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Abstract

Traditional analysis approaches to water resource carrying capacity cannot be directly applied to data-deficient regions 
where water resources have been exploited excessively. Gross domestic products (GDPs) also cannot be used directly as 
objective functions of regional benefits. New objective functions should be established by analysing limited available data 
and mining useful implied information. Based on the principle of water resource supply-demand balance, a new evaluation 
criterion of regional benefits is presented using the non-linear regression analysis approach. An analysis model of ground-
water carrying capacity was then established and is solved with the Lagrange multiplier method. A case study of groundwa-
ter resource carrying capacity in 2010 and 2015 in the Yaoba Oasis irrigation district, Alxa Left Prefecture, Inner Mongolia 
Autonomous Region, China, was performed. Results demonstrate that the model has the ability of evaluating and determin-
ing the groundwater resource carrying capacity in this overloaded and data-scarce region. The carrying capacity level of 
groundwater in this irrigation district is rather low and the development potential is limited. In order to reduce the exploita-
tion of groundwater resources and achieve the sustainable development of the oasis in future, a system of agricultural water-
saving irrigation must be set up to reduce the irrigation quotas and the irrigation water requirement. The arable areas should 
be reduced and the living standards of local people should also be raised. The results obtained from these applications have 
proved that the analysis model presented in this study is a new and promising method which can be employed in data-scarce 
and overloaded regions.
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Introduction

The concept of carrying capacity originates from the field of 
biology. It was first used by U.S. biologists Park and Burgess 
(1921) and denoted the maximum number of a certain species 
that can be sustained under a given environment (the combina-
tion of living space, nutritive material, sunshine and so on). 
Subsequently, it was introduced into different fields and some 
corresponding concepts, such as population carrying capac-
ity, resource carrying capacity, land carrying capacity, water 
resource carrying capacity, and environment carrying capacity 
came into being. The concept of water resource carrying capac-
ity (WRCC) was first brought forth in the late 1980s in China 
(Bao and Fang, 2007; Feng et al., 2008). It is an application of 
the carrying capacity concept to water resources. The WRCC 
is a basic measurement of water security (Xia and Zhu, 2002) 
and also an important component of food security, economic 
security, eco-security, social security, national security, and 
even human survival security (Knapp, 1995). There is not yet 
a united definition of WRCC. Though different researchers 
have different understandings (Shu and Qu, 1992; Feng, 2000; 
Liu, 2000; Zhu et al., 2002), the basic viewpoints and ideas do 
not differ greatly and are all focused on the implications of a 
sustainable capacity of water resources. The connotation of 
WRCC is mainly embodied in the following points: 

•	 The main subject of WRCC is water resources; the focus is 
humans and the socio-economic and environmental sys-
tems which support human survival, or the wider range of 
biological communities and their needs for survival

•	 The WRCC has spatial and temporal attributes
•	 The water resource system is a complex, integrated socio-

economic and ecological system, which indicates that there 
are complicated, interdependent and interactional relation-
ships between the WRCC and the socio-economic and 
ecological systems. 

Therefore, although the carrying capacity concept in water 
resources is significantly linked with its original meaning in 
biology, there are slight differences in the main components.

The establishment of regional water resource security is 
related to the WRCC (Michiel and Frans, 2000; Zhang, 2004). 
Water resources are special limited resources and their carry-
ing capacities are restricted, within a certain period and level of 
regional development of society and economy (Beuhler, 2003). 
Water resources supplied by any water body, including rivers, 
lakes and groundwater, have a threshold value. If the threshold 
is exceeded, the ecological environment will enter a deteriora-
tive cycle (Ghassemi et al., 1997; Falkenmark and Lundqvist, 
1998). In this case the WRCC can be defined as the largest 
scope of water resources development and utilisation in a cer-
tain stage of social and economic development of a particular 
area. If developments exceed the scope, the ecological environ-
ment will be destroyed, or negative benefits of development 
will be larger than the positive ones. To sustain the develop-
ment of regional society and economy, it is essential to analyse 


