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4. Variability of agroecosystems and landscape service provision on 

the urban–rural fringe of Wuhan, central China2 

 

Abstract 

Urbanization drives changes in peri-urban farmland use which probably affects the spatial pattern of 

landscape service provision. This study charts patterns in these services and analyses the impacts of 

biophysical and social-economic factors such as land-use allocation and proximity. A spatially explicit 

survey was conducted among 767 farmer households on the urban–rural fringe of rapidly urbanizing 

Wuhan (China). The hypothesis of a largely linear change with distance from the urban centre was tested 

separately for 7 quantified landscape services with RDA and regression analysis. Significant linear 

patterns were found for 4 landscape services: food, vegetables and fruits, trees, and storm water runoff 

reduction. Air pollution mitigation and recreation were found to be associated with nearby water rather 

than green infrastructure, which is likely due to the abundance of water around Wuhan. In addition, storm 

water runoff reduction correlated with green infrastructure (grasslands and forests). Bundling of 

landscape services was found to vary along the urban–rural fringe, with recreation and air pollution 

mitigation bundled at the urban end, while ponds and recreation bundled in the rural outer zone. In short, 

several provisioning and regulating services varied linearly with distance, whereas others did not, due to 

the strong geographical forcing by water. 

 

Keywords: Peri-urban farmland use; Urban–rural gradient; Landscape service bundles; Drivers; 

Landscape planning; Urbanization 

 

4.1 Introduction 

Agroecosystems are multifunctional and provide society with a range of valuable landscape services 

(Dale & Polasky, 2007). These can be material services such as food, fiber and bioenergy, to regulating 

services including water filtration, carbon sequestration, and cultural ones such as hunting, cultural 

heritage and recreation. Provisioning services generally contribute direct value to the livelihoods of 

famers, whereas benefits of regulating and cultural services from these open and green spaces often 

accrue more widely and can be beneficial to the inhabitants of adjacent cities (Bryant & Johnston, 1992; 

Bontje, 2001). Particularly around large, expanding cities the urban–rural fringe is a zone of rapid change, 

where the importance of several services changes and competing forms of land use can cause complex 

conflicts (Seto et al., 2012; UN, 2014). Peri-urban agriculture tends to be more specialised, for example 

                                                           
2This chapter is published as: Zhou, T., Vermaat, J. E., Ke, X. (2019). Urban Ecosystems, 8, 1–8. 
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in the form of horticulture, and the urban–rural fringe may provide multiple services through e.g. hobby 

farming, horse-keeping and social farming (Zasada et al., 2012). 

Changes in the structure and pattern of farmland should also modify the spatial pattern of landscape 

services provided by agroecosystems (Hou et al., 2015; Simon, 2008; Torres-Lima & Rodríguez-Sánchez, 

2008). For example, services such as food and water supply, aesthetic and spiritual services can be 

dominant at the rural end of the gradient where agricultural and less intensive land-use types prevail 

(Kroll et al., 2012; Łowicki & Walz, 2015; Radford & James, 2013). Indeed, a recent comparative study 

of four European cities showed a higher supply of recreation towards the rural end of the gradient, 

whereas other services, specifically local climate regulation, did not follow a typical urban–rural gradient 

(Larondelle & Haase, 2013). This is in contrast to the findings of Raudsepp-Hearne et al. (2010), who 

studied service bundles in peri-urban Quebec, Canada, and found that one bundle of provisioning services 

excluded a different bundle of regulating and cultural services, hence they observed no correlation of 

rural food provision and recreation. Similarly, Queiroz et al. (2015) found that biodiversity appreciation 

and cross-country skiing were concentrated in the urban areas of Stockholm, in contrast with the forest 

products and moose hunting that associated with peripheral forested areas. Nearest to the city, peri-urban 

farmland may well be subject to higher or increasing demands for some particular services than further 

away from the city (Casado-Arzuaga & Onaindia, 2013; Hou et al., 2015). For example, travel distance 

puts an upper limit to recreational use (Rossi et al., 2015) and this may create a distinct banding. 

Moreover, places with water ponds are appreciated for providing recreational opportunities (Früh-Müller 

et al., 2016; Plieninger et al., 2013). 

In short, there is little evidence to expect uniformity in the distribution of landscape services along the 

urban–rural gradient, and their underlying drivers can be manifold. To analyse this spatial variability, we 

quantified 7 different landscape services (Table 4.1) provided by agroecosystems along the urban–rural 

fringe of a rapidly urbanizing city, Wuhan, in central China. Using spatially explicit survey data and 

locally available statistics, we analyse the spatial variability of these landscape services as well as 

covariance with possibly explanatory underlying factors. Based on the literature cited above, we postulate 

that the patterns are largely linear with distance (see Suarez-Rubio et al., 2012, and Rossi et al., 2015, for 

more complex alternatives) so that larger, cash-crop oriented farms are more frequent towards the rural 

end of the gradient, whereas the urban end is characterised by more heterogeneity and smaller farms. In 

parallel, air pollution mitigation and storm water runoff reduction, as well as recreation increase towards 

the rural end, the latter most likely also in areas with a high incidence of ponds (Früh-Müller et al., 2016). 

4.2 Materials and methods 

4.2.1 Study area 

The study was performed in Wuhan, a rapidly expanding city surrounded by productive farmland in 

central China. There is a population of 10 million people in Wuhan with more than 80% living in the 

urban area, and this proportion is expected to increase further in the near future (Hubei Bureau of 
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Statistics, 2015). This increase is accompanied with urban sprawl, which likely puts pressures on 

farmland. Wuhan’s area covers 8569 km2, of which half is farmland (Hubei Bureau of Statistics, 2015). 

Located in the east of the Jianghan Plain (one of the thirteen main food baskets in China), the low hills 

are favourable for cultivation with slopes ranging from 0 to 9.6 degree and elevations between 7 and 61 

m. Moreover, the lowland location at the confluence of the Yangtze and Han rivers provides highly fertile 

soils. In addition, the climate is highly suitable for agriculture with a mean annual temperature of 17℃ 

(China meteorological administration, 2016), and sufficient rainfall and sunshine for year-round 

production. The main agricultural products are rice, wheat, cotton, corn, sweet potato, peanut, and 

rapeseed oil. 

Wuhan is known as “The city of hundreds of lakes” for the high number of lakes within the city. The 

high availability of surface water area not only motivates the presence of a fishery industry, but also 

provides recreational opportunities. The urban periphery is surrounded by a broad rural gradient with 

considerable variation in land use, providing landscape services of variable quality and quantity. 

According to the local land-use planning, around 5 percent of the cropland in Wuhan should be developed 

into highly productive fields during the 13th five-year (2016−2020), and this is expected to grow in the 

longer term (Government of Hubei Province, 2016). Wuhan is also planning to develop a modern urban 

agricultural system based on multiple uses of farmland (Wuhan Land Resources and Planning Bureau, 

2011). 

 

Fig. 4.1  Major forms of land cover in Wuhan 
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4.2.2 Farm household survey 

A questionnaire was designed focusing upon local farmer households with their land within the urban–

rural fringe of Wuhan. The urban–rural fringe we studied is an approximately 10 km wide belt connecting 

the contiguous and predominantly urban area of Wuhan city with its mostly agricultural surroundings. 

Several transects fanning out in different directions from the city centre were laid out to cover the whole 

urban–rural fringe (Fig. 4.2). From a pre-test among 90 local farmers in six villages in early November 

of 2015, land-use practices and socio-economic characteristics of farmer households were found to be 

similar within the same village, therefore two farmer households were selected randomly for interviews 

in one village. If the selected household was not available, another household next door was interviewed. 

The questionnaire was adjusted according to the pre-test and carried out in late November and December 

of 2015. 

Farmer residences were given a short introduction of our study purpose. We subsequently interviewed 

one of the family members, generally the head of the household or someone else most familiar with the 

farmland conditions. We asked about farmland conditions, farming practices as well as social-economic 

characteristics of the household. For each household, we recorded the answers, and acquired the 

geographic coordinates with a GIS mobile app ViewRanger. We visited a total of 987 farmer households, 

but some of them were not interviewed if we were told their lands were recently converted to non-

agricultural use. In the end, we surveyed 797 farm households and obtained 767 responses (96% response 

rate).  

Fig. 4.2  Location of the surveyed farmer residences. Note that many are too closely overlapping at the 

current scale to be shown individually 
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4.2.3 Identification and quantification of landscape services 

A suite of landscape services was identified following the framework established by Common 

International Classification of Ecosystem Goods and Services (CICES) (Haines-Young & Potschin, 2010) 

with three main concerns: (1) the importance to local farmers and adjacent urban residents’ demands; (2) 

a potentially high priority to decision makers; and (3) the availability of a quantitative proxy that is 

available in recent spatial databases or could be quantified from survey data. The chosen landscape 

services, their indicators and respective sources are summarized in Table 4.1. 

Provisioning services such as food and materials are inherent in agriculture (Dale & Polasky, 2007). The 

main crops planted in the study area were obtained from the household interviews. Accordingly, we 

classified five types of provisioning services: food, vegetables and fruits, trees (ornamental trees) and 

ponds. Their relative importance is estimated from each of their share in the total area of farmland in the 

household in the past recent 12 months (Dale & Polasky, 2007). As part of the farmland belonging to a 

household may be abandoned, the sum of these proportional indicators can be smaller than 1. 

Peri-urban farmlands are documented to contribute to air quality improvement through the filtering by 

trees and other crops (Pearson et al., 2010). Air pollution mitigation is estimated from the farmers 

appreciation using a Likert-scale (Koschke et al., 2012; Langemeyer et al., 2014). Local farmers were 

asked to rate how they perceived the difference in air quality between where they live and the most 

adjacent urban centre. The value ranges from 1 (no difference) to 5 (much better with cleaner air where 

they live than in the nearest urban centre).  

In addition, farmland can contribute to the retention of storm water runoff through various agricultural 

practices. As Wuhan city reportedly is flooded with increasing frequency in recent decades 

(http://www.hbqx.gov.cn/index.action), the role of farmland in mitigating this by retaining storm water 

runoff can be considered an important regulating service. We used storm water runoff reduction, an 

indicator to measure the maximum potential rainfall retention potential (S) for a site (USDA-NRCS, 

1986; Whitford et al., 2001). The approach is based on USDA-Soil Conservation Service (SCS, 1972) 

and further developed by Pandit & Gopalakrishnan (1996) using:  

𝑄 = 
(𝑃−0.2𝑆)2

𝑃+0.8𝑆
                                 Eq. (4.1) 

 S=
2540

𝐶𝑁
− 25.4                               Eq. (4.2) 

where Q is the runoff depth (cm) and P is the precipitation (cm). S is the maximum potential retention 

once runoff begins and related to the soil and cover condition of farmland according to CN (curve 

numbers). CN is tabulated by SCS with a value ranging from 0 to 100 for a particular combination of 

land cover type, soil hydrological group (a categorization of soil type based on infiltration rates, which 

is strongly related to soil texture) and antecedent soil moisture conditions (a categorization of how dry 

or wet the soil is before a precipitation event). Tabulated CN values were taken from USDA-NRCS, 
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(1986) (Whitford et al., 2001). Recreation was selected as the most recognisable and appreciated cultural 

service (Gilhespy, 2013). This indicator has been acquired from the farm household survey. 

Table 4.1  Indicators used for the selected landscape services and potentially underlying factors 

including data sources. All the indicators are quantified per household and per year for 2015. The survey 

is explained in section 2.3 

  Indicators [Abbreviations are the labels used in Fig. 4.3] Data source 

Provisioning 

services 

Food (proportion of the area with agricultural crops in the total area of 

farmland in the household) [Food] 

Survey 

Vegetables and fruits (proportion of the area with vegetables and fruits 

in the total area of farmland in the household) [Veg_Fruit] 

Survey 

Trees (proportion of the land under ornamental trees in the total area 

of farmland in the household) [Trees] 

Survey 

Ponds with fish and lotus (proportion of the household area with ponds 

in the total area of farmland in the household) [Ponds] 

Survey 

Regulating 

services 

Air pollution mitigation (1= no difference; 2= small difference; 3= 

medium difference; 4= large difference; 5= extremely large difference 

between where they live and the nearest urban area) [Air] 

Survey 

Storm water runoff reduction (100 cm) [Storm] Soil: China Soil Database; 

Precipitation: meteorological 

observatory in Hubei Province 

Cultural 

services 

Recreation (number of paid visits per household per year, ×1000 for 

scale) [Recreation] 

Survey 

Underlying 

factors 

Share of forest in 1 km buffer zone (fraction) [Forest%] Data Centre of Resources and 

Environment, Chinese 

Academy of Science (Liu et 

al., 2010) 

Share of grassland in 1 km buffer zone (fraction) [Grassland%] 

Share of water in 1 km buffer zone (fraction) [Water%] 

Share of built-up area in 1 km buffer zone (fraction) [Built-up%] 

Productivity potential (×1000 for scale) [Prod] IIASA/FAO et al. (2012); 

Liu et al. (2014) 

Distance from farmer residence to the nearest urban area (km) 

[Dis_urban] 

Survey, Traffic Atlas of 

Wuhan 

(http://tourist.beixinluqiao.net/

download/6194137.html) 

Distance from farmer residence to the nearest minor road (km) 

[Dis_road] 

Share of family members with off-farm jobs [Off-farm] 

4.2.4 Data analysis 

The pre-test survey indicated that most farmers own more than one parcel of farmland, and these parcels 

are scattered, which complicates the mapping of the location for each farmland parcel. Therefore, we 

analysed locations of farmer residences instead of the location of farmland plots (Fig. 4.2). The 767 

locations of farmer residences were recorded during the interviews by a mobile app ViewRanger and 

then registered to land-use map by a standard desktop geographical information system (ArcGIS 10.4). 

ArcGIS was used to prepare datasets of underlying factors as well as a match the provided landscape 

services with the corresponding farmer household. 
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To make all the datasets consistent in format and spatial resolution, they were converted to raster datasets. 

The surrounding land-use configuration for an individual respondent farmer household was calculated 

for a 1 km buffer from the household location with each of four land-use types: forest, grassland, water, 

and built-up area. 

We used the productivity potential as an index of farmland quality, which is determined by climate, soil, 

water resource, and irrigation. It is calculated with the Global Agro-Ecological Zones (GAEZ) model 

following IIASA/FAO et al. (2012) and Liu et al. (2014). The average climatic conditions during 

1990−2010 with a spatial resolution of 1 km is taken to represent the productivity potential in study year, 

presuming that the productivity potential remains stable in recent decades (Liu et al., 2014). 

In addition, the Near function in ArcGIS was applied to acquire the following accessibility data: (1) the 

distance from farmer residence to the nearest main urban area; and (2) the distance from farmer residence 

to the nearest minor road. Furthermore, impermeability was derived by calculating NDISI (Normalized 

Difference Impervious Surface Index) with remote sensing data (Cui et al., 2015). Overall descriptive 

statistics of the indicators of landscape services and underlying factors are presented in Table 4.2. 

To test the covariance between landscape services and impact from potentially underlying factors, we 

carried out a redundancy analysis (RDA) (Martín-López et al., 2012). We did two separate RDAs for the 

inner (≤10 km) and outer fringe (>10 km). This simple breakdown of the gradient follows Zasada et al. 

(2012) and allows an analysis of overall patterns, ignoring fine-scale spatial variation. 

Table 4.2  Descriptive statistics of landscape services indicators and potentially explanatory underlying 

factors 

Indicators Obs. Mean Std. Dev. Min Max 

Landscape services      

Food  732 0.29 0.40 0 1 

Vegetables and fruits  732 0.25 0.38 0 1 

Trees  732 0.11 0.28 0 1 

Ponds  732 0.69 0.23 0 1 

Air pollution mitigation* 751 3 / 1 5 

Storm water runoff reduction 720 1.31 0.09 1.19 1.53 

Recreation  752 0.09 0.71 0 15 

Underlying factors      

Share of forest in 1 km buffer zone 767 0.04 0.12 0 0.67 

Share of grassland in 1 km buffer zone 767 0.01 0.05 0 0.4 

Share of water in 1 km buffer zone  767 0.12 0.17 0 0.87 

Share of built-up area in 1 km buffer zone  767 0.18 0.15 0 0.71 

Productivity potential 767 9.71 3.89 0 1.66 

Distance from farmer residence to the nearest main urban 

area  
767 10.83 5.31 2.13 28.28 

Distance from farmer residence to the nearest minor road  767 0.65 1.27 0 5.52 

Share of family members with off-farm jobs 726 0.45 0.31 0 1 

Note: Obs. is the number of valid farm household cases for each variable. Indicators with * are ordinal variables, 

their median values are shown instead of means, and no standard deviation is presented. For units see Table 4.1. 



Chapter 4 

62 

 

4.3 Results 

Multiple linear regressions of the provision of landscape services and underlying factors were applied to 

test our hypotheses (Table 4.3). As postulated, food, representing larger, cash-crop oriented farms was 

more frequent towards the rural end of the gradient. Storm water runoff reduction increased towards the 

rural end as well. In contrast, ornamental trees were more abundant closer to the urban area. Different 

from our hypothesis, Vegetables and fruits were found to be more clustered closer to the urban centre. 

Other services did not follow this urban–rural pattern. 

We analysed covariance among services and underlying factors for two spatial zones (within and beyond 

10 km from the main urban area). RDA results revealed two main components explaining 34% of the 

total variance in both zones (Fig. 4.3). The loading plots of RDA analysis representing the first two axes 

suggested that the overall pattern is largely the same in these two zones, while some bundling occurred, 

though differently in inner and outer zone. For example, the recreation and air pollution mitigation 

bundled at the urban end, while ponds and recreation bundled in the rural outer zone. 

Provisioning services did not show a strong covariance, whereas recreation strongly related to nearby 

water and storm water runoff reduction covaried with permeable grasslands and forests. Air pollution 

mitigation clearly covaried with a higher proportion of nearby water, but only in the zone within 10 km 

from the urban centre. This could be related to the strong negative correspondence between the share of 

water and built-up area around the farmland. 

Table 4.3  Multiple regression analyses of landscape services and underlying factors 

Underlying factors Food Veg_Fruits Trees Ponds Air Storm Recreation 

Share of forest in 1 km buffer 0.53 *** −0.26  0.17  −0.01  0.49  0.04  0.16  

Share of grassland in 1 km buffer 0.70 * −0.45 
 

−0.09 
 

0.18 
 

1.14 
 

0.24 *** 0.54 
 

Share of water in 1 km buffer −0.33 *** −0.04 
 

−0.07 
 

0.70 *** 0.48 
 
−0.03 * 1.33 *** 

Share of built-up land in 1 km 

buffer 
−0.15 

 

0.26 ** 0.06 
 

0.04 
 

−1.09 *** 0.10 *** 0.18 
 

Productivity potential 0.00 
 

−0.01 *** 0.00 
 

0.00 * 0.00 
 

0.00 
 

0.01 
 

Distance from farmer residence to 

the nearest main urban area 
0.02 *** −0.01 ** −0.01 *** 0.00 

 

0.01 
 

0.01 *** 0.01 
 

Distance from farmer residence to 

the nearest minor road 
−0.05 *** 0.05 *** −0.01 

 

−0.01 
 

−0.07 ** 0.03 *** 0.01 
 

Share of family members with  

off-farm jobs 
0.00 

 

0.00 ** 0.00 
 

0.00 
 

0.00 
 

0.00 
 

0.00 * 

Constant 0.18 ** 0.42 *** 0.14 ** −0.06 
  3.64 *** 1.15 *** −0.26 * 

               

Observations 696 696 696 696 716 685 716 

R2 0.12 0.07 0.03 0.24 0.05 0.53 0.08 

Note: presented are slopes. *** p<0.01, ** p<0.05, * p<0.1. Landscape services are specified in Table 4.1. 
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Fig. 4.3  RDA Loading plot of landscape services and underlying factors on the first and second 

principal components. For (a) the inner zone within 10 km of the urban centre, and (b) the zone outside 

10 km. The semi-transparent box shades variables that are not likely correlated significantly with the 

principal components. Note: landscape services and underlying factors are explained in Table 4.1. Bold 

refers to services and Italic refers to underlying factors. 

4.4 Discussion and conclusion 

We have analysed the spatial pattern in landscape services provision on the urban–rural fringe of a rapidly 

urbanizing city in the light of the obtained results. Our hypothesis was only partly confirmed: 

provisioning services (except ponds) and storm water runoff reduction indeed followed a linear urban–

rural gradient. We did find that food provision in more homogenous and larger farms occurred at the rural 

end of the fringe, in accordance with Kroll et al. (2012) and Turner et al. (2014). However, one type of 

cash-crop, vegetables and fruits, was more frequent at the urban end of the gradient. In addition, as 

postulated, the urban end had a higher incidence of ornamental trees, and more spatial heterogeneity and 

smaller farms. This can be explained by an overruling predominant effect of local characteristics, but 

also by a methodological difference, i.e. in the aggregation of predominant agricultural products. 

Farmland use in the peri-urban area tends to be extensive if agricultural products are not profitable, 

especially when farmers have access to the city and earn more from non-farm jobs, as demonstrated in 

studies including Chen et al. (2009), Jiang et al. (2013) and Liu & Li (2006). However, we found no 

covariance between the share of family members with off-farm job and the prevalence of provisioning 

services (Fig. 4.3). This might be related to the right of Chinese farmers to manage farmland belonging 

to their rural communities without paying a land rent. Therefore, farmers may lack motivation to cultivate 

despite competing forms of urban use. 

Storm water runoff reduction increased towards the rural end, as we postulated, while air pollution 

mitigation and recreation did not (Table 4.3). Green infrastructures represented by forest and grassland 

likely contribute to storm water runoff reduction, while these areas concentrate at the rural end. Our study 

underlines the importance of maintaining green infrastructures in an expanding urban zone.  
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Recreation was not found to relate linearly with urban proximity, but rather covaried with ponds, 

especially towards the rural end of the gradient (Fig. 4.3). This may be due to the high abundance of 

waterbodies in Wuhan. Our finding corresponds to the work of Yang et al. (2015), who observed that 

some services are clearly land-cover dependent (notably provisioning services) whereas others require 

more narrow line elements, such as rivers. The absence of a significant covariance of recreation with 

forests is likely to be explained by their limited availability in Wuhan, and the alternative provided by 

water as well as cultural preferences in Wuhan. 

Interestingly, food provision was not found to correspond with the productivity potential of the farmland, 

but did covary with the distance to the main urban area (Table 4.3). This may suggest that potentially 

productive land in this area is already occupied by an expanding city in the current urban fringe. We can 

expect that easily accessible farmland is more prone to urban development, providing farmers with less 

incentive to invest and manage these lands. This finding differs from studies that emphasised the 

importance of urban proximity to limit transport costs for farming and allowing easier access to markets 

(Strijker, 2005; Terres et al., 2015). 

When drafting our hypotheses we observed that the literature has not yet converged on a common theory 

on how landscape service provision would covary along the urban–rural gradient, and on what would be 

the major underlying drivers. Our own data suggest a comparatively simple bundle of provisioning (food) 

and regulating services (storm water runoff reduction) toward the less impermeable outer rural end of the 

gradient. Recreation, however, appears driven by the availability of lakes, which does not conform to 

that gradient. This is at odds with e.g. the findings of Raudsepp-Hearne et al. (2010) and Larondelle & 

Haase (2013), most likely because different underlying drivers are predominant. We would like to argue 

for a comparative approach (as in Larondelle & Haase, 2013) and an inclusion of underlying drivers that 

can explain the observed patterns, because we see that the primary drivers are both geographical (around 

Quebec soil imperviousness is not relevant) and socio-economical (the pressure of human population 

density in Wuhan is much larger than in the other studies). Furthermore, we feel that theory development 

on the geography of urban–rural gradients (Zasada et al., 2012) would benefit from empirical groundwork. 

An increasing demand for cultural landscape services has been documented in peri-urban areas in Spain 

(Martín-López et al., 2012), Denmark (Turner et al., 2014), and Sweden (Queiroz et al., 2015). It has 

been argued that cultural service provision can be synergetic with provisioning services and regulating 

services, because cultural services are less land-use dependent (Turner et al., 2014). This implies a 

potential for optimizing the provision of landscape services by mitigating the trade-offs between services 

on the urban–rural fringe, as was shown in Queiroz et al. (2015). In Wuhan, and other rapidly expanding 

urban centres, we see great potential for a stronger focus on such synergies and trade-offs in strategic 

spatial planning rather than laissez-faire policies.


