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Sustainability of small-scale rainwater harvesting systems of traditional settlements in
Title semi-arid China
(HE DRI H D IEHAEEDORAFA S R T LOFFEAREN)

Abstract of Thesis

Traditional domestic rainwater harvesting systems (RWHSs) are often at risk of being destroyed. Recently,
the sustainability issues of these systems have been highlighted. This study focused on water cellars, a small-
scale underground reservoir harvesting rainwater in household yards, which have been the backbone of drinking
water supply in traditional villages in semi-arid China for centuries. However, this small-scale domestic RWHS
continues to be ignored by the public and academia. Importantly, water cellars have never been treated as a
water heritage but rather as an inferior infrastructure. Furthermore, because water cellars are privately built,
owned, and used, the studies on the water cellar cannot be complete without involving the concern or
consequences for residents. This study aimed to both provide fundamental awareness of this small-scale
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domestic RWHS and address sustainability issues from “water heritage” and “social sustainability”
perspectives. This study is highly relevant in the context of preserving traditions and comprehensively
considering local input when modernizing the infrastructure of traditional Chinese villages. This study also
provides a feasible bottom-up conservation path for traditional Chinese villages; many of which are currently
being documented for preservation as cultural relics. This dissertation is organized into six chapters as follows:

In chapter 1, the research background, aims, methodology, and framework are introduced. Specifically, the
evolution of the definition of sustainability of a water cellar has been described.

In chapter 2, sustainability challenges faced by global traditional domestic RWHSs are reviewed.
Specifically, a classification system is first created to select representative systems, including water cellars,
stepwells, and ganats. The major limitations of previous studies are identified, and future research priorities
that are not unique to any specific type or territory are proposed.

In chapter 3, an overview of the regional characterization of water cellars is presented from a historical
viewpoint. Eighteen settlements in eastern Shanxi were taken as the study area, and data were collected
through field observations and in-depth interviews. The characterization entailed the geographical distribution
and construction of water cellars and their interactions between traditional villages.

In chapter 4, the construction and rainwater usage patterns of water cellars are examined. Waling village,
one of the sampled settlements mentioned in Chapter 3, was selected as a case study. The data were collected
through a questionnaire survey, in-depth interviews, and field observations. Water cellars are constructed at
advantageous locations using suitable raw materials; the rainwater usage patterns referred to how water usage
varies with rainfall.

In chapter 5, the focus is on the analysis of the factors and renovation methods that influence a residents’
willingness to continue using the same water cellar systems described in Chapter 4 if piped water is introduced.
Data were collected using a questionnaire survey, for which some of the influencing factors were extracted from
the findings reported in Chapters 3 and 4. The analyses confirmed the factors that correlated with the
willingness for sustainable use and indicated acceptable rainwater use patterns and water cellar treatments.
Based on this, effective water management solutions, including renovation and proper identification of heritage
sites, are presented.

In chapter 6, the key aspects of the sustainability of water cellars are summarized. The renovation
principles should be an “original style coupled with a modern function,” which balances functional enhancement
and heritage authenticity. Simultaneously, to promote a self-regulated way of using water cellars, residents

must realize that the everyday heritage must be active and in use, despite the means of renovation.
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