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Abstract  

Soil erosion resulted from human activity and related land use and climate change threaten our societal and 

economic thriving. A major policy response has been putting in place to mitigate the effects of soil erosion, 

such as in Europe and Asia. The main objective of this work is to assess the impacts of the policy response in 

China – the implementation of the Grain for Green Program – on ecosystem services, including carbon 

sequestration and water supply. A combination of bottom-up and top-down approaches is applied to 

highlight the critical linkages in soil conservation measures of the Grain for Green Program for managing the 

trade-off among ecosystem services. Lack of sustainable forest management is the primary driver of the 

intensified water crisis, particularly in drylands. A holistic understanding of the interconnected characters of 

soil conservation, water supply, and carbon sequestration is vital for developing a policy response to soil 

erosion. Land evaluation and trade-off analysis can facilitate the identification of the critical intervention 

point to reinforce the water and climate co-benefits in actions to address soil erosion. 

Keywords: Soil erosion, the Grain for Green Program, land use management, Soil-Water-Climate Nexus, 

incentive mechanism 

 

Introduction, scope and main objectives 

Soils are one of the most precious natural resources as they feed us and help our societies and economies 

to thrive. The global soils not only produce more food to support a prosperous population growth by 2050 

but also have an essential role in supporting the provision of primary ecosystem services. Accelerated soil 

erosion, resulted from human activity and related land use and climate change, deteriorates soil health and 

lowers the quality and capacity of soils to produce goods and services, thus hinders the national and regional 

implementation of sustainable development goals (SDGs). A major policy response has been putting in place 

to mitigate the effects of soil erosion, such as in Europe and Asia. However, the interconnected characters 

of soils to other natural resources and nexus to ecosystem services are often not fully considered in 

mitigating actions of the policy response to soil erosion. By using the policy response – the Grain for Green 

Program (GGP) – in China as an example, the main objectives of this work are to (i) assess the impacts of 

GGP and highlight the overlooked critical interlinkage to pursue synergy of ecosystem services and (ii) 

propose recommendations to reinforce co-benefits and mitigate tradeoffs in the actions to address soil 

erosion. 

Methodology 

The Grain for Green Program (GGP), initiated in 1999, is the worldwide largest policy response to control soil 

erosion through increasing land covers, such as the establishment of plantation forests and grasslands on 

erosion-prone locations, implemented in central and western China. Based on the scientific evidence that 
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the large-scale vegetation restoration has reduced soil erosion and sediment yield in large rivers to a 

significant extent and increased carbon sequestration in biomass and soils after implementing the GGP, we 

analysed the effects of GGP on the water resources and related ecosystem services across multiple spatial 

scales. 

At the field scale, the effects of implementing GGP on water availability, in this context of established 

forestland and grassland, are assessed using process-based data, including precipitation, interception, 

throughfall, evapotranspiration (soil evaporation + plant transpiration), and infiltration (Schwärzel et al., 

2018). Grassland ecosystem is used as a baseline to compare with the effects of the forest ecosystem. At the 

watershed/landscape scale, the long-term consequence of implementing GGP on off-site water availability 

is quantified, and their responses to climate change scenarios are projected (Zhang et al., 2015). The bottom-

up approach helps to clarify the functions of soil and impacts of GGP in supporting the delivery of primary 

water ecosystem services, while the top-down approach demonstrates the potential risks of intensified 

water scarcity in dryland if no proper or improved land management is included in the GGP to mitigate soil 

erosion. 

Results and Discussion 

GGP has positive impacts on mitigating soil erosion and enhancing above- and underground carbon 

sequestration. However, GGP’s measure to increase forest cover for reducing soil erosion removes a large 

proportion of water from the soil to atmosphere and results in a decline of on-site and off-site water 

availability due to the high water use of forests (Zhang and Schwärzel, 2017). This will progressively dry up 

the soil and deteriorate soil health thus further cause soil erosion in the long run, in addition to a water 

crisis. The critical linkage to mitigate the trade-off between ecosystem services in GGP is sustainable forest 

management. Lack of suitable incentive scheme and Payment for Ecosystem Services (PES) discourages 

stakeholders from managing forests sustainably, resulting in a multi-layer structure and associated increased 

water loss.  

Conclusions 

A holistic understanding of the interconnected characters of soil-water-climate and the dynamic interactions 

among ecosystem services are vital for developing a viable policy response to control soil erosion. National 

policymakers, international development organizations, and stakeholders can use land evaluation to identify 

the critical intervention points to reinforce the water and climate co-benefits in actions to address soil 

erosion. A multi-dimensional and -scale tradeoff analysis can facilitate decisions of sustainable soil erosion 

control practices to avoid risks of losing other ecosystem services, while incentive schemes are helpful to 

elevate the public motivation for sustainable land management.   

Acknowledgements  

The authors would like to thank the BMBF (IPSWaT Grant) and DFG (Grant Nr.: SCHW1448_3_1) for 

supporting this work.  

 

The views expressed in this information product are those of the author(s) and do not necessarily reflect the 

views or policies of FAO. 

  



460 
 

References 

Schwärzel, K., Zhang, L., Strecker, A. & Podlasly, C. 2018. Improved Water Consumption Estimates of Black 

Locust Plantations in China’s Loess Plateau. Forests, 9(4): 1-21. 

Zhang, L., Feger, K-H., Schwärzel, K., Podlasly, C. & Wang, Y.H. 2015. Different Land Management Measures 

and Climate Change Impacts on the Runoff: A Simple Empirical Method Derived in a Mesoscale Catchment 

on the Loess Plateau. Journal of Arid Environments, 120: 42-50. 

Zhang, L. & Schwärzel, K. 2017. Multifunctional Land-Use Systems for Managing the Nexus of Environmental 

Resources. Cham: Springer International Publishing, 148 pp. 

  




