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ABSTRACT

With the population boom and the rapid industrial
and agricultural development, regional water
demand has exceeded the supply capacity in
Turpan. Modern water infrastructure not only
made the unique ecosystem formed by the Karez
out-of-balance, but also devitalized the oasis
civilization and the indigenous cultural landscape
associated with the Karez. Taking the Karez
system as an example, this article proposes
planning and design schemes and roadmaps
based on a regional polycentric governance model
to explore a new path of public environmental
governance which coordinates the interests of

all stakeholders. Four strategies are proposed:

1) establishing the water account management
system; 2] establishing an ecological agriculture
water saving and control mechanism; 3)
introducing an agriculture-husbandry-fishery
circular development mode; and 4) revitalizing
abandoned space. By re-identifying water supply
and demand, rebalancing the existing resources
and regional development, and encouraging the
role of landscape as ecological infrastructure,
resilient landscape and sustainable resource
utilization could be realized to maximize the public
interest.

KEY WORDS

Polycentric Governance Model; Turpan; The Karez;
Water Account; Ecological Agriculture; Abandoned
Space
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1 Water Resource in Turpan

Turpan has historically been called “the land on fire.” With

an extremely strong evaporation and a serious infiltration of
surface water due to the sandy soil'"!, the water supply in the
Turpan Basin depends entirely on glacial melting and seasonal
precipitation in mountainous areas'”. As an indigenous response,
the Karez, which is called “the underground Great Wall,” came
into being. Generally, it consists of four parts: shafts, open
canals, closed conduits, and waterlogging dams, composing an
underground canal system constructed manually to transport
water from an aquifer or water wells to surface for drinking and
irrigation. While delivering water to the ground without any
external forces, the Karez is superior in reducing evaporation
loss, being resilient to sandstorm and seasonal changes of water

resource quantity, and easily obtaining construction materials.
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The Karez therefore has supplied water for Turpan’s human and
livestock living, agricultural production, and industrial uses for
years and years (Fig. 1).

Since the 1970s, with the population boom and the rapid
industrial and agricultural development, regional water demand
has exceeded the supply capacity of the Karez system. The
replacement of the Karez by modern water infrastructure not only
made the unique ecosystem formed by the Karez out-of-balance,
but also devitalized the oasis civilization and the indigenous
cultural landscape associated with the Karez. The overexploitation
of water resource has caused problems like soil salinization and
secondary salinization, which are adverse to the agriculture in
arid regions. Climate changes would make the dominated regional
meltwater-streams unsustainable””, further aggravating the existing
shortage of water supply and probably triggering more conflicts in
boundary division of water resources (Fig. 2, 3).
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2 Polycentric Governance Model

The sustainability of the Turpan region is a complex issue
associated with ecological environment, technical means,
economic needs, and social identification. With regard to the
water resource, its sustainability not only relates to the reserve
margin, source access, distribution costs, and economic risks
of natural water resource, but also depends on the public will
and the resource affordability. Therefore, this article proposes
planning and design schemes and roadmaps based on a regional
polycentric governance model. In order to coordinate the
interests of all stakeholders and create a sound water-soil-
people ecosystem, this article explores a new path of public
environmental governance through comprehensive management
of water and soil, providing strategies and methods for
ecological restoration projects in the future (Fig. 4, 5).
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2.1 Establishing the Water Account Management System
Impacted by global warming, many small glaciers in the
Turpan region are melting away and cannot supply rivers for a

long run. Data shows that the small glaciers with an area less
than 2 km”* providing water resources for Turpan-Hami Basin,
located to southern Tien Shan Mountains, will disappear by
2050, and the existing larger glaciers will eventually melt into
small ones, continuously weakening the region’s resistance to
climate change.""! At a regional scale, the water shortage will be
severer and severer.

If meltwater and rainfalls are the “income” we get from
the nature, then we have to “withdraw” them in advance due
to the global warming. If humans continue to “overdraw”
immoderately, they will face a crisis of “deficit.” We must
manage the water account in a sustainable way. While having a

clear awareness of savings and expenditures, people also need

o 0 HFEE
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to develop “expenditure plans” and learn management methods
for a “financial sustainability.” Playing the leading role in public
environmental governance, the government should proactively
conserve water from the source and recharge groundwater for

a sustainable utilization of water resources (Fig. 6). Specific
strategies include:

1) Setting up low ecological dams in front of the mountains
to slow down the speed of flood and increase infiltration,
thereby to recharge the groundwater, conserve water for the
Karez, and alleviate the potential threat of stormwater and flood
to the oasis in the middle and lower reaches;

2) Establishing stations to monitor the groundwater and
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the flood detention and infiltration by low dams to inform wise
conservation and utilization of water resource.

2.2 Establishing an Ecological Agriculture Water Saving and
Control Mechanism

The long-term application of flood irrigation has somehow
aggravated soil salinization in the region and increasingly
affected Turpan’s agriculture development. Since water-saving
technology can help regulate the moisture, heat, salinity, and
nutrient condition of the soil and improve the quality of topsoil,
it is significant to establish a long-term agricultural water saving
and control mechanism. Specific strategies include:
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1) The government is expected to provide policy
and financial support to innovative efforts of ecological
agriculture water-saving technology and conduct monitoring
and evaluation. In addition to regular public training
programs and promotion events of new technologies,
profit-making organizations can cooperate with enterprise-
based research and development institutes to establish
eco-agriculture demonstration zones, provide service and
technical guidance, and popularize water-saving facilities;

2) Soil condition and microbiota impact plant growth
the most. By improving the interactive relation of crops and
the soil microbiota, an oasis agricultural system where water,
soil, and crops are “coordinated” could be formed;

3) Establishing a scientific management system for
water saving and control and giving policy priority to
related investment, water price regulation, and irrigation.
Meanwhile, the system can create a mutually beneficial
relationship between government agencies, enterprises,
managers of demonstration zones, and farmers in resource

utilization and environmental conservation.

2.3 Introducing an Agriculture-Husbandry-Fishery Circular
Development Mode

The Karez system nurtures the oasis civilization in
Turpan. It has been the physical foundation of the local
ecology, society, economy, and culture, providing a skeleton
for polycentric governance. While benefiting from the
Karez for generations, local residents are also the builders
and maintainers of this system. With innovations in the
Karez construction and repair craftsmanship, improved
approaches to operating and managing the system, and
regular monitoring of the water level and quality changes
with modern techniques, a standardized governance mode
could be gradually formulated. This article envisions an
agriculture-husbandry-fishery circular development mode,
a new agricultural production and operation mechanism
that makes full use of the existing cold water resources and
builds water reserve and diversion systems. Specific strategies
include:

1) The ecological performance of the water storage space
of the dam systems can be improved by integrating the
abandoned ones with the collapsed Karez after raising the
groundwater level;

2) Since the temperature of the groundwater in the
Karez remains low in summer, ecological fishery of cold
water fishes, such as Oncorhynchus mykiss and Salmo
aguabonita, and filter-feeding commercial fishes, such as
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Hypophthalmichthys molitrix and Aristichthys nobilis, can be
cultivated. In particular, filter-feeding fishes can inhabit even
in aquatic environments of lower water quality, which allows
for a reutilization of the water and residual nutrients from
cold-water fishery zones (Fig. 7). Regular fish fry releasing is
also necessary. In addition, installations like “foam floating
islands” can be introduced into the ponds to purify the water
and the activated carbon in the installations can be recycled
as fertilizer for crops, to realize a circular agriculture economy
and make the best cascade utilization of the residual materials
and energy in water;

3) Using the surplus water to develop desert eco-
prataculture could promote household paddocks and reduce
bare-ground lands. A healthy cycle of natural ecology can be
formed by implementing comprehensive ecological grazing
and breeding programs, collecting livestock excrement as
organic fertilizers for crops, and encouraging fresh water

aquaculture.
2.4 Revitalizing Abandoned Space

The Karez plays a unique role in local biodiversity: the

mounds above the canals provide habitats for cave animals;
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Step 6 Spatial experience

the inner walls of the wells offer shelters for birds; the dams
home fish and amphibians. The spatial function and ecological
performance of such spaces can be improved by integrating
and transforming abandoned electromechanical wells and the
collapsed Karez (Fig. 8). Specific strategies include:

1) Integrating and reconstructing the irreparable Karez and
abandoned reservoirs to form recreational public space for local
residents and tourists to gather, communicate, and take a rest;

2) Local residents, merchants, and farmers with full
understandings of local space are encouraged to participate
in the reconstruction of abandoned public spaces. The impact
of new structures on local ecological environment should be
minimized;

3) Building an online database of public spaces to
comprehensively learn about people’s satisfaction degree and
expectation in space use and inform spatial integration.

Although the above strategies have different priorities and
applicable scales, they are interrelated and inter-conditioned.
Only by synchronizing all these strategies can we deconstruct
the existing top-down unidirectional management model
and establish a positive circulation of polycentric governance

mechanism.
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The strategy of
integrating and
transforming abandoned
electromechanical wells
and the collapsed Karez
to improve the spatial
function and ecological
performance of such
spaces.
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3 Strengthening Landscape Resilience under a Polycentric
Governance Model

In the current context of resource utilization and social
system, landscape is increasingly endowed with an expectation
of proactively adapting to contemporary development (Fig. 9).
This article explores how to adopt a polycentric governance
model for renewing Turpan’s Karez system, an agency of the
regional information transfer and material exchange. Through
resource, functional, and structural integrations of the Karez
into larger-scale ecosystems, the landscape can be ecologically
revitalized with cultural, technological, economic, and policy
considerations, becoming a resilient system that delivers
lasting and multiple benefits and be capable to respond to
uncertainties.

Nowadays, technological innovation is pushing ahead
the development of society and generating high profits, while
aggravating the unsustainability of resource exploitation.
Traditional governance methods and strategies are facing
challenges in balancing and dealing with uncertain factors in
the future. This article is to facilitate the engagement of all
stakeholders, and coordinate public interest based on common
consensus. Under the polycentric governance model, landscape
performance and benefits can be ensured. According to the
First Law of Ecology defined by Barry Commoner, “everything

2 [5]

is connected to everything else,””' and “we can never do

merely one thing,”' as what Garrett Hardin believed. LAF
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