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Fig.1 Connotation and calculation development of water retention from 1823 to 2020
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Fig.2 Process of water retention
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Tab.1 Forms of water retention function
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Fig.3 Definition of water retention function
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Tab.2 Calculation methods of water retention
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Tab.3 Calculation models of water retention
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The review on service of water retention and computing method

WANG Yunfei*, YE Aizhong*, QIAO Fei?, LI Zongxing®,MIAO Chiyuan®, DI Zhenhua®, GONG Wei'
(1. Beijing Normal University, Faculty of Geographical Sciences, State Key Laboratory of Earth Surface Processes and
Resource Ecology, Institute of Land Surface System Science and Sustainability Studies, Beijing 100875, China;

2. Chinese Research Academy of Environmental Sciences, Beijing 100012, China;

3. Key Laboratory of Ecohydrology of Inland River Basin, Northwest Institute of Eco-Environment and Resources, Chinese
Academy of Sciences, Lanzhou 730000, China)

Abstract: Under the scenario of increasing demand for water resources and global climate change, the
shortage of water resources in China is becoming increasingly serious, so it is particularly important to
strengthen the protection and rational development and utilization of water resources. As an important
storage form of water resources, water retention affects the hydrological cycle at different scales, plays an
important role in the balance and stability of the ecosystem, and also provides people with services such as
flood storage, water quality purification, and water supply, which is closely related to people's production
and life. Many scholars have carried out extensive studies on the function of water conservation and had a
deep understanding of it. However, due to the rich connotation and diverse functions of water retention,
there are many existing definitions and calculation methods of water retention, and there is still a lack of
unified standard, more systematic and accurate definition and calculation method of water source
conservation are needed. Here, we summarized the concepts, functions, and calculation methods of water

retention gave the definition, and analyzed the calculation models of water retention.
This paper summarized the history of water retention research, which can be roughly divided into four
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stages: the stage of understanding and experimental observation, the stage of forest hydrological process,
the stage of quantitative calculation, and the stage of comprehensive model evaluation. On this basis, the
concept and connotation of water retention are defined from the three aspects of function, object, and
quantity, the definition of water retention is given, and the function of water retention is distinguished from
the narrow and broad perspectives. The calculation methods of water retention based on conceptual model
mainly include water balance method, precipitation storage method, annual runoff method, underground
runoff growth method, canopy interception method, soil water storage capacity method, comprehensive
water storage capacity method, multiple regression method, and alternative engineering method. The above
calculation methods are compared and analyzed from the principle, application scope, application scale,
advantages, and disadvantages. The methods of water retention evaluation based on the dynamic model
include SWAT, InVEST, cellular automata model, SEBS and SCS model, etc. The models are compared
and analyzed from the aspects of model principles, spatiotemporal scale, and advantages and
disadvantages.

Most of the calculation methods based on the conceptual model are suitable for forest ecosystems, and
the calculation results are often larger or smaller than the actual value. Among them, the water balance
method has good adaptability in space-time scale, and the comprehensive water storage capacity method
can compare and analyze the water retention capacity of different action layers, which are two widely used
methods at present. INVEST model is the most widely used model for water retention assessment, which is
suitable for annual water retention function assessment and prediction analysis. SWAT has a strong physical
mechanism, which can simulate water retention under different time scales of year, month, and day.

Water retention refers to the process and ability of the ecosystem to fully maintain water in the system
through the interception, infiltration, and storage of precipitation in vegetation layer, litter layer, soil layer,
lake, and reservoir in a certain space-time range. It not only meets the demand for water resources in the
system but also provides water resources to the external, middle, and lower reaches of the system. It is
suggested that the hydrological model with a definite physical mechanism should be used to calculate the
water retention mass, and the water retention quantity should be precipitation minus surface runoff and
evaporation during the rain period. In the future, further research can be carried out from the following five
aspects: unifying the concept and connotation of water retention, strengthening the coupling of multiple
research objects and models, forecasting water retention under climate change and land-use change
scenarios, strengthening the research on regional correlation.

Keywords: water retention; definition; function; computing method; model
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