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Abstract ...

When developing water infrastructure for new cities, it is useful to
compare the water patterns and performance of distant cities in
earlier times. This paper takes its inspiration from research on ancient
urban water systems in China which it compares with ancient water
infrastructure in South Asia and North America. In each case, there is a
wealth of archaeological, historical, and geographical evidence, which
is only occasionally drawn upon to inform new urbanization in the 21st
century. Positive examples include the enduring emphasis on urban
siting, watershed protection, stream restoration, floodplain management,
and post-disaster reconstruction. Infrastructure failures include water
depletion, degradation, disasters, and destructive conflict that have in
some cases contributed to the abandonment of cities. The paper offers
six principles by which comparative study of ancient water urbanism can
have relevance for contemporary urban landscape design challenges.
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1 Introduction

When developing infrastructure for new cities is it
useful to study the water and environmental systems
of distant places and ancient times? This question is
debated by archaeologists, historians, engineers, and
designers. Some think ancient urban water systems can
inform, inspire, and warn modern societies. Others argue
that there are such fundamental differences between
pre-industrial and modern cities that it is a fallacy or
romantic sentiment to think that one can inform the
other in any practical way. To judge from published
research and planning documents, however, most people
do not even consider this question. The first part of this
paper offers a review of these debates and how they
have shaped current thinking.

When researching this paper I was struck by the
number of articles stating that ancient urban water
supply, drainage, and flood management are indeed
relevant for new cities in China, the U.S.A., and
elsewhere. Some water scientists in China argue
that ancient urban water systems can shed light on
alternatives for new cities of the 21st century!!™"!,
Traditional technologies are being adapted for modern
cities, with increased emphasis on ecological health
and water quality. Examples in landscape architecture
include Professor Kongjian Yu’s article on “Living with
Water: Flood Adaptive Landscapes in the Yellow River
Basin of China”, which put forward a flood mitigation
typology of the “city-in-water, water-in-city, and the
ying-yang water city”". These intermediate stages of
water urbanism can help address long-term processes of
subsidence and riverbed aggradations. Understanding
those processes and creatively addressing them at
cities like Heze in Shandong province are part of
what Professor Yu calls the “art of survival”. An
article by landscape architects Shannon and Chen
titled “(Recovering) China’s Urban Rivers as Public
Space” compares historical relationships between cities
and water with innovative urban river restoration in
cities like Ningbo, Kunming and Qian’an'. Similar
propositions have been put forward in other regions,
including South Asia and North America!® ™,

The later sections of this paper compare ancient

water infrastructures in regions where I have lived and

worked — in South Asia which is home to Harappan
cities of the Indus Valley civilization; and North
America which gave rise to Mississippian floodplain
settlement and Hohokam canal irrigation settlement.
These examples can help broaden our imagination of
socio-ecological infrastructures for new urbanization in
the 21st century. The concluding section of the paper
draws these case studies together to articulate general
propositions for future comparison of water urbanisms

in China, South Asia, and North America (Fig. 1).

2 Water in the Ancient Cities of China
2.1 Reflecting on The Pivot of the Four Quarters

The 2014 Beijing Forum theme on the
harmonization of cultures led me to reflect upon
Professor Paul Wheatley’s book titled, The Pivot of the
Four Quarters: A Preliminary Enquiry into the Origins
and Character of the Ancient Chinese City". This book
surveys the origins and evolution of Shang and Zhou
Dynasty urbanism in China, and it compares a broad
range of theories about the origins of the city in other
regions of the world. In geographical terms, Wheatley
argued that in comparative research on ancient cities,
China had been neglected. Theoretically, he reviewed
the history of ideas and comparative research on urban
origins, showing that while the functional aspects
of ancient cities had received substantial attention,

the symbolic forms and meanings of cities had been 1 AR I B AT K
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neglected. His approach linked urbanism, defined as the .
1. Ancient urban water cultures

culture of cities, with urbanization, which is the process discussed in this paper
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Table 1 Wittfogel’s Typology Of Water-Society Relations

VARIABLE ASIATIC MODE CAPITALIST MODE
Sz b (F8) Bk (gt ) FEmARR (3858 )
Climate Core (Arid) Margin (Mesic) Submargin (Humid)
IKFIEEAR R KAR GiE
Water Technology Irrigation Hydro-agriculture Rainfed
IKERE £z (ER) B (X)) a2 (A )
Hydraulic Density Compact (national) Loose (regional) Loose 2 (local)
BHXR B— (ER) REF R B (BF)
Property Relations Simple (state) Semi-Complex Complex (private)
BIAAR Tl BLBUA RE
Political Organization Despotic Oligarchic Democratic
EZRIDEE KF T BB okl
State Functions Hydraulic State Defense
Works Industries
= A8 & B
Human Experience Terror Regulation Freedom
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by which cities grow and develop. The Pivot of the
Four Quarters rejected the ideas of another Sinologist,
Karl Wittfogel, who argued that coercive large-scale
irrigation systems in arid regions led to the production
of an economic surplus that supported the formation of

bureaucratic social organization and cities.

2.2 Reflecting on Wittfogel’s Hydraulic Hypothesis

In 1957, Wittfogel published Oriental Despotism:
A Comparative Study of Total Power where he argued
that cities arose when powerful members of a society
forced weaker social groups to construct large-
scale water infrastructure, which produced an agro-
economic surplus that was extracted and accumulated
in cities"”’. Numerous critics refuted Wittfogel’s use
of archaeological and historical evidence, along with
his ideological arguments. Robert Adams showed that
it was cities that enabled irrigation development in
ancient Mesopotamia, rather than the reverse!'"”, He
argued that city formation is fundamentally a social
rather than environmental process (responding in part to
controversies over “environmental determinism” at that
time). He also shifted from an emphasis on ceremonial
spaces of the sort that Wheatley emphasized to the
role of public spaces and forums in urbanization. On
the basis of this accumulating comparative evidence,
almost all archaeologists and ancient historians rejected
Wittfogel’s argument that irrigation infrastructure gave
rise to the origin of cities.

Notwithstanding these errors, Wittfogel made
several lasting contributions. He brought together
environmental and social aspects of water infrastructure
that had previously been treated separately. For example,
he argued that climate and hydrology were linked with
infrastructure technologies, property rights, economic
production, state structure, social power relations
and stratification — and he examined them over long
historical and geographic timescales (Table 1).

Wittfogel’s second contribution, albeit flawed, was
that he argued forcefully about the relevance of water
systems for progressive social change. Later water
researchers have applied his framework to social aspects
of modern irrigation institutions and organizations in

South Asia. Still others have adapted Wittfogel’s

framework to criticize how powerful state agencies and
private interests have used infrastructure projects to
promote unsustainable and inequitable growth of cities

such as Los Angeles"..

2.3 Recent Comparative Research on Ancient Urban
Water Infrastructure

Of course, much has changed since these studies
decades ago on ancient water settlements in China,
comparative research, and its relevance for new
urbanization. The origins of urban settlement have
been extended back to the Neolithic cultures in the
middle Yellow River basin and northern and southern
deltaic plains of the Yangtze River. Lower basin
settlement patterns varied over time in relation to
climate, hydrology, and sea level fluctuations between
8,000 and 4,000 before present. Recent studies have
shed light on the adaptive processes of moving
settlements based on mixed subsistence strategies of
hunting, gathering, and cultivating toward and away

SIS A receding shoreline

from the coastal margins
opened the coastal plains for increased settlement and
ultimately urbanization, bounded by salinity and coastal
inundation. As in upstream regions, early settlements
concentrated at relatively stable locations near small
perennial water bodies on diluvial tablelands, gentle
alluvial fans, and former meanders, rather than in dry
uplands, major river channels, or lowland floodplains"”.

Arguments for the modern relevance of ancient
urban water infrastructure have also increased. Research
on Chinese cities in technical journals such as Water
Science and Technology underscore the formative
role of water infrastructure in the siting and layout
of the Chang’an capital on the Weihe River. They
draw attention to early systems of masonry pipelines,
valves, and sediment traps in Yangcheng in the eastern
Zhou Dynasty; and to historical drainage systems
that combined gravity flow piping with open channel
flows; not to mention the impressive water storage and
drainage systems of later cities such as Beijing! ¥,
These and other recent studies in China argue for
the modern relevance of historical technologies. As

mentioned at the beginning of the paper, environmental

designers and planners offer similar arguments in China,

s1odeq
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and other regions.

In terms of social infrastructure modern scholars
have built critically upon Wittfogel’s framework when
they describe the institutional situation in modern urban
water systems as those of a “fragmented hydraulic
state”, which has social and political hierarchy and
authority but only limited central bureaucratic control™',
Institutional fragmentation extends across many water
subsectors, levels of government, funding streams,
and types of water user organizations. Some scholars
describe this situation as having “too many dragons”,
which brings to mind Professor Qiguang Zhao’s study
of literary distinctions among mythological dragons
(water authority figures), dragon kings (weather deities),
and folklore dragons (vernacular water spirits)™”.
Urban water systems are governed by one hierarchy
of “dragons,” while dams, irrigation, water quality,
and flood control operate under different institutional
hierarchies. Analogous patterns may be observed in
other large countries like India and the United States
— but there have been few comparisons of their water

infrastructures to date.

3 Socio-Hydrology of Historic Cities in South Asia

Most of my research has concentrated on late
medieval and early modern cities of the Indo-Islamic
period in South Asia (that is, the 12th to 17th centuries
in what are now the countries of India and Pakistan).
However, urban settlement and infrastructure began
at least four millennia earlier in the greater Indus river

(2311231 “South Asia had at least three periods

valley
of urbanization prior to the modern colonial and
postcolonial periods: the Harappan Bronze Age; the
early historic period associated with Buddhist kingdoms;
and the late medieval period of military and courtly
cultures. The water infrastructures of these three periods
of urbanism are briefly discussed below for the insights

they give into early socio-hydrologic processes in South

Asia, and in comparison with China and other regions.

3.1 Neolithic to Harappan Bronze Age Settlements in
the Greater Indus Basin
As in China, Neolithic sites in South Asia were

concentrated at favorable conjunctions of local geologic,

hydrologic, and ecological resources. For example,
they developed along montane margins of the Indus
basin, before moving eastward into the Indus plains and
constructing large masonry runoff control structures™.
Harappan civilization is associated with the Indus
River valley due to the occurrence of two of its largest
urban settlements along the Indus (Mohenjo-Daro)
and major tributaries such as the Ravi and Beas rivers
(Harappa). As in China and North America, locations
along perennial tributaries were more reliable and less
hazardous than along the main channels of large rivers
such as the Indus, Yellow River, Yangtze, Colorado,
or Mississippi. Mohenjo-Daro developed some of the
most sophisticated ancient wells, baths, pools, tanks,
and drains in the proto-historic period. A long-running
debate in the Indus concerned the relative significance
of climate, flooding, and tectonic change for the
abandonment of cities such as Mohenjo-Daro.
However, the most dramatic example of river
channel failure followed by settlement abandonment
occurred along the Ghaggar-Hakra channel in

7l Remote sensing research has confirmed

Cholistan
the close association between settlements and palaeo-
channels, indicating cases where palaco-channels change
may have given rise to shifts in settlement, or settlement
abandonment in cases where channels dried up. Gujarat
settlements declined more slowly perhaps due to coastal
maritime trade. Later Harappan sites in Saurashtra such
as Amra, Vasai, and Rojdi are actually classified as
“Post-urban,” and were sited where small roads cross a
small stream (Fig. 2). Interesting comparisons can thus
be drawn between the Neolithic transitions of India
and China, which involved different patterns of water
supply and infrastructure (for example, flood defense in

northern China vis-a-vis inundation canals in the Indus).

3.2 Early Historic Cities in Northern India
The early historic period of urbanization arose to the
north and east in the Indo-Gangetic plains of northern
and central India, from the famous Buddhist monastic
city of Taxila in the West to Kanauj and Magadha
in the East. These early historic cities arose in more
28

well-watered regions™. Some of them were symbolic

ceremonial centers as well as trade and specialized

s1odeq
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production centers. Buddhist monastic complexes were
often constructed distant from trading centers, though
they relied indirectly upon institutions of kingship,
revenue administration, transport and trade.

This period produced pragmatic texts on city
building, such as the Arthasastra, Silpa Sastra, and
Mayamata. The Arthasastra, compiled by Chanakya
(350 ~ 283 BCE) in the Buddhist monastic city of
Taxila, described how cities should serve as sites for
sound building, social relations, and governance. It
notes the varied relationships between water resources,
monsoon rainfall, and flood protection; and the
relationship between cities and the villages under their
administration™’.

11/34/8: In waterless regions, [the king] should establish
wells, water-works and springs, also flower- and fruit-
enclosures.

111/9/33: When tanks and embankments are newly
constructed, an exemption (from taxes) for five years (should
be granted), when those that are ruined and abandoned are
renovated, an exemption for four years, when those that are
over-grown with weeds are cleared, for three years, when dry
land is newly brought under cultivation, for two years.

IV/3/17: During a famine, the king should make a store
of seeds and food-stuffs and show favour (to the subjects), or
(institute) the building of forts or water-works with the grant
of food, or share (his) provisions (with them), or entrust the
country (to another king).

Chinese travelers to India during this period have
left valuable accounts of the historical geography of

these Indian cities, rivers, and landscapes™.

3.3 New Medieval Cities (9th ~ 16th centuries)

An international perspective on urban design is also
warranted for the late medieval and early modern new
cities that were increasingly shaped by trade goods,
artistic exchange, and travel®". For example, from
the 9th century onwards, extraordinary Indo-Islamic
encounters occurred in cities of the lower and middle
Indus River basin®. Like their Harappan antecedents,
they lay at the intersections of riverine and overland
trade routes, that is, at strategic river crossings. They
prospered as cosmopolitan centers in peaceful times,

suffered from both avenues of attack in unstable times,

but rebuilt rapidly if the trade routes endured. The
Rajatarangini (River of Kings) a poetic historical text
from 12th century Kashmir recounts the rise and fall of
kings and courts that bears comparison with metaphors

of water in Chinese historical and philosophical texts ™!

(Fig. 3).

In Delhi, for example, cities such as Tughlugabad
were located along micro-tributaries of the Yamuna
River fed by the Delhi Ridge watershed, which had
multiple water control structures and tanks"". The tanks
were modified with inlet and outlet works to serve urban
water uses (Fig. 4)P". Another exception is the short-
lived Mughal ceremonial capital of Fathpur Sikri, whose
reservoir burst and water supply reportedly proved
inadequate in quality or quantity in the late 16th century
(Fig. 5)®%. Unfortunately, almost no city building
texts have survived from this era, whether in Sultanate
documents, Hindu courts, or later Mughal documents.

It is interesting to compare modern South Asian
perspectives on ancient urban water systems with the
Chinese research cited earlier in the paper. Ancient
rainwater harvesting systems in India have been
studied for their heritage and modern water planning
relevance””. Those studies along with community
mobilization and policy advocacy have led to the
adoption of urban rainwater harvesting policies in

most water-scarce cities. Policy enforcement varies

but the adaptation of ancient water harvesting systems
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is expanding and is increasingly linked with low-
cost decentralized pond and vegetation systems for
wastewater treatment. What happens when we extend
this analysis to a much younger civilization half-way

around the world in what is now the United States?

4 Water Urbanism in Ancient North America
Settlement history of the Americas began much
later with humans traveling over the land bridge from
Asia some 12,000 years before present. The types of
water-settlement relations ranged from river terrace
and floodplain occupance to canal irrigation cities and
migratory use of ephemeral ponds (Table 2, Fig. 6).
The only combination that gave rise to cities were canal
irrigation systems constructed at the confluence of
perennial tributaries, such as the Salt and Gila rivers, at

the location known today as Phoenix, Arizona.

4.1 Hohokam Canal Irrigation in Central Arizona

The Salt-Gila confluence supported prehistoric
urban settlements of Hohokam Indian tribes, originating
around 200 BCE, expanding and consolidating their
canal irrigation systems over a period of about 1,000
years, before abandoning those settlements by 1450 CE.
The period between 1000 CE and 1200 CE witnessed
urban growth associated with canal irrigation™®.

Climate variability and possible social tensions in
the 14th century reduced settlement sizes and prosperity.
Cities were abandoned in central Arizona with migration
to more mesic floodplain and upland locations. Like
the mythical phoenix bird, however, the city of Phoenix
arise out of its ashes in at least two subsequent waves
of canal irrigation expansion in the 19th and 20th
centuries. Rebuilding was associated with increases in
Euro-American migration, trade, industrialization, and
ultimately recreational development. The latter process
led to major irrigation canal banks being turned into
landscape recreation corridors for increasingly urban

[39]

neighborhoods

4.2 Mississippian Floodplain Civilization
The other major region of water-related civilization
in North America developed along the Mississippi River

main stem and its tributaries, the largest of which are

the Ohio and Missouri Rivers. Mississippian civilization

was the most extensive of the North American continent.
It ranged from fishing-farming settlements in the
Mississippi River delta to major transportation corridors
along the main stem of the river that were linked with
monumental ceremonial urban centers upstream that
revolved around earthen mound structures (Fig. 7).

As in the arid west, major Mississippian settlements
were located on former meanders and small perennial
tributaries that had relatively stable channels. One of the
grandest ceremonial centers known as Cahokia was sited
adjacent to an abandoned river meander in a floodplain
known as the American Bottom, across the river from
the modern city of St. Louis, Missouri. The settlements
had access to rich wetland resources and river channels
for transportation, with ready safety in upland areas
during flood events. These magnificent complexes
were abandoned about the same time as those of the
Southwest. A similar mix of hypotheses have been
put forward, ranging from social conflict associated
with stratification to climate change, environmental
degradation, and diminishing capacity to adjust to them
successfully™*”.

Designers have given particular attention to the
symbolic dimensions of mound landscapes, as well as to
their historical, material, and ecological dimensions'.
Although it is not yet part of the canon of design

precedents from North America, it complements
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those of subsequent Euro-American origins and has
relevance for future blue-green infrastructure proposals.
Modern Mississippian cities likewise have variable
levels of resilience and vulnerability, from prosperous

. . . 42
Minneapolis to precarious New Orleans downstream™.

5 Comparing the Relevance of Ancient Urban
Water Systems in China, South Asia and North
America

This paper has shown how cities developed in
relation to water resources across a wide range of
regions, time periods, and cultures. As ecological and
cultural landscape planning advance, they are likely to
draw increasingly upon ancient precedents in their own
regions. What additional lessons might they draw from
a comparative landscape approach?

First, comparing the ancient urban socio-hydrologies
of China, South Asia, and North America requires a
deeper archaeological and evolutionary perspective,
which begins long before the development of complex
cities per se. Research on early hominin evolution and
Stone Age settlement patterns reveals close relationships
between humans and relatively stable water bodies. The
earliest roots of water urbanism lie in human evolution
itself*’™. The desire in contemporary design to renew
local water supplies may thus have very deep roots.

Second, it is important to consider that the most
successful ancient urban water systems were sustainable
on timescales of centuries but not millennia. Successful
urban water infrastructure endures for several decades
before it must adapt to new stresses. If it adapts well
the city can survive for centuries before it is superseded
by new forms or patterns of urbanization. Thus, it
is important to compare cities in China, India, and
the U.S. that have retained their living heritage on
timescales of centuries. Comparing and conserving the
cultural heritage of abandoned cities like Mohenjo-
daro and Cahokia is also important — both for cultural
consciousness and for adapting lessons from abandoned
places for new urbanization.

Third, resilient water systems are necessary but
not sufficient to sustain urbanization and urbanism.
Inadequate and unsafe water can degrade but rarely

destroy a city. For that reason, water designers play

an important, yet supporting role in the emergence,
growth, and reconstruction of cities after disaster. When
societies abandon their cities, it is not due to conquest
or epidemic, but due to their unsustainability in eco-
social terms. They often suffer a greater insufficiency of
social cohesion to adapt their water systems, more than
absolute scarcity. Some cities have proven resilient to
even the most catastrophic disasters, after which they
“build back better”, sometimes with enhanced blue-
green infrastructure. Comparison of flood hazards and
innovative large scale flood risk reduction strategies
on the Yellow River and Mississippi has enormous
promise.

Fourth, while the earliest urban water systems
developed in continental interiors, new urbanization is
concentrating on the coasts. Early cities developed on
perennial medium-scale water bodies, rather than on
large uncontrollable river channels. They developed
effective river flood risk reduction strategies, as in the
Yellow River works ascribed to Yu the Great, and to
carly Mississippian settlements. As new urbanization
develops on the coasts, which are vulnerable to sea level
fluctuation and catastrophic storms, the question arises
as to whether they can develop coastal flood adaptation
and resilience practices that draw in part upon ancient
riparian precedents.

Fifth, when ancient urban water infrastructure
developed, it had meaningful symbolic as well as
material relationships with local water resources. Local
water relationships are jointly symbolic and functional,
in part because part of what characterizes urbanism
is its construction of symbolic significance. This was
the main point that Paul Wheatley underscored for
early cities in China, and in comparison with other
ancient civilizations. The question of how these early
relationships are lost or degraded — and how they
can later be authentically recovered — is crucial
for understanding the potential paths for creating
an enduring eco-social infrastructure for new
urbanization.

In conclusion, although new cities are fundamentally
different from those that preceded them in ancient times,
places, and societies — they can in principle adapt

successful innovations from these ancient precedents
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by analogy. There may be useful analogies with ancient
cities in other parts of the world which had profoundly
different water characteristics
currently comparing of urban water systems Mumbai,
Singapore, and Boston— and are discovering all sorts

of historical connections as well as promising design

[45]

NOTE

A longer version of this article is presented to the 2014 Beijing

Forum.
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