pieces providing the data base for
statistical analyses. The remaining 11 pieces (1%) consist of iron and copper slag
(along the Naryn), metal objects (copper bead, copper leaf, iron hanger, crushed iron),
and grinder and whetstone (probably Iron Age), adding some qualitative information
(Fig. 4.3).

The chronology of the inventoried material spans from Eneolithic (turn of the IV
to III millennium BC) to the ethnographic period (200 BP), evidencing the use of
the full extent of the delta from the earliest periods. The most numerous are samples
attributed to the Bronze Age (45% of total finds), followed by Early Iron (36%),
Medieval (12%), Ethnographic (1%). Tables 4.1 and 4.2 present the systematization
of all collected data by zone and period.

Microliths

Most of the lithic material consists of small cores, tools (blades, scrapers, notches,
knives) and spalls made of chalcedony, agate, flint, jasper and fossil wood. Lack-
ing laminar and geometrical forms typical of the Neolithic, they could be attributed
to both the Eneolithic and Bronze periods, being that in Semirechie and Central
Kazakhstan such items are commonly found in the cultural layers and surface sur-
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Photo 4.2 Diagnostic sherds. a—e Mid-Late Bronze Age ornamented sherds (a—Paleo-Ili Z-1.3,
b—Naryn-mid Z-3.1, c—Naryn-mid Z-3.1, d—Mid-Naryn-mid Z-3.1, e—Ili upper right bank Z-
1.1), f final Bronze applied ‘pearl’ ornament (Naryn-low Z-3.2), g bronze Age with textile mold
imprint (Naryn-low Z-3.2), h iron age tabbed and disk-shaped lug handles (Naryn-low Z-3.2), i
medieval rims and bottom (Naryn-mid Z-3.1), j ethnographic neck (Naryn-upper Z-2.2)
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Fig. 4.3 Map and chronological distribution of findings by region (Bing map, 2011)

roundings of Bronze Age settlements.'” A 20% of roughly flaked tools, some made
of porphyry, collected on the right terraces of the modern Ili river, could belong to a
pre-Bronze period.!!

Microliths have been found in all regions, with highest occurrence in the upper
parts of the paleo-deltas, nearer to the mountains: in the Akdala and Bakbakty delta
heads (Z-1.2, 1.4) (44% of the microlithic collection), on the terraces of the Paleo-Ili
in Birlik (Z-1.3) (15%), and in the very dry mid-Akdala branch (Z-1.5) where they
constitute up to 56% of the zonal assemblage.

10The presence of microliths according to some authors is associated with pre- and early Bronze
Age layers and disappears with the second millennium BC; but, according to others, it continues
till the end of the Final Bronze Age (A. Goryachev, personal communication).

1 Stone tools made of porphyry are characteristic of the Upper Paleolithic sites of the Tienshan
foothills like Maibulak (Taimagambetov 2009).



86 J.-M. Deom et al.
Potsherds

The Bronze Age is the period most represented, with 45% of the total potsherd finds.
These are most abundant in the mid-low Naryn (Z-3.1, 3.2) (80% of the total Bronze
Age count) and most scarce in the Bakanas delta head (Z-2.1, 2.2) (4%). The highest
occurrence of Bronze Age material within the zonal assemblage is found in the
Akdala delta head (Z-1.2) (100%), in the Mid-Naryn (Z-3.1) (57%) followed by the
Low Naryn (Z-3.2) (52%).

Bronze Age sherds consist of fragments of handmade (molded, slab joined)
coarseware with thick walls, gray and reddish paste with high sand inclusion and
generally belonging to open forms (pot or jar shaped) characteristic of the Andronovo
and Final Bronze potteries of Semirechie. Diagnostic sherds constitute 28% of the
Bronze Age material. Half of them (14%) provide morphological information, the
other half are sherds with fabric impressions (7%) or ornaments (7%) consisting of
incised patterns (1/3) or applied ‘pearls’ (2/3).

Among the fragments with incised patterns, some are found almost identical in
stratified layers in the Semirechie region dated by absolute chronology. Pieces with
bands of striated triangles carved on the neck (Photo 4.2b) and with a crest-shaped
groove and nail incisions (Photo 4.2d) are found in the second Bronze Age layer of the
settlement Turgen II in the upper Turgen valley (2.285 m asl, 70 km east of Almaty)
dated by 14C (fireplace) to the XVIII-X VI centuries BC (Gass and Goryachev 2016).
Although, on the basis of Late Bronze finds in the same (very disturbed) layer, A.
Goryachev would prefer to date such potsherds to the end of the Late Bronze, at the
turn of the XIII-XI centuries BC (Goryachev 2013).

Another fragment with zigzag double line and nail incisions around the rim (Photo
4.2c) has an almost analogical piece in the inventory of the enclosure 8 of Bylkyldak
I in the Upper Atasu river valley (Margulan et al. 1966), which constitutes one
of the typical mixed Alakul-Federovo monuments dated to the first half of the II
millennium'? (Molodin et al. 2014). The fragment is also similar to potteries from
the enclosure I of the Tamgaly I cemetery dated by ESR (pot sediments) to the XIII
century BC (Rogozhinskii 1999).

The other, prevailing, group of ornamented sherds consists of applied ‘pearl’
ornaments or holes around the neck (Photo 4.2f), which in the Semirechie inventory
are typical for the Late-Final Bronze period. This decoration typifies the Begazy-
Dandybay and Dongal cultures met in the pre-Iron Age layers in numerous sites of
the region (settlements Turgen II, Butakty, Oi-Jailau, Tasbas, Tamgaly I, Begash)
and radiometrically dated to the XIV-IX centuries BC (Doumani 2014).

Iron Age potsherds are materially different from the previous period by being less
coarse, fired at higher temperature, generally thinner and smoother, of predominant
orange color, with a wider variety of sizes and forms, often provided with handles,

12 Although this emblematic Atasu monument still lacks radiometric data, a neighbor burial of the
next cultural phase (Begazy-Dandybay) has recently been absolutely dated to the XV—XIII centuries
BC (Beisenov 2015).
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and with much rarer decoration. They are found in clusters together with the Bronze
Age finds, witnessing continuity of habitats between the two periods.

Iron Age material is slightly less represented than Bronze Age material (36% of
the total) and found in all zones. By number it is more abundant downstream, but
in lesser number than Bronze Age and constituting 35% of all finds of the area;
and then closer to delta heads [mainly on the Ili-upper right bank (Z-1.1) and in the
upper Orta-Bakanas-upper (Z-2.1)] where it exceeds by number Bronze Age items
constituting respectively 51% and 56% of the zonal assemblage. '

Iron Age diagnostic sherds are characterized by more morphological features like
handles and spouts, quasi absence of ornament (single case of red slip ware), and by
textile imprints (11 out of 52 imprinted sherds).

Medieval potsherds are 4 times less abundant than Bronze Age material, although
found in all zones, with highest count in the low (44%) and middle Naryn (18%)
(Z-3.2,3.1) and the highest percentage of the zonal assemblage in the Naryn estuary
(Z-3.3) (61%) and in the upper Orta Bakanas (Z-2.1) (56%). They are generally found
(not always exposed by rodents) on the surface and borders of takyrs (claypan),
pointing to new strategies of land and water use; and less on terraces of recently
desiccated river branches.

The manufacture of Medieval potsherds carry information about sub-periods. No
potsherds dated to the early Turkic period have been identified during our surveys.
Characteristic pieces of the Karakhanid period (IX—XII centuries AD) may represent
the only medieval demographic peak in the delta, contemporary with the building
of a longitudinal network of forts along the Ortasu paleocourse. No trace of post-
Mongol occupation has been found. The data quoted above may indicate that during
Medieval times habitation was concentrated between piedmonts and alpine pastures,
with the delta mainly used as a way station on interregional roads.

Ethnographic (Late Medieval, last 4 centuries) Kalmyk and Kazakh materials
dated to the XVII-XIX centuries AD represent a small 1.4% of the finds, with the
highest percentage of the zonal assemblage in the Mid-Akdala (Z-1.5) (31%). This
was a pluvial period, when the main delta switched to its modern location and as most
probably did human habitats, in areas still unexplored to the west of our research

polygon.

Slag

Few samples of slag from iron and copper ore are found in 3 zones of the Bakanas
delta: at the delta head and in the middle and lower course of the Naryn distributary
(Z-3.1,3.2,3.3). Slag and a smelting workshop have been recorded in the southeastern
outwalls of the medieval fort of Aktam and around the northernmost fort of Barkhan
(Baipakov 1998).

131n the upper Orta-Bakanas (Z-2.1) have been collected just 10 pieces of Early Iron potsherds that
anyhow constitute the majority of the total 18 finds.
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Similar copper slag has been found and studied by geologists at the eastern edge of
the Saryesik-Atyrau desert, on the western bank of the Karatal river (Miroshnichenko
and Tetryakov 1962). Due to concomitant surface occurrence of Bronze potsherds,
both authors link the findings to some Bronze Age campsites found in the area. Their
slag analyses revealed a mineral content similar, although specific, to the content
found in the major copper deposits at the north (Kungrad, Sayak, Aktogai) and south
(Malaisary, Altyn-Emel, Tekeli) of the Balkhash-West Jungar metallogenic belt.

The abundance of fuel—mainly saxaul bushes—might have played a major role
in the use of the delta as a favored smelting workshop for metal ore mined in the
mountain zone or even on the northern bank of the Balkhash lake.

Other Metal and Stone Objects

In the lower Akdala branch (Z-1.6), in a locus assemblage including a diagnostic
Bronze Age sherd, a copper bead (1.1 cm diam.) was found (Photo 4.3g) which is
characteristic for the Bronze Age layers of Semirechie (Gass and Goryachev 2016).
And in two different loci of the Lower Naryn (Z-3.3) a round copper foil (5 x 5 cm)
and a dozen of fairly corroded iron fragments (average of 2.5 cm) were found that
are difficult to assign chronologically.

On the right bank of the upper Ili (Z-1.1) a hook-shaped iron accessory (3.5 cm
length) looking like a belt hanger and a piece of iron (5 x 3.5 cm) resembling a caul-
dron fragment were collected. Both iron artifacts, being only superficially corroded,
have been dated to the ethnographic period.
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Photo 4.3 Stone and metal finds. a—f Microliths (a Akdala-head Z-1.2, b—¢ Akdala-low Z-1.6, d
Naryn-upper Z-2.2, e Naryn-mid Z-3.1, f Naryn-low Z-3.2), g copper bead (recto-verso, Akdala-
low Z-1.6), h iron slag (Naryn-upper Z-2.2), i iron or copper slag (Naryn-mid Z-3.1), j iron slag
(Naryn-low Z-3.2)
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Among the stone artifacts, fragments of a crescent shaped grinder (10 x 4 cm) and
of a triangular whetstone (4.2 x 2 cm), both made from sandstone, were recorded in
the Low Naryn (Z-3.2). They have been dated to the Iron Age by analogy to similar
artifacts typical for that period in Semirechie.

4.5 Conclusions

The exposed results lead us to discuss the correlation between climate phases, hydro-
logical events and distribution of artefacts and habitats within the central part of the
Ili delta system. In that way we will propose a preliminary reconstruction of the
process of early human colonization and subsequent historical development in the
region.

In arid zones like the Pre-Balkhash region, the evolution of both delta distributaries
and human groups largely depends from water availability and climate. Among the
climate variables, determinant is the fluctuation of the amount of precipitation, which
alternates pluvial and arid phases.

In Central Asia as a whole and in particular in South Kazakhstan, average pre-
cipitation values before and after 3000 BP grew from about 280 mm per year to
310 mm per year in average. Most arid phases are detected at 4.6-3.8, 3.3-3.0 and
0.8-1.0 ka BP, followed by 3 pluvial phases (Fig. 4.4). The shift from the Uzunaral
to the Bakanas paleodelta (with the activation of upper Ili river course and of the
Naryn delta distributary) happens around 4000 BP, and the shift from the Bakanas
to the modern Ili delta at 700 BP. Both events are situated at the transition from an
arid to a pluvial phase.

The process of colonization of the Ili delta performed in two stages, before and
after 2000 BC. It might have started during the transition between the Eneolithic and
early Bronze period on the upper part of the delta system (Paleo-Ili river segment
and upper distributaries of the most ancient deltas, Z-1.2, 1.3, 1.4) as witnessed by
the presence of numerous microliths and very fragmented and abraded undecorated
sherds. Following the activation of the Bakanas delta around 2000 BC, colonization
spread all along the newly active delta distributaries, in particular the upper and lower
Naryn course (Z.3.1, 3.2), becoming predominant in the lower reaches.

Protagonists of the first phase could have been groups of hunter-fishermen and
early shepherds, possibly semi-settled in niches of the upper course. The settlers of the
second phase (to which the bulk of the Bronze Age sherds is attributed) were groups
already acquainted with seasonal transhumances between summer camps in moun-
tain meadows, autumn and spring transitions across piedmonts, and winter camps in
the green alluvial plains of the lower part of the delta system. In addition, the pres-
ence of permanent settlements and irrigated fields is not excluded. Clear evidences
of farming activities with the cultivation of barley, wheat, millet and green peas dated
to the second millennium BC have been documented in the mountain meadows of
Tasbas (in the Djungarian Alatau, 200 km east of the delta head) (Spengler et al.
2014).
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The finding of copper and bronze slag on the western terraces of the Karatal river
and around medieval habitats in the central part of the paleodelta testifies the dual
activity of such groups, as herder-miners exploiting the summer pastures and mines
of the mountain zone and as shepherd-metallurgists using the winter grasses and fuel
of the lower delta.

The Bronze Age as a whole (due to its length) and, in particular, the Naryn course
(due to its long endurance as first active Bakanas distributary), shows the largest
density of cultural remains and human habitats among all the periods and areas
under study.

Starting from the first half of the first millennium BC until the turn of our era, there
is a rise in precipitation and river flow, and the pastoralist and metallurgist patterns
of the former millennium adapt to new very mobile animal assemblages (sheep and
horse) and to iron ore. The number of surface artefacts attributed to that Early Iron
period is slightly less than the preceding one and their distribution favors the upper
regions of the deltas.

We are faced with difficulties explaining why from the start of our era until the
Medieval Warm Period (MWP), the number of cultural remains suddenly drops to a
third of the Iron Age, pointing to a diminution of human presence in the delta region,
in particular in the upper reaches of the deltas. The causes can be variously attributed
to economical or climatic factors, probably concomitant: the development in the
piedmont area of mixed-farming activities, allowing for demographic concentration
and a more settled way of life in these areas; or to climate conditions that reduced
the desert biomass or at the contrary and more probably, made it inaccessible by
excessive sSnow cover.
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Certainly the lower reaches of the deltas are again populated, both by camps and
interregional caravan routes, during the MWP (900-1200 AD), i.e. at the peak of
urbanization of the piedmonts under Karakhanid rule, to which are attributed most
of the medieval cultural findings.

The delta seems to be again abandoned in the Post-Mongol period, in spite of the
total dismantlement of the urban complexes of the entire Semirechie region and the
pastoral conversion that followed. But now such event can find a simple explanation
in the decreasing use by a part of the new pastoralist groups of Semirechie, from the
XIII century AD to the Kalmyk colonization of the XVIII century AD, of ceramic
wares that represent the main markers of our spatiotemporal analysis.

Following the first ethnographic accounts concerning the X VIII century AD, we
find again in the delta a complex and detailed scenario of very mobile transhumant
stratified pastoralist clans and farming groups of different ethnic attribution: Kazakh,
Kalmyk, Jalair etc. Their environmental context is also quite mobile and changeable:
the Bakanas delta is at that time desiccated and the modern Ili delta starts its geological
evolution.
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Chapter 5 )
Quantitative Evaluation of the Impact oo
on Aral Sea Levels by Anthropogenic

Water Withdrawal and Syr Darya

Course Diversion During the Medieval

Period (1.0-0.8 ka BP)

Renato Sala

Abstract Paleo-climatic, environmental, archaeological studies and historical
accounts concerning the behavior of the Aral Sea during the last 2000 years point
to a number of water level regressions similar or deeper than the modern one. This
article is focused on the causes of such regressions, which are variously attributed to
climatic change, diversion of river courses and anthropogenic water withdrawal. The
first factor has been researched by several geo-specialists and its potential impact
has been preliminarily evaluated. The second factor has been considered only in the
case of the Amu Darya river. The third factor—water withdrawal for irrigation pur-
poses—has been hypothesized, though never deserved specific analysis. The article
provides a quantitative evaluation of the total hectares covered by the medieval urban
systems of the Syr Darya and Amu Darya river basins, and of the coefficient of water
use per hectare of walled towns during the X-XII centuries AD. Estimates of annual
volumes of anthropogenic water withdrawal allow the investigation of the complex
interaction of the three factors above in determining the hydrological conditions of
the Aral Sea. On the basis of the calculation of possible scenarios of water mass bal-
ance, the occurrence of transmission losses by medieval diversions of the Syr Darya
course has been suspected as the main cause of lake regressions, which is supported
by geological considerations, archaeological data and historical accounts.
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5.1 Introduction

Tectonic depression at the modern Aral Sea and Sarykamysh basins formed during the
Neogene final stage of the Tethys paleo-ocean evolution. From the Middle Pliocene to
the start of the Pleistocene the depression was filled up to +73 m a.s.1. by the Akchagyl
and Apsheron transgressions of the Caspian Sea; and, during the Pleistocene, it
entered a continental phase characterized by a local erosional river network and
shallow saline lakes.'

The Aral Sea depression started hosting a small lake around 140 ka BP when
reached by the Syr Darya river, and a lake similar to the Aral Sea of year 1960
(Aral-1960?) only during the post-glacial period as soon as reached by both the Syr
Darya and Amu Darya courses. The modern history of the Aral Sea begins with
the Holocene, always concerned by water level fluctuations of high amplitude, with
regressions down to total disappearance and transgressions up to 54—-56 m a.s.l.,?
forced by climate change and/or by diversion of river courses. Most significant are
switches of the Amu Darya course between the Aral Sea and Sarykamysh basins.
(Berg 1908; Maev et al. 1983; Mamedov 1991; Micklin et al. 2014; Sects. 3 and 5)

Accordingly, the reconstruction of the multi-millennial behavior of the Aral Sea
requires the consideration of geological events (climate changes and deviations of
river courses out of tectonic and sedimentary activity) happening in both the Aral Sea
and Sarykamysh basins. Starting from VI century BC,* must be kept into account
also the anthropogenic water withdrawal from the Amu Darya and Syr Darya rivers
(Fig. 5.1).

By the end of the article it will be clear that, in order to reconstruct the historical
evolution of the Aral Sea water volumes, such consideration must be extended to all
the existing and highly variable evapo-transpiration spots of the complex hydrology
of the Aral Sea basin, inclusive of lakes, lakelets, marshes and...irrigated fields.

5.2 Regressions of the Aral Sea During the Last 2000 Years

5.2.1 Modern Crisis and Parameters of the Aral Sea and Its
Feeding Syr Darya and Amu Darya Rivers

In 1960 the Aral Sea is characterized by high water level stand: an average
water volume of 1083 km?®, water surface 67,000 km?, evaporation 63 km?

! About the tectonic and sedimentary processes driving the geological history of the Aral Sea basin,
see: Kes and Klyukanova (1999); Letolle and Mainguet (2003).

2In this article, when considering the Aral Sea conditions in a specific year (for example year 1960),
the lake will be shortly referred as Aral-1960.

3This is the altitude of the divide between the Aral Sea and Sarykamysh basins.

4In the present article, centuries will be referred by roman numerals (VI century BC= VI BC) and
years by Arabic numerals (1890 year AD = 1890 AD).
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(940 mm/year), input +63 km? [net’ river inflow 53 km?* +local precipitation 8.9 km?
(133 mm/year) + groundwater-infiltration balance +1-2 km? (inflow +2-3 km?, infil-
tration —1-2 km?>)], water level at +53 m a.s.1. (with lake bottom at —13 m a.s.1., max
water depth of 69 m and average depth of 16 m) and coastal salinity 10 g/l. Within
the basin the total runoff totaled 114 km?, irrigated area 4.7 x 10° ha, and annual

water withdrawal 61 km?® (Fig. 5.2).

During the following 50 years, the number of people living in the basin grew
by four times, the irrigated area almost doubled to 8 x 10° ha and so did the water
withdrawal up to 105 km?, causing a progressive reduction of annual river inflow
that by 2007—2012 dropped to less than 10 km?, accompanied by a correspondent

SRiver inflow decreased by 8—10 km? of water losses in the deltas.
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(1910-2000) (source Micklin and Williams 1996). Right: water volume and mineralization from
1960 to 1990 AD (source http://archive.unu.edu/unupress/unupbooks/uul4re/uul4reOa.htm)

huge contraction of the lake water volume (down to 70 km?) and surface (down to
8000 km?) (Fig. 5.3).

During the years 2003-2008 the regression trend crossed two topographic thresh-
olds, making the Aral Sea disappearing, first divided into two (Lesser and Greater)
and then into three basins: Northern, Eastern and Southern. The northern (Northern
Aral Sea, abbr. NAS) and the southeastern (Eastern Aral Sea, EAS) basins, because
of infilling with sediments from the Syr Darya and Amu Darya rivers, are both quite
shallow with basal elevations at +23 and +24 m a.s.1. respectively. The southwestern
basin (South Aral Sea, SAS) is the deepest, with lake bottom at —11 m a.s.1..
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The NAS is the main recipient of the Syr Darya inflow and is connected with the
EAS through the Berg straight at +37 m a.s.l. In 1992, as the Aral Sea water level
dropped towards +37 m a.s.l. (which would have cut off the small Aral Sea from the
Syr Darya’s flow completely), a dam (Kokaral dam) was built in order to catch the
Syr Darya inflow, so that by 2006 the NAS water level rose to +41 m a.s.l. (water
depth of 18 m).

The EAS, the largest basin, is the main recipient of the Amu Darya inflow and
is connected to SAS through the Kulandy straight at +27-29 m a.s.l. Deprived of
the Syr Darya inflow by the Kokaral dam and of the Amu Darya inflow by extreme
water withdrawal, in 2009 the EAS went dry and in the following years intermittently
reappeared as a salty pond.

The SAS, after becoming in 2006 totally isolated from the EAS and only fed by
groundwater, had water levels dropping to 426 m a.s.l. (max water depth of 37 m)
and salinity rising above 100 g/1.

The NAS, EAS in particular, and SAS basins are now very variable year by year:
in 2017 they respectively present average water volumes of 53.5, 0.9 and 26.7 km?
and water surfaces of 4.0, 1.0 and 3.3 x 10° km? (£30%).

Significant for the present study are some modern hydrological parameters (annual
average of 2007-2012) of the Syr Darya and Amu Darya river basins given here.

Amu Darya: total surface runoff within the basin: max 97.4/min 52.8, av. 76 km?;
total irrigated area 5.09 x 10° ha; water withdrawal 72 km?; terminal inflow 1-2 km?.

Syr Darya: total surface runoff within the basin: max 72.5/min 18.3, av. 38 km?;
total irrigated area 3.1 x 10° ha; water withdrawal 31 km?; terminal inflow 4—6 km?>.

As a whole, the Amu Darya has almost twice the values of the Syr Darya in terms
of surface runoff, irrigated area, water withdrawal and, until 1980, of terminal inflow
in the Aral Sea (in 1960, of the total 53 km> of river inflow into the lake, 36 km?
came from the Amu Darya and 17 km? from the Syr Darya). Then, after 1980, on the
account of water withdrawal, the annual terminal inflow of the two rivers decreased
in different ways: the one of the Amu Darya has been almost nullified, the one of the
Syr Darya was reduced to 4-5 km>.

5.2.2 Historical Water Level Fluctuations of the Aral Sea

An unstable behavior characterized the Aral Sea throughout the Holocene. Regres-
sions down to +24 m a.s.l. and transgressions above +55 m a.s.l. have been recorded
by several authors from different disciplines: by climatologists analyzing abiotic
and biotic climate and paleo-environmental proxies; by archaeologists documenting
settlement patterns; and in historical sources.

Geological, climate and hydrological studies of the evolution of the Aral Sea
basin during the last 2000 years have been produced by Soviet scientists such as L.
Berg, A. Kes, 1. Gerasimov, B. Fedorovich, E. Maev, S. Nikolaev, etc. (summarized
in: Sevastyanov et al. 1991); and then have been continued by modern international
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specialists like P. Tarasov, P. Micklin, R. Letolle, I. Boomer, P. Sorrel, H. Oberhinsli,
etc. (summarized in: Krivonogov et al. 2014).

Geomorphological data are still presenting low chronological resolution and con-
tradictions. More robust and integrated data sets for modeling lake behavior are pro-
vided by reconstructions based on lithological, chemical and paleo-environmental
analyses of proxy samples retrieved through lake coring: climate data (precipitation,
seasonal evaporation and river inflow) are inferred from palynological analyses;
lake water levels from analyses of abiotic (lithological and mineralogical) and biotic
components (dinoflagellate cysts and diatoms) identifying salinity changes and water
volumes.

In the present article the main references for paleo-climate and paleo-
environmental conditions are the reports concerning the analyses of sediments from
the composite core (CH2/1) retrieved in 2002 (Southern Aral Sea water level at +31 m
a.s.l.) at the Chernyshov bay in the northern part of the southwestern basin (Sorrel
2006; Sorrel et al. 2006, 2007). The core is 10.79 m long with head at +9 m a.s.1.
(water depth of 22 m) and base at —2 m a.s.l., representing a time span of 2000 years
(Fig. 5.4).
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Fig. 5.4 Southern Aral-2002, Chernyshov bay, core section CH2/1: climate parameters T (MTC,
MAT, MTW refer to Mean T during Coldest, Annual, and Warmest month respectively) and
P, reconstructed from palynological analyses (blue line: Amaranthaceae-Chenopodiaceae; red line:
Poaceae); sheet-wash index derived from relative abundance of reworked dinoflagellate cysts; salin-
ity level estimated from relative abundance of L. machaerophorum. Grey shadings represent periods
of increased T and P. Sheet-wash index directly points to water levels: low levels are documented
at 2.1-0.6, 1.1-0.7, 0.6-0.4, 0.3 and 0.05-0 cal ka BP (source Sorrel et al. (2006, 2007). Tree ring
record from Tienshan plateau (source Esper et al. 2002)
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Archaeological surveys of monuments along the lake shore and river delta dis-
tributaries began in Soviet times with the works of S. P. Tolstov and continued after
perestroika. They provide information about building and abandonment phases and,
indirectly, about local paleo-hydrological conditions. Most significant has been the
recent discovery of the Kerderi settlement dated to the XIII - early XIV AD, located
at +34 m a.s.l. on the NE part of the Aral Sea evidencing a water level regression
below +31 m a.s.l. (i.e. the water level of Aral-2002).° and the detection of a syn-
chronic phase of inundation of the Sarykamysh lake (Boroffka et al. 2006; Boroffka
2010).

Accounts on the part of medieval Muslim geographers and historians are even more
dramatic, quoting the disappearance of the Aral Sea at 1417 AD due to diversions in
both the Amu Darya and the Syr Darya courses.’

Concerning the last 2000 years there is good agreement among authors in detecting
four periods of relevant low lake level stands at: 0400, 900-1230 (Medieval Warm
Period), 1400-1650, and after 1960 AD. The first regression at 0-400 AD, which
left peat layers at +10 m a.s.l. in the central part of the SAS lake, has been the most
relevant; the second ended at 1250 AD with what seems to be an abrupt short event
more extreme than modern, i.e. lake level stands below +26 m a.s.l.; and around 1400
AD the lake level dropped below +31 m a.s.l. Lesser regressions are suspected at
600 and 1800 AD. Regressions are intercalated by transgressive phases at 400-550,
650-900 and 1230-1400 AD.® (Boomer et al. 2009) (Fig. 5.5).

Figure 5.6 shows the tentative reconstruction of the evolution of Aral Sea water
levels during the last 2000 years by synthesizing and attuning data from several
sources and authors, in particular synoptic reconstructions of Aral Sea lake level
changes (Boomer et al. 2009; Krivonogov etal. 2014). Lake level trends are compared
with temperature and precipitation values from Sorrel et al. (2007).

T and P trends evolve in direct correlation (T amplitude between 4 and 12 °C,
P between 100 and 400 mm/y) at the exception of the IX—XII and XVI-XVIII AD
intervals where are diverging or converging.

Lake levels are characterized by a long regressive trend between 100 BC and 1600
AD, accompanied by fluctuations only partly correlated with climate, i.e. showing
regressions in coincidence with T+P+ and transgressions with T+P—. The regressions
in particular present most anomalous characters, witnessing the action of forcing
factors other than climate: the strong regression culminating in 400 AD is correlated

SIn proximity of the Kerderi settlement, satellite images show traces of a paleo-distributary of the
Syr Darya delta flowing down to +30 m a.s.l., 100 km west from the shore of Aral-1960 (Krivonogov
2009).

"Hafizi-Abru, geographer at the Timurid court of Shah Rokh, in 1417 AD writes about the disap-
pearance of the Aral Sea, which attributes to the diversion of both the Syr Darya and Amu Darya
flow into the Caspian Sea (Tolstov 1948, 285). This account has been overseen by L.S. Berg and V.
Barthold but hastily considered an overstatement (Krivonogov 2009).

8These transgressions are documented by the stratigraphy of shore sediments of the Karaumbet
outcrop and the chronology of the Pulzhai settlement in the Aibugir Bay at the SW corner of
the lake (Krivonogov et al. 2010, 560) and by the relative abundance of dinoflagellate cysts and
freshwater algae from the Chernyshov Bay Core CH2/1 (Sorrel et al. 2007).



102 R. Sala

Interpreted Water Levels

Low - High Low - High Low - High Low - High Low - High  Low - High
— —

2000

1500 4

Years AD

10004

5004 I

(=1
1
— - .

Years BC
0
o
=)
'l

1000 -

Boomer et al.,, Boomeretal, Boroffka etal,, Keyser Somrel etal, This work
2000 2003 2006 unpublished 2006

Fig. 5.5 Aral Sea: reconstructions of water level transgressions and regressions during the last
3000 years by different authors (source Boomer et al. 2009). The unpublished evaluation of Dietmar
Keyser is based on ostracods analyses of two short cores from the Tschebas Bay (Boomer et al.
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with relatively stable T and P trends; the regressions of 1250 and 1300-1450 AD are
anomalously related with high T and P values and remarkable by their extreme and
abrupt character intercalated by relevant transgressions.

5.2.3 Causes

The above reconstruction, like any existing reconstruction of the multi-millennial
behavior of the Aral Sea, is preliminary and must be continuously updated by new
data. But even more controversial is the determination of the causes of the Aral Sea
behavior, and of their interaction within a dynamic model, which constitutes the
main subject of this article. The task is made difficult by the lack of data and by
the entanglement of several events in the backdrop of the hydrology of the Aral Sea
basin, in particular the complex and changeable behavior of tributary rivers exposed
to transmission losses by natural and anthropogenic water subtraction.

Extreme Aral Sea regressions have been variously attributed to three different
(and certainly concomitant) driving factors: climate change, river course diversion,
anthropogenic water withdrawal. During the last 2000 years these three factors are
most often acting together, with relative impact varying at different times. Each fac-
tor by itself may be able to induce a severe regression: annual precipitation can drop
to less than 50 mm (1/3 of the average value) for prolonged periods (which mainly
happens during cool phases but occasionally can coincide with rising temperature,
like in 900-1200 and 1400-1550 AD), reducing the glacial and nival deposits that
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Aral basin : temperature, precipitation, lake water level
and phases of river diversion and water withdrawal
during the last 2000 years
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Fig. 5.6 Correlation of temperature, precipitation, lake water levels and phases of river course
diversion and anthropogenic water withdrawal during the last 2600 years. A, B, C, D classify
four types of climate changes and their potential impact on lake levels. Marked bands: periods of
climatically anomalous water level fluctuations. T and P trends adapted from Sorrel et al. (2007);
Aral Sea water levels elaborated by R. Sala by synopsis of different sources

constitute the main source of the river runoff; the diversion of the Amu Darya course
can be almost total, lowering the river inflow by more than 50%, and relevant diver-
sions probably happen also in the Syr Darya (see below Sect. 5.2); the increasing
water withdrawal of the last 60 years has in itself been the determinant cause of the
modern disappearance of the Aral Sea.
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5.2.3.1 Climate Change to Very Arid Conditions

Climatologists and paleo-environmentalists who detected the severe Aral Sea regres-
sions of the last 2000 years tend to underline their coincidence with negative NAO
phases weakening westerly winds and precipitation (Sorrel et al. 2007; Hill 2017).
Synchronous with these phases is the establishment of a series of events that all
together point to global atmospheric teleconnections: palynological dry phases in
the Aral Sea region at 900-1150 and 1450-1550 AD; decreasing tree ring width in
the Tienshan and Pamirs ranges (sources of the almost totality of the rivers’ runoff)
at 1250, 1400, 1500 AD (Fig. 5.4); similar water level fluctuations in other Central
Asian lakes like the Balkhash, Issykul, Bosten, etc. (Chen et al. 2008; Endo et al.
2012); and drought in the Near East.

All the above cases seem related to low P values, but the forcing effect of cold
phases must be also considered. The regression of the 1450-1650 AD coincides the
Little Ice Age when lower T values contributed to the decrease of river discharges
in two ways: by lessening atmospheric transport and precipitation and by enhancing
ice accumulation in the Tienshan and Pamir mountains (Krivonogov 2009).

5.2.3.2 River Course Diversion

Reconstructions based on archaeological studies and historical accounts tend to
explain the most extreme Aral Sea regressions by a diversion at the head of the Amu
Darya delta to the west through the Daudan Darya and Darialyk (Kunya Darya)
channels into the Sarykamysh basin. The channel cross-section at Daudan Darya
and Daryalyk could not carry more than 20-30 km? per year, so that the diversion
of the Amu Darya flow can never be total and a residual inflow would always reach
the southern part of the Aral Sea (Letolle et al. 2007).

The Sarykamysh basin covers an area of 11,000 km? with the potential to accom-
modate, between —38 and +54 m a.s.1., a max. water volume of 250 km?3 (1/4 of Aral
Sea at its max capacity at +54 m a.s.1.) exposed to annual evaporation of 11 km?. In
case the Sarykamysh lake water level would grow above +54 m a.s.l., its emissary
Uzboi channel would be activated towards the Caspian Sea. The annual discharge of
the Uzboi channel cannot be higher than 10 km? so that the eventual water excess
would be diverted and dissipated in the dunes of the Zaunguz desert (northern part of
the Karakum desert). Besides the Amu Darya diversion, geomorphological features
indicate that the Uzboi would be activated also in case the Aral Sea would enter into
extreme transgressive conditions with water levels at +54-56 m a.s.1. and merge with
the Sarykamysh (Tolstov and Kes 1960; Kes and Klyukanova 1999; Letolle et al.
2007).

A longstanding filling of the Sarykamysh lake and activity of the Uzboi channel is
documented between 5000 and 2000 BC by the presence of numerous Neolithic sites,
after which, due to the damming of the Daryalyk channel for irrigation purposes,
Uzboi water regimes started decreasing and ended around IV BC. In subsequent
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times, except for short abrupt events that left no geological or archaeological traces,’
the Uzboi was never reactivated and changed into a series of ponds that could host a
caravan road but could not support the establishment of large agricultural settlements
(Tolstov 1948, 295; Tolstov and Kes 1960).

Amu Darya diversions continued intermittently, filling incompletely the
Sarykamysh lake during III-I BC, IV-VIII AD and XIV-XV AD.'® After VIII
AD the lake never reached level stands above +8 m a.s.l. (Krivonogov et al. 2014,
297), whereupon any further diversion of the Amu Darya course would have had just
an abrupt and ephemeral character supporting average Sarykamysh lake stands and
evaporation losses quite similar to modern.

The Amu Darya diversions of last 2000 years, which saw the anthropogenic
embankment of the western distributaries of the Amu Darya delta, were necessarily
related to the destruction of dams by natural hazards or wars: undocumented flash-
floods or earthquakes at 1208, 1389, 1405 AD (Melville 1980), the Hephtalite Huns
invasion during 380—400 AD, the Mongol invasion at 1221 AD, the Timurid wars at
1372-1388 AD.!!

Besides the lower course of the Amu Darya, the middle and lower course of the
Syr Darya are also characterized by a very unstable watershed where sedimentary
and/or technogenic factors can easily induce abrupt events of water diversion (see
below Sect. 5.2). In the first half of the XIV AD the Arab geographer ibn Fadl Allah
al-Omari (d. 1349) heard from oral sources that the “Seyhun (Syr Darya) flows among
reeds and sands below the city of Jend (on the Janadarya) at the distance of three
days travel and here it disappears”. (Barthold 1902, 55). As quoted above (note 7),
also Hafizi-Abru in the early XV AD describes the Syr Darya delta (or at least its
southern branches) merging with the Amu Darya, and both rivers avoiding the Aral
Sea and flowing together to the Caspian Sea (Barthold 1902; Boroffka 2010). The
Timurid ruler Babur (1483-1530) in his ‘Memoirs’ speaks about the Djihun (Syr
Darya) lost in sands far away downstream from the medieval town of Turkestan (see
Sect. 5.2) (Babur 1530, 45; Crétaux et al. 2009, 285).

9The Persian geographer Hamdallah Kazwini in 1339 mentions the Amu Darya flowing via the
Uzboi to the Khazarian (Caspian) Sea (Tolstov 1948, 285); and in 1392 Zahir-ad-din al Maraschi
describes a trip taking place by ship up the Uzboi (Boroftka 2010, 292).

101n 1417 AD Hafizi-Abru wrote about the disappearance of the Aral Sea (see note 7). In 1558 the
English merchant and traveler A. Jenkinson, while residing in Sellizure (Vazir) on the shores of the
Daryalik channel, witnesses its progressive desiccation due to upstream anthropogenic implemen-
tations: “the water that serveth all that country is drawn by ditches out of the river Oxus, unto the
great destruction of the said river, for which cause it falleth not into the Caspian Sea (in reality the
Sarykamish lake) as it hath done in times past; and in short time all that land is like to be destroyed
and to become a wilderness for want of water, when the river of Oxus shall fail” (Jenkinson 1558).
Few years later, Abu al-Ghazi (1603-1663), khan of Khiva, reported that the Amu Darya was flow-
ing to the southwest until the 1573 after which switched its course into the Aral Sea (Tolstov 1948,
285; Boroffka 2010, 293).

1T All authors tend attributing the Amudaya diversion events of the last 2000 years to the destruction
of technogenic dams built across main distributaries of the delta. Historical sources support that
hypothesis (Barthold 1902). According to general Gloukhovsky (1893), between 1310 and 1575
AD the dams and irrigation systems of the Amu Darya delta were disrupted at the point of diverting
its main current into the Sarykamysh depression and further, through the Uzboi channel, into the
Caspian Sea (Boroftka 2010).
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5.2.3.3 Anthropogenic Water Subtraction by the Agro-Irrigational
Urban Complexes of the Amu Darya and Syr Darya Basins

Concerning the anthropogenic water subtraction by the medieval urban and irrigation
systems of the Syr Darya and Amu Darya basins, its possible impact is evident today
in the fact that water withdrawal for irrigation purposes has been by far the main cause
of the present Aral Sea desiccation; and most of the authors quoted above suspect
that, from the III BC to the XX AD, it has always been a concomitant factor, together
with climate and river diversion, of Aral Sea water level fluctuations.!? Referring to
historical-archaeological accounts, on the lower Amu Darya the presence of large
urban systems and irrigation practices have been documented initially between 300
BC and 300 AD and then again between 600 and 1300 AD. Their presence on the
Syr Darya is basically ignored.

If up to now water withdrawal has not been subject of scientific investigation and
quantitative evaluation, this is due to three main reasons: absence of a database of the
urban systems of West Central Asia, underestimation of their size and potential envi-
ronmental impact, and lack of geoarchaeological field studies needed for elaborating
coefficients of past water use.

This article tries to answer those questions and confronts the problem of the inter-
active effect of the three casual factors spoken above on the evolution of Aral Sea
water levels, focusing on the time span of the Medieval Warm period. Research
methods are explained in Sect. 3, research results in Sect. 4. Eventually the quanti-
tative evaluation of annual anthropogenic water subtraction is sorted out, allowing a
preliminary reconstruction of the complex interaction of the three forcing factors in
determining the Aral Sea water levels during the Medieval Warm Period (Sect. 5).

5.3 Medieval Water Withdrawal: Research Methods

The quantitative evaluation of water withdrawal by the medieval agro-irrigational
urban complexes of the Syr Darya and Amu Darya basins and of its impact on Aral
Sea water volumes is a difficult task, therefore the present study proceeds through
average estimates and extrapolations, leading to approximate and debatable results.
The method itself is original, developing through three main steps: documentation
of the size of the urban systems of the Aral Sea basin during a specific period
(century); elaboration of a coefficient of water use per urban hectare in a specific

12«However, the degree of lake level lowering may have been amplified by humans responding to
changing environmental conditions. Irrigation systems were probably extended during periods of
more arid conditions” (Sorrel et al. 2007). “Therefore a similar effect as the modern one, a major
regression of the Aral Sea caused by man, may be presumed especially towards the end of Antiquity,
when long-term results of intensive irrigation took effect” (Boroffka 2010). “Irrigation activities
were at a maximum between 300 BC and AD 300 (Classical Antiquity) and between AD 800 and
1300 (Medieval Age) and after AD 1960 (Oberhinsli et al. 2007).
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region; calculation of the ratio of agro-urban annual water subtraction from the virtual
runoff of the Syr Darya and Amu Darya rivers during the chosen period.

Modeling starts analyzing the agro-urban complexes of the Syr Darya basin
(Sects. 4.1-4.3) and sorts out hydraulic coefficients concerning the region. Such
coefficients are then extrapolated to the Amu Darya region, allowing the evalua-
tion of the total impact of irrigational water withdrawal in the entire Aral Sea basin
(Sect. 4.4). In Sect. 5 the insertion of those data within a simplified model of the
Aral Sea bathimetry and water balance provides the evaluation of the Aral Sea water
levels under two different scenarios, i.e. two different values of terminal river inflow,
in absence or in presence of river diversion. In detail:

a. Documentation of all the walled units of the urban systems of the Syr Darya
basin, with particular focus on their geographical location, size in hectares and
chronological attribution of their occupation by century.

The database of these monuments has been elaborated by the Laboratory of Geoar-
chaeology of Almaty during several research seasons. It includes all the walled towns
(and a few very large and visible villages) of the Syr Darya river valley, recorded in
archaeological reports and in the Svod Pamiadnikov Istorii i kulturi Respubliki Kaza-
khstan.'> Small unwalled villages are omitted, by being in general badly explored,
most often undetectable, and in any case covering a relatively small total area het-
erogeneously in different urban regions.

b. Selection of a particular historical period and of a particular urban region
for documenting the irrigation schemes (general structure, length and profile of
canal distributaries) active in that region during that period.

As historical period, for this study has been selected the X century AD, due to
four convenient characters: (1) it is included within the recession phase of the IX-
XII AD, which ends with the extreme low water stand of the early XIII AD; (2) its
climate has been evaluated as similar to modern, though slightly cooler and drier,'*
suggesting an estimate of precipitation and evaporation rates and virtual river runoff
in the Aral Sea basin as 10% less than in modern times, i.e. 104 km?, 33 km? in
the Syr Darya basin and 71 km?® in the Amu Darya'>; (3) in the X AD, historical
records quote the Aral Sea as receiving the entire discharge of the Amu Darya river,

13 A large part of the urban units has also been documented by aerial photography and explored by
land surveys for filling entries of environmental character. A few tens of urban structures have been
discovered anew.

14The Sorrel reconstruction of Fig. 5.4 infers for the start of X AD average temperature values 3 °C
cooler and annual precipitation 40 mm lesser than modern, and T and P rising to modern conditions
by the end of the century and during the following XI and XII centuries. The time span falls within
the so-called Medieval Warm Period, which apparently in Central Asia has not been exceptionally
warm.

3Together with values of virtual river runoff, also values of terminal river inflow into the Aral Sea
would be decreased by 10%. This is in agreement with measurements and dating (by archaeological
findings and few radiocarbon analyses) of re-deepened river channels in the foothill zone, imple-
mented in Soviet times by E. D. Mamedov and G. N. Trofimov, suggesting for the XI AD a total
terminal river inflow in the Aral Sea of 49-50 km? increasing in the following century to modern
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which excludes anomalies attributable to Amu Darya course diversion and allows
inferences about diversions of the Syr Darya course; (4) and, most importantly, the
X AD corresponds to the peak of urbanization in West Central Asia, which shows a
plateau of homogeneous total urban area between the VI and XII AD.

As study polygon for hydraulic analyses has been selected the Otrar oasis, located
on the Arys delta at its confluence with the middle Syr Darya (Fig. 5.10), for several
reasons: its monumental heritage has been object of several decades of archaeological
study and chronological attribution; the oasis shows evidence of six generations
of clearly detectable irrigation schemes; and its environment has been object of
palynological analyses and paleoclimate reconstruction.

c. Structural analysis of a significant irrigation scheme, evaluation of the total
volume of annual water withdrawal through the use of specific agro-hydraulic
models, and calculation of the coefficient of annual water use by occupied urban
hectare.

The hydraulic system under study, the Altyn irrigation scheme of the X—XIII AD,
runs in the central part of the Otrar oasis and has been analyzed in the context of
the project INTAS/2002-2005. The canals’ length, bed width, side slope, bed slope
and berm width have been measured in order to reconstruct trapezoidal canal cross
sections and calculate their carrying capacity. These data have been simulated into a
hydraulic model using the US Corps of Engineers River Analysis System software
HEC-RAS 2009. CROPWAT software (UN-FAO) provided additional estimates of
water requirements in mm/day based on consideration of crop type, effective rainfall
and soil moisture deficit (Clarke et al. 2010).

d. Extrapolation of the Otrar water use coefficient to the whole agro-urban
systems of the Syr Darya, resulting in the evaluation of the total volume of
annual water withdrawal from the entire Syr Darya river basin.

e. Evaluation the virtual river runoff of the Syr Darya during the chosen period
on the basis of the climate esteems quoted at Sect. 3b, and calculation of the ratio
of water withdrawal versus water runoff.

f. Extrapolation of the ratio of water withdrawal calculated for the Syr Darya
to the water runoff of the Amu Darya basin, and evaluation of the total volume
of water withdrawal and residual runoff of both rivers.

The resulting values of water withdrawal are valid without significant error for
the X—XII AD. In fact the period under study is the X AD, the total area of the Syr
Darya settlements between VI and XII AD is stable (£3.6%) (Fig. 5.8), and the Otrar
Altyn irrigation scheme chosen for sorting out hydraulic coefficients has been active
from X to XIII AD.'®

regimes of 56.9 km3 (Trofimov 2003, Table 3). As a whole, these esteems point for the X—XII AD
to an arid climate supporting nival-ice deposits and river discharges slightly lower than modern.
16The values of medieval urbanization and correspondent water withdrawal given for the X—XII
AD start decreasing only from XIII AD when West Central Asia, following the Mongol invasion,
entered a period of pastoralist conversion reducing agricultural activities and a longstanding cooling
climate phase lessening water requirements.
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By tendency the above procedure underestimates the resulting amounts of water
withdrawal: on one hand they are lowered by the discounting of unwalled villages
and still undiscovered urban units, and on the other by the extrapolation of values
calculated for the Syr Darya to the Amu Darya basin which, being more arid and
historically more crowded, would better hold higher coefficients.

5.4 Medieval Water Withdrawal: Research Results

5.4.1 The Urban Complexes of the Syr Darya Basin

The urban system of the Syr Darya basin as a whole develops from the VI to the
XX AD (Fig. 5.7) and blossoms during the VI-XII AD. The X AD represents the
urbanization peak with around 400 occupied walled towns covering, together with an
additional 25% of large unfortified villages, a fotal urban area of 2350 ha (Figs. 5.7
and 5.8).

VI BC - XX AD

Fig. 5.7 Total urban units in the Syr Darya basin from VI BC to XIX AD. More than 1050 walled
towns have been documented, covering altogether around 3500 ha. Red dots =settlement units.
Settlements built after the XIX AD are not included
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Fig. 5.8 Evolution of occupied urban area (ha) of walled towns in the middle-low Syr Darya basin
(Fergana not included) and in N-Tienshan piedmonts from VI BC to XIX AD. Settlements built
after the XIX AD are not included

5.4.2 Coefficient of Water Use in the Otrar Oasis in X-XII AD

In the X-XII AD, the central part of the Otrar oasis, covering an area of 15 x 15 km
(Figs. 5.9 and 5.10), hosts 12 occupied walled towns totaling an urban area 46.76 ha
and watered by a third generation irrigation system, the Altyn scheme, that had been
operational during X—XIII AD. By measuring the carrying capacity of the canals’
network and the seasonal needs of cultivated crops, “we calculated peak irrigation
water requirements as 7.64 mm/day, equivalent to a continuous canal flow of 0.88 l/s
for each hectare of crop at the peak of the growing season” (Clarke et al. 2010). This
corresponds to an annual water subtraction of 0.24 km? and a coefficient of annual
water use of 0.0051 km’per urban ha."”

5.4.3 Annual Water Withdrawal in the Syr Darya Basin
During the X-XII AD

Volumes. The coefficient of water use of central Otrar, when extrapolated to the
2350 ha of the entire urban system of the Syr Darya during X AD, corresponds to an
annual water withdrawal in the Syr Darya basin of 0.005 x 2350 km’=11.9 km3 '8

TThe coefficient of water use could be calculated referring to values other than urban hectares,
like irrigated ha or number of inhabitants, which are less convenient objects because of difficult or
indirect recognition. Anyhow, these three objects can be put in correspondence: geo-archaeological
considerations suggest that, in medieval urban complexes, 1 urban ha averagely corresponds to 400
inhabitants and to 161.63 ha of irrigated agriculture (Clarke et al. 2010).

181n Medieval times, this amount of water withdrawal from the Syr Darya basin would correspond
to an irrigated area of 0.4 x 10° ha. For irrigating the same agricultural area, the modern surface
basin-irrigation systems of the Syr Darya region, thanks to the implementation of sealed canals,
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Fig. 5.9 Otrar oasis during the X century AD. Dots = settlements: red = occupied; yellow = newly
built after the start of the century; white = just abandoned before the start of the century. Dots’ size
is proportional to the areal dimension of the urban unit. Blue lines = canals of the Altyn irrigation
scheme (center) and, south and northwest of it, of its contemporary Shubara and Ak-Aryk schemes

Ratios. Supposing for the X—XII AD climatic conditions slightly cooler and drier
than modern and virtual river regimes 10% lower, the virtual annual surface runoff
of the Syr Darya basin would be 33 km? (see Sect. 3b), of which the annual water
withdrawal of 11.9 km’represents the 11.9 x 100 : 33=36.0%.

5.4.4 Total Annual Water Withdrawal in the Syr Darya
and Amu Darya Basins During X-XI1 AD

Currently, a complete data base of the medieval settlements of the Amu Darya basin
is not available. In order to evaluate the anthropogenic water withdrawal within
this basin, the same ratio of water subtraction calculated for the Syr Darya has been
applied to the virtual surface runoff of the Amu Darya (71 km?; see Sect. 2b), resulting
in an annual water withdrawal from the Amu Darya basinof 36.0% x 71=25.5 km?>.

water drainage and return flow, would use only half of the water volume calculated here for Medieval
times.
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Therefore, during the X AD the fotal annual water withdrawal from the entire
Aral Sea basin (Syr Darya+Amu Darya) would be 11.9+25.5=37.4 km3."°

A water withdrawal of 37.4 km? represents around 1/3 of the total runoff of the
two rivers (104 km?), leaving a total residual river flow of 66.6 km?, 45.5 km? in the
Amu Darya and 21.1 km? in the Syr Darya. And it corresponds to around half of its
value in the 1960,%° the year that saw the last modern high stand of the lake (+53 m
a.s.l.) before the following catastrophic recession.

5.5 Discussion

5.5.1 Controlling Factors of the Aral Sea Water Balance
During X-XII AD

The water mass balance equation of the Aral Sea, which is deprived of emissary, is a
function of few hydrological variables characteristic of the lake, expressed in water
volumes (km3/year):

f(): dV/dlZRt(v,—d,—a,)+P,+G,—Et

where V =lake water volume, t =time, R =river inflow, P =local precipitation,
G = groundwater-infiltration balance, E =local evaporation. R is function of virtual
runoff (v), river course diversion (d) and anthropogenic annual water withdrawal
(a). P, E and v depend strictly on climate. The equilibrium state, where the lake
hydrological system is uniform throughout, corresponds to dV/dt=0.

For example, the water balance equation of Aral-1960 is:

fi : Aral — 1960 R[v(114) —d(0) —a(6)]+ P9 +G() — E(63)
= 0 km?/year

Let’s work out the water balance equation of the Aral Sea at X AD (Aral-1000)
in two steps, under two scenarios.

19In Medieval times, this amount of water withdrawal from both the Syr Darya and Amu Darya
basins would correspond to an irrigated area of 1.15 x 10° ha (see note 17), against the 10 x 10°
ha of the modern land under irrigation. During Classical Antiquity (IV BC-IV AD), according to
Tolstov and Andrianov (1968) and Gerasimov (1978), the network of canals detected in just the
Amu Darya basin would ‘allow’ to irrigate more than 5 x 10° ha (Oberhinsli et al. 2007, 177). In
fact, the actual extent of yearly irrigated area was most probably 3—4 times lower (Tolstov 1948)
and submitted to fallow cycles longer than modern, in that way approximating the evaluation of
irrigated land given above for the entire Aral basin during medieval times.

20This double modern value of water withdrawal matches the fact that by 1960 the Soviet regime
quadrupled the former medieval irrigated area of the Aral Sea basin from 1.2 to 4.7 million ha,
introducing in the same time technical advances as sealed canals, drainage and return flow that
improved the performance of the irrigation systems and halved the water requirements per ha.
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The two scenarios are similar in supposing the same climate and the same amount
of water withdrawal as evaluated above. Climate conditions are slightly more arid
than modern,?! so that precipitation and evaporation rates in/from the lake and run-
off values within the basin are evaluated as 10% lower than modern (Sect. 3b). The
value of annual anthropogenic water withdrawal (a) is 37.4 km?, as calculated in
Sect. 4.4. The two scenarios differ on values of terminal river inflow R, in absence
or in presence of water subtraction by river course diversion.

a. The first scenario considers the terminal river inflow as the residual flow of
Sect. 4.4: R=v(104)— a(37.4)=66.6 km? (45.5 from the Amu Darya and 21.1
from the Syr Darya), i.e. without additional water subtraction by river diversion,
i.e. d(0).

A river inflow of 66.6 km? corresponds to hydrological parameters of Aral-1000
higher than today, at the top of the lake’s bathymetric capacity: water volumes above
1100 km?, water surface of 75600 km?, local evaporation volumes 75.6 km?, local
precipitation 8 km?, and lake level at +55 m a.s.1. Under this scenario the resulting
water balance equation for Aral-1000 would be the following:

f, : Aral —1000(1) R[v(104) —d(0) —a(37.4)]+ P(8) + G(1) — E(75.6)
= 0 km? /year

The hydrological parameters related to this first scenario (a river inflow of
66.6 km?) are in disagreement with the values suggested for the same period by
the paleo-environmental reconstructions quoted above: physico-chemical analyses
of lake cores indicate for Aral-1000 higher salinity levels and lower water volumes
than for Aral-1960 (see Sect. 2.2, Figs. 5.4 and 5.5); and geomorphological surveys
of relict channels suggest a much lower inflow of 49 km? (see note 16).

b. The second scenario considers a river inflow into the Aral Sea of 49 km® in
agreement with the estimations of river inflow and lake water volumes suggested
by paleo-environmental studies. A river inflow of 49 km? would correspond to
lake water volumes of 820 km?, water surface of 57,000 km2, local evaporation
volumes of 58 km?, local precipitation of 7 km?, and lake-water level at +49 m
a.s.l.

But in order that R=f (v —d —a)=49 km?>, with values of climate (virtual river
runoff) and anthropogenic water withdrawal set as the preconditions spoken above
[v(104) and a(37.4)], an additional (104 — 37.4 — 49) = 17.6 km? of water subtraction
must be attributed to a still undetected event of river diversion: d(17.6).

f;: Aral —10002) R[v(104) —d(17.6) —a(37.4)]+ P(7)+ G(1) — E(58)
= 0 km?®/year

21 For the start of X AD have been evaluated annual temperature values 3 °C cooler and precipitation
40 mm lower than modern, and T and P trends rising to modern values by the end of the century
(see Sect. 1.1, Fig. 5.4, note 14).
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Being excluded switches of Amu Darya course (see Sect. 2.3.2), the additional
water subtraction of 17.6 km? must be attributed to some still undetected transmission
losses along the poorly explored course of the Syr Darya river.

When analyzing this possibility, it has been noticed that the Syr Darya has hydro-
logical parameters averaging half of the values of the Amu Darya but at the same time
a much more meandering and undefined course, “frequently changing its bed, form-
ing channels that often lose themselves in the sands, and overflowing its low banks
at flood” ** ending up in constituting a deltaic floodplain one-and-half times wider
and potentially exposed to higher transport losses. Have also been found archaeo-
logical data and historical accounts (quoted in Sect. 5.2) testifying the occurrence of
medieval switches of the Syr Darya course relevant enough to divert the quasi total-
ity of the 21.1 km? residual flow of the river, matching in that way the hydrological
scenario inferred by geo-environmental reconstructions and described by the water
balance equation f5.

5.5.2 Water Diversion Events Along the Syr Darya Course

Significant events of water diversion from the middle and low Syr Darya course dur-
ing antiquity and, specifically, during medieval times are documented by geological
studies, archaeological data, and historical accounts.

Concerning geological studies, the susceptibility of the Syr Darya to switches
of river course into paleo-beds ending in neighboring depressions to now has been
underestimated. Most exposed to diversions are four points of the middle-low course:

e The first diversion occurs from the left bank at the exit of the Fergana valley,
feeding the Arnasay lowland and, today, the man-made Aydar-Arnasay lake. It
has become very relevant only in the last few decades after been enhanced by
Soviet technogenic implementations.?®

e The second occurs from the left bank of the Chardara river segment towards
the sand dunes of the Kyzylkum desert where a relict delta 100 km long with
front 60 km wide is detectable. This diversion happened during the period under
consideration at a scale that seems to be of medium size.’*

22See: Syr Darya, Encyclopedia Britannica 2011.

23The Arnasay lowland, formerly a dry salt pan and ephemeral lake (Tokzan lake), in the 60ies
started to be used as a flood control basin and grew into a lake with water surface of 3000 km? and
water volume of 44 km> (Aydar-Arnasay lake system). In that way an ‘unintentional byproduct of
Soviet planning’, by subtracting annually 10% of the Syr Darya water flow (3 km?), became one of
the main causes of the subsequent shrinking of the Aral Sea. As a whole, the total water surface of
useless Soviet evaporation basins amounts to 10,000 km? (Ashirbekov and Zonn 2003, 16). Today,
in spite of the fact that only 500 families inhabit the Aydar-Arnasay region, the restoration of the
former hydrological conditions is impeded by transboundary water conflicts.

24Today the areas paralleling the left bank of the Chardara river segment are concerned by seasonal

floods totally harvested within irrigation schemes, so that the Chardara paleodelta itself is almost
desiccated. This was not the case between the IX and XII AD when some of its distributaries were
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o The third, just at the head of the delta at +154 m a.s.1., is the right bank diversion
of the Telikol channel that during the period under consideration, after running
northward for 100 km, could have flooded the Daryalyk plain and the Ashikol
depression located between the Syr Darya course in the south and the Ulytau
mountains in the north, forming the so-called Telikol (or Gorguz) lake (Fig. 5.10).

Dagyalik

Sarykarish
paide

Fig. 5.10 Main diversions of river courses in the Aral Sea basin. The Syr Darya course presents four
main points of diversion, from SE to NW: Aydar-Arnasay, Chardara, Chiili, Zhanadarya. Most of
these points correspond to large historical and modern irrigation oases fed by catching floodwaters
(flood-basin irrigation schemes). The Telikol (Gorguz) lake was apparently covering the Daryalik
plain and Ashikol depression. White dot and arrow: point and direction of river course diversion.
Background: Bing satellite image, year 2000

surely active, as witnessed by the chronology of the ruins of 6 large villages aligned along the Josely
paleochannel (Asylbekov et al. 1994).
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e The fourth and only diversion event clearly quoted by historical accounts (note 12)
and considered by some authors (Barthold 1902; Boroffka 2010) is the diversion
of the Zhanadarya delta distributary into the sands of the Kyzylkum desert. The
event occurred together with the reactivation and re-colonization between XII and
XVI AD of the formerly dry Zhanadarya course (Fig. 5.12) and is not related to
the period under study.

Most significant for the present discussion is the Telikol diversion, due to its
chronology, size and location. The Telikol is today an artificial canal, but the existence
of a past natural diversion is evidenced by relict paleo-distributaries 100-200 m
wide diverging at Chiili from the Syr Darya right bank to the north for 100 km
until merging with the Sarysu and Chu river deltas. From there a multi-channel river
course established a large lacustrine system in the Daryalyk plain and the Ashikol
depression, and then flowed out to the west until merging with the terminal segment of
the northernmost distributary of the Syr Darya delta. “Finally, a curious observation
comes from the Memoirs of Sultan Babur (Babur 1530), a solid diary of events in
Central Asia at that time, who wrote “in my time, Djihun (Syr) was lost far away
in the sands”. This would imply that at least a good part of the Syr water did not
fetch the Aral. In fact, at the NW of Kzyl Orda, exists a large area of about 50,000
km? covered with gypsum and lake sediments, at the past junction of Syr Darya and
the Chu river (these lakes are shown on nineteenth century maps), which could have
evaporated most of the Syr Darya water. This does not seem to have been investigated
in detail, and could have consequences on reconstructions of the past of Aral Sea.”
(Cretaux et al. 2009, 285).

Given the geomorphological characters of the plain, the Telikol water basin
could only have been a system of lakelets, brackish ponds and evaporation flat
and salt playas occasionally gathering into large basins, functionally similar to the
Sarykamysh, shallower but much larger by size and evaporation potential.>> Geo-
logical studies concerning the region are scanty and up to now the full extent of
the Telikol diversion and lake have not been geologically documented and chrono-
logically attributed.

Better grounded are archaeological data. The head of the Syr Darya delta during
the VIII-X AD sees the sudden development of the Chiili oasis, with the building of
13 walled towns?® and a large agro-irrigational system covering around 44,000 ha

2The Syr Darya course diversion into the Daryalyk plain would have surely caused, if not a
large lake, in any case high transmission losses, which “are relatively low when flow is confined
to the primary channels, but increase at higher stages as lesser channels and the floodplain are
activated...exacerbated here by the exceptionally long distance and unusual multichannel form of
the channel/floodplain system” (Knighton 1994, pp. 137-142).

26The medieval walled towns of the Chiili oasis are in number of 13 and cover all together an area
of 44 ha. Signak, the largest (26 ha), is dated to the VI-XIX AD, 3 other towns to the VIII-XII AD,
and 8 to the X—XIV AD. Eight additional large villages covering together around 10 ha appeared
between the XIV-XVI AD. The Telikol channel has surely been active from the VIII until the
XII-XIV AD, after which is documented an enhance regime of the Zhanadarya distributary and of
the main course of the Syr Darya delta (Kerderi branch) in the context of low lake level stands
(Krivonogov 2009).
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Fig. 5.11 Walled towns along the Syr Darya during VII (left) and X (right) AD. Dots =towns:
red = occupied; yellow =newly built after the start of the century; white = just abandoned before
the start of the century
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Fig. 5.12 Phases of urbanization along different distributaries of the Syr Darya delta. Two discon-
tinuities in the urban development are detected at II BC and X AD (grey bands), both accompanied
by drying delta distributaries and peaking upstream urban development (source Sala 2012)

along the Telikol paleo-distributary and its diverging branches. Synchronous with
the urban development of the Chiili oasis is the progressive abandonment between
the VIII and X AD of the agro-urban structures of the lower Syr Darya delta,”’
apparently as result of critical upstream water subtraction along the mid-Syr Darya
course (Figs. 5.11 and 5.12).

2TThis process of urban contraction represents the last phase of the longstanding Jety-Asar culture
established in the II century BC along the Kuvandarya delta distributary.



118 R. Sala

Referring to historical accounts, the existence of a very large lake called Gorguz
in what seems corresponding to the Daryalyk plain is quoted in the “Kitab Nuzhat
al-Mushtaq” (‘Book of pleasant journeys’) of the medieval Muslim geographer
Muhammad Al-Idrisi (1100-1165 AD): “the Gorguz lake...bigger than the Aral
Sea....similar to an ocean”.*® Even the words of the Timurid ruler Babur quoted in
Sects. 2.3.2 and 5.2 could refer to the Telikol diversion (Babur 1530, 45).

The presence of a lake (or of a system of lakes) named Telikol in correspondence
of the Daryalyk plain and Ashikol depression still figures in several maps of the
XVII-XIX centuries (Schraembl 1792; Pansner 1816; Von Humbold 1843).

Among the modern specialists supporting the establishment of a large lake in that
region during medieval times are counted the English orientalist Miller (1926) and the
Soviet ethnographer Vaynberg (1999). B. Vaynberg, who during the 40ies and 50ies
was member of the Tolstov’s multidisciplinary expeditions involved in the ethno-
archaeological study of the ancient civilizations of the Amu Darya and Syr Darya
deltas, says: “To the east of Kzyl-Orda there is an extensive takyr plain (Daryalyk-
takyr) where, apparently, in antiquity and perhaps in the Middle Ages, there was a
lake into which flowed the Sarysu and Chu rivers and part of the Syr Darya runoff.
It is possible that this was the same lake marked on ancient and medieval Chinese
maps and mentioned by medieval Muslim travelers (Bichurin 1851, tome III, annexes;
Agadzhanov 1969, p. 65 and further). The Inkardarya and the ancient Janadarya
courses, which have origin at the south of this region, did not flow into this lake,
but undoubtedly into the Daryalyk-takyr “poured” a number of right bank paleo-
distributaries clearly discernible in the Chiili region and dated by archaeological
material from the early Iron Age to the Middle Ages.” (Vaynberg 1999, pp. 52-57).

The Telikol diversion and the flooding of the Daryalyk-Ashikol evaporation basin
could have subtracted, for few centuries around the turn of the I millennium, a large
part (17.6 km?) of the residual river stock of the Syr Darya (21.1 km?®), in agreement
with the evaluated total annual river inflow into the Aral Sea of 49 km?® (3.5 km?
from the Syr Darya and 46.5 km® from the Amu Darya).

The “Telikol hypothesis™ is certainly debatable but does raise a new significant
factor in the complex puzzle of the Aral Sea water levels: diversions of river course
along the middle-low Syr Darya. In particular, it introduces a diversion event that
during X-XII AD put in correspondence the evaluation of the anthropogenic water
withdrawal of 36.54 km? as calculated in Sect. 4.4 with the Aral Sea terminal river
inflow of 49 km? and water level at +49 m a.s.l. inferred by paleo-environmental
analyses (Sect. 2.2 and note 16).

28Such quotation has been resumed by two subsequent Muslim geographers, Ibn Kaldun
(1332-1406) and Ibn Iyas (1448-1522). Ibn Kaldun is adding that the lake is fed from the north by
“several streams originating from the Mrgar mountains” (Ulytau mountains?) (Agadjanov 1969,
70).



5 Quantitative Evaluation of the Impact on Aral Sea Levels ... 119

5.6 Conclusions

As conclusion it must to be admitted that, in modeling the interaction of the driving
factors of the hydrological parameters of an internally draining basin located in an
arid zone, the main difficulty encountered is that here rivers are flowing in wide flat
floodplains with discharges decreasing significantly downstream with high annual
and centennial anomalies, so that the “...modeling of flow regimes requires data on
the spatial and temporal distribution of (natural and anthropogenic) transmission
losses...due to infiltration to channel store and/or floodplain soils, evapotranspira-
tion, and ponding in terminal storages, such as ephemeral pools, channels and other
wetlands...” (Costelloe et al. 2003).
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Chapter 6 )
Reconsidering Archaeological oo
and Environmental Proxies for Long

Term Human-Environment Interactions

in the Valley of Kashmir

Michael Spate

Abstract As response to climate change becomes an ever present issue, consid-
erations of human-environment interactions in the past have moved beyond deter-
ministic notions of climatically driven cycles of social expansion and collapse to
more complex examinations of anthropogenic effects upon environments, as well
as the transformative effects environmental change has upon human societies. The
entanglement between these processes may be explored through a number of theo-
retical frameworks, including Niche Construction Theory (NCT) and other notions
of human resilience. The Valley of Kashmir in the northernmost region of South
Asia presents an opportunity for examining a number of these processes. This paper
aims to synthesise past archaeological and Holocene palacoclimate data, as well as
review past interpretations of human responses to climate factors in Kashmir. Argu-
ments are raised for new theoretical and methodological approaches to understanding
human-environment interactions in the valley, based on recent studies from Kashmir
and adjacent regions. These approaches aim to address gaps in understanding arising
from poorly resolved environmental records or uncritical integration of archaeologi-
cal and palaeoclimate data. Some early conclusions may be drawn as to ways in which
differentiated land use patterns across the valley and adjacent mountain zones would
have allowed for long term patterns of adjustment and reorganisation as a response
to climate pressures. New preliminary data that has the potential for exploring some
of these processes in the valley is also presented.
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6.1 Introduction

Situated at the intersection of the Tibetan Plateau, the Indian Subcontinent and Cen-
tral Asia, the valley of Kashmir has long been considered a temperate, fertile basin
between the often unpredictable monsoon driven environments to the south and
desert-steppe-mountain regions to the north and east. Due to political disturbances
within Kashmir since the 1980s, little archaeological or palacoenvironmental field-
work was undertaken for several decades. In recent years, some limited system-
atic archaeological survey and excavation has taken place (Yatoo 2005, 2012; Mani
2000), leading to publication of new palaeobotanical and archaeological data (Spate
et al. 2017; Pokharia et al. 2017). Broader discussions of prehistoric crop dispersals
(Stevens et al. 2016; D’ Alpoim-Guedes et al. 2014) have situated Kashmir as a node
within regional system of agricultural exchange predating the development of the
historic Silk Roads. Renewed interest in the Silk Road regions of China, Central and
South Asia more generally have placed cultural and economic change into contexts
of human-environment interaction, providing new frameworks against which we can
consider social and environmental change in Kashmir.

Drawing on a reappraisal of past archaeological and environmental data as well as
preliminary analysis of new fieldwork, the following discussion will examine these
long term cultural and environmental processes in the valley. Chronological focus
will be on the pre-, proto- and early historic periods in the valley, beginning with
the Neolithic ca. 3000 BCE, through to the Karkota Dynastic period ending ca. 900
CE. This study begins with a review of the geography of the Kashmir Valley, as
well as currently available archaeological and Holocene climate data (Sect. 2). Past
interpretive frameworks for human responses to environmental change are discussed
in Sect. 3, followed by an examination of recent interpretive palaeoecological frame-
works in adjacent regions of South and Central Asia and considerations of how they
may be applied to Kashmir. A concluding discussion raises potential new avenues
for research in the valley.

6.2 Valley of Kashmir

6.2.1 Geographic and Climatic Context

The valley of Kashmir is an intermontane basin in the Western Himalayas, the north-
ernmost region of the Indian Subcontinent. Stretching roughly 140 km north-south
and 40 km across its widest point, the valley is flanked on the eastern side by the
Greater Himalaya and on the west by the Pir Panjal ranges. The valley floor generally
sits between 1600 and 1800 m above sea level (ASL), with the peaks of the Pir Panjal
rising to around 4500 m ASL and the Greater Himalaya maintaining a crestline of
around 5000 m ASL.
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Fig. 6.1 Left—Kashmir valley (K) and surrounding mountain and foothill zones (Landsat, Google
Earth). Right—Historic borders of greater Kashmir region and modern military lines of control

To the north and east of Kashmir are the Trans-Himalaya and Karakoram ranges,
leading to high altitude steppic-deserts of Ladakh and the Tibetan Plateau (Husain
2008). South of the valley are the Himalayan Siwalik foothills, transitioning to the
monsoonal environment of the Punjab forelands. This topography situates the Kash-
mir valley as a transitional environmental niche between the Indian subcontinent to
the south and the mountainous and arid zones of Central Asia and Tibet (Fig. 6.1).

The Kashmir basin was formerly a massive lake, impounded by Pir Panjal orogeny
at around 4 million years ago. Ongoing upthrust at around 200 thousand years ago
(KYA) drove the water body against the Himalayan flank and began the lifting of
lacustrine sediments, known locally as Karewas, on the western side of the valley.
The relict landforms of this first phase of Karewa building on the Pir Panjal are
grouped as the Lower Karewa formation (Agrawal 1992: 47). From 200 to 85 KYA,
aridity driven desiccation and further tectonic activity pushed the lake into the north
eastern corner of the valley, leading to the emergence of the younger Upper Karewa
sediments. Initiation of loess deposition on the Lower Karewa sediments of Pir Panjal
flank began around 300 KYA and on the Upper Karewas from their first emergence
ca. 200 KYA (Agrawal 1992: 45). Faulting at the Baramulla gorge in the northwest
of the valley at around 85 KYA led to the draining of the lake and the formation of
the Jhelum River, as well the final emergence of Upper Karewa sediments on the
Himalayan flank (Dar et al. 2014). The lacustrine sediments of the Lower and Upper
Karewa and subsequent loessic sequences provide a long term climate archive for
the Plio-Pleistocene in Kashmir (Agrawal 1992).

Due to the orographic effect of the Pir Panjal, the Indian Summer Monsoon is
effectively blocked in Kashmir leading to a localised humid continental climate
(Koppen Dfb), with most precipitation in the form of cold winter rain and snow
(Husain 2008: 51). Precipitation is primarily driven by Westerly Disturbances, known
locally as Alamgir, between December and April (Kaul 2014: 157). Excessive winter
precipitation may be detrimental for Rabi (winter) crops such as wheat and barley,
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though good spring snow melt is crucial for irrigated Kharif (summer) rice agriculture
(Husain 2008: 137-139). This bi-seasonal cultivation takes place across the valley
in various ecological and topographic niches, with rice typically on the valley floor,
smaller fields of wheat and barley on the flanks, and in modern times maize being
the dominant middle-high altitude crop of Gujjar nomadic pastoralists.

The distinction between the valley floor, middle and high altitude zones are key
for examining variability in economic and cultural adaptations in Kashmir both in
the present day and in the past. The valley floor is an alluvial landscape comprised
of old and new alluvium, also categorised as river terrace and floodplain soils (Sidhu
and Surya 2014: 7). These soils are rich in potassium, phosphorus, calcium and mag-
nesium, and accumulation of nitrogen occurs in significant quantities allowing for
high agricultural potential (Qazi 2005: 30). At the margins of the alluvial landscape
are flat topped Upper Karewa terraces, known locally as wudur, standing up to 60 m
in height (Husain 2008: 27). Archaeological survey (Yatoo 2012; Bandey 2009) has
indicated that Neolithic villages in Kashmir tended to cluster on wudur, likely as
a means of mitigating flood risk. This alluvial landscape and associated tablelands
form a zone for intensive cultivation and settlement, extending into the mountain
foothills to an altitude of around 2200 m ASL (Kaul 2014: 56).

Between 2500 and 3500 m ASL are meadows known locally as marg or pathri
(Singh 1963), situated within mountain forest belts at middle altitudes, as well
as above the timberline. Bhatt (1978) divides these into a high altitude type ca.
3000-3500 m ASL, based on Hirpur clay formations and a lower type based on a
silty substratum between 2400 and 3000 m ASL. Agrawal (1992) describes the lower
meadow landscapes as being built on the infilling of glacially ground basins and lakes,
ideal for environmental coring. Both types of meadow are grazed by flocks of goats
and sheep as part of the annual migratory cycle of Gujjar-Bakharwal transhumant
groups in the region today (Casimir and Rao 1985).

The ecological diversity in the Kashmir Valley may allow us to conceive of the
valley as generally comprised of two ecotopes, being the valley floor and the mon-
tane zone. Within these zones are a number of smaller transitional areas (Fig. 6.2),
particularly between the forest and meadow communities in the montane zone. More
broadly, we may consider the entire valley as a transitional ecotone, situated between
the high altitude desert of the Ladakh region, the desert and steppe regions of Central
Asia and the sub-tropical regions of the Siwaliks and Punjab to the south, at the
interface of Summer Monsoon and Westerly dominated climate zones. The interre-
lations between various ecotopes and social and economic organisation are argued
as primary drivers of cultural and technological exchange in Bronze and Iron Age
Central and South Asia (Frachetti 2012; Spengler et al. 2013; Stevens et al. 2016).

6.2.2 Archaeological and Historical Context

Early cultural development in Kashmir has primarily been understood through exca-
vations of five pre and proto historic sites, whilst early historic (Kushan and Karkota)
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Fig. 6.2 Transverse section across Kashmir valley depicting topographic variation and zonal dif-
ferentiation. Mid altitude pastures Dodpathri and Pahalgam marked as is Pampore city on the valley
floor. Major modern vegetation taxa from each zone is listed, economically important cultivars in
bold

periods were also documented in Kashmiri and Chinese historical accounts. A gen-
eral chronology of cultural changes is presented in Table 6.1.

Excavations at the sites of Burzahom, Gufkral and Kanispura (Fig. 6.3) in the
east, south and northwest of the valley have allowed for the development of an
archaeological sequence beginning with an Aceramic phase, followed by Early, Late
and Megalithic Neolithic periods (Possehl 2002; Sharma 2013; Mani 2000). Though
only a small number of absolute dates have been returned from Burzahom and Kanis-
pura (Agrawal and Kharakwal 2002; Pokharia et al. 2017), a fuller sequence from
Gufkral is available (Sharma 2013) and a stratified sequence of dates from a surveyed
Late Neolithic pit at Qasim Bagh have recently been published (Spate et al. 2017).
From these sources, a tentative internal chronology of Neolithic development in the

Table 6.1 General chronology of cultural phases and excavated sites in Kashmir (Agrawal 1992;
Bandey 2009; Shali 2001; Spate et al. 2017; Yatoo 2012)

Period Date range Sites

Karkota 600-900 CE Semthan

Hunnic 300-600 CE Kanispura, Harwan

Kushan 1-300 CE Kanispura, Semthan, Harwan
Indo-Greek 200 BCE-1CE Semthan

NBPW 700-200 BCE Semthan

Megalithic 1500-700 BCE Burzahom, Gufkral, Semthan
Late Neolithic 2000-1500 BCE Burzahom, Gufkral, Qasim Bagh
Early Neolithic 2500-2000 BCE Burzahom, Gufkral, Kanispura
Aceramic Neolithic 3000-2500 BCE Kanispura, Gutkral
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Fig. 6.3 Archaeological sites and environmental cores discussed in text. Sites: 1. Burzahom &
Harwan; 2. Gufkral; 3. Kanispura; 4. Qasim Bagh; 5. Semthan. Cores: A. Toshmaidan; B. Hygam;
C. Butapathri; D. Pari-Has (Basemap source: ESRI)

valley may be conceived as: Aceramic Neolithic 3000-2700 BCE; Early Neolithic
2700-2000 BCE; Late Neolithic 2000-1500 BCE; Megalithic 1500-700 BCE.

Change in material culture through the Neolithic is relatively conservative, begin-
ning with a ground stone lithic industry during the Aceramic (Pant et al. 1982), the
use of which continues throughout the cultural sequence. During the Late Neolithic
polished stone harvesters are introduced comparable to types from the Yangshao
Neolithic of China, leading to speculation of cultural connections with North Asia
(Possehl 2002). The ceramic sequence begins with coarse ware cooking pots during
the Early Neolithic, with later introductions of fine and burnished wares. During the
Megalithic, a gritty red ware is introduced (Yatoo 2012). Structural remains consist
of subterranean rectangular dwellings with a timber superstructure in early periods,
followed by rammed earth platform buildings during later phases (Sharma 2013).
Throughout the Neolithic, large conical pits up to 3 m deep were dug, the use of
which is subject to ongoing debate (Conningham and Sutherland 1997; Young 2003;
Bandey 2009).

Analysis of botanical (Lone et al. 1993; Spate et al. 2017; Pokharia et al. 2017)
and faunal (Sharma 2013) remains seems to indicate the early economy during the
Neolithic was based upon hunting and cultivation of winter barley and wheat. A later
shift towards consumption of domestic animals and the introduction of rice and millet
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may be interpreted as a shift towards bi-seasonal cropping, and the development of
a herding economy.

Later cultural phases are represented at the site of Semthan in the southeast of
the valley. Little excavation data has been formally published and most informa-
tion is gleaned from annual reports (Thapar 1980; Mitra 1983) and a systematic
botanical study (Lone et al. 1993). The sequence begins with a phase comparable
to the Megalithic (ca. 1500-700 BCE) at Burzahom and Gufkral (Semthan Phase
I), whilst subsequent phases represent the first changes in material culture linking
Kashmir to the rise of Iron Age urbanism on the Indian Subcontinent. Phase II (ca.
700-200 BCE) is analogous to the Northern Black Polished Ware (NBPW) cul-
ture of South Asia, whilst Phase III (ca. 200 BC-1CE) represents an Indo-Greek
period. The Kushan period is represented by Phase IV (1-300 CE), whilst Phase V
(600-900 CE) is considered contemporary with the “prolific temple building” period
of the Hindu Karkota Dynasty (Mitra 1983: 23). The Kushan period is also evident
in temple and settlement remains at Kanispur (Mani 2000; Pokharia et al. 2017) and
temple structures at Harwan in Srinagar (Kak 1933). Post-Kushan period remains
(ca. 300-600 CE) at Kanispura and Harwan have been interpreted as evidence of
incursion by Central Asian Hunnic nomads (Shali 2001).

Botanical macro remains from Semthan indicate a shift towards summer rice and
millet agriculture during all phases, and also sees the introduction of several South
Asian summer pulses such as Vigna mungo, Vigna radiata, and Vigna acontifolia
(Lone et al. 1993: 209-212). Lone et al. (1993) have argued that despite this broad-
ening of the agricultural package, the thinness of the archaeological deposits of the
NBPW and Indo-Greek phases, coupled with a declining diversity index of wood
charcoal at the site indicates some form of population collapse during this period.

Itis unclear whether the Kushan period represents a population recovery following
collapse as interpreted by Agrawal and Lone et al., or rather represents the first major
archaeological evidence for social reorganisation and intensified urban settlement in
Kashmir. Excavation data from the pre and proto historic periods suggest evidence for
both economic diversity and horizontal social complexity, whilst the Kushan period
may be the first instance of development of vertical complexity and state building in
the valley. These institutional changes would shift the opportunities and constraints
for responses to climate or demographic pressure in the valley, processes that would
have continued through the Karkota period. Bamzai (1994) has also argued that the
Karkota period was a time of major institutional realignment, with an expansion of
bureaucracy, intensification of public works including major irrigation systems and
centralisation of social responses to environmental calamity. This period also saw a
political re-orientation towards China against the backdrop of the decline and fall of
the Sassanian and Gupta Empires in Greater Iran and India.
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6.2.3 Holocene Palaeoclimate

The earliest paleoclimate studies in Kashmir tended to focus on glacial cycles and
Pleistocene vegetation changes in Lower Karewa sediments (De Terre and Pater-
son 1939). Holocene climate reconstruction was first undertaken by Singh (1963),
producing a post-glacial vegetation sequence from a high altitude peat bog at Tosh-
maidan in northwest Kashmir. Singh identifies 8 pollen zones and 9 stratigraphic
sections, which were dated through later re-excavation and sampling of bedding
planes (Singh and Agrawal 1976). These dates have been recalibrated and presented
in Table 6.2 alongside Singh’s original phasing.

Singh (1963: 103) uses broad leaf/coniferous (B/C) ratios as an index of post-
glacial warming and cooling, finding correlation between the advance of broad leaved
and thermophilic non arboreal taxa, most notably in Stages b, d and e. Despite
the return of Pinus dominance in Stage c, Singh interprets Stages a-e as a post-
glacial amelioration with a climatic optimum during Stage e. Dating of this stage
remains problematic due to poor correlation between the initial pollen study and
later resampling to date the column (Singh and Agrawal 1976). Vishnu-Mittre (1966;
Vishnu-Mittre and Sharma 1966) has argued the three warm phases of Toshmaidan
stages b, d and e correlate with other past thermophilic vegetation stages in an undated
sequence at Haigam on the valley floor, positing a succession of post glacial warming
and cooling directly comparable with the European Blytt—Sernander pre-Boreal to
sub-Atlantic phases.

Two high altitude pollen records from peat bogs at Butapathri-I and Butapathri-
IT (3000 m ASI) attempted to refine the chronology of the Toshmaidan sequence
(Dodia 1983). The first record is argued to be evidence advance of broad leaf species
over conifers from around 18,000-15,000 BP, indicating an early period of climatic
amelioration following the last glacial maximum (Agrawal 1988). This broad leaf
advance is also synchronous with strong formation of paleosols throughout the valley
(Kusumgar et al. 1986). A warm wet phase at 18 Kya is indicated by §'C ratios
from Paleosol 1 at Burzahom, where a ratio of —25.3% indicates strong dominance
of warm wet favouring C3 plants, which contrasts clearly with C4 dominance in the
organic fraction of earlier buried paleosols (Krishnamurthy et al. 1982). The record
at Butapathri-II gives a sequence dating back to ca. 12 K BP (Dodia 1983). Both
records seem to indicate the onset of thermophilic Juglans, Carpinus, and Corylus
broad leaved taxa at around 5000 BP, again roughly synchronous with the start of
the Neolithic period. Reconstructing a well resolved chronology from these records
presents some difficulty due to bulk organic dates being taken from samples up
to 50 cm in length, and these records may best serve generally refining the cool-
dry/warm-wet phases in the valley.

Later Holocene climatic records have been reconstructed through pollen
sequences from lower altitude lakes at Anchar and Horkasar (Dodia 1983; Agrawal
et al. 1989), dating to 4000 BP and 1000 BP respectively (Agrawal et al. 1989).
Anchar is characterised by the dominance of grasses interpreted as cereals in the
NAP curve, with Pinus/broad leaf fluctuations in the arboreal pollens. An anti-
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correlation between anthropogenic plants and aquatics suggests the reclamation of
farming land at lake margins on the valley floor. A similar relation anti-correlation
is found at 800 BP in the Horkasar core, which Agrawal et al. (1989) believe to be
evidence for the beginning of intensive rice paddy cultivation. Fluctuations in anthro-
pogenic crops against a background climate index based on B/C ratios may allow
for an understanding of ecological responses to climate change, however complete
data sets from these records remain unpublished.

Agrawal (1988: 339) notes the early post glacial warming in Kashmir may be
correlated with pollen records from Nepal and Japan, and suggests the possibility
of a latitudinal climatic belt. As Agrawal (1988: 340) also describes an inverse
correlation between Kashmiri and lowland North Indian records, the orographic
effects of the Pir Panjal and Tibetan plateau on the paleoclimate of Kashmir may
be a dominant factor in influencing local and regional conditions. The regionally
out of synch climate proposed by Agrawal seems to be supported by comparison of
the Kashmir records with pollen, isotopic and geochemical records from the Siwalik
foothills to the south (Trivedi and Chauhan 2009; Das et al. 2010) and the Trans-
Himalayan and Ladakh regions to the northeast (Rawat et al. 2015; Leipe et al.
2014; Demske et al. 2009). A comparison of shifts in climate between Kashmir and
adjacent regions (Table 6.3) reflects more frequent onsets of optimal conditions and
transitional periods in the valley than the protracted cold dry desert conditions of the
Trans-Himalaya or fluctuations in monsoonal periods of the Siwaliks.

The apparently regionally asynchronous climate shifts in Kashmir have allowed
for some scholars to conceptualise cultural change in the valley as driven by fluctu-
ations between warm-wet and cool-dry cycles, treating the valley as a climatically
optimal ecological refuge between the steppe-desert and monsoonal systems of sur-
rounding areas (Agrawal 1988, 1992; Shali 2001). In these schemes, the Neolithic,
Kushan and Karkota periods map neatly onto warm wet periods (Table 6.3), inter-
spersed with periods of cultural or societal degradation. Whilst these may be useful
interpretations in a broad sense, they are complicated by the poorly resolved chronol-
ogy of climatic records and gaps in knowledge of the economy, ecology and social
organisation during large parts of these cultural phases. Taking into regard the vari-
ability of environmental zones within the valley and what is known from archaeo-
logical and palaeoclimatic records, we are presented with the opportunity to produce
an integrated model for understanding long term human-environment interaction in
Kashmir.

6.3 Human-Environment Interaction in Kashmir

6.3.1 Previous Studies

Early examinations of the interrelation between climate change and human activ-
ity in Kashmir were raised by De Terre and Paterson (1939: 233-235), critiquing
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the provenance of artefacts previously believed to be Palaeolithic and arguing that
human habitation of the valley most likely became possible as a response to warmer
conditions of the Holocene. In this interpretation, late Palaeolithic hunters colonised
the valley in the pursuit of new game, before taking up agriculture. Despite raising
these question, much of their work was dedicated to glacial cycles and climate change
operating at time scales longer than human occupation of the valley.

Subsequent studies drew upon the interpretation of anthropogenic markers in
pollen records. Singh (1963) ascribes some changes in the Toshmaidan record to
deforestation during the migration of Aryans and Indo-Greeks, grazing by Central
Asian pastoralists and large scale works during the Mughal period, however the
impacts and timing of these are not clearly articulated. Vishnu-Mittre (1966) has
argued that the pollen record from Toshmaidan provides little to no evidence for
human impact on the environment, in contrast with the Hygam record with some
indicators of agricultural intensification, based on fluctuations in the pollen curves
of cereal grasses and Plantago lanceolata. Vishnu-Mittre and Sharma (1966: 206)
describe the Hygam records as having four anthropogenic phases: the commence-
ment of agriculture; low level cultivation; intensification of agriculture; and decline.
Notably, the decline corresponds with the end of Hygam pollen Stage e, marked
by an increase in coniferous species interpreted as evidence for regional cooling.
Vishnu-Mittre and Sharma argue that agricultural intensification corresponds with

Table 6.3 Comparative chronology of Kashmir climate and cultural phases with regional climate
shifts (Kashmir records: Singh 1963; Dodia 1983; Agrawal 1992. Siwaliks: Trivedi and Chauhan
2009; Das et al. 2010. Trans-Himalaya: Rawat et al. 2015; Leipe et al. 2014; Demske et al. 2009)

Cultural Periods YBP Kashmir Siwaliks Trans-Himalaya
Histori 500 Cool Dry Cool Dry - Ameliorating Cool Dry - Ameliorating
istoric
1000 | Warm Broad Leaf dominance
Karkota 1500 Transitional - Cooling
Kushan 2000 | Warm Broad Leaf dominance
Cold Dry
NBPW/Indo-Greek 2500
000 Cool Dry Cool Dry
Megalithic
3500 Transitional - Cooling
Late Neolithic 4000 . ;
— ) Transitional - Cooling
Early Neolithic 4500 Holocene Optimal
Aceramic Neolithic 5000
5500 Warm Broad Leaf dominance .
Holocene Optimal
6000
6500
Cool Di
7000 Cool Dry Sl P .
Transitional - Warming
7500
8000
8500 Warm Broad Leaf dominance 2k Conl bvent
000 Transitional - Cooling
9500
Cool Dry
10000
10500 Warm Broad Leaf dominance
E:gg Records unavailable
o i Warm Wet
12000 Transitional - Warming

12500
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the Holocene optimum during the Neolithic period and subsequent contractions are
again evidence of a climate driven societal collapse. These interpretation are prob-
lematised by the lack of absolute dates from the Hygam record.

The Kashmir Palaeoclimate Project (KPCP) was initiated in the early 1980s before
being interrupted by rising militancy in the valley. In addition to documenting the
first securely dated Upper Palaeolithic in the valley at around 18 kya (Pant et al.
1982), the project revised produced new chronological, palynological, isotopic and
geological data. A synthesis of these studies (Agrawal 1992) argued for expansions
of settlements and population expansion in the valley during warm wet periods of
the Upper Palaeolithic, Neolithic, Kushan and Karkota periods, as evidenced by the
spread of Neolithic villages, and later, monumental constructions throughout the
valley during climatic ameliorations. Agrawal (1992: 271) argues that settlement
expansion and population growth during these periods led to Malthusian pressures
precipitating societal collapse when average temperatures declined by one to two
degrees during periods of cooling.

Drawing on historical accounts, and KPCP and archaeological datasets, Shali
(2001) interpreted culture change in Kashmir as a unilinear sequence of cultural
development, following Agrawal’s (1992) scheme of acceleration during optimal
conditions and slowing during cold dry periods. Shali integrates some discussion
of economic changes during these periods, attributing the expansion of agriculture
and animal husbandry to ongoing increases in social complexity allowing for the
division of labour and the importation of new crop species as part of regional trade
intensification. Shali (2001: 134) has also argued for regional climate change as
a driver of migrating Central Asian tribes, forcing them into closer contact with
Kashmir due to the more favourable climate of the valley. These demographic influxes
are argued to have contributed either to fragility of social structures during climatic
deteriorations (Shali 2001: 129), or accelerated technological and cultural change
and synthesis during optimal conditions (Shali 2001: 182).

The interpretive frameworks of the studies above are closely tied to notions of
environmentally driven societal collapses that have been subject to reappraisal in
recent archaeological literature (McAnany and Yoffee 2009; Faulseit 2015). Com-
mon to collapse oriented studies are varying degrees of human-induced stresses on
environments, or global and regional climate change as the primary forcing factors
of historical transformation (Middleton 2012). Yatoo (2012) has argued that inter-
pretations such as this arise partly as the result of site-centric archaeological studies
in Kashmir and ad hoc correlation with often poorly resolved climate data, evident
in such assumptions as the presence of monumental construction during the Kushan
and Karkota periods as periods of wealth and stability interspersed with periods
of climate driven hardship. Scott (2017) has argued that archaic states, rather than
populations as a whole, are particularly susceptible to climate change, and that the
absence of large archaeological monuments during periods previously interpreted to
be phases of “collapse” may simply be evidence for the breakdown of coercive forces
able to centralise labour for such large scale constructions. Yatoo’s (2012) landscape
oriented studies in northwest Kashmir may present early evidence for social reorgan-
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isation, and dispersed and adaptive patterns of land use in the valley, though further
archaeological testing and excavation is required to better understand these changes.
Resilience to acute or protracted climate change in South Asia has been examined
through shifts in cropping pattern that allowed Indus Valley populations to cope with
environmental diversity and stresses in prehistoric northern South Asia (Petrie et al.
2017). Changes in water management, crop selection and settlement pattern have
opened new debate onto the ways that Harappan populations responded to climate
episodes such as the 4.2 k event, shifting discussions from one of collapse following
the Mature Harappan period to reconsidering the post-urban Late Harappan as an
adaptive settlement strategy rather than necessarily a period of collapse. Young (2003)
has modelled long term economic and social adaptation across multiple environments
in the valleys and lowlands of northwest Pakistan. Drawing on botanical and faunal
remains as well as environmental, archaeological and ethnographic evidence for
shifting patterns of seasonal pastoral mobility, sedentism and cultivation, Young
argues for complex and shifting relationships between Bronze and Iron Age agro-
pastoralists, their environment and adjacent regions of China, Kashmir and Central
Asia (Young 2003). These multi-proxy studies may provide the best avenue to build
more robust new models of past human-environment relationships in Kashmir.

6.3.2 Kashmir as Ecological Niche

Based on the geography and climate of Kashmir described in Sect. 2, we may consider
the valley to be an orographically circumscribed entity comprised of smaller ecolog-
ical zones. Though the valley has long been culturally and ecologically enmeshed
with adjacent regions, the enclosing topography allows for well-defined spatial con-
straints for testing hypotheses relating to human-environment interactions. We may
consider Kashmir as a fertile and temperate niche, attractive for various forms of set-
tlement, cultivation and resource exploitation (Agrawal 1992; Shali 2001; Bandey
2009). Whilst these naturally occurring conditions may have been a factor in ini-
tial settlement of the valley, anthropogenically induced environmental stresses and
opportunities in the valley were likely major drivers of social change.

Niche Construction Theory (NCT) originates in evolutionary biology, emphasis-
ing the ability of organisms to partially direct their own, and other species evolution-
ary pathways through the modification of the dwelling niches in which they exist
(Laland and O’Brien 2010). Laland and O’Brien (2010) have argued that due to the
capacity Homo sapiens have for intergenerational cultural and technological trans-
fer, human niche construction is unique in its potency for directing the evolution of
human and other species. Examples of this may include the ways that dietary pat-
terns relating to hunting and gathering, agriculture or pastoralism may have impacted
both human genetic evolution in terms of the capacity to process starch or lactose,
and the evolution of cultivated crops or domestic animals. As opposed to dichoto-
mous relationships of co-evolutionary frameworks such as host-parasite, predator-
prey, herbivore-plant, Laland and O’Brien (2010: 311-312) stress that NCT may
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be conceived of as a broader network of indirect evolutionary linkages that may be
recognisable archaeologically.

Responding to debates pushing for a global Anthropocene beginning in the 20th
Century, archaeologically focused scholars argue that human niche construction has
impacted environments and species distribution globally since the Late Pleistocene
(Boivin et al. 2016). Of four key phases of human niche construction identified by
Boivin et al. (2016), two are particularly useful for examining human-environment
relations in the Kashmir Valley, the first being the spread of agriculture and pastoral-
ism, during which a number of domesticated plants and animals, alongside other
commensal species, dispersed across the globe. The second phase is the subsequent
development of urbanism and elaboration of trade networks during which intensified
patterns of land usage, cultural exchange and overexploitation of resources began
to take place. Ellis et al. (2017) list several archaeologically and geologically vis-
ible proxies of niche construction by agrarian societies, including anthrosols and
degraded soils, deforestation and permanent fields, all of which may be detected in
Kashmir.

In addition to detecting landscape modification by cultivators, Spengler (2014)
has argued for NCT as an informative framework for understanding practices of
Central Asian pastoral groups during the Bronze (ca. 2500-500 BC) and Iron Ages
(500 BC-AD 500). Contra to past views that nomadic or transhumant pastoralists
simply inhabited ecological niches, Spengler argues for long term processes of inten-
tional landscape modification as a cultural and economic strategy, visible through
environmental markers for deforestation and suppression of woody taxa in favour
of herbaceous colonists associated with grazing, most commonly Chenopodium
species. Miehe et al. (2009) have also argued that this phenomenon is visible in
changes in the pollen spectrum in Tibet, where pollen and micro charcoal indicators
for mid-Holocene deforestation and grazing fluctuate independently of isotopic and
geochemical records displaying no evidence of pasture management, tying into wider
debates on the ways that economic adaptation may have allowed humans to colonise
the Tibetan Plateau. These case studies provide a method for detecting pastoralist
niche construction in Kashmir.

6.3.3 Conceptualising Long Term Human-Environment
Interaction in Kashmir

The framework proposed in this paper aims to draw on multiple lines of archaeo-
logical and environmental data to model both human responses to environmental or
climatic changes in the valley, and human modification of the valley itself. Based
upon differentiated geographical and topographical zones within Kashmir, long term
human ecology may be characterised through shifting patterns of settlement, eco-
nomic and cultural organisation across the alluvial valley floor (1600—1800 m ASL),
Karewa tablelands and foothill zone (1800-2200 m ASL), mountain (2200-3000 m
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Table 6.4 Framework for modelling local and regional scale human activities in Kashmir valley,
including potential archaeological and environmental proxy evidence. Local scale dynamics are
bridged across topographic zones by regionally controlling social, political and climatic factors

Economic/technical
ic Zone i factors i ic factors Adaptive i Proxy evidence

Alluvial Mineralingut Agricubure 5o degradation Crop

Fleoding Flacaing

Foathill Fooding

Mountain Seascmaliy Patoralism Dwrgrasing

Man spreies dveriry HauntingTernging D rity delios

Supplementary agriculture

Alpine Seasonalty Pastoratam

Regional dynamics - climate change, social complexity,
interaction and trade, etc

Plant species dversity

Local scale dynamics

ASL) and alpine (30004000 m ASL) zones. Though certain activities in each of
these zones may be geographically constrained, they do not operated as discrete units
and are integrated into a dynamic, valley wide network (Table 6.4). Certain social
or environmental factors may influence these activities at local scales (Table 6.4,
x-axis), whilst also being subject to shifting climatic, cultural or political dynamics
at regional or extra-regional scales (Table 6.4, y-axis). Regional factors may include
broad climate shifts as described by Singh (1963) and Agrawal (1992), the interaction
of Kashmir with prehistoric networks of pastoral and agricultural exchange (Stevens
et al. 2016), or cultural integration with prehistoric cultural complexes (Yatoo and
Bandey 2014) and later systems of imperial control (Shah 2013).

Modelling local scale dynamics across the valley requires consideration of the
appropriateness of specific proxy evidence and the ways these datasets may be inter-
preted to separate regional scale changes from local human-environment interac-
tions. Such interpretation may be reasonably uncomplicated in the cases such as
long term studies of relatively stable archaeological features, though may become
more problematic when trying to resolve small scale human activities in long term
environmental archives.

6.3.3.1 Settlement Pattern

The first systematic field survey of settlement pattern in relation to ongoing social
process and environmental change in Kashmir was undertaken by Yatoo (2012) in
the Baramulla District in the northwest of the valley. Yatoo’s work aims to integrate
long term settlement stability and change with other shifts in resource utilisation and
cultural interactions. Despite the fact that the study examined only surface features,
settlements seemed to vary topographically through time, and multi-period sites were
in the minority of those recorded (Yatoo 2012: 197). Yatoo’s data shows that during



138 M. Spate

the Neolithic period, settlements typically clustered on Karewa table tops above
the Jhelum floodplain, around or above 1600 m ASL. All surveyed Neolithic sites
were within a single size category of 7500-9000 m?. In subsequent protohistoric and
historic periods, there is a greater diversity of altitudinal distribution and settlement
density. Yatoo attributes these changes to broadening resource utilisation, including
paddy cultivation within the floodplain and grazing in mountain zones, as well as
responses to climatic shifts, such as fluctuation in river and lake levels on the valley
floor.

Conningham and Sutherland (1997) and Young (2003) have also raised questions
of seasonal settlement pattern during the early Neolithic periods. Subterranean con-
ical structures during this period were traditionally believed to be winter habitation
pits (Bandey 2009). Reassessing these structures in the Kashmir and Swat Valleys,
Conningham and Sutherland argue for food processing or other non-habitational uses
of the pits, the nature of winter dwellings in the valleys. This has been explained
through the possibility of seasonal pastoralism and wholesale abandonment of set-
tlements in the valley during winter (Conningham and Sutherland 1997: 32), perhaps
as part of a seasonal pastoral migration. Seasonal mobility may be one explanation
for variation in settlement patterns that goes beyond growth and contraction settle-
ment and climate cycles, as it may allow for some flexibility in response to climate
pressures, from short term to long term scales. Despite the appeal of this model,
there is yet little other evidence for wholesale movements of populations out of the
valley, and from the Neolithic onwards the seasonal growth cycles of certain crops
within archaeobotanical assemblages suggests a tendency to year long occupation in
the valley.

6.3.3.2 Agricultural Adaptations

The Early Neolithic botanical assemblage from four phases at Kanispura provides the
first insights into agriculture in the valley. The oldest plant remains at the site are dated
relative to c. 2700 BC, with wheat and barley grains from a later phase directly dated
¢. 2200 BCE (Pokharia et al. 2017). The overall assemblage is dominated by barley
(Hordeum vulgare) with smaller amounts of emmer wheat (Triticum dicoccum),
compact wheat (7. cf. aestivum) and a large proportion of lentil (Lens culinaris).
The composition of this assemblage is comparable to contemporary sites situated to
the west of Kashmir, including Sheri Khan Tarakai (Thomas and Cartwright 2010),
Mehrgarh (Costantini 1981) as well as at southern Central Asian sites including
Jeitun (Harris 2010) and Anau (Miller 1999). Costantini (2008) describes these early
periods of farming at Mehrgarh as developing prior to specialisation of agriculture and
selective cultivation of crops. This protracted transition to agriculture in South Asia
occurs through shifting relationships between cultivation, sedentism and pastoralism
(Murphy and Fuller 2016). Though there is not yet any recorded evidence for early
sedentism or cultivation at during the Aceramic phase at Kanispur, the presence of
stable settlement structures and agricultural crops at the slightly later dated Gufkral
Aceramic (Sharma 2013) raises possibility for their discovery in the future.
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The Aceramic period at Gufkral is also characterised by cultivation dominated
by barley, followed by smaller proportions of wheat, lentil and pea (Sharma 2013:
103). During the Early Neolithic wheat becomes the dominant crop, and rice intro-
duced during the Late Neolithic, becoming the primary crop by the Megalithic. These
changes in consumption patterns are comparable to the Neolithic botanical assem-
blages from Burzahom, from the Early Neolithic onwards, though rice never comes
to dominate the assemblage as at Gufkral (Lone et al. 1993). These developments
have been interpreted as a shift from single season to bi-seasonal cultivation, with the
emergence of rice as the dominant crop linked to more favourable summer growing
conditions in Kashmir (Lone et al. 1993: 202-203). However, the diversity of botan-
ical assemblages across sites in the valley seems to suggest at least some form of
localised selection of crops. This may be reinforced through examination of stratified
botanical remains from a conical pit at Qasim Bagh (Spate et al. 2017), where wheats
dominated throughout the sequence dated ca. 2000—1400, with smaller proportions
of broomcorn millet (Panicum miliaceum) and lentil. Barley and rice are entirely
absent from the assemblage.

Rice dominates the Megalithic and NBPW phases at Semthan, before a shift
to primarily barley and wheat during the Indo-Greek and Kushan periods (Lone
et al. 1993). Barley and wheat together make up the largest proportion of crops
during the Kushan period at Kanispur at nearly double the quantity of summer rice
and millets (Pokharia et al. 2017). The returning dominance of winter wheat/barley
may be ascribed to their higher calorific returns (Bates et al. 2017), as well as their
suitability to cooler-dry conditions following the Megalithic period. Due to a lack of
excavation data, it is unclear whether there was a form of population collapse, though
fragmentary evidence suggests some form of “Iron Age” social reorganisation took
place in Kashmir and regionally following 1000 BC (Yatoo 2012: 287-289). Climate
or population factors aside, these reorganisations may have led to shifting of patterns
of labour, better suited to flexible forms of agro-pastoralism incorporating wheat and
barley, rather than the more centralised cultivation of rice on the valley floor.

Archaeobotanical remains from pre and early historic sites in Kashmir give insight
into long term patterns of human adaptation to the ecology of the valley. The early
barley and emmer wheat dominated phases at Kanispur and Gufkral may be evidence
of the initial importation into the valley of aridity tolerant forms of cultivation more
suited to the hilly northern regions of South Asia. Shifts towards wheat and rice
cultivation may be driven by social or cultural factors as well as exploitation of the
more fertile Jhelum alluvial soils and water availability in the valley. Proportional
representation of botanical remains may be influenced by taphonomic and other pre-
deposition factors, however the spatial and chronological variation of these remains
across the valley allows some understanding of economic shifts as part of long term
human-environment interaction in Kashmir.
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6.3.3.3 Evidence for Pastoralism

Mortality patterns and species composition in faunal assemblages from Gufkral indi-
cate an economy based on hunting of wild animals during the Aceramic Neolithic
period, with domestic sheep and goats representing only 5% of the total assemblage
(Sharma 2013). By the Early Neolithic, domestic caprids represent 26% of the animal
economy, with domestic cattle making up a further 18%. These proportions increas-
ing to 45 and 20% during the Late Neolithic. No faunal data has been published
from either Burzahom or Kanispur, though preliminary reports indicate a significant
hunting element at Burzahom during the Early Neolithic (Allchin and Allchin 1982:
112). Changes in these assemblages suggest an increasingly important pastoral com-
ponent to the economy of Kashmir, though this development has been little examined
other than Singh’s (1963) attribution of some past deforestation on the flanks of the
valley to Central Asian pastoralist groups.

With the exception of Singh’s comments, there has been little consideration of
the past impacts of transhumant grazing in Kashmir. Recent studies in the moun-
tainous zones of Central Asia have situated pastoral groups as drivers of prehistoric
crop exchange (Stevens et al. 2016; Spengler 2015), as well as pastoralist ecological
practices and routes as laying the basis of the historic Silk Road networks between
China, Central and South Asia (Frachetti et al. 2017). Stevens et al. (2016) have
considered Kashmir as an important node in the spread of Chinese technologies and
domesticates including stone fruits, millets and ground edged harvesters into north-
ern South Asia, though the timing and mechanisms for this exchange are not yet
articulated. The recent discovery of broomcorn millets at Qasim Bagh (Spate et al.
2017) seems to indicate that these exchanges likely took place through contact with
pastoralist networks of exchange throughout Central and South Asia in the second
millennium BCE. As well as their importance in developing these exchange networks,
long term and flexible land use patterns by pastoral groups in Central Asia maybe
important tools for understanding patterns of human resilience and environmental
adaptation in the region (Spengler et al. 2013; Frachetti 2012). Due to the limited
survey and excavation that has taken place in Kashmir, particularly at middle alti-
tudes, detecting the presence of past patterns of pastoralism may be best approached
through environmental records. Following the NCT concept for pastoralist modifi-
cation of the landscape proposed by Spengler (2014), we may consider applicable
markers for pastoralist modification of, and adaptation to, the Kashmir landscape in
the past.

Though there has been no major research into past pastoral environmental impacts
in Kashmir, modern ethnographic (Casimir and Rao 1985) and ecological (Mir et al.
2015; Ahmad et al. 2013; Dad and Khan 2010) studies have documented the impact
of grazing of various intensities on vegetation communities distributed spatially and
altitudinally across Kashmir. Through participant observation of seasonally migrat-
ing Bakharwal nomads, Casimir and Rao (1985) observe the cutting of corridors
through mature Pinus forests on the northern slopes on the Pir Panjal at the southern
pass into Kashmir (2500 m ASL) and exploitation of Poa and Chrysopogon grasses,
as well as of white clover (Trifolium repens) and intensive gathering of various Poly-
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gonum, Chenopodium and Cerastium for both human and animal consumption. The
suppression of Pinus stands assists in the propagation of these herbaceous taxa and
may be considered one form of ecological niche construction by pastoralist groups.
Propagation of T. repens and Plantago species are also associated with pastoral activ-
ity at the high altitude (3400 m ASL) meadow at Chandanvari (Casimir and Rao 1985:
Table 3).

In pasturelands adjacent to the valley floor, near the modern city of Anantnag,
Ahmad et al. (2013) analysed species composition at 12 sites subject to varying
intensities of grazing. At ungrazed sites, the grass Bothriochloa pertusa dominated
the species composition, while at moderate and heavily grazed sites, Cynodon dacty-
lon was the dominant grass species. As grazing intensity increased, the Imporance
Value Index (IVI) of these two grasses increase and a strong association between the
two species was found at sites subject to overgrazing. At moderately grazed sites,
Medicago lupilina is closely related to C. dactylon. Strong IVI values were also
reported for Trifolium repens in relation to grazing, with evidence for colonisation
by Plantago laceolata and P. majora at heavily grazed sites.

Mir et al. (2015) also recorded a strong correlation and dominance between B.
pertusa and C. dactylon at three alpine pasture sites around Sonmarg in the east
of Kashmir. These grasses along with Poa annua, Stipa siberica and Sambucus
whightiana dominate IVI both before and after grazing at all three sites. Substantial
to total declines in IVI of Rumex nepalensis and Rumex dentata after grazing at two
of the sites may indicate the palatability of these taxa as forage plants. Similar taxa
were associated with grazing at several high altitude sites studied by Dad and Khan
(2010). Dad and Khan also note the colonisation of abandoned grazing campsites by
nitrophilious Rumex nepalensis. All studies recorded a marked reduction in overall
herbaceous diversity correlated with grazing intensity.

The viability of these taxa for reconstructing past pastoral practises is compli-
cated by a number of factors. Declining Pinus or other arboreal forest pollen may
be a proxy indicator of some form of land clearing, particularly if these changes can
be separated from climatic effects. Micro-charcoal influxes may also be an informa-
tive indicator of forest clearing. Long range deposition of coniferous pollens may
also have a masking effect on localised changes in forest communities. The pri-
mary taxa associated with grazing intensification in the above studies are all grasses
whose pollens may not be separable from other species and may not be representa-
tive of grazing induced changes in the landscape. Despite these problems, wholesale
advance of grass species as the expense of forest taxa may be a general indicator
of pastoralist activities within the mountainous zones of Kashmir below the timber
line. Of non-arboreal or grassland taxa, Trifolium and Medicago species associated
with grazing are insect pollinated and not likely to be represented in environmental
archives. Fluctuations in palatable Polygonum, Chenopodium species that may be
propagated by pastoral actions may be good indicators of past grazing. More suit-
able may be wind pollinated Rumex species as these are closely related to grazing
intensity in the above studies and are also early colonisers of grazed and disturbed
land. Ruderal Plantago species may also be good indicators of gazing induced dis-
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Table 6.5 Potential pollen proxies for past grazing in Kashmir

Forest taxa Grasses Herbaceous—palatable| Herbaceous—ruderal
Pinus wallachiana Bothriochloa pertusa | Polygonum sp. Rumex nepalensis
Cedrus deodara Cynodon dactylon Chenopodium sp. Plantago lanceolata
Abies pindrow Poa annua Rumex nepalensis Plantago majora
Fern understory Rumex dentata

turbances. Table 6.5 summarises potential marker species for pastoralist activity in
Kashmir.

6.4 Conclusions

6.4.1 Discussion

The above archaeological and environmental data have highlighted the potential for
multi-proxy studies in understanding long term human-environment interaction and
resilience in Kashmir. Current limitations to building on this framework include dif-
ficulties in undertaking new archaeological fieldwork, and the lack of finely resolved
chronologies at singular sites and across the valley more generally. The lack of a
well resolved sequence at the environmental cores from middle and high altitude
grazing sites at Toshmaidan (Singh 1963) and Butapathri (Dodia 1983) complicates
the detection of pastoral strategies in the past.

Despite the shortcomings of these records, early examination of settlement,
archaeobotanical and environmental data indicates that past populations in Kash-
mir not only responded to climate changes beyond cycles of population expansion
and collapse but undertook varying strategies to modify both social behaviour and
the environment to allow for resilient responses to climatic deteriorations. Fluctua-
tions in climate conditions may have been responded to by shifting patterns of sum-
mer/winter cultivation and differentiated usage of alluvial or foothill zones as adapta-
tions to higher summer runoff or increased winter precipitation. We may see evidence
of these shifts in the changing archaeobotanical assemblages of the Neolithic and
Kushan periods (Pokharia et al. 2017; Spate et al. 2017; Lone et al. 1993).

Changes in agricultural land use may have also led to shifting patterns of settlement
as well as an expansion of pastoralist exploitation of middle and high altitude pastures.
Data from Yatoo’s (2012) survey indicates a colonisation of mountain zones during
the Kushan period, though this may have taken place earlier without leaving marked
archaeological signatures. This pastoralist ecology may have allowed for engagement
with other transhumant groups from around the mid-second millennium BC and
intensified following the emergence of the historic Silk Roads (Frachetti et al. 2017).
Connections with neighbouring Silk Road polities during the Kushan and Karkota
periods, along with the centralisation of power under dynastic rule in the valley may
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have presented trade, technological and political means to mitigate the effects of
climate change in the valley.

In contrast to previous notions of climate driven cycles of social expansion and
collapse in Kashmir, we may take steps to examine long term patterns of resilience
across differentiated landscapes and altitudinal zones in Kashmir. Detecting these
responses and adaptations at local and regional scales presents the opportunity for
new problem oriented and hypothesis testing fieldwork to take place in Kashmir,
employing spatially and temporally suitable environmental and archaeological prox-
ies and datasets.

6.4.2 Future Prospects—Pari-Has

In May 2017 a series of preliminary environmental soundings were taken at several
sites across Pir Panjal flank of Kashmir. This sampling aims to detect anthropogenic
change in the landscape at middle and higher altitudes, with a focus on grazing
impacts. Much of this work focused on the Dodpathri area of Budgam district, a
meadow zone within the montane forests on the east flank of the valley. Altitude in
the area ranges from around 2500-2800 m ASL and is situated below the passes to
the higher pastures at Toshmaidan.

Pari-Has (Site D, Fig. 6.3) is a peat deposit situated upon a series of grazing
terraces, within a wooded Abies-Pinus belt (Fig. 6.4). Two samples were taken up to
a depth of 2 m using push cores. The first core, PHO1, was only sampled to a depth of
1.2 m, but this sample was favoured for further study due to possible contamination
of the second sample. A sequence of peat-clay-peat was logged (Fig. 6.5), and three
AMS dates from bulk organic material were returned from the base of the sample
as well as below and above the peat-clay transitions (Table 6.6). The base of the
sequence dates between 2330 and 2150 BP whilst peat formation is arrested around
1900 BP, resuming around 750 BP (Fig. 6.5). It is unclear whether the formation
of clay bedding is a result of cool dry conditions, or wetter conditions transforming
the peat bog to a small lake. The chronology of the formation and deposition of the
peat-clay sequence seems to run contra to the general scheme of cold dry conditions
in Kashmir for several centuries before 2000 BP, followed by a climatic amelioration
of around 500 years (Agrawal 1992).

Low magnetic susceptibility (K) throughout the sample (Fig. 6.5) suggests the
steady deposition of diamagnetic materials (Evans and Heller 2003). Previous mag-

Table 6.6 AMS dates from core PHO1. Calibrations in Oxcal 4.2

Lab Lab code Sample code | Depth (mm) |RC age Cal. BP (2-0)
DirectAMS | D-AMSO023859 | PHO1-Al 490 832426 787-692
DirectAMS | D-AMS023860 |PHOI1-C1 760 1948 49 2002-1741
DirectAMS | D-AMS023861 | PHO1-C2 1150 2223 +28 2321-2153
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Fig. 6.4 Peat swamp at Pari-Has. View to northeast, showing slope up to grazing terrace

netic studies in Kashmir (Kusumgar et al. 1985) have used increased magnetic sus-
ceptibility of sediments as proxies for higher weathering and runoff of magnetite
rich parent materials and thus wetter conditions, though this is generally reflected
in mass magnetic susceptibility () values higher than those of the Pari-Has record.
Phadtare (2000) has correlated similar positive ¥ values comparable to Pari Has with
warm wet conditions in a peat bog record from the Trans-Himalayas.

The sedimentary evidence suggests localised conditions within the mountain pas-
ture belt around Dodpathri, beginning around the same time as the rise of the Kushan
period in Kashmir. A single Kushan settlement has been reported around 5 km from
the study site, and has been interpreted as part of a general movement by Kushan
rulers to colonise and control mountain pastures and passes between Kashmir, the
Kushan heartland of northern Pakistan and Silk Road trade routes into Tibet, China
and Central Asia (Shah 2013). Aside from macro-botanical remains from the sites
on the valley floor, little is known of the Kushan economy in Kashmir. The Pari-Has
core has the potential for examining Kushan landscape management, pastoral and
possible cultivation practices in mountain zones on the valley flanks. Prospects for
further work include analysis of charcoal influx through the sediment column and
large count numbers of herbaceous pollen grains, with a focus on indicator type
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pollens discussed above. More closely controlled data relating to land and envi-
ronmental management practices will allow for long term understanding of human
resilience in Kashmir against the background of wider climate and social changes.
Characterising the valley as an especially rich ecological niche will also help better
link the valley with long scale cultural and political processes in adjacent centres of
Central, East and South Asia.
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Natural Disasters and Impacts
in the Past Societies



Chapter 7
Living with Earthquakes along the Silk Gzt
Road

Miklés Kazmér

Abstract Earthquakes are among the most horrible events of nature due to unex-
pected occurrence, for which no spiritual means are available for protection. The
only way of preserving life and property is to prepare for the inevitable: applying
earthquake-resistant construction methods. Zones of damaging earthquakes along
the Silk Road are reviewed for seismic hazard and to understand the ways local
civilizations coped with it during the past two thousand years. China and its wide
sphere of cultural influence certainly had earthquake-resistant architectural practice,
as the high number of ancient buildings, especially high pagodas, prove. A brief
review of anti-seismic design and construction methods (applied both for wooden
and masonry buildings) is given, in the context of earthquake-prone zones of Northern
China. Muslim architects in Western China and Central Asia used brick and mortar to
construct earthquake-resistant structural systems. Ancient Greek architects in Ana-
tolia and the Aegean applied steel clamps embedded in lead casing to hold together
columns and masonry walls during frequent earthquakes. Romans invented concrete
and built all sizes of buildings as a single, non-flexible unit. Masonry, surrounding
and decorating the concrete core of the wall, did not bear load. Concrete resisted
minor shaking, yielding only to forces higher than fracture limits. Roman build-
ing traditions survived the Dark Ages, and 12th century Crusader castles erected in
earthquake-prone Syria survive until today in reasonably good condition. Usage of
earthquake-resistant technology depends on the perception of earthquake risks and
on available financial resources. Earthquake-resistant construction practice is sig-
nificantly more expensive than regular construction. Frequent earthquakes maintain
safe construction practices, like the timber-laced masonry tradition in the Eastern
Mediterranean throughout 500 years of political and technological development.
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7.1 Introduction

While seismicity of any area on earth can nowadays be easily measured
by instrumental seismology, the quantity, quality, and distribution of the seismograph
stations has been more or less sufficient for the purpose during the last 50 years only.
Recurrence period of damaging earthquakes is often longer than this, even longer
than individual and social memory (Force 2008). To gain information about seismic
events one needs to study historical sources (Guidoboni 1993; Guidoboni and Ebel
2009), archaeological evidence (Stiros and Jones 1996), and geological evidence
(McCalpin 1996).

Archaeoseismology, the archaeological study of earthquakes is extremely useful
for scientists assessing seismic hazards (Sintubin 2013). It is a treasure trove of
information about ancient societies. Perception of earthquakes, the risk a society can
and will tolerate, the longevity and means of their social memory (Kdzmér et al.
2010), expertise of builders to construct buildings which can resist ground shaking,
and technology transfer associated with these activities are relevant questions for
historical and social sciences.

Another worthwhile direction of research is the role of external forcing factors
on human evolution. Recent studies almost invariably focused on climate change
and climate-influenced change of vegetation (Maslin and Christensen 2010), while
mostly neglecting the effects of seismic and volcanic catastrophes (King and Bailey
2010). Aninteresting idea of Force and McFadgen (2010) states that there are thirteen
Neolithic cultures which later developed into major civilizations (Roman, Etruscan,
Corinthian, Mycenaen, Minoan, Tyre, Jerusalem, Niniveh, Ur-Uruk, Mesopotamian,
Persian, Mohenjodaro, Aryan India, Memphis in Egypt, and Chinese). One can read-
ily add the Aztec, Maya and Inca cultures along the seismic western margin of the
Americas. Putting these on a map of earthquakes it is striking to observe that all of
them evolved in close proximity to faults and mountain ranges of high earthquake
activity (Jackson 2006). In this study another set of sites is added, arranged along tec-
tonically active zones along the northern margin of the Eurasian mountain range: the
belt of settlements and cultures collectively called the Silk Road (Lieu and Mikkelsen
2017).

There is long but somewhat meagre tradition of studying seismic hazard, risk,
and resilience of societies along the Silk Road. Earthquakes are parts of nature and
life, and people have developed a connection with land throughout millennia (e.g. in
Iran: Ibrion et al. 2014; however, the 2003 Bam earthquake arrived to a community
not believing it can happen: Parsizadeh et al. 2015). Knowledge of seismicity and
the methods used by local people to resist and survive destruction inflicted by natural
calamities in general (Janku 2010) and by earthquakes in particular (Jusseret 2014;
Rideaud and Helly 2017) are valuable contributions to the understanding how human
society works.

Environmental history of the Silk Road has been studied intensively (see papers
in the present volume), but earthquake hazard and risk, even when known to exist
(Xu et al. 2010), were not systematically considered (Li et al. 2015). An exception is
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Fig. 7.1 Modern land routes (red) of the Silk Road economic belt and sea routes (blue) of the
Maritime Silk Road of the 21st Century (Li et al. 2015). Both networks are patterned according to
the traditional merchant routes of Antiquity and the Middle Ages

the activity of the team of Korjenkov (later spelled as Korzhenkov) in Central Asia,
mostly Kyrgyzstan (Korjenkov et al. 2003, 2006a, b, 2009; Korzhenkov et al. 2016).

While there is a rich literature in China on archaeoseismology of individual build-
ings (Zhou 2007), on regional studies (Lin et al. 2005; Hong et al. 2014), and of
conceptual questions (Hu 1991; Zhang et al. 2001; Shen and Liu 2008) these often
lack the necessary detail to support their conclusions. While the ideas put forward
are interesting, it is necessary to make a systematic survey of earthquake-damaged
buildings and other constructions to improve the seismic hazard assessment of the
country. Here an overview is provided of some seismic problems along the overland
Silk Road and how these were overcame by various societies during the last two
millennia (Fig. 7.1).

Forlin and Gerrard (2017) reviewed the ways how communities affected by earth-
quakes behave after the event: the spiritual, constructional, and financial steps taken
to restore the community and its property. Here we discuss the preventive measures
taken by populations living along the Silk Road, irrespective whether these have been
applied consciously or unconsciously, based on tradition only.

7.2 Seismicity Along the Silk Road

There is a great earthquake and mountain belt that runs from China to Italy. Through-
out this region the topography is largely created by fault movement in earthquakes.
These faults move as a result of the ongoing collision between the Eurasian plate to
the north and the African, Arabian and Indian plates to the south. Settlements are
concentrated along the range fronts (Jackson 2006).
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Fig. 7.2 Locations of anti-seismic construction practice discussed in the text along the Silk Road.
3D topographic map overprinted by sites of earthquakes (of the magnitude 4.5-7.5 range), which
occurred between 1960 and 1980 (red dots) (Espinosaetal. 1981). A Wakamatsu, Japan. B Tianshui,
Gansu, China. C Kamenka fortress, Issyk-kul, Kyrgyzstan. D Tossor, Issyk-kul, Kyrgyzstan. E
Burana, Kyrgyzstan. F Palmyra, Syria. G Al-Marqab, Baniyas, Syria. H Safita, Syria. J Safranbolu,
Turkey. K Istanbul, Turkey. L. Athens, Greece. M Elbasan, Albania

The Silk Road, a classical artery of travel, trade and conquest, ran along the
southern, mountainous margin Eurasia. It started in the ancient Chinese capital of
Xi’an in the east, allowing the transfer of people, goods and ideas into the Middle
East, especially to Persia, Baghdad and Anatolia. Connections reached as far as the
Greek and Roman world in the Mediterranean. Probably it is not by chance that this
caravan route followed the occurrence of springs, rivers, and settlements arranged
along the foot of tectonically active mountains. Although certainly being a route of
convenience, people and pack animals needed water, food and rest during their travel,
and markets to exchange goods. These were provided by mountain-foot springs, by
agriculture developed on alluvial fans, and the settlements inhabited by farmers,
craftsmen and traders (Jackson 2006).

While most of the Silk Road runs in the temperate and subtropical desert zone,
there is ample mountain topography to create orographic rain, and to provide year-
round streamflow and perennial springs.

The Indian subcontinent and the Asian continent has been in collision obeying
plate tectonic forces for tens of millions of years (Tapponnier and Molnar 1979). This
deformation created the Himalayas, the range closest to India, and all the mountain
ranges north of it as far as the Altay. As Indiais still forcing its way into the ‘soft belly’
of Asia, the mountains within are currently being uplifted and displaced in various
ways. This active tectonics presents itself repeatedly in the form of catastrophic
earthquakes (Fig. 7.2).

So the mountains are both beneficial to their inhabitants: providing rainfall, stor-
ing water, and at the same time fatally dangerous: producing earthquakes and other
natural calamities. It is a well-calculated decision of societies to live there or abandon
these places. It seems that humans prefer to take risks, and—considering the bene-
fits—do not mind to live in areas regularly destroyed by catastrophic earthquakes.
In this paper methods are examined on how people counter seismic destruction of
their buildings, and the evidence on people’s understanding and misunderstanding
of these life-threatening natural processes.
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7.3 Archeoseismology and Other Seismologies

The way we recognize and understand earthquakes is in tremendous change nowa-
days. There are digital instruments worldwide to receive seismic signals globally,
and internet-connected computers automatically calculate the place, depth, and mag-
nitude of earthquakes. This has been going on for not more than twenty years. Before
that individual seismometers have been recording earthquakes for up to a hundred
years. This is enough to understand the major seismic patterns of the earth, but not
enough to be prepared for major earthquakes, especially in areas where these occur
rarely.

The bigger an earthquake, the more rarely it occurs again at the same place. This
recurrence period is often longer than the period covered by data of seismographs.
To understand seismicity of the pre-instrumental period one must refer to historical
documents: it is a scientific field called historical seismology (Guidoboni and Ebel
2009). A few centuries, rarely millennia can be more or less covered by these data.
Where historical records are missing, there might be evidence preserved in ancient
monuments. The way these were damaged by earthquakes is studied by archaeo-
seismology (Stiros and Jones 1996). Earthquakes recurring beyond these millennial
intervals are studied by paleoseismology, theoretically into millions of years of Earth
history (McCalpin 1996).

Seismicity of the past has been studied in detail on both ends of the Silk Road.
Japanese historical earthquake catalogues have been reviewed by Ishibashi (2004).
In China there are multiple catalogues available (Academia Sinica 1956; Li 1960;
for a modern treatment of philological depth see Walter 2016). There are two recent
catalogues in the Mediterranean region (Ambraseys 2009; Guidoboni and Comastri
2005). Between them there is the area covered by the catalogue of Ambraseys and
Melville (1982) on Persian earthquakes, and historical catalogue of Kondorskaya
and Shebalin (1982) of earthquakes in the former Soviet Union. The latter covers
much of the Central Asian sector of the Silk Road.

7.4 Construction Materials in Earthquake-Resistant
Techniques

Materials used in permanent and semi-permanent construction varies according to
purpose, availability, financial resources, cultural and climatic influences. Adobe,
brick, wood, stone, concrete, and metal reinforcements are discussed below. Our
knowledge of past construction practices are limited by preservation: adobe is the
worst, wood is second, while monumental stone masonry and Roman concrete has the
best potential to be preserved for future generations and for the inquisitive eyes of the
researcher. Finances determine permanence of buildings, therefore rural construction
has the least chance to survive, urban dwellings stand in the middle, and secular
and religious monumental constructions are the best to resist destruction of passing
millennia.
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Inrespect of anti-seismic construction practices monumental buildings provide the
best examples. These are built from the best material, even if it had to be transported
from faraway locations at high expenses. The best architects and builders were hired
so that the building would last for eternity. Usually high cultures were able to build
these at the height of their power.

These cultures—flourishing at opposite ends of the Eurasian continent—used a
variety of construction techniques, hampering comparison of the earthquake-resistant
construction practices. China did not use the marble columns of Greece and Rome,
neither masonry arches invented by the Romans. Instead, a combination of wood and
brick masonry was often used in ways not found in the Mediterranean. Italy exten-
sively used metal anchors to hold together buildings already damaged by earthquakes
(Forlin and Gerrard 2017); this method was not seen towards the east.

7.4.1 Yurt

Timber-framed felt tents (Turkish yurt, Mongolian ger) have been the preferred
housing of nomadic shepherds of Asia, probably for millennia (Fig. 7.3). Being
lightweight, it can be dismantled, transported and re-erected by two persons in a
matter of hours. It provides excellent indoor temperature and ventilation in summer,
and tolerable protection against winter frost. Protects the people and their property
inside from rainfall, snowfall, and from strong winds. It is still in use today both
in rural and in urban environment. A rarely considered property of the yurt is being
totally earthquake-resistant. One of the largest intracontinental earthquakes, the 1957
Gobi-Altay earthquake (M = 8.3) ruptured the crust over a length of 260 km, causing
elevation differences over 7 m. However, despite the enormous energy released, no
casualty was reported after the event (Kurushin et al. 1997). Although the affected
area is considered uninhabited, it is far from that. Permanent villages and farm-like
semi-permanent settlements, both consisting of yurts, are scattered widely. Neither
vertical nor horizontal ground displacements caused by passing seismic waves did
any reported harm to yurts.

Fig. 7.3 Mongolian yurt "
(ger) in the Gobi, '
Mandalgovi, Mongolia.
Photo: Mark Fischer.
Creative Commons licence.
https://en.wikipedia.org/
wiki/File:Mongolian_Ger.
jpg. Accessed January 30,
2018
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7.4.2 Rammed Earth, Adobe

Rammed earth is an ancient construction technique. Clay, silt and sand are compacted
and rammed into removable formwork (Figs. 7.4, 7.5, 7.6 and 7.7). The resultant
wall and single-floor buildings constructed this way have good vertical load-bearing
capacity (Jaquin 2008). In case of frequent horizontal forces caused by earthquakes
it is reinforced by hatil-style wooden boards (see under Wood-reinforced masonry
below) (Ortega et al. 2014). It is excellent heat insulator both in winter and in sum-
mer. Another advantage is that it can be built and restored cheaply. Rammed earth
is a frequently used construction material in vernacular architecture. Monumental
and military architecture uses rammed earth and adobe brick buildings in Central
Asia (e.g. Chuy, Kyrgyzstan: Korjenkov et al. 2012; also in Bam, Iran: Zahrai and
Heidarzadeh 2007).

| 100m

Fig. 7.4 Aerial image of the earthworks of Medieval Kamenka fortress north of Issyk Kul, Kyr-
gyzstan. The rhomb-shaped fortress, surrounded by towers, is cross-cut by an active fault (marked
with arrows), which caused 4 m left-lateral displacement during the M 8.2 Kemin earthquake in
1911. Rammed earth walls survived with minor damage (Korjenkov et al. 2006a, Povolotskaya et al.
2006)
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Fig. 7.5 Northwestern wall of Medieval Kamenka fortress. In the front: trenched cross-section
of rammed earth wall. Background: 4 m displacement caused by a the left-lateral fault activated
in the 1911 earthquake [Photo M. Kazmér, #1178 (Serial numbers of photographs refer to the
Archaeoseismology Database (ADB), currently being built at E6tvos University, Budapest (Moro
and Kazmér 2018)]

Fig. 7.6 Rammed earth wall of Tossor fortress (Lake Issyk Kul, Kyrgyzstan) as seen in excava-
tion trench cross-cutting the buried wall. Layers are marked by horizontal scratches made by the
excavating archaeologist. Three ruptures dissect the wall. Trench is 2.5 m deep (Photo M. Kazmér,
#1246). For details see Korzhenkov et al. (2016)

7.4.3 Wood

Wood is the ultimate earthquake-resistant construction material (Fig. 7.8). Its flexi-
bility allows to accept moderate horizontal load. The relatively cheap construction
allows quick reconstruction in case of damage. In earthquake-prone Japan most of
the traditional buildings, from the monumental to the vernacular, are made of wood.
Therefore practically there is no way to do archaeoseismological studies, because
evidence—even if only a few decades old—has not been preserved (Barnes 2010).
If seismic destruction happens, it is always immediately repaired, at least during the
past 1500 years.
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Fig. 7.7 Rammed earth is
still used in construction
today: a roadside retaining
wall was built by pressing
sandy clay between two
wooden planks on-site
(Photo M. Kazmér, #1249)

Fig. 7.8 Thick vertical
wooden columns and !
horizontal beams form a s, ‘ t

solid, three-dimensional 1§ an
framework, suitable to
support the heavy, tiled roof.
Forecourt of a Buddhist
temple in Wakamatsu
prefecture, Japan (Photo M.
Kazmér, #0700)
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7.4.4 Wood-Reinforced Masonry

Hinmus and hatil method of wood reinforcement of brick and stone masonry houses,
especially in Greece, Turkey and in the Pakistani and Indian Himalayas are repeat-
edly discussed (Porphyrios 1971; Giilkan and Langenbach 2004; Langenbach 2007)
emphasizing the beneficial effects of flexible wood columns, beams, and crossbars
embedded in an otherwise brittle masonry structure (Figs. 7.9, 7.10, 7.11 and 7.12).

In general, all timber-framework houses are based on the same structural princi-
ple: the wooden structural system bears mainly the horizontal loads while either the
masonry or timber columns support the gravity loads (Dutu et al. 2012). The variety of
framework geometries applied are practically unlimited. However, the simplest build-
ings, like a vernacular house in the city of Elbasan in Albania (Fig. 7.10), having only
horizontal boards embedded in masonry (hatil construction) increases the resistance
of the buildings to horizontal loads, i.e. lateral shaking by seismic waves. Niya-
zov (2012) provided a concise report on how both adobe and masonry vernacular
buildings are routinely reinforced with wooden beams im Tajikistan. The European
(Mediterranean) historical practice was reviewed by Dutu et al. (2012).
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Fig. 7.9 Timber frame with masonry infill in a residential building in the Buddhist monastery at
Tianshui, Gansu, China. This structure is extremely resistant to earthquakes: well-jointed columns
and beams maintain structural integrity, although masonry infill might get loose under strong seismic
shaking (Photo M. Kazmér, #3068)

Fig. 7.10 Horizontal timber embedded in load-bearing wall masonry (hatil construction). Wooden
boards, when tied around the facade-side wall junctions aid in reducing the occurance of corner
wedge failures. These horizontal boards accept lateral loads during seismic shaking (Dogangiin
et al. 2006). Elbasan, Albania (Photo M. Kazmér, #8769)

7.4.5 Brick Bands

Byzantine monumental buildings built from the 5th to the 15th century are eas-
ily recognized by a conspicuous banding of horizontal red brick layers, repeatedly
emplaced within an otherwise fully stone masonry wall (Figs. 7.13, 7.14 and 7.15).
These brick layers were laid across the width of the 5 m wide Theodosian walls
of Constantinople (Istanbul) (Ahunbay and Ahunbay 2000). While the exact engi-
neering role of this banded construction is not well understood, it is considered as
hatil, i.e. a monumental analogue of the horizontal wooden boards (Homan 2004).
An interesting experience of the 1999 earthquake was that recently restored walls,
where the brick banding was used for decorative purposes only, collapsed, while
adjacent ancient walls did not (Langenbach 2007).
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Fig. 7.11 Timber-laced masonry house in Safranbolu, Turkey (fumis construction). The
ground floor is unreinforced masonry, followed by two floors of intricate timber struc-
ture. Note oblique timbers at corners, providing support against lateral shaking. Photo Ugur
Basak. Source https://commons.wikimedia.org/wiki/File:Safranbolu_traditional_house_1.jpg. Cre-
ative Commons license. Accessed September 23, 2017

Fig. 7.12 Timber-framed
house in Athens, Greece.
This modernized house
displays vertical columns,
horizontal beams and
X-shaped crossbars (Photo
M. Kéazmér, #1399)

7.4.6 Metal Clamps, Bolts, Anchors and Chains

Iron ingots hold together carefully hewn masonry of a seawall in Hangzhou Bay dated
to the Ming and Qing dynasties (Wang et al. 2012). Whether this technology, well-
known in Greek architecture of Antiquity, was widely applied in China is a matter of
further research. The use of cast iron—of as yet unknown metallurgical character-
istics—would certainly raise eyebrows of any modern engineer. The Greeks never
used it; they used steel instead, surrounded by lead to protect rusting and to dampen
the eventual collision of metal and the embedding stone during earthquake (Stiros
1995, 1996). Metal clamps and dowels were used in construction of the Parthenon
in Athens, Greece (Fig. 7.16) and in the Baal temple of Palmyra, Syria (Figs. 7.17
and 7.18). Elastic steel provided strength, while plastic lead casing absorbed minor
shifts of blocks without fracturing rigid stone.
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Fig. 7.13 Alternating layers
of brick and stone masonry.
Early 5th century
Theodosian wall, Istanbul,
Turkey. There are seven
courses of brick bands laid at
intervals, running through
the entire thickness of the
wall (see Fig. 7.14)
(Ahunbay and Ahunbay
2000). The brick layers are
considered to be antiseismic
constructions (Photo M.
Kazmér, #0279)

Fig. 7.14 The brick layer
traverses the full width of the
5 m thick stone wall. Early
5th century Theodosian wall,
Istanbul, Turkey (Photo M.
Kazmér, #0283)

M. Kazmér

There is a widely used method in Italy to reinforce a building moderately damaged
by earthquake. Opposite walls are clamped together tightly by smith’s iron rods
(anchors), often ending in decoratively shaped crossbars (Forlin and Gerrard 2017)

(Fig. 7.19).
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Fig. 7.15 Burana minaret
(10-11th century;
Kyrgyzstan), before
restoration. It was probably
damaged by late Medieval
earthquake, removing more
than half of the originally
46 m high tower, leaving
only a 18 m high portion
standing (Korjenkov et al.
20064, b). Note alternating
layers of different bricks:
this construction practice is
similar to Persian-Byzantine
brick-stone masonry (Photo
of local postcard, #1084)

Fig. 7.16 Lead-covered
steel clamp connecting
adjacent blocks of stone
masonry. 5th century B.C.,
Erechtheion, Athens, Greece
(Photo M. Kazmér, #1171)

7.4.7 Interlocking Masonry

A spectacular element of Islamic architecture is the widespread use of interlock-
ing masonry in arches. The example shown is an ‘arch’ constructed of interlocking
masonry arches (Fig. 7.20), functioning as lintel. During seismic excitation alternat-
ing in-plane extension and compression allows elements of arch masonry to drop,
ultimately leading to collapse. Interlocking masonry prevents vertical displacement
of arch stones. Doubts can be raised whether the technology is a strictly Islamic
development, although it is most widely used there. In the ruined city of 6th cen-
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Fig. 7.17 Steel clamps,
enclosed by lead were
inserted between adjacent
masonry blocks.
Subsequently lead was
‘recycled’ from the building
by chiselling a wide opening
to the clamp and melting the
lead. 1st century A.D. Baal
temple, Palmyra, Syria
(Photo M. Kazmér, #4245)

Fig. 7.18 Columns were set
up with steel dowels inserted.
Space around dowels was
filled by molten lead,
introduced via the narrow
canals leading to each dowel
hole. 1st century A.D. Baal
temple, Palmyra, Syria
(Photo M. Kazmér, #4255)

Fig. 7.19 Iron rods
traversing the building
terminate in these crossbars.
These hold together a house
moderately damaged by
earthquake in Treviso, Italy
(Photo M. Kazmér, #1902)

tury Zenobia (Halabiyya, Syria)—rebuilt at that time by the Byzantine emperor
Justinian—there are lintels composed of interlocking masonry (Fig. 7.21). However,
Crusader castles of 11-13th century along the Mediterranean coastal region do not
use this technique, despite being in close contact with Islamic culture.
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Fig. 7.20 Elements of
interlocking masonry
support adjacent blocks from
fall during wall-parallel
vibration. Ottoman building
in Al-Marqab citadel,
Baniyas, Syria (Photo M.
Kazmér, #1416)

Fig. 7.21 Flat arch
(encircled) functioning as
lintel composed of
interlocking masonry.
Praetorium at 6th century
Halabiyya (ancient Zenobia,
Euphrates, Syria) (Photo B.
Tombor)

7.4.8 Roman Concrete

Most walls of al-Marqgab citadel in coastal Syria, both Crusader and Muslim, are one
of two types: either stone masonry or opus caementitium, i.e., “Roman concrete”
(Lamprecht 2001) or “ancient concrete” (Ferretti and Bazant 2006). Stone masonry
is characterized by dressed stones, hewn rectangular and of standard size, with or
without mortar, always without metal anchors. Arches, domes, thick walls routinely
have been constructed this way.

Roman concrete or ancient concrete is a mixture of sand, lime, and stone rubble.
It is very similar to modern concrete in appearance. Invented by the Romans, the
technique survived well into the Middle Ages. Opus caementitium is often com-
bined with traditional masonry, where an outer, visible layer of variously dressed
blocks was erected with mortar. This external, regular masonry work served during
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Fig. 7.22 Roman concrete
fills the space between two
leaves of hewn masonry.
11th century Safita castle,
Syria (Photo B. Major,
#DSC_9559)

Fig. 7.23 Remnants of the
main hall of 11th century
Safita castle, Syria,
displaying Roman concrete
(opus caementitium)
structure (Photo B. Major,
#Safita (36))

construction as a mold for casting the core. Poured material served for the inner,
invisible parts of the wall (Figs. 7.22 and 7.23) (Ferretti and BaZant 2006; Mistler
et al. 2006). Masonry both served aesthetic demands and provided a hard, protec-
tive layer to counter weather effects and enemy attacks. This layer often served as
framework during concrete pouring only, having no supporting function when con-
crete hardened. Walls and vaults of variable thickness, from a few decimetres up
to 5 m thickness, were constructed this way (Kdzmér and Major 2010). Buildings
constructed of Roman concrete are extremely resistant to natural calamities: the Pan-
theon of Rome, having a dome of 60 m diameter, was cast as monolithic building. It
has been standing practically intact for the past two millennia.

7.5 Discussion

7.5.1 Social Memory of Calamities

As we learned from Jackson (2006) “it is the fault that provides the water, but the
fault may kill you when it moves”. The relatively minor agricultural and trading
settlements developed along the Silk Road in the past millennia are vulnerable to
earthquake destruction. However, even if human fatalities can reach sizeable pro-
portion of the inhabitants (Jackson 2006), these often come infrequently, beyond the
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length of individual and social memory. There is very little research on the longevity
of social memory; we can assess with confidence that it probably lasts at least for three
generations (from grandparents to grandchildren). Longer memory can be assured
if and where religious practice or taboo is associated. Repeat times of earthquakes
on individual faults are likely to be measured in hundreds or thousands of years and
they are most unlikely to recur on a timescale relevant for human memory (Jackson
2006).

One is ready to consider a natural calamity (in our case the earthquake) as root
cause of devastation and loss. As it has been recognized in social sciences some
time ago, a catastrophe is a trigger mechanism only, which releases a disaster that
was waiting to occur, due to deep-rooted social causes (Degg and Homan 2005). A
similarly high-magnitude earthquake which causes neither loss of life, nor material
damage in Mongolia (the Gobi-Altay My, 8.1 earthquake in 1957), can cause fatalities
well into the hundreds of thousands in China (the Tangshan M7.5 earthquake in 1977),
not only because population density is so much higher in the latter, but because of
inappropriate construction methods.

7.5.2 Anti-seismic Construction Practices

Timber structures and timber-reinforced masonry and adobe structures have been in
use all along the Silk Road from China to the Mediterranean for millennia (Semplici
and Tampone no date). Whether their use is the result of parallel innovation or spread
of good practices either east or west, is a matter of research in progress. Detailed study
on fitting of beams and columns, for example, might help to recognize independent
or dependent development of life-saving construction practices.

Monumental buildings are the best for the study of anti-seismic construction
methods. These, especially the religious buildings were created for eternity. The best
material was used, even if transported from faraway location. The best workmanship
was applied. From site selection to construction and to subsequent maintenance
probably the best conditions existed.

Some construction methods are characteristic for certain civilizations only. E.g.
marble and sandstone columns are typical for Greek and Roman monumental archi-
tecture. These columns, especially if made of multiple drums, are kind of seis-
moscopes, i.e. simple earthquake-sensing devices, being easily deformed by earth-
quakes. As China did not use these stone columns, an important archaeoseismological
evidence is inherently missing there.
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7.5.3 Earthquake-Resistant Construction Without Apparent
Need

While Palmyra (Tadmor, Syria) is not particularly active seismically (Sbeinati et al.
2005), the use of lead-enclosed metal dowels and clamps in the 2000 years old
Nabatean Baal temple shows high knowledge of anti-seismic construction methods.
We are aware of three Greeks, one of them an architect, who worked on the con-
struction (Stoneman 1994). This construction method probably was developed in
Greece, which is the seismically most active part of the Alpine-Himalayan mountain
belt (Tsapanos 2008). It is possible that architects of the era carried their experiences
from the homeland to faraway territories, transferring essential knowledge of earth-
quake resistant construction, and routinely applied it to the monumental architecture
they created.

7.5.4 Traditional Good Practices and Modern Construction

One of the construction materials discussed invites an important remark. Wood-
reinforced masonry is at least as good as modern steel-frame and reinforced concrete
(RC) buildings, and the chance of survival for their inhabitants is often higher, as
engineering studies of modern earthquakes show. The reason is not necessarily that
RC is inferior; it can be designed and produced to be earthquake-resistant. The
problem is the uneducated, unregulated and uncontrolled construction industry in the
rapidly growing developing countries overlapping major seismic zones worldwide. In
this situation traditional construction practices of vernacular architecture are better,
more reliable than the RC construction in need of sorely lacking construction skills
(Langenbach 2015).

The importance of engineers’ understanding and appreciation of vernacular con-
struction practices cannot be overestimated (Dixit et al. 2004). Portugal, since the
tragic 1755 Lisbon earthquake, has been in the forefront of developing earthquake-
resistant construction practices, contributing to the awareness of the local seismic cul-
ture (Correia et al. 2014). There was even an European centre for studying traditional
anti-seismic practices based on archaeological approach (Helly 1995). Application
of good practices learned from local seismic cultures would significantly reduce vul-
nerabilty of communities living in earthquake-prone areas (Karababa and Guthrie
2007).

Although experts agree that wooden framework buildings resist earthquakes
very well, the presence of ancient timber-framework buildings does not indicate
an earthquake-prone area. Where wood is available, and local tradition and builders
are at hand, this construction method is widely applied (see the German and Austrian
Fachwerk construction) (Bostenaru Dan 2014).
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Systematic use or disuse of known earthquake-resistant techniques in any society
depends on the perception of earthquake risk and on available financial resources.
Earthquake-resistant construction practice is significantly more expensive than regu-
lar construction. Perception is influenced mostly by short individual and longer social
memory. If earthquake recurrence time is longer than the preservation of social mem-
ory, if damaging quakes fade into the past, societies commit the same construction
mistakes again and again. Longevity of the memory is possibly about one to three
generations’ lifetime, i.e. less than 100 years. Events occurring less frequently can be
readily forgotten, and the risk of recurrence considered as negligible, not worth the
costs of safe construction practices. Frequent earthquakes maintain safe construc-
tion practices, like the timber-laced masonry tradition in the Eastern Mediterranean
throughout 500 years of political and technological development.

7.6 Conclusions

Archaeoseismology, the archaeological study of past earthquakes, is a treasure trove
of information about the behaviour of ancient societies. Earthquakes are part of nature
and life along the overland Silk Road between China and the Mediterranean; peoples
developed various methods to cope with the risk. Making buildings able to resist the
shaking of the ground and knowing ways of quick reconstruction after destruction
depend on available material and knowledge of good construction practices.

Materials used in permanent and semi-permanent construction vary according to
purpose, availability, financial resources, cultural and climatic influences. Mostly
adobe, brick, wood, stone, ancient concrete, and metal reinforcements were applied
for earthquake-resistant construction. Rammed earth houses can be built and restored
quickly and cheaply. Wood is the ultimate earthquake-resistant construction material:
itcanresist seismic shaking and allows quick reconstruction in case of damage. Wood-
reinforced masonry provides flexible support to masonry buildings. Brick layers
laid within stone masonry walls provide additional flexibility during shaking. Metal
dowels, clamps, bolts, anchors and chains provide minor but essential support of
structures in case of moderate earthquakes. Interlocking masonry prevents vertical
displacement of arch stones. Roman concrete, rubble cemented by lime and additives
is another excellent construction material for anti-seismic purposes. Our knowledge
of past construction practices are limited by preservation: adobe is the worst material
for long-term survival, wood is second, while monumental stone masonry and Roman
concrete has the best potential to be preserved for millennia.

Architects of the era carried their experience from the homeland to faraway territo-
ries, transferring essential knowledge of earthquake resistant construction. They rou-
tinely applied anti-seismic techniques even far away from seismically active faults.
Application of good practices learned from local seismic cultures would significantly
reduce vulnerability of communities living in earthquake-prone areas. Knowledge of
seismicity and the local methods used to resist and survive destruction are valuable
contributions to understand how society works.
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Chapter 8 ®
Natural Disasters in the History oo
of the Eastern Turk Empire

Rustam Talgatovich Ganiev and Vladimir Vladimirovich Kukarskih

Abstract This article analyzes the effect of climate extremes on the historical pro-
cesses that took place (AD 536, 581, 601, 626 and 679) in the Eastern Turk Empire
(AD 534-745) in Inner Asia. Climate extremes are sharp, strong and sometimes
protracted periods of cooling and drought caused by volcanic eruptions that in this
case resulted in a negative effect on the economy of a nomadic society and were
often accompanied by famine and illness. In fact, many of these natural catastrophes
coincided with the Black Death pandemics among the Eastern Turks and the Chinese
living in the north of China. The Turk Empire can be split into several chronological
periods during which significant events that led to changes in the course of his-
tory of the nomadic state took place: AD 534—545—the rise of the Turk Empire; AD
581-583—the division of the Turk Empire into the Western and the Eastern Empires;
AD 601-603—the rise of Qimin Qaghan; AD 627-630—the Eastern Turks are con-
quered by China; AD 679-687—the second rise of the Eastern Turk Empire. The
research shows that there is clearly-discernable interplay between important histori-
cal events and climate extremes in the history of the Turk Empire. This interplay has
led us to the conclusion that the climatic factor did have an impact on the historical
processes that took place in the eastern part of Inner Asia, especially on the territories
with a nomadic economy.
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8.1 Introduction

The middle of the 6th century saw the rise of a new nomadic Turk Empire on the
territory of what today is Mongolia and Southern Siberia. In a period of 20 years
(AD 551-573), as a result of active military campaigns, the Turks (Tujue) spread
their influence onto a vast territory of Inner Asia that ranged from the Caspian Sea to
Liaodong Bay. As a result, a vast number of non-Turkic peoples found themselves
included into their empire. The Turks played a significant role in the cultural inter-
action of the West and the East. They furthered the development of trade along the
Great Silk Road and established trade relations with the leading empires of the time
(Sasanian Empire, Byzantium and China). In AD 581, the Turk Empire broke up into
two parts—the Western one and the Eastern one. We are going to dwell mainly on
the Eastern Turk Empire. Its northern borders spread out to Lake Baikal, the southern
to North China (the Great Wall), the western to Eastern Kazakhstan, including Tuva
and the Altai, the eastern to the Greater Khingan Range (Fig. 8.1).

Researchers divide the history of the Turk Empire into several periods (Sinor
1990b; Barfield 1992; Gumilev 1967; Klyashtorny 1964; Beckwith 2009). The first
(AD 534-630) is characterized by the appearance of the Turks on the Chinese border
and the beginning of intensive Turkic-Chinese trade relations accompanied by a grad-
ual strengthening and broadening of the spheres of influence of the nomadic state. In
the second period (AD 630-679) the independent state of the Turks was non-existent
anymore. The main reason for the defeat of the Turks is considered to be the military
campaign undertaken by Emperor Taizong in AD 630 which was later followed by
his active policy in strengthening China in AD 630-649. The consequence of this
was that the Turks were no longer a serious military or political threat until the year
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AD 679 when several uprisings occurred. The third and last period (AD 679-745) is
characterized by the rise of the Eastern Turk Empire, which managed to restore itself
by undertaking several massive rebellions against the Chinese army in AD 679-685.

The Turk Empire continued to be China’s main rival up to AD 745, that is, until the
time when the Uyghur Empire conquered both of them (AD 745-840) (Mackerras
2000; Kamalov 2001). Therefore, the history of the Turk Empire consists of several
chronological stages during which periods important historical events took place:
AD 534-545—the strengthening and appearance of the Turks on the international
arena; AD 581-583—the division of the Turk Empire into its Western and Eastern
parts; AD 601-603—the weakening of the Western Turks and the strengthening the
Eastern Turks under the leadership of Qimin Qaghan; AD 627-630—the maximum
weakening and subordination of the Turks to China; AD 679-685—the rebirth and
consequent strengthening of the Turk Empire.

Sinologists and turkologists have been trying to find reasons why all these events
took place mainly by analyzing the regularity of development of socio-economic,
military and political laws of the nomadic society and of China in Inner Asia (Kradin
2014; Beckwith 2009). However, historians have practically never taken into con-
sideration the effect produced by natural and climatic factors in the region under
study. The aim of this research is to show the importance of climatic cataclysms that
occurred in Inner Asia during the period under consideration and the effect they had
on the key historical events in the Turk Empire.

8.2 Methods

Changes in climate and their effect on human society is one of the most pressing
problems for the world today and for science in particular (Fei et al. 2004; Zhang
etal. 2007, 2010; Biintgen et al. 2011; Zhang et al. 2011; Ludlow et al. 2013; Hsiang
et al. 2013; Wei et al. 2015). Global warming and human susceptibility to it cannot
be taken lightly (Trenberth 2012).

In the recent period quite a number of works (Pederson et al. 2014; Biintgen
et al. 2016; Di Cosmo et al. 2017; Putnam et al. 2016; Drobyshev 2014) have been
devoted to the problem of the influence of changes in climate on the culture of whole
nations, those living in Inner Asia being among them. A number of researchers
hold to the opinion that climate changes could have led to grave consequences for
the nomadic peoples if they were accompanied by unfavorable socio-political and
economic factors. In other words, climate extremes may have a negative influence
only if they coincide with unfavorable socio-economic, political and demographic
changes within the nomadic society (Di Cosmo et al. 2017). This work is devoted
to the influence of climate dynamics on the history of the Eastern Turk Empire. Our
research shows that in several cases changes in climate could, in fact, have exerted
a crucial influence on the political and economic life of the Turks.

Medieval economy operated in a traditional way and was to a greater degree than
now dependent on climatic factors. One of the regions that were highly exposed to
natural cataclysms in the early Middle Ages was that of Inner Asia and the nomads
who lived there.
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Though nomadic societies were highly mobile, large-scale changes in ecological
factors (mainly climatic) must have, no doubt, told on the livestock that was the basis
of nomadic culture (Sinor 1990a, b). This makes it possible for us to say that long-
term temperature fluctuations and climate extremes in particular did have a global
effect. Evidence of this can be found in the registered yearly tree-ring structures in
all parts of the Northern Hemisphere.

It is also known that in the period of climate extremes the nomads practiced a
mutually agreed-upon consecutive grazing of cattle or changed their regional location
by moving along the steppes. However, in quite a number of cases, the Turks could
not do this for the reason that the relations with their neighbors were not friendly at
all, there being a fierce competitive struggle between the rival tribes for the bordering
territories.

Our research is based on tree-ring data (D’ Arrigo et al. 2001; Hantemirov et al.
2011; Myglan et al. 2012; Briffa et al. 2013) which makes it possible to determine
climate extremes to a higher degree of accuracy than the more general chronolog-
ical results ice-core study gives (Clausen et al. 1997; Cole-Dai et al. 2000; Jiang
et al. 2012; Plummer et al. 2012; Jouzel 2013; Abbott et al. 2014). With the help
of documentary sources, we shall compare the political and socio-economic evi-
dence of events that took place in the Turk Empire with the material received from
contemporary climatological research.

Unfortunately, climate reconstructions for the period under examination are too
short-term and inadequate as far as their quality is concerned (https://www.ncdc.
noaa.gov/data-access/paleoclimatology-data/datasets). Global atmospheric circula-
tions, mainly the NOA (North Atlantic Oscillation) and the AO (Arctic Oscillation)
make it possible for us to refer to distant paleo-climatological sources to help under-
stand the processes that took place on the territory of the Turk Empire. Similar
teleconnections were described earlier in other works (Biintgen et al. 2016), that
is why we have analyzed oscillatory reconstructions for the Northern Hemisphere
taken from other regions. Most of the information on the history of the Turk Empire
is based on Chinese dynastic chronicles—Zhoushu, Beiqishu, Suishu, Jiutangshu
and Xintangshu (Bichurin 1828, 1950; Liu 1958; Cen 1958; Ershisi shi 2012).

8.3 The Influence of Climate Extremes on the History
of the Eastern Turk Empire in AD 536—685

8.3.1 Climate Extremes of AD 536-545

Turkic tribes are first mentioned in Chinese chronicles of AD 534 (Liu 1958), which
describe the appearance of the Turks on the border with China as buyers of Chinese
goods, but not as typical barbarians whose aim is to raid, as is often depicted in
Chinese sources.
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The Turks are next mentioned in the sources of AD 542. Only 8 years had passed
between AD 534 and 542, but modern climatologists tell us that these 8 years were
the ones with the greatest climatic changes in the history of the medieval world. A
sharp fall in the mean temperature took place in the Northern Hemisphere, one of
the worst in the last 2000 years (Keys 2000).

Here is what the famous Byzantine historian, Procopius of Caesaria, wrote about
the events of AD 536-537: “One of the greatest wonders took place that year: the
whole year the sun shone like the moon, without rays, as if it was going to lose its
power. It did not shine clearly and brightly as before. Ever since then, there were
wars among people, pestilence and other calamities that brought death with them”
(Procopius 1998).

In AD 536-537, similar phenomena were noted in other regions: Ireland, China,
Chile, Europe and Asia (Barash 1989). The Anglo-Saxon Chronicle in Britain also
says: “AD 538. This year the sun was eclipsed, fourteen days before the calends of
March, from before morning until nine. A.D. 540. This year the sun was eclipsed on
the twelfth day before the calends of July; and the stars showed themselves full nigh
half an hour over nine” (Garmonsway 1972).

Today, the climatic anomalies of AD 536-545 have brought together a great
number of scientists who are studying this problem. Participants of The Greenland
Ice Sheet Project (GISP) have studied samples of ice core from Greenland and the
Antarctic (Jouzel 2013). They have discovered that ice samples of AD 536, 538, 539,
541 and 543 from Greenland all have a very high content of sulfates (Baillie 2008;
Abbott et al. 2014), which may point to their high content in the atmosphere at that
time and to the low temperatures of their formation (Larsen et al. 2008).

Dendrochronological data also indicate that the years AD 536, 537, 543 and 545
were the ones with the coldest extremes (D’Arrigo et al. 2001; Hantemirov et al.
2011; Myglan et al. 2012).

Volcanologists study samples of lava and traces of past explosive volcanic erup-
tions. They analyze the chemical composition of mineral ores and the activity of
volcanoes. Several volcanologists adhere to the opinion that the reason for such a
temperature drop in AD 536-545 could have been the eruption of Krakatau on the
Philippines or Tavurvur in Papua New Guinea (Keys 2000; Southon et al. 2013;
Churakova-Sidorova et al. 2014).

Other scientists think that the reason for the anomaly could have been a comet
or an asteroid that hit the Earth (Rigby et al. 2004), but here arises the question of
where exactly it had happened. Dr. Dallas Abbott says that the Gulf of Carpentaria
in the north of Australia could have been one of the locations (Abbott et al. 2007).

Currently Dr. Dallas Abbott is working on a hypothesis that volcanic and cosmic
reasons had caused the climate extremes of AD 536-545 (Abbott et al. 2014). Dr.
Abbott thinks that it was the dramatic events of AD 536-545 that produced an overall
cooling effect on the planet (in the Northern Hemisphere). Researchers have found
traces of volcanic activity in Greenland ice cores, but a single eruption in AD 536
would not have caused such an extreme change in climate. Dr. Dallas Abbott believes
that there might have been a volcanic eruption along with a comet, but the main factor
was, most probably, a comet strike. As proof of this, samples of Greenland ice have
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shown contents of alien particles with Ni-rich material and Fe oxide-rich spherules,
both of which are the characteristic signs of cosmic objects (Abbott et al. 2014).

The overall effects of cooling led to the great disasters that took place in the
Middle Ages. Moreover, a pandemic called the Plague of Justinian (Stavrakakis
2015) struck at the very same time. It is the first historically known pandemic of
the Black Death and it is remembered in history as the plague of the Byzantine
Emperor Justinian I. More than 100 million people perished as a result. The Plague of
Justinian originated in Egypt in AD 540-541. Then it was brought by Mediterranean
trade routes to Constantinople, from there to all of Byzantium, then to the countries
of North Africa, Europe, Central and South Asia and Arabia. However, the latest
genetic studies show that the Plague of Justinian did not come from Africa—it came
from Inner Asia (Wagner et al. 2014; Schmid et al. 2015). Rodents, such as marmots,
gophers, rats and mice are the natural reservoirs of the plague, and consequently
myriads of fleas, which live on rodents, are the carriers of the disease.

Itis not accidental that after AD 534 Chinese sources do not mention any contacts
with the Turks until AD 545. One of the possible reasons for this may be the decline
in economic production and the decrease of population both in China and in the Turk
Empire. In addition to that, in the years AD 534-535, a civil war broke out in China,
the result of which was the division of the Northern Wei Dynasty into the Eastern
Wei Dynasty and the Western Wei Dynasty. Moreover, in the years AD 536-537,
North China was hit by a famine that killed 80% of its population (Bichurin 1828;
Durand 1960).

Unfortunately, written sources say nothing of the plagues that affected the Turks
in that period, but taking into account the plague pandemic in the east of North China
and in the west of Byzantium, the Turks, who were located along the trading routes
of the Great Silk Road, must have also suffered from the disease. As is known, prior
to AD 630, that is before they began to have active relations with China, the Turks did
not bury their dead, they cremated them. This might be the reason why, in the period
from 543 to 551, the Turks were able not only to withstand all of nature’s trials, but
emerge from them with minimal losses. The fact that the density of population at
the start of the formation of the powerful and huge Turk Empire was not too great
could serve as an additional factor that helped them to survive. To note, the density
of population in North China at the time was considerable.

Let’s look at the main events of that period.

In AD 534-545, there were four strongholds in the region: the Eastern Wei
Dynasty, the Western Wei Dynasty, the Rouran Empire, and the recently formed
Turk Empire that had conquered the Rouran Empire, but remained in the shade,
though it had already made itself known to the Chinese in AD 534 as a new and
independent political force (Liu 1958).

Both dynasties (the Western Wei and the Eastern Wei) rivaled with each other to
establish friendly contacts with the Rouran Empire by way of a marriage union. The
struggle went on against the background of climatic anomalies and, as a result, there
was economic decline, so it can be well supposed that the Chinese had lost their
former strength. The Rouran took advantage of the situation in China, but did not
take into account the internal situation in its own Empire. The Western Wei Dynasty
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turned to the Turks for help. Thus, in AD 545, a new center of political and military
power appeared in the region, one in which the Turks began to play the leading role
(Liu 1958).

A new stage in the rise of the Turks was their victory over the Tiele tribe in AD
546. The Tiele were a threat to the dominance of the Rouran and the Turks took upon
themselves the task of protecting them. The final mistake that the Rouran Empire
made was their refusal to agree to a matrimonial union with the Turks, thus making
relations between them hostile. After that, it took the Turks seven years to overcome
the climate extremes of AD 536-545, though later, in AD 552, they came to occupy
the place of suzerain in the region.

This shows that the climatic extremes of AD 534-545 were the catalyst that
aggravated the internal and external political struggle between the Chinese dynasties,
a factor which led to a more serious situation than the one the nomads in the steppes
were in. The internal political strife in China in AD 534-535 and the anomalies of AD
536-545 that aggravated China’s situation were the main reasons that led to changes
in the military and political affairs in the region. China lost its strength when, in tough
competition with the Tiele and the Rouran, the Turk Empire gained power. The Turks
were more successful due to the timely mobilization of their internal forces and the
excellent personal skills of their leaders.

8.3.2 Climate Extremes of AD 581-583

The united Turk Empire was not long in existence. After the death of the Turkic
leader Taspar (Tobo) Qaghan in AD 581, internal strife began to ferment within
the ruling circles of the Empire which in the end led to its collapse. In addition to
that, in AD 581, China, being already split prior to that, joined forces under the Sui
Dynasty (AD 581-618). The reforms that took place in China led to the fast growth
of the economic and military strength of the Empire. Chinese sources inform us that
China’s rise was accompanied by a most devastating famine in the steppes (Bichurin
1950).

The Suishu chronicle writes: “Each winter they have thunder there, and the flames
of the lightning hit the Earth. The Tujue’s life depends on grass and water. All
throughout the previous year there was no rain, no snow, their rivers have dried up
and locusts have appeared; plants and trees have been totally destroyed by fire; half
the population has died of hunger and disease. The place where they used to live
before has become wasteland not fit for living. So they turned their steps to the south
of the desert to try and brave it out ... They suffered from famine, and couldn’t find
food for themselves, so they grinded bones to make flour out of them—and that’s
what they ate. Moreover, an epidemic broke out, and many of them died (Liu 1958).

Unfortunately, Chinese sources do not contain more detailed information about
the events of that period. But it can be understood that the climatic anomaly and its
effects on the common people of the Turk Empire, who were deprived of their means
of existence as a result of massive livestock loss in AD 581-583, brought the Turk
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Empire to a sudden social and political crisis and internal warfare, the result being
that the Turk Empire finally split into the Eastern Empire and the Western Empire.

Natural anomalies of AD 581-583 have been confirmed by ice-core finds in the
Antarctic and in Greenland and also by tree-ring data from North America and
Southern Siberia (Clausen et al. 1997; Cole-Dai et al. 2000; Salzer and Hughes
2007; Gao et al. 2008; Jiang et al. 2012; Myglan et al. 2012; Plummer et al. 2012;
Sigl et al. 2013, 2015). The studies of climatic extremes range from the years AD
564 to 581. The clearer evidence comes from ice cores of the Southern Hemisphere,
which makes it possible to confirm that the volcano was located somewhere in that
part of the planet. However, we shall be able to get a fuller picture of natural extremes
of AD 581-583 only after additional research.

8.3.3 Climatic Extremes of AD 599-601

After the collapse of the Turk Empire (AD 581-583), the Western and the Eastern
Turks were in a state of constant warfare with each other. The Sui Dynasty was
originally a neutral party in the conflict, but soon the Chinese set up and supported
a new political center in the southern part of the Eastern Turk Empire with Qimin
Qaghan as their new leader. The new Turk Empire, supported by the Sui Dynasty,
undertook a confrontation with the Eastern and the Western Turks, both of them
uniting against it in the warfare that followed. However, in AD 603, Qimin Qaghan
defeated them and united the whole territory of the Eastern Turk Empire under
his command. It is obvious that climate extremes played a significant role in the
glorious victory and tremendous success of the young Qaghan. In AD 598-599,
sources report about natural climatic events that were mistakenly taken for two large
military campaigns of Emperor Wen of the Sui dynasty against the Eastern Turks
(Tulan Qaghan) “frequent disasters occur over their camps; a red rainbow in the
night, its light illuminating hundreds of miles all around; three days ... there was
a bloody rain, the falling stars with a crash landing on the tents. Every night Tulan
Qaghan was in fear, and imagined that it was the Sui army approaching!”. In AD
601, the sources also report an interesting natural phenomenon that turned out to be
a major volcanic eruption. A Chinese military commander reported to the Emperor:
“When at night I went up onto the fortress tower, I saw a red mist 30 miles north of
the desert; it looked like rain, it was hanging low over the land covering it. After that,
I found a war guide book where it says that such a phenomenon is called “bloody
rain”, which means that the country is doomed! If we want to destroy the barbarians,
now is the time!” (Liu 1958).

8.3.4 Climatic Extremes of AD 627-630

The next period of sharp unseasonal and protracted cooling that affected the Eastern
Turks were the years AD 627-630.
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The years AD 627-630 were marked by natural cataclysms on the territory of
the Empire. Chinese sources give the following descriptions: “Every year they had
heavy snowfalls and snow lay thick on the ground. The cold and the famine brought
with it a great loss of sheep, horses and men” (Liu 1958).

The Chinese chronicle Xintangshu says: “In spite of it being summer, the Tujue
are having unseasonal frosts; five suns have risen at the same time, three moons shone
as well; a red mist covered their pastures” (Liu 1958). This is what the Jiutangshu
chronicle says about the situation of the Turks in AD 630: “The Tujue’s life depends
only on sheep and horses. Now their animals are sick and lean and their people look
starved. Besides, when they prepare their food in the tents it turns into blood. This
is a dangerous foreboding!” (Liu 1958).

Scientists say that the large-scale cooling on the territory of Eurasia in AD
627-630, evidence of which can be seen on tree-rings in Yamal, in North Amer-
ica and in the north of Central and Eastern Siberia, was caused by large explosive
volcanic eruptions (Stothers 1999) and the parhelion. Fog and red sunsets described
in the sources are well-known indicators of such eruptions. We know from European
chronicles that, starting from October AD 626, for about 8 or 9 months, a dry mist
covered a vast territory including Ireland and the eastern Mediterranean (Ludlow
et al. 2013). Unseasonal night frosts at the end of summer occurred in China (the
Tang Empire) in AD 627, which destroyed the harvest in several provinces. Similar
events occurred in China in AD 628-629 (Fei et al. 2007).

Economic hardships led to a destabilization of the political situation within the
Empire. In AD 627, the conquered tribes rebelled against the Turks and deposed
the henchman of the Turkic leader on their territory. Within the Empire, relations
between the Ruler and his subjects also became strained. Sources say that the relations
between the Qaghan and his closest assistant were severed, the result being that the
high official deserted to join the forces of the Chinese Emperor Taizong.

The economic situation put the Turks on the brink of survival and bared all the
internal contradictions within their community, the same thing happening in the
Eastern Turk Empire.

Sources say: “Xielikehan mobilized soldiers every year and invaded Chinese terri-
tory so often that his people could not put up with these campaigns any longer. There
was famine year after year. Taxes and payments were heavy, so more and more tribes
left him” (Liu 1958). Thus, an internal conflict began to grow within Turkic society;
discontent grew, nobody trusted Xielikehan anymore, nor supported the policy he
pursued.

The situation in the Empire became worse and many tribes, as the Chinese chron-
iclers say, began to rely only upon themselves and refused to be under the command
of Xielikehan. Even the high officials closest to Xielikehan defected to Taizong. In
AD 630, the Emperor’s army attacked Xielikehan. As a result, the latter fled to the
north of the desert whereas his closest courtiers, the ones who held high posts in the
Empire, left him and joined the Tang Dynasty (Liu 1958).

Therefore, the defeat of Xielikehan’s army in AD 630 by Chinese forces was a
logical solution to the situation that had formed within the Turkic community with
the climate extreme of AD 626 being the key to victory and not at all the skillful
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leadership of the Chinese Emperor Taizong of the Tang Dynasty, as many researchers
might think.

Chinese researchers who studied the volcanic eruption of AD 626 hold a similar
opinion. They believe that the cooling affected all the territory of Inner Asia, as
well as the northern provinces of China, but the territory that suffered the most was
the Eastern Turk Empire, whose nomadic economy could not withstand the sharp
and protracted cooling (Fei et al. 2007; Di Cosmo et al. 2017). In conditions of an
economic catastrophe which had put the Turks on the brink of survival, all internal
conflicts came to the fore and the powers-that-be could not cope with the situation.

8.3.5 Climatic Extremes of AD 679-685

Several decades later, in the years AD 679-685, as a result of a number of rebellions,
the Eastern Turk Empire restored its independence and managed to retain it till AD
745. However, the conditions that developed in AD 679-685, as they are described
in Chinese sources, also point to a complicated natural and climatic situation in the
region.

The Xintangshu chronicle describes a curious event witnessed by Chinese officials
on the northern border of China. In the spring of AD 680 large flocks of desert pigeons
fell dead from the sky (Liu 1958).

What could have been the reason for such an unusual natural phenomenon
described in the Chinese sources? It is well-known that birds are indicators of the
state the environment is in. The reason for this could have been both the global
changes in the environment and the high content of volcanic dust in the layers of the
atmosphere deposited there after a large explosive volcanic eruption.

In addition to that, in the years AD 681-682, Chinese sources repeatedly mention
cases of famine among the Eastern Turks. “Famine, snow, drought, locusts, disease,
numerous dead bodies lying all around, people turning into cannibals, several years
of crop failure and starvation” (Bichurin 1828).

In AD 685, the Chinese official Ts’ui Zhi-zhi in his report to the Chinese Emperor
described the situation the nomads were in thus: “The Tujue ... devour each other;
they wander around, starved, and don’t know where to go”.

“Their numbers had already exceeded several tens of thousands of people. They
were covered with a rash and had tumors, they were famished and did not resemble
human beings at all; countless numbers of people died on the way. Prior to that, the
Nine Tribes (Toquz Oghuz) (those who inhabited the area to the north of the Great
Chinese Wall) experienced a great drought that lasted for 3 years: all the pastures
are reddish with practically no grass growing on them, thus causing massive loss of
livestock. Those who came here are those who survived and were able to cross the
desert, but on the way here they lost their sheep and horses due to lack of food and
water. They had to hunt for field rats and eat the roots of grass; they killed each other
to get provision. I asked different people about it and all told me the same story. By
the way, one of their old men told me that from the time the Nine Tribes (Toquz
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Oghuz) had come into existence, they had never experienced such a famine...” (Liu
1958).

There is also mention of “The Great Famine” in China in AD 687 (Bichurin 1828).
Thus, Chinese chronicles state that many nomads were on the brink of death because
of the heavy and protracted famine and disease in AD 682—-687, though climate
extremes were already mentioned in AD 680-681.

In AD 685, the Anglo-Saxon Chronicle in Britain also mentions climatic anoma-
lies and their consequences: “A.D. 685. This year in Britain there was a bloody rain,
and milk and butter were turned into blood” (Garmonsway 1972) and in AD 680
the Mozarabic chronicle also writes “that Spain was laid waste in that year” (Wolf
1999).

The period between AD 677 and AD 687 was also exceptionally arid in Central
Europe. West Germany went through a drought in AD 679, 680 and 681. As a result,
there was crop failure and a severe famine, the year AD 681 being the worst (Barash
1989). Thus, a vast geography (China, Spain, Germany and Britain) of climatic
deviations may well mean that there could have been a global catastrophe on the
planet at that time.

Anomalous climatic events of AD 680-685 are also confirmed by tree-ring data
from North America, Europe, the Yamal and by ice-core results from the Antarctic
and Greenland (Salzer and Hughes 2007; Gao et al. 2008; Plummer et al. 2012; Sigl
et al. 2013, 2015; McKee et al. 2015).

Let’s analyze the historical events of that period.

Regardless of the failures, in AD 682, the buck was taken up by the new leader
of the Turks named Ashinagudulu who got together what was left of the Turks and
created a 5000-strong army of mounted warriors. His first victory over the Chinese
army took place in AD 682. In the years AD 683-685, under the leadership of
Ashinagudulu, the Turks sacked quite a number of provinces and cities, killed a great
number of local Chinese officials, and occupied the territory of a weakened tribe of
nomads to the north of China. The said territory was practically a wasteland by that
time. By AD 685, the Turks had the strongest army in the region. Nobody could
withstand their attacks, even China, though it did undertake several unsuccessful
attempts to defeat them.

Here we can trace a similarity with the events of AD 536-545. The Turks, as
other nomads in the region, experienced all the hardships of life in the conditions of
climatic cataclysms of AD 680-685. However, due to the predatory policy pursued
by the northern provinces of China in AD 682685, the Turks, not without losses
of course, managed to overcome the heavy crisis, whereas the other nomadic tribes
of Inner Asia were hit by the frost and died of starvation and disease, because they
did not have any external source of food supply. As a result, the Turks turned out to
be the strongest of all the other nomads in the region. Due to the successful military
operations of Ashinagudulu in AD 682-685, China lost its military supremacy and
the Turks had no need of China’s protection anymore, so they became independent.
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8.4 Conclusion

The material presented here demonstrates that there is a definite interplay between
the historical events and the climate extremes on the territory of Inner Asia, and that
these events coincide with other climate anomalies in Europe and China.

It has been proved that such coincidences come parallel with the key events
in the Turk Empire and with those in Northern China in the following years: AD
535-545—therise of the Turk Empire; AD 581-583—the division of the Turk Empire
into the Western and the Eastern Empires; AD 599-603—the strengthening of the
Eastern Turks under the leadership of Qimin Qaghan; AD 627-630—the collapse of
the Turk Empire; in AD 679-685—the second rise of the Turk Empire (Table 8.1).

Most climatologists believe that the reason for such phenomena is a large explosive
volcanic eruption. It is quite possible that the center of the explosive volcanic eruption
in AD 626 was in the Northern Hemisphere, and in AD 536, 581, 679 in the Southern
Hemisphere, whereas in AD 536 and in AD 679, the eruption was supposedly caused
by the Tavurvur volcano (Gao et al. 2008; McKee et al. 2015; Sigl et al. 2015).

In most cases, the climate extremes that are marked by tree-rings on fossils suggest
that the global changes in the climate took place on a world-wide scale. The extremely
sharp and protracted cooling on the territory to the east of Inner Asia affected this
region more because it had a nomadic economy.

As is said in this thesis, it was the protracted droughts that led to the consequences
that followed the natural catastrophes of this kind on the territory of the Turk Empire
and in Northern China (AD 536, 581, 679). A case of an early and very long winter
with heavy snowfalls was also recorded in AD 627630, right after the eruption of a
volcano in AD 626.

The most difficult times for the Turks were the years AD 627-630, when the
Empire practically stopped existing due to massive loss of livestock and famine.

The droughts of AD 536, 581 and 679 turned out to be a serious trial for everyone
in the region. Grazing vegetation dried up, forests and steppes blazed in fires.

However, Chinese sources tell us that during the droughts the Turks were in a
better position than the Chinese. It happened at the time when the Turks took over
the initiative from China to strengthen (in AD 545) and restore (in AD 682) their
state. However, the drought led to serious consequences in China: the change of
dynasties (AD 581) and the An Lushan Rebellion in AD 754.

In order to give a correct evaluation of the influence of the climatic extremes and
its effects such as droughts, protracted cold and snowy winters on the territory to the
east of Inner Asia, we must also take into account all the aspects of the political and
socio-economic life in the region, so as to be able to give a correct evaluation of its
influence on the Turkic and the Chinese population. The peculiar dynamics of the
historical processes in that region were determined both by the climatic factors and
by the complicated political situations.

Climate extremes were a prerequisite for changes in the military and political
sphere in the region. They served as a background against which various socio-
economic and political events developed. However, they were not only a threat to the
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Table 8.1 Interplay of the historical facts and paleo-climatological data. As referential chronology
we have used the most sensitive one for the given territory—Altai—LASI—ITRDB RUSS246
(Biintgen et al. 2016; Esper et al. 2016)

530
8 x B [ 536 - 545 - Hunger, drought, epidemic, Civil war i northern China
340 % (%] between the Western and Esstern Wel Dynasty.
g The Turk fight against Rouran and Tiele tribes.
Rise of the Turks and the formation of the Turk Empire
5501 $
360 4
551 - 580 - rise of the Turk Empire, The conquest of a vast territory
from the Caspian Sea to the Bay of Liaodong
570 1 a
=]
380 1 x E 381 - 553 - Hunger, drought, epldemic among the Turks.
“_The division of the Turk Empire into the Western and Eastem
590 4
5001 599603 Red mist, drought in the western Turks. The unification of the
East Turk Empire under the mle of Yami Qaghan (Qimin)
-
& 6104
g
620 4
= @ X B [T627 - 630 - Hunger, cald, heavy snowialls, an epidemic in the East
630 =] Tark Empire and the northem provinces of Tang Dynasty.
The fall of the Turks
640 4
650 4
GiG0 4
670 4
6301 *® ] 679 ~ 687 - Hunger, drought, epidemic in the East Tark Empire and the
o X =] Tang Dynasty. The struggle of Turks for independence (679 - 690).
% ] Formation of the second Eastern Turk Empire (679 - 745 AD)
a0 =
g *  Salzer et al. 2007
02 04 06 08 10 12 14 1.6 @ MNyvelan et al. 2012
S B DfArrigo et al. 2001
Tree reeng width indexes B Sigletal 2013
L@ Hantemirov et al. 2011

Standardized chronology—LASI (Biintgen et al. 2016)—on the left-hand side
Anomalies in the structure of yearly rings—in the center
Historical events in the Turk Empire taken from Chinese written sources—on the right-hand side

existence of the Turk Empire—they also provided certain advantages. Who was to
use these advantages and how they were to be applied depended solely on the parties
of the conflict and the circumstances they found themselves in. For example, in the
case of the Turks—as with many other nomads of steppe Eurasia, a lot depended on
the personality of the leader and his military skills.

Though much discussion is going on at present among researchers concerning
the problem of the influence of climate changes on nomadic society, we hold to
the opinion that the historical events that took place in the Turk Empire in AD
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534-551 and in AD 679-687 developed in a line parallel to the unfavorable changes
in climate which may be considered as an additional factor that led to changes in
the regional situation. Historical sources show that in the year AD 534 the Turks
had already become stronger—a fact that happened prior to the climate extremes,
but the discontent of the Turks with Emperor Gaozong’s (AD 650—683) policy grew
during the whole period of his reign and it is this that led to the rebellion of AD
679. Nevertheless, the sharp changes in the economic and political situation in the
Turk Empire in AD 581-583, in AD 599-603 and in AD 627-630 totally coincide
with the extreme changes in climate in these periods, a fact that may be looked upon
as indirect proof of the interplay of historical processes in the region with climate
dynamics.
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Chapter 9 )
Dry and Humid Periods Reconstructed e
from Tree Rings in the Former Territory

of Sogdiana (Central Asia) and Their
Socio-economic Consequences

over the Last Millennium

Magdalena Opala-Owczarek and Piotr Owczarek

Abstract One of the richest societies along the Silk Road developed in Sogdiana,
located in present-day Tajikistan, Uzbekistan, and Kyrgyzstan. This urban civilisa-
tion reached its greatest prosperity during the golden age of the Silk Road (sixth to
ninth century CE). Rapid political and economic changes, accelerated by climatic
variations, were observed during last millennium in this region. The newly devel-
oped tree-ring-based reconstruction of precipitation for the past millennium revealed
a series of dry and wet stages. During the Medieval Climate Anomaly (MCA), two
dry periods occurred (900-1000 and 1200-1250), interrupted by a phase of wet-
ter conditions. Distinct dry periods occurred around 1510-1650, 1750-1850, and
1920-1970, respectively. The juniper tree-ring record of moisture changes revealed
that major dry and pluvial episodes were consistent with those indicated by hydro-
climatic proxy data from adjacent areas. These climate fluctuations have had long-
and short term consequences for human history in the territory of former Sogdiana.

Keywords Arid Central Asia -+ Silk road + Precipitation reconstruction
Dendroclimatology * Social growth and decline

9.1 Introduction

Recently, there has been growing interest in the relationship between climate change
and its socio-economic consequences throughout human history. Abrupt climate
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changes not only affect the dynamics of natural systems like glacial and geomor-
phological processes (Solomina et al. 2016) or the distribution of vegetation zones
(Klemm et al. 2016), but may also have long-lasting consequences for societies by
causing a rapid transformation of the prevailing hydrological regime (Boroftka et al.
2006; Sorrel et al. 2007). Possible impacts of climate on human life, migration, agri-
cultural production, and the growth and decline of societies have been extensively
studied in recent years (Hodell et al. 1995; deMenocal 2001; Weiss and Bradley
2001; Sidle et al. 2004; Buckley et al. 2010; Biintgen et al. 2011; Giosan et al. 2013;
Latorre et al. 2016).

The consequences of climate fluctuations are particularly evident in arid and
semiarid areas, where ecosystem responses are very rapid. In the long history of
the Silk Road, rich ancient societies developed in arid Central Asia under the influ-
ence of favourable conditions in the natural environment, where access to water
and fertile soil were the most important factors (Owczarek et al. 2018). One of the
richest societies along the Silk Road developed in Sogdiana, located in present-day
Tajikistan, Uzbekistan, and Kyrgyzstan. This urban civilisation reached its greatest
prosperity during the golden age of the Silk Road (sixth to ninth century CE) (Schafer
1963; Litvinsky et al. 1996; de La Vaissiere 2002; Marshak 2003; Owczarek et al.
2018). Archaeological excavations indicate that this territory, crossed by several main
branches of the Silk Road, was a melting pot where Sogdian merchants met others
from a wide range of areas, from China to Byzantium (Marshak 2003). Sogdiana,
one of the most advanced areas and the leader of all Transoxania, collapsed in eighth
to ninth century (Grenet and de la Vaissiere 2002; Marshak 2003). However, Sogdi-
ana’s civilizational, economic and social achievements have been visible for many
centuries after its decline.

Despite its great significance, this territory, located between the Pamir Mountains
and the large mid-latitude desert systems, is relatively little known in terms of climate
and socio-economic changes (Opata-Owczarek et al. 2018; Owczarek et al. 2018),
in contrast to research showing links between climate and the rise and fall of empires
such as the Mongolian (Pederson et al. 2014; Putnam et al. 2016) and Chinese (Fan
2015; Wei et al. 2015; Yin et al. 2016; Li et al. 2017). Recently, Yadava et al. (2016)
reconstructed drought periods and historic social upheavals and invasions of India.

The purpose of this paper is to analyse dry and wet periods over the last millennium
in the former territory of ancient Sogdiana on the basis of tree-ring data, with a
particular focus on the relationship between changes in precipitation and economic
growth and decline.

9.2 Description of the Study Area

9.2.1 Regional Settings

Ancient Sogdiana was located in the upper part of the Aral Sea basin between two
large Central Asian rivers, the Amu Darya (Oxus) in the south and the Syr Darya
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Fig. 9.1 Location of the ancient Sogdiana on the background of political (ca. sixth century AD)
and key physiographic units in Central Asia (modified after Abazov 2008)

(Jaxartes) in the north. It stretched from the Pamir Mountains in the east to the
Kyzylkum and Karakum deserts in the west (Abazov 2008) (Fig. 9.1). The axis of
this territory is marked by the longitudinal Zeravshan River Valley, along which
the most important towns of Sogdiana, namely Panjikent, Samarkand, and Bukhara,
were situated (Owczarek et al. 2018) (Fig. 9.1). Today this area forms parts of Tajik-
istan, eastern Uzbekistan, and south-western Kyrgyzstan. The area is characterised by
extremely diverse relief. The eastern part includes the partly glaciated Pamir Moun-
tains, where the average height of the main ridges reaches ca 6000 m a.s.l. (max.
Ismail Somoni Peak, 7495 m a.s.l.). The Pamir-Alay Mountains, which form the
transition zone between the Pamir and Tien-Shan Mountains, cover the central and
north-eastern part of the former territory of Sogdiana. They consist of three longitu-
dinal mountain ridges: Gissar, Zeravshan, and Turkestan, which reach a maximum
height of 5600 m a.s.l. (Rahmonov et al. 2017a, b). These mountainous regions are
characterised by a high level of seismicity, connected with their location in the vicin-
ity of the Pamir Frontal Thrust system (Schurr et al. 2014; Owczarek et al. 2017).
The western and south-western parts of the former Sogdiana territory include low-
lands within the Central Asian mid-latitude desert system (Kyzylkum, Karakum) and
tectonically conditioned mid-mountain basins (Afghan-Tajik Depression) (Fig. 9.1).

The tree-ring sampling sites are located in the central part of the Zeravshan Ridge
in the Pamir-Alay Mountains (Fig. 9.1). This area is drained by the Urech-Kshtut river
system, which constitutes the left tributary of the Zeravshan River. The samples were
taken from two sites located in the Urech Valley at elevations between 2200-2900 m
a.s.l (Fig. 9.2a). The upper part of the valley includes a high-mountain glacier basin;
surrounded from the south by Chimtarga Peak (5489 m a.s.]) (Fig. 9.2b). Below the
basin, the Urech River flows through a deep U-shaped valley with alternating wide
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Fig. 9.2 a Location of the tree-ring sampling sites within the highest part of the Zeravshan Range
in the Pamir-Alay Mountains (on the basis of 2018 DigitalGlobe, 16 June 2017, Google Earth), b
general view of the Upper Urech Valley site, on the background Chimtarga Peak (5489 m a.s.l.); ¢
general view of the Lower Urech Valley site

and narrow zones (Fig. 9.2¢). The most important plant community here is composed
of Juniperus semiglobosa and Juniperus seravschanica, which form an open forest
up to an elevation of 3400 m a.s.l. (Rahmonov et al. 2017a, b).

9.2.2 Climate of the Study Area

The landlocked location of the study area and its great distance from oceanic sources
of moisture makes its climate extremely continental, with hot, dry summers and cold
winters. Climate conditions are characterised by extreme local contrasts dependent
on altitude and landforms. Air temperatures tend to depend strongly on altitude. The
mean annual temperature drops from 13.5 °C at 726 m a.s.l. in Samarkand to 10.5 °C
at 1680—1700 m a.s.l. at the mouth of the Urech River, thento 0 °C at 3200 m a.s.l. near
the upper line of juniper forests, and finally to —1.8° C at the Anzob Pass (3373 m
a.s.l.) (Fig. 9.3). At the highest peak, Chimtarga, the mean annual temperature is
estimated at about —15 °C (Rahmonov et al. 2017b).

Mean annual precipitation for the discussed area ranges from 400 to 500 mm on
peaks and slopes at altitudes about 3000-3400 m a.s.l. (434 mm at Anzob Pass) to
250-350 mm in the Pamir-Alay foreland (353 mm at Samarkand). Most precipitation
occurs in spring (about 60 mm per month in March, April, and May), while the
summer months (JJA) receive either minimal quantities or none at all (Fig. 9.3).

Air temperatures in most areas of Tajikistan and Uzbekistan are increasing
(0.3-0.5 °C in the period 1940-2000, with the warmest decades in the 1930s, 1980s
and 1990s); however, changes in atmospheric precipitation are uneven due to the
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Fig. 9.3 Monthly mean temperature and mean precipitation for Samarkand and Anzob Pass mete-
orological stations during the period 1936-2003 on the basis of data from CATPD (Williams and
Konovalov 2008)

geographic and climatic diversity of the territory (Makhmadaliev et al. 2008; Chub
and Ososkova 2009; Kayumov 2010). In Uzbekistan, observed changes in the hydro-
logical cycle include a decrease in precipitation in the west and an increase in the
east of the country as well as around irrigated lands along main river valleys due to
increased evaporation (Lioubimtseva and Henebry 2009; Chub and Ososkova 2009).
The eastern part of the studied area, covering the territory of Tajikistan, experiences
more humid conditions. In general, periods of humid weather alternate with periods
of dry weather. According to available instrumental climate data the driest decade
for all altitudinal zones was from 1941 to 1950. A trend towards increasing amounts
of precipitation is especially visible in the second half of the twentieth century. After
1990, the rainiest period was in 1998-99; the following years 2000-01 were the
driest, with drought predominating nearly throughout the territory.

9.3 Materials and Methods

9.3.1 Tree Ring Sampling and Development of Chronologies

In 2014 and 2015, we collected 110 cores using increment borers (5.15 mm in
diameter). To minimise non-climatic effects on tree growth, only uninjured, healthy
trees were sampled. Tree cores from junipers were collected from two sampling
plots (Fig. 9.2a). The Upper Urech Valley site (UUV) is situated in a high mountain
basin, partly filled by one of the Kulikalon Lakes, at an altitude of 2800-2900 m
a.s.l. (Fig. 9.2b). The second site, the Lower Urech Valley site (LUV), is located at
an elevation of 2200-2300 m a.s.l. on a valley slope (Fig. 9.2¢).

According to standard dendrochronological techniques (Speer 2010), the sampled
tree-ring cores were dried naturally and sanded to a high polish using progressively
finer grades of sandpaper until the cellular structures of the rings were visible under a
binocular. Ring widths were measured to the nearest 0.001 mm using the WinDEN-
DRO system (WinDENDRO 2006). Next, we used the COFECHA program (Holmes
1983) to check our dating by comparing ring-width measurements between all series
from the two sites. Before calibrating the tree-ring data with climate data, the bio-
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logical age trend inherent in the raw data series had to be removed. We used the
ARSTAN program (Cook 1985) to detrend individual series with a negative expo-
nential curve to preserve climate-related variations at both high and low frequencies.
The chronology was calculated as the residuals between the raw measurements and
fitted trend curves, resulting in a dimensionless index series. The detrended single
series were then combined into a standard chronology, using a biweight robust mean
to minimise the influence of biases in tree-ring indices (Cook and Kairiukstis 1990).
The reliability of the tree-ring records was evaluated using the so-called expressed
population signal (EPS) (Wigley et al. 1984). To assess replication through time at
every site, we used the commonly acceptable cut-off value of 0.85 (85% of common
chronology signal retained) and an adequate sample size (series >3).

9.3.2 Climatological Data and Dendroclimatic Methods

The longest series of meteorological data for the studied region is available from
the Samarkand meteorological station in Uzbekistan (station code 38696, 67.00° E,
39.70° N, 726 m a.s.1.). Meteorological station data were obtained from Central Asia
Temperature and Precipitation Data (CATPD), 1879-2003 (Williams and Konovalov
2008). Monthly temperature means and precipitation sums for the period 1936-2015
were used in our calculations. These were also compared to monthly 0.5° x 0.5°
gridded climate variables obtained from the Climatic Research Unit (CRU TS 3.21,
Mitchell and Jones 2005). For calculation, we used data averaged for the mountainous
region 39-40° N and 68—69° E, the mountain foreland region 37-38° N and 67-68°E,
and the average of the grids 38—41° N and 67-70° E, which equally represent the
climates of the mountainous part and low elevations of the study area. A comparison
between the precipitation levels noted in various meteorological records available
for the region is shown in Fig. 9.4.

The relationship between juniper ring width variations and climate was determined
by calculating a response function and conducting a correlation analysis between the
site-level chronologies, mean monthly temperature, and total monthly precipitation
over the so-called ‘dendroclimatological year’. As the growth of a tree can be affected
by the climatic conditions of the current as well as those of the previous growing
season, climate response analysis was performed from monthly data from the pre-
vious July to the current September. For calculations we used the DendroClim2002
program (Biondi and Waikul 2004), which provides estimates of bootstrapped confi-
dence intervals for evaluating the significance of correlation coefficients. Following
the successful verification and calibration procedure, the climate reconstruction was
performed using the transfer function described by Cook and Kairiukstis (1990).



9 Dry and Humid Periods Reconstructed from Tree ... 201

120 4

100 4

=3
o

Precipitation mm
& @D
(=] o

ma
o
L

o

1 1] 1] v A Vi Vil vili 1X X Xl Xl
Months
mgrid 39.5N-68.5E mgrid 37.5N-67.5E ™ Anzob Pass H=3373m ® Penjikent H=1015m = Samarkand H=726m

Fig. 9.4 A comparison between the precipitation levels noted in various meteorological records
available for the central part of former Sogdiana territory (present-day north-western Tajikistan,
eastern Uzbekistan) on the basis of CATPD dataset (Williams and Konovalov 2008) and Climate
Research Unit (CRU) TS 2.1 gridded dataset (Mitchell and Jones 2005)

9.4 Results and Discussion

9.4.1 Characteristics of Tree-Ring Chronology and Its
Response to Climate

The constructed local site chronologies showed a significant inter-site correlation of
0.49, which indicates a common climatic signal. The chronology from the lower site
(LUV) covers the last 220 years (1795-2014, with EPS>0.85 from AD 1877); the
time span of the chronology from the upper site (UUV) was much longer, covering the
last 1215 years (801-2015, with EPS >0.85 from AD 1092). Difference between the
length of these two chronologies is connected with timber harvesting in the vicinity
of settlements, that lasts already for many centuries.

Climate response analysis showed that local chronologies are positively correlated
with monthly precipitation, while the influence of temperature is minor or insignifi-
cant. In general, both chronologies are positively correlated with the monthly precip-
itation from the previous July to the current September recorded at the meteorolog-
ical station in Samarkand. The highest significant correlations were found between
tree-ring widths from the lower location and spring precipitation (March—-May, r=
0.60; April-May, r=0.58). As shown in Fig. 9.5, the correlation coefficient values
for the upper location, though slightly lower, indicate a similar growth response to
climatic variability. Significant correlations were found with mean monthly precip-
itation in spring months (April-May) and precipitation in the dendroclimatological
year (pJune—September). The correlations between the gridded precipitation data
were consistent to some extent with the correlations observed with weather station
data (Fig. 9.5).
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Fig. 9.5 Correlation between juniper tree-ring width chronologies from lower and upper Urech
Valley study sites and precipitation data from Samarkand (726 m) and gridded dataset (68.5-39.5)

In earlier studies it was also noted that pluvial conditions during the winter months
are very important for the growth of trees from southern slopes near timberline
locations in the Pamir-Alay (Opala et al. 2017; Opata-Owczarek and NiedZwiedZ
2018). Moreover, Seim et al. (2016) stated that junipers growing on the southern
slopes in Uzbek part of the Pamir-Alay and Tien-Shan are mainly dependent on
spring and annual precipitation. Differences in seasonal response are connected with
local conditions (altitude, topography, location within the mountain massif). Moisture
supply in the early growing season (from liquid precipitation or snowmelt) is the most
important climate variable affecting the growth of junipers. As summer precipitation
in the studied region is scarce, drought stress is expected to be one of the main growth
limiting factors for these trees.

The significant climate-growth correlations enabled us to reconstruct April-May
precipitation anomalies from the tree-ring-width chronology of junipers. The high-
elevation chronology was used to calculate the reconstruction, as it allows to cover the
longer time span. The moving correlation analysis indicated that the climate-growth
relationship is stable only in the second part of the instrumental data period (Fig. 9.6a).
Such result is usually associated with the low quality of the instrumental data in the
early period of observations, but it may be not a single factor. Other possible causes
are e.g. dust storms in arid Central Asia, which were especially frequent during the
1950-60s, when vast areas of natural desert pastures were dramatically transformed
by agriculture and human pressure. This led to increase in the frequency of dust storms
outbreaks (Indoitu et al. 2012). Therefore, we used shortened period 1966-2014 for
calibration with proxy data (Fig. 9.6b).
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Fig. 9.6 a Moving correlation function between April-May precipitation and the tree-ring width
index from the upper site chronology considering an interval lengths of 25 years; b the relation
between these variables over the period 1966-2014

The regression model accounts for 36% of the variance in the instrumental spring
precipitation (April-May totals) over the calibration period from 1966-2014. The
results of ca 30-40% of explained variance in the dendroclimatic reconstruction is
widely acceptable (e.g. Chen et al. 2015; Gou et al. 2015; Shah et al. 2018). We are
aware that the dendroclimatic method of climate reconstruction is associated with
a certain degree of uncertainty. However, standard methodology have been used
to assess whether the model has the ability to reconstruct the climate. The cross
calibration-verification tests for two split periods revealed that the model passes the
standard tests of reconstruction reliability (a positive reduction of error (RE) and
coefficient of efficiency (CE)). Because our calibration-verification sub-periods are
relatively short (1966—1990, 1990-2014), additional verification of spring precipita-
tion reconstruction model was made using a grid dataset (Table 9.1). Finally, a linear
regression model was developed to reconstruct April-May precipitation variations
back to 800 CE. The reconstruction of spring precipitation variability over the last
1200 years presented in Fig. 9.7 revealed variations on an inter-annual to decadal
and centennial scale.

9.4.2 Moisture Changes in the Last Millennium

The reconstructed climate history of the former territory of Sogdiana for the past
millennium revealed a series of dry and wet stages. Referring to the time frame of
the Medieval Climate Anomaly (900-1300 CE) and the Little Ice Age (1570-1900 CE)
described by Lamb (1965) and Matthews and Briffa (2005) some regional differences
can be observed. In the studied western Pamir-Alay region during the Medieval
Climate Anomaly (MCA) two dry periods occurred, with a shift to wetter conditions
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Table 9.1 Calibration and verification statistics for split (1966—1990, 1990-2014) and entire period
(1990-2014) for the spring precipitation reconstruction model based on tree rings

Type of Samarkand station data Samarkand | Grid data®

data station data

Time period | Calibration | Verification | Calibration | Verification | Calibration | Verification
(1990-2014)| (1966-1990)| (1966-1990)| (1990-2014)| (1966-2014)| (1966-2014)

r 0.65 0.62 0.62 0.64 0.60 0.56

R? 0.41 0.38 0.38 0.41 0.36 0.32

RE 0.41 0.42 0.21

CE 0.38 0.40 0.18

ST+/— 19/6 21/4 34/14

Explanations: r—correlation coefficient; R2—explained variance; RE reduction of error; CE coef-
ficient of efficiency; ST sign test
#For independent verification data for grid (38—41° N and 67-70° E) was used

between them. The Little Ice Age (LIA) in this area was characterised by wetter
conditions interrupted by a dry period with conditions closer to the average (Fig. 9.7).

According to new Pamir-Alay tree-ring data, dry periods prevailed in the fol-
lowing time spans: 900-1000, 1200-1250, 1510-1650, 1750-1850, and 1920-1970
(Fig. 9.7b). The first long period of arid climate conditions present in the tree-ring-
based precipitation reconstruction started as early as 900 and lasted to ca 1000 CE.
This drought is consistent with data from the Guliya ice cap (Thompson et al. 1995;
Yao et al. 1996) and Badain Jaran Desert (Ma and Edmunds 2006), and is also in
line with the modelled changes in rainfall anomalies of the ECHAMS simulation
of the arid Central Asia domain (Fallah et al. 2016). At the turn of the tenth and
eleventh centuries, a shift to wetter conditions occurred. This period of two hundred
years is characterised by a high level of variability with a clear predominance of
above-average precipitation. Increased rainfall in Central Asia in this period is evi-
denced by low-resolution records, such as speleothem carbon isotope data, ostracod
assemblages from lake sediments, and pollen concentration data (Chen et al. 2010).

At the beginning of the thirteenth century, a rapid transition to dry conditions
is observed. This period lasted only fifty years, but probably constituted the most
severe drought in the entire analysed period. Low precipitation before ca 1250 was
confirmed by many other natural proxies from arid Central Asia, e.g. Uluu Too Cave
(Wolff et al. 2017). After a period of considerable higher precipitation from 1300
to 1400, a homogeneous period of nearly 200 years, with values close to the long-
term average, prevailed during the fifteenth century, becoming progressively drier
during the sixteenth century. The occurrence of low levels of precipitation and very
dry conditions during this time is confirmed by historical reports from Afghanistan
(Beveridge 1921, after Yadava et al. 2016). A rapid transition between dry and wet
climate conditions took place around 1650. The two most significant pluvial periods
in the Pamir-Alay tree-ring reconstruction, around the eleventh and twelfth and from
the mid-seventeenth to mid-eighteenth centuries, are in accord with data on Pamir-
Alay glacier fluctuations (Solomina et al. 2016). The evidence for a glacier advance
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Fig. 9.7 a Tree-ring width chronology of Juniperus seravshanica from the lower Urech Valley
(1795-2014) and Juniperus semiglobosa from the upper Urech Valley (801-2015). The solid and
dashed lines represent the tree-ring index and sample depth, respectively. b Tree-ring-based recon-
struction of precipitation variability during the past 1200 years with important historical periods for
the former territory of Sogdiana. The vertical red bands denote dry periods, which correlate with
rapid political and economic changes

shortly after 985 £ 115 CE was found via radiocarbon dating of shallow soil horizon
below a fresh till at the Abramova Glacier (Zech et al. 2000). The youngest advance
took place at the end of the seventeenth century (ca 1690 CE) as dated by a *C
age determined from a trunk of Juniperus turkestanica broken by an advance of the
Raigorodskogo Glacier (Narama 2002). In the light of glaciological evidence, these
two advances were of similar magnitude, although the former was slightly larger.
The Pamir-Alay tree-ring reconstruction shows that LIA precipitation maximum
(1650-1740) was followed by a long dry period, 1750-1840 (Fig. 9.7b). The first dry
sub-period, 1756—-1768, known as the Strange Parallel Drought, is well documented
in different parts of Asia. Of the four well-documented historical droughts indicated
in the Monsoon Asia Drought Atlas (MADA, Cook et al. 2010), it was the only
mega-drought to occur in the studied area. At the end of the LIA, a pronounced wet
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period took place around 1850-1910, followed by advances of the Raigorodskogo
Glacier dated to 1908-1934 (Narama 2002).

The twentieth century was characterised by two opposing precipitation regimes. A
pronounced drought was observed between ca 1920 and 1970. A significant change
in precipitation variability is evident during the second half of the twentieth century.
The recent wetting trend in Central Asia was captured by many moisture-sensitive
tree-ring series, e.g. from north-western India (Yadav et al. 2017), northern Pakistan
(Treydte et al. 2006) and Kyrgyzstan (Chen et al. 2015; Zhang et al. 2015), as opposed
to the case of Mongolia or of Nepal, where contemporary drought is evident (Pederson
et al. 2014; Panthi et al. 2017).

9.4.3 Socio-economic Changes During the Past Millennium

The oasis of Samarkand in the Middle Zeravshan Valley was the most important
political and economic centre at the turn of the first and second millennium of the
common era. Samarkand was the capital of ancient Sogdiana, which collapsed in
the eighth century; nevertheless, it maintained its importance in the following cen-
turies. During this time, the area was in the possession of various tribes and dynasties
(Fig. 9.7). Political changes, both negative and positive, in the former territory of the
kingdom of Sogdiana, as reflected in the history of Samarkand, were often associ-
ated with climate changes, i.e. the occurrence of alternate dry and humid periods
(Owczarek et al. 2018).

Following the Arab conquest at the beginning of the eighth century, most of
the former Sogdiana area fell into the orbit of Islamic influence (Grenet and de
la Vaissiere 2002; Marshak 2003; Ghafurov 2011). The period ca 800-900 was
characterised by relatively warmer and wetter climate conditions. This is confirmed
not only by tree-ring data but also by other proxy data from the Aral Sea basin and
the surrounding areas (Sorrel et al. 2006, 2007; Boomer et al. 2009). During this time
Samarkand and its surroundings became part of the Samanid Empire. This period
of prosperity was experienced not only in this area but along the entire Silk Road as
well. Public buildings and mosques were enlarged and the water supply ensured by
means of ancient aqueducts, conduits, and irrigation canals (Ivanitskij and Inevatkina
1999; Malatesta et al. 2012). Samarkand’s oases, with their famous peach gardens,
experienced a golden age at the end of the Tang Dynasty (Schafer 1963). Despite
the tenth-century drought, the economy of Samarkand remained unaffected. This
cannot be said of the nearby town of Panjikent, one of the most important cities
in ancient Sogdiana and along the Silk Road (Fig. 9.8) (Belenitskij et al. 1973).
Although the Arab conquest in 722 did not cause its definitive collapse, Panjikent
gradually lost its significance in comparison to Samarkand and Bukhara (Marshak
2003). A period of drought in the tenth century was one of the influences leading to the
abandonment of ancient Panjikent and the town’s displacement to the lower terrace
of the Zeravshan River, where water was more accessible (Fig. 9.8) (Owczarek et al.
2018). The arid conditions during this time have also been clearly documented by
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(a)

Fig. 9.8 a General view of the ruins of ancient Panjikent, partly destroyed during Arab conquest
in AD 722 and completely abandoned in the 9th/10th century, b archaeological excavation within
the area of ancient Panjikent (photographs were taken in July 2015 by the authors)

means of pollen analysis of sediments from the northern shore of the Aral Sea (Sorrel
et al. 2007) and other palaeoclimatic records from arid Central Asia (Yang et al.
2009). In the eleventh and twelfth centuries, in stable moisture climate conditions,
the former Sogdiana area became part of the Karakhanid Khanate. This period was
marked by continued development for Samarkand as a new administrative centre.
Several buildings were erected, including a new palace in the citadel, a madrasa, and
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caravansaries (Davidovich 1998). The Bibi-Khanym Mosque was enlarged and, to a
great extent, rebuilt (Grenet and Rapin 1993; Paul 1993).

The tree-ring data from the first half of the thirteenth century documented strong
arid conditions (Fig. 9.7). This dry period was also marked by the increasing salinity
of the Aral Sea (Sorrel et al. 2006), a high level of carbonate content in lake sediments
(Chen et al. 2006), and falls in the levels of lakes in arid Central Asia (Boroffka
et al. 2006; Narama et al. 2010), and diminishing ice accumulation in Central Asian
glaciers (Yang et al. 2009). This period was marked by drastic political and economic
changes in the area of former Sogdiana. In 1220, Samarkand was seized by the army of
Chinggis Khaan and destroyed (Grenet and Rapin 1993). The huge losses sustained
by the working population and the decreasing availability of water in connection
with the dry climate conditions were the main factors contributing to the decline of
Samarkand, as maintenance of the water supply required more skills and labour than
were available (de Hartog 2006). The increasing humidity in the fourteenth century
coincided with the rebuilding of Samarkand and re-establishment of its significance.
In 1371, Timur established the city as his capital and renewed the irrigation system in
the Zeravshan River valley, which was used extensively for agriculture (Manz 1989).
Traces of a high water level and flooding in this period, indicating a moister climate,
were found in sediment from canals carrying water from the Zeravshan River to
the oases of Samarkand (Malatesta et al. 2012). The next arid interval, recorded ca
1500-1600, was marked again by violent political changes in the former Sogdiana
(Fig. 9.7).

In 1500, Timurid Samarkand was conquered by Muhammad Shaybani (Grenet
2002; Mukminova and Mukhtarov 2003). The gradual decline in the importance of
the Silk Road in the sixteenth century coincided with the prevailing arid conditions
and the loss of Samarkand position. The political centre of the former territory of
Sogdiana moved to Bukhara, which became the capital of the Khanate (Mukminova
and Mukhtarov 2003). Sixteenth-century aridification was confirmed by an increase
in salinity and changes of lake levels of the Aral Sea (Sorrel et al. 2006; Boomer et al.
2009; Boroftka et al. 2006). The rapid increase in humidity in the second part of the
seventeenth century was marked by flood sediments in the irrigation canals in the
Samarkand oasis (Malatesta et al. 2012). During the period 1750-1850, a return to
arid conditions was documented. The former territory of Sogdiana lost its economic
importance along with the collapse of trade on the Silk Road. A rapid decline occurred
in the second part of the eighteenth century, with the inroads made by the Kazakhs and
dynastic strife (Fig. 9.7). The Samarkand oasis was depopulated and the madrasas
were converted by nomads into winter stables (Grenet 2002). The wet period in the
second part of the nineteenth century coincided with Russian expansion. In 1868,
Samarkand was conquered by the Russians and the remainder of the area of the
former Sogdiana became an informal Russian protectorate (Fourniau and Poujolvc
2005). The last aridification interval occurred in the middle of the twentieth century.
This was a period of rapid socio-economic changes in the Soviet republics of Central
Asia. Arid conditions exerted a negative influence on increased human activity and
unsustainable farming.
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9.5 Conclusions

Our dendroclimatic reconstruction of changes in spring precipitation, which covers
important climatic periods of the last millennium, including the drier Medieval Cli-
mate Anomaly, the wetter Little Ice Age, and modern times, revealed a series of dry
and wet stages. Despite our tree-ring data were collected from relatively limited area,
the newly developed proxy record of moisture changes revealed that major dry and
wet episodes over the past millennium were consistent with those indicated by other
hydroclimatic proxy data (such as speleothems, pollen data, glacier retreats or ice
accumulation, lake sediments or changes in lake levels) from adjacent areas.

In general, during dry periods, negative socio-economic changes were observed.
Our palaeoclimatic data show drought during the tenth century, influencing the aban-
donment of ancient Panjikent. The next dramatic decrease in precipitation took place
in the first half of the thirteenth century. This period was marked by drastic polit-
ical and economic changes in the former territory of Sogdiana, as Samarkand was
destroyed by the army of Chinggis Khaan and additionally suffered from decreasing
water availability, leading to a decline in its importance. Severe drought conditions
also occurred in the sixteenth century, contributing to a deterioration in living con-
ditions which coincided with the decline of the importance of the Silk Road and,
finally, the loss of Samarkand position. On the other hand, wetter climatic conditions
led to improvements in living conditions, followed by expansion and development,
as was particularly evident in the eleventh, twelfth, fourteenth, and seventeenth cen-
turies. A socio-economic perspective of wet conditions in the historic past reveals
the great vulnerability of societies in arid Central Asia to climate change. However,
one should keep in mind that climate may trigger problems in a society, but does not
necessarily automatically lead to collapse of cultures.
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Chapter 10 ®)
A Drought Reconstruction e
from the Low-Elevation Juniper Forest of
Northwestern Kyrgyzstan since CE 1565

Feng Chen, Shulong Yu, Qing He, Bakytbek Ermenbaev
and Rysbek Satylkanov

Abstract Naryn River provides large amounts of water resource for Central Asian
countries. Thus, the severity and frequency of drought variation relate to runoff has
important influences on social and economic development of this region. In this
study, the new tree-ring width chronologies of juniper trees from the low-elevation
site of the western Tien Shan are used to reconstruct drought variation for northwest-
ern Kyrgyzstan and place the short instrumental period (1950-2013) of Standard-
ised Precipitation-Evapotranspiration Index (SPEI) in a long-term context. The SPEI
reconstruction successfully reflects the dry and wet periods over the past 451 years,
and captures a recent wetting trend that generally agrees with the drought reconstruc-
tions for the spruce-dominated area. However, some differences between the tree-ring
records from spruce-dominated and juniper-dominated areas reflect regional climate
differences. The comparison between drought events in the SPEI reconstruction and
historical event of Central Asia reveals drought variations have had profound influ-
ences on some historical archives over the past several centuries. This study provides
the first long-term SPEI reconstruction and drought evaluation from the low-altitude
area of Central Asia, contributing to climate change issues in Central Asia.
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10.1 Introduction

Tree-ring width series have been applied to reconstruct regional- to large-scale
drought/precipitation variation over the pre-instrumental period in the drylands of
the world (e.g. Cook et al. 2004; Gray et al. 2007; Neukom et al. 2010; Touchan et al.
2011; Fang et al. 2010; Yang et al. 2014; Gou et al. 2015; Chen et al. 2015a). Most
of drought/precipitation reconstructions or related index value (e.g. runoff) from
Central Asia are inferred from the Xinjiang province in China (Yuan et al. 2007;
Zhang et al. 2013; Chen et al. 2014, 2015b), where drought events are common and
the socio-economic development is limited by scarce water resources. Despite the
large impact of droughts on the socio-economic welfare of numerous Central Asian
countries, relatively little is known about the drought frequencies in these regions.
Henceforth, the development of reliable, highly resolved moisture sensitive tree-ring
chronologies certainly contributes to a more accurate assess of the recent climate
change in this region.

During the last three years, the situation have been changed greatly, and many
new moisture-sensitive tree-ring chronologies have been constructed (Chen et al.
2013, 2016; Zhang et al. 2015; Seim et al. 2016a, b; Opala et al. 2017). Among
these studies, spruce trees have provided the primary information source about past
drought/precipitation variations of Central Asia (Chen et al. 2013, 2015a, b; Zhang
etal. 2013, 2015, 2016). Although previous dendroclimatic studies revealed that the
tree-ring width variations of juniper trees in Central Asia can record drought events,
only a few studies carried out to develop precipitation/drought reconstructions from
juniper tree-ring records (Esper et al. 2001; Chen et al. 2016; Seim et al. 2016a).

Here, we present a 451-year annual drought reconstruction for the low-elevation
juniper forest region near the Toktogul Reservoir in the western Tien Shan of north-
western Kyrgyzstan. The reconstruction is based on a tree-ring width chronology
developed from long-living turkestan juniper (Juniperus turkistanica Kom.). We
used this drought reconstruction to examine interannual to decadal moisture varia-
tions during the pre-instrumental period. Additionally, our reconstruction was com-
pared to neighbouring drought reconstructions in order to unravel the spatio-temporal
moisture variability in Central Asia. Finally, using the drought records, we explore
linkages between drought variation and the historical events of Central Asia over the
past five centuries.

10.2 Data and Methods

10.2.1 Study Area

The sampling area (41° 34’N, 72° 32'E, 795-820 m a.s.1.) is situated within a 40 km
radius of the Toktogul dam near the Naryn River within the western Tien Shan range
(Fig. 10.1). Turkestan juniper trees typically grow in an open canopy woodland
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Fig. 10.1 Location of the sampling site (ellipse), the study area (square), and Naryn River
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Fig. 10.2 a Climograph of mean monthly temperature and total monthly precipitation for our
study area (1950-2014). b Annual average temperature and total precipitation for our study area
(1950-2014)

induced by the semiarid continental climate conditions in the region. Many Turkestan
juniper trees are growing on stone cliffs of the Naryn River valley, in elevations
between 800 and 950 m a.s.1. Based on monthly CRU (Climatic Research Unit, Harris
et al. 2014) climate data, the climate of the Naryn River valley is characterized by
cool summers and cold winters (Fig. 10.2a), with average January temperatures of
—12.5 °C and average July temperatures of approximately 15.8 °C. Average annual
total precipitation is 455 mm, and approximately 44% of precipitation falls as snow
from previous December to current March. Just 18% of annual total precipitation falls
during the summer and early autumn (June—September). Annual mean temperatures
showed a significant upward trend (Fig. 10.2b).

10.2.2 Tree-Ring Width Chronology Development

To develop the drought reconstruction for this area, samples were collected during the
autumn 2013 and 2015. 45 juniper trees were cored from stone cliffs along the Naryn
River valley with increment borers. Two cores of opposite sites were collected per
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tree, in order to cope with growth asymmetries. After mounted and sanded, the annual
widths of cores were measured with a TA Unislide Measurement System (Velmex
Inc., Bloomfield, New York) at 0.001 mm precision. The quality of cross-dating was
examined with the computer soft COFECHA (Holmes 1983). After trends not related
to climate change removed with the negative exponential curve, the detrended tree-
ring series were used to develop the standard (STD) and residual (RES) chronologies
with the computer software ARSTAN (Cook 1985). Due to the sample size decreases
in the early period of the chronology, the expressed population signal (EPS > 0.85)
was used to truncate the tree-ring width chronology due to a weaker coherence of
the individual tree-ring width series (Wigley et al. 1984).

10.2.3 Statistical Analysis

Due to the lack of continuous observation data in this region, monthly CRU (Cli-
matic Research Unit) average temperature, total precipitation (1950-2014, Har-
ris et al. 2014) and Standardised Precipitation-Evapotranspiration Index (SPEI,
Vicente-Serrano et al. 2010) gridded data (averaged over 41° 30'-43°N, 72-73°E)
for 1950-2013 were used in this study. Based on these data we used Pearson’s corre-
lation to unravel the climate sensitivity of our juniperus tree-ring width chronology.
For that purpose, we consider the climate elements of the previous (‘p’) and current
(‘c’) grwoing season (from previous July to current September).

Once the predictand with highest explanatory power was selected, the linear
regression model was developed and applied for the reconstruction. SPEI data from
1951-1981 were used for verification and from 1982-2010 for calibration. Verifica-
tion statistics included the sign test (ST), coefficient of efficiency and the reduction
of error (RE) (Cook and Kairiukstis 1990). In this study, the wet and dry periods
were determined if the 20-year low-pass values were lower or higher than the mean
value from 1565 to 2015 continuously for more than 10 years. To demonstrate the
geographical representation of our drought reconstruction, we computed correlations
of our drought reconstruction with the SPEI dataset by the KNMI climate explorer
(http://climexp.knmi.nl) for the common period (1951-2013). Toktogul Reservoir
(41° 30'N, 72° 22'E, 700 m a.s.1.), located in the Jalal-Abad Province of Kyrgyzstan,
is the largest of the reservoirs on the path of the Naryn River. It was created in 1976
after construction work lasting 14 years on a dam to flood the Kementub Valley. To
establish links of our drought reconstruction with water resource availability and the
related historical processes in Central Asia, correlations of our SPEI reconstruction
with the streamflow series of Naryn River from the hydrological station of Toktogul
Reservoir were conducted during the period 1951-1995. In addition, we used a super-
posed epoch analysis (SEA, Haurwitz and Brier 1981) to determine the resilience of
juniper growth under extreme dry climate conditions.
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10.3 Results

10.3.1 Tree-Ring Width Chronology Response to Climate
and SPEI Reconstruction

The running EPS value is higher than 0.85 from 1565, indicating a significant
coherence among the individual tree-ring width time series during CE 1565-2015
(Fig. 10.3). Thus, we use the chronologies spanning the period 1565-2015 to develop
the SPEI reconstructions. The correlation analysis indicated the standard chronology
were positively correlated with monthly total rainfall in previous July, October and
December, and current February—April, July—August at the 95% confidence level.
The standard chronology was significantly linked with monthly mean temperature in
previous July—August, December—February, and current May, July at the 95% confi-
dence level (Fig. 10.4). Higher positive correlations were found between the standard
chronology and SPEI. Similar significant correlations were found between the resid-
ual chronology and climate factors. After screened the relationship between season-
ally averaged climate factor and the tree-ring chronologies, the standard chronology
and mean Py,jy-Cyay SPEI consistently showed the highest correlation (r = 0.64, p <
0.01, n = 63). Meanwhile, high correlation (» = 0.70, p < 0.01, n = 63) between the
residual chronology and mean Pocioper-Cseptember SPEI was also revealed.
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Fig. 10.3 The standard and residual chronologies (1484-2015), EPS and Rbar statistics
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Fig. 10.4 Correlations of the chronologies with the monthly total precipitation, average temperature
and SPEI during the common period (1950-2014 and 1950-2013). The dotted lines represent
significant variables (p < 0.05)
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Fig. 10.5 a Comparison of the observed and reconstructed Pyy1y-Cnay SPEI for northwestern Kyr-
gyzstan from 1951 to 2015. b Comparison of the observed and reconstructed Pociober-Cseptember
SPEI for northwestern Kyrgyzstan from 1951 to 2015

Using the standard and residual chronologies as predictor, the linear regression
models (Y =0.89STD-0.786 and Y = 1.069RES-0.963) were designed to develop the
mean July-May and Pocober-Cseptember SPEI reconstructions. Figure 10.5 shows that
the SPEI reconstructions simulate the actual SPEI series very well. The two SPEI
reconstructions could explain 40.4 and 49.1% of the instrumental SPEI variance
over the calibration period from 1951 to 2013, respectively. Results of the split
calibration-verification test showed that the values of RE and coefficient of efficiency
were positive), indicating the validity of our SPEI reconstructions (Table 10.1). The
results of sign test were both significant at the 0.05 level. These results revealed that
the two reconstruction models are suitable for the SPEI reconstruction. Based on
the standard and residual chronologies, we developed the two SPEI reconstructions
back to 1565. The reconstructions exhibited considerable fluctuations on annual
and decadal scale. We used the standard version of the SPEI reconstruction in the
following analysis, which retains low and high-frequency signals.
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Table 10.1 Verification and calibration statistics for the drought reconstruction models of north-
western Kyrgyzstan

Calibration Verification Calibration Verification
(1982-2013) (1951-1981) (1951-1981) (1982-2013)
RES/STD RES/STD RES/STD RES/STD
r 0.74/0.59 0.71/0.68 0.71/0.68 0.74/0.59
r? 0.55/0.35 0.50/0.46 0.50/0.46 0.55/0.35
RE 0.47/0.45 0.50/0.34
Coefficient of 0.45/0.43 0.49/0.31
efficiency
Sign test 24 /77)/(25%167) (25%/77)1(24%/187)
Sign test of the (25%/57)/(23%/77) (24%/77)/(25%167)
first difference

10.3.2 The Drought Characteristics of Northwestern
Kyrgyzstan

The SEPI reconstruction provided the long-term background to evaluate regional
drought v