
 

Journal Pre-proof

Identifying Spatial Mismatches between the Supply and Demand of
Recreation Services for Sustainable Urban River Management: A
Case Study of Jinjiang River in Chengdu, China

Yingman Guo , Bin Fu , Yukuan Wang , Pei Xu , Qin Liu

PII: S2210-6707(21)00813-1
DOI: https://doi.org/10.1016/j.scs.2021.103547
Reference: SCS 103547

To appear in: Sustainable Cities and Society

Received date: 30 April 2021
Revised date: 13 November 2021
Accepted date: 13 November 2021

Please cite this article as: Yingman Guo , Bin Fu , Yukuan Wang , Pei Xu , Qin Liu , Identifying Spa-
tial Mismatches between the Supply and Demand of Recreation Services for Sustainable Urban River
Management: A Case Study of Jinjiang River in Chengdu, China, Sustainable Cities and Society
(2021), doi: https://doi.org/10.1016/j.scs.2021.103547

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published
in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal
disclaimers that apply to the journal pertain.

© 2021 Published by Elsevier Ltd.

https://doi.org/10.1016/j.scs.2021.103547
https://doi.org/10.1016/j.scs.2021.103547


 1 

Identifying Spatial Mismatches between the Supply and Demand of Recreation 

Services for Sustainable Urban River Management: A Case Study of Jinjiang River in 

Chengdu, China 

Yingman Guo
1
, Bin Fu

2
, Yukuan Wang

3,*wangyukuan@imde.ac.cn, Pei Xu4
, Qin Liu5

 

1
Institute of Mountain Hazards and Environments, CAS; University of the Chinese 

Academy of Sciences, Building 1, Institute of Mountain Hazards and Environment, 

CAS. No.9 Section 4, Renmin South Road, Chengdu, Sichuan, China 

2
Institute of Mountain Hazards and Environments, CAS, Building 1, Institute of 

Mountain Hazards and Environment, CAS. No.9 Section 4, Renmin South Road, 

Chengdu, Sichuan, China 

3
Institute of Mountain Hazards and Environments, CAS, Building 1, Institute of 

Mountain Hazards and Environment, CAS. No.9 Section 4, Renmin South Road, 

Chengdu, Sichuan, China 

4
Institute of Mountain Hazards and Environments, CAS, Building 1, Institute of 

Mountain Hazards and Environment, CAS. No.9 Section 4, Renmin South Road, 

Chengdu, Sichuan, China 

5
Institute of Mountain Hazards and Environments, CAS, Building 1, Institute of 

Mountain Hazards and Environment, CAS. No.9 Section 4, Renmin South Road, 

Chengdu, Sichuan, China 

*Corresponding author: 

Highlights: 

 We propose a comprehensive framework for supply-demand analysis of urban river 

recreation. 

 A case study in Jinjiang River illustrates how the framework can support urban river 

management. 

 The clear supply-demand mismatches of urban river recreation service in Jinjiang River 

are found. 

 Potential factors are road density, residential community density, and distance to the city 

center. 

 The service supply should be improved based on the population and distribution of the 

demand. 
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Abstract 

Urban river recreation services (URRS) are very important for improving the quality 

of urban life. Understanding the balance between the supply and demand of URRS 

can facilitate sustainable urban river management. First, we analyzed the spatial 

patterns of the URRS supply and demand in Jinjiang River. We then identified spatial 

mismatches from three dimensions (river recreation spaces, residential communities, 

and the service region) by using the Gaussian two-step floating catchment area 

(2SFCA) method. Finally, we revealed the main influencing factors and their 

interactions. The results showed that: (1) the URRS supply gradually increased from 

upstream to downstream; (2) the URRS demand in the midstream was the strongest, 

followed by the downstream and upstream; (3) the supply-demand mismatches were 

severe, with 50.29% of the URRS region in short supply; and (4) the main influencing 

factors included distance to the city center, supply of river recreation spaces, and 

riverfront distance. Road density, residential community density, and distance to the 

city center could enhance the impact of other factors. Our research can improve the 

quantity and distribution of urban riverfront green spaces, as well as provide a 

reference for urban residential layout or planning. 

Keywords 

Urban ecosystem; Ecosystem services; Residential communities; Interactive influence; 

2SFCA 

1. Introduction 
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Urban rivers, as one of the most important urban ecological corridors (Peng et al., 

2017), supply diverse and critical ecosystem services, including provisioning, 

regulating, cultural, recreational, and aesthetic services (Hua and Chen, 2019). Among 

them, the importance of recreation services to citizens’ quality of life and well-being 

has recently received increased recognition (Komossa et al., 2020; Wang et al., 2020). 

Urban rivers link citizens to nature through the river landscape (Durán et al., 2021), 

and urban riverfront open spaces are the main recreational areas for urban riverfront 

residents. Urban river recreation services (URRS) mainly include the appreciation of 

aesthetically pleasing landscapes (Liu et al., 2021) and opportunities for riverfront 

recreational activities, such as recreational running, walking, leisure boating, and 

swimming (Durán et al., 2021). 

The URRS supply is defined as the potential of urban rivers to provide recreation 

services, without consideration of actual human recognition or use of the services (Liu 

et al., 2020). The URRS demand depends on the level of social and economic 

development (Peng et al., 2017), especially the recreational needs of riverfront 

residents. The URRS supply-demand mismatches refer to the imbalance between the 

supply of urban rivers and the demand of residents. If the supply is less than the 

demand, it will lead to social injustice and decrease the well-being of the unsatisfied 

demand groups, and thus stimulate claims on policy makers or other actions; if the 

supply is greater than the demand, it will cause a waste of resources on the supply 

side (Lorilla et al., 2019).  
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The URRS supply-demand matches are very important to urban river 

management. Currently, the ecological restoration of urban rivers is mainly focused 

on improving the river quality and riverfront environment (Guimarães et al., 2021), 

without considering the spatial matching relationship between supply and demand. As 

a result, the planning of urban riverfront open spaces is insufficient. Identifying 

spatial mismatches between the supply and demand of URRS can be used to 

effectively plan urban riverfront open spaces (Liu et al., 2020), and to increase 

recreational opportunities. 

Current research on the matching relationship between the supply and demand of 

urban ecosystem services has mainly focused on urban green spaces (Liu et al., 2020), 

parks (Liu et al., 2021), brownfields (Washbourne et al., 2020), land use change 

(González et al., 2020), and urbanizing watersheds (Meng et al., 2020). The supply 

and demand of urban green spaces or parks recreation services is an important content 

of current research, including the supply and demand assessment ( Liu et al., 2020), 

the supply-demand spatial patterns (Liu et al., 2021), and the quantification of 

supply-demand mismatches (Ma, 2020; Xing et al., 2018). 

Common methods to quantify the supply-demand mismatches include 

calculating the supply-demand ratio within a pre-defined region (Potestio et al., 2009; 

Wang et al., 2020), and evaluating the spatial autocorrelation of supply and demand. 

For example, Chen et al. (2019) and Liu et al. (2020) quantified the supply-demand 

ratio on a regional or sub-district scale, while Meng et al. (2020) assessed the spatial 

matching between supply and demand through spatial autocorrelation analysis. All of 
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these studies concentrated primarily on a whole region, failing to clarify the 

supply-demand mismatches from the service supplier and demander. Although the 

two-step floating catchment area method (2SFCA) (Xing et al., 2020) is widely used 

to quantify the spatial accessibility of urban green spaces, it is also suitable to 

evaluate the matching relationship between supply and demand. The 2SFCA 

comprehensively considers the supply scale, the demand scale, and the service 

overlap region in the calculation (Wang et al., 2020). Therefore, this method considers 

the spatial relationship between supply and demand, and it is more accurate than the 

calculation of the supply-demand ratio within a whole region. Combining the 

Gaussian 2SFCA (Hu et al., 2020) and the Kriging spatial interpolation method 

(Zhang et al., 2015), we propose to identify URRS supply-demand mismatches from 

three dimensions of the service supplier, the service demander, and the service region. 

This method can facilitate the optimization of supply-side, demand-side, and help to 

provide regional suggestions. 

The common influencing factors of the matching between the supply and 

demand of urban recreation services are location (Bing et al., 2021), population 

(Wang et al., 2020), socio-economic status (Dai, 2011; Wilkerson et al., 2018), the 

distribution of ecological recreation spaces (Zhou and Wang, 2011; Wang et al., 2020), 

urbanization (Meng et al., 2020), and relevant policies (Wei, 2017). Studies on these 

factors are based on qualitative or descriptive statistical analysis and mainly discuss 

the individual influence intensity of each factor. However, the spatial difference of 

supply-demand matching is a comprehensive reflection of the interaction of various 
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social, economic, and environmental factors. For example, urban economic 

development usually increases the road density, which in turn increases the chance of 

entering urban green spaces for recreation (Chen et al., 2020). However, the more 

urbanized areas, the more limited green space available for recreation (Xie et al., 

2018), which reduces the potential for recreational supply (Meng et al., 2020; 

González et al., 2020). Therefore, it is worth considering whether the interaction 

between these influencing factors enhances or weakens the individual influence 

intensity of each factor. 

This study aims to develop a comprehensive analysis framework for identifying 

the spatial mismatches of the URRS supply and demand. The Jinjiang River is used as 

an example. The specific objectives are to: (a) describe the spatial patterns of the 

URRS supply and demand; (b) identify the URRS supply-demand mismatches from 

three dimensions: the service supplier, the service demander, and the service region; 

and (c) detect the main influencing factors of the URRS supply-demand mismatches, 

and reveal the interaction between influencing factors. Our study can help to optimize 

urban riverfront recreation spaces, and provide guidance for urban residents to use 

riverfront recreation services. 

2. Materials and methods 

2.1. Study area 

Jinjiang River is called the “Mother River” by Chengdu people, and related 

historical records on this river date to 2,300 years ago. The Jinjiang River (also known 

as Funan River) is the collective name of Fuhe River and Nanhe River. Fuhe River 
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starts at Tuanjie Township, Pixian County and ends at Jiangkou Town, Pengshan 

County, with a total length of 97.3 km. Nanhe River starts at Songxian Bridge and 

ends at Hejiang Pavilion, with a total length of 5.63 km. The mainstream of Jinjiang 

River was selected as study area (Fig. 1 a), which is 44.27 km in length and flows 

through seven urban districts (Fig. 1 b). The riverfront environment of the upstream, 

midstream, and downstream are different (Fig. 1 c). The upstream of the study region 

is located in rural areas, the midstream in established urban areas, and downstream in 

new urban areas. The riverfront environment in the midstream is better developed, 

and the riverfront parks are more densely distributed. These regional differences are 

suitable for studying the spatial mismatches of the URRS supply and demand. 
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Fig. 1. Location of the study region (a. Regional scope of the URRS supply and 

demand; b. The location of Jinjiang River in Chengdu; c. Front/top view of different 

river recreation spaces.) 

2.2. Data 

We used high-resolution Google Earth images (1.07-m resolution), Ovi map and 

field surveys to map the Jinjiang River and its riverfront green spaces, parks, and 

roads. By using Python, we obtained the name, number of households, housing prices, 

geographic coordinates, and 4640 residential communities in the study area from 

Lianjia (https://cd.lianjia.com/xiaoqu/), Shell (https://cd.ke.com/xiaoqu/), Soufang 

(https://cd.sofang.com/rentesb/area), and Baidu map (https://map.baidu.com/@11589 

061,3566692,13z). According to the 2019 Chengdu Statistical Yearbook 

(http://www.cdstats.chengdu.gov.cn/htm/detail_179930. html), the average population 

per household in Chengdu is 2.62. There were differences among districts, and so we 

estimated the total population of each residential community based on the average 

household population in the district where the community was located. Finally, a 

unified spatial projection coordinate system was adopted for all spatial data collected, 

and the pixel size of the interpolated raster data was fixed at 100 m × 100 m to ensure 

data compatibility. 

2.3. Method 

Inspired by the existing researches on the assessment, spatial patterns, and the 

supply-demand matching, this study supplemented the analysis of the 

multi-dimensional approach and influencing factor interaction. The framework 
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proposed in this study is schematized in Fig. 2. We first referred to the relevant 

research on river corridors and urban rivers to determine the boundary of the URRS 

supply and demand. Secondly, we analyzed the spatial patterns of the URRS supply 

and demand. The URRS supply was comprehensively reflected by the acreages and 

qualities of the river recreation spaces. The quality index was the average value of the 

acreage of these three indicators (river surface, riverfront green spaces or parks, and 

riverfront walking paths) after normalization. The URRS demand was evaluated using 

the population of residential communities within the demand region. We then 

identified the spatial mismatches between the URRS supply and demand from three 

dimensions: the service supplier, the service demander, and the service region. Finally, 

the main influencing factors and the interaction between these factors were detected. 
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Fig. 2. Research framework for identifying the URRS supply-demand mismatches. 

2.3.1. Delineation of the boundary of supply and demand 

Based on the concept of ecological corridors in landscape ecology, river 

corridors refer to the vegetation zone that includes the river itself and the vegetation 

distributed along the river and that differs from the surrounding substrate (Yue et al., 

2005). For different research purposes, a variety of methods have been proposed to 
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delineate the riverfront buffer width. For instance, Dosskey et al. (2002) used an 

empirical value method to delineate riverfront buffer width as 9–35 m for the purpose 

of protecting water quality; Meleason and Quinn (2004) analyzed the effective 

regulation of the riparian forest buffer on microclimate and delineated the riparian 

buffer width as 5–30 m; Kinley et al. (1997) aimed to protect rare birds in the riparian 

zone and believed that the riverfront buffer width should be at least 50 m; and 

Bachiller et al. (2019) was interested in the shading efficiency of riverfront vegetation 

and delineated the riverfront buffer width as 50 m. 

The urban river corridor is a belt-shaped space, and Little (1990) believed that a 

city river is essentially a greenway. Refer to existing riverfront buffer widths and 

riverfront recreation activity spaces, we delineated the region between the urban river 

and the nearest driveway along the river as the URRS supply region, excluding 

driveways. In addition, we defined a supply region as a river recreation space, 

including the river, riverfront green spaces, parks, riverfront walking paths, and other 

riverfront land use, with an average riverfront buffer width of 50 m (Fig. 3a). For 

riverfront green spaces and parks, the URRS supply region was subjected to the 

coverage of riverfront green spaces and parks (Fig. 3b). 
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Fig. 3. The boundary of a river recreation space (a. Without riverfront parks; b. with 

riverfront parks) 

According to the guiding distance of the waterfront to people (Othman et al., 

2021), a good water and land environment could be a distance of 1–2 km, which is 

approximately equal to a walking distance of 15–30 min. Therefore, we delineated the 

URRS demand region as the area within 2 km on both sides of the river. Since we 

mainly analyzed the URRS utilization by urban residents, the demand population was 

mainly focused on the resident population of residential communities within this 

range, without considering the recreational demand of the migrant population. 

2.3.2. Supply estimation method 

Combined with the characteristics of different river recreation spaces, including 

river width and riverfront green space distribution, we divided the Jinjiang River into 

88 river recreation spaces. Each river recreation space was regarded as a URRS 

supply region, with a length of 500 m and a riverfront bank width of 50 m (Fig. 3 a). 

The URRS supply was comprehensively reflected by the acreage and quality of the 

river recreation space (Wang et al., 2020). The quality of a river recreation space was 
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a key indicator for evaluating the supply (Xing et al., 2020); this relied on the 

visitation characteristics of residents. Our field investigation found that most residents 

visited river recreation spaces for relaxing, social interactions, running, walking, 

leisure boating, or swimming. Thus, our study selected these three indicators to 

evaluate the quality of river recreation spaces: the acreage of river surfaces (reflecting 

the probability of recreation in the river), the acreage of riverfront green spaces or 

parks (with better greening or recreational facilities) (Liu et al., 2021), and the acreage 

of riverfront walking paths (reflecting the probability of exercise) (Xing et al., 2020). 

These three indicators were considered equally important to evaluate the URRS 

supply (Bing et al., 2021). The quality index was the average value of the acreage of 

these three indicators after normalization. The capacity of the river recreation space 

was vital for calculating the supply and was determined by its acreage. The specific 

formulas are as follows: 
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where 
jS is the URRS supply of the river recreation space j; 

jC is the capacity of the 

river recreation space j, which is calculated by the acreage of the river recreation 

space; 
jQ is the quality index of the river recreation space j; 

jrQ is the quality value 

                  



 14 

calculated by the acreage of the river surface in the river recreation space j; 
jlQ is the 

quality value calculated by the acreage of riverfront green spaces or parks in the river 

recreation space j; and 
jpQ is the quality value calculated by the acreage of riverfront 

walking paths in the river recreation space j. We then normalized each quality value to 

(0, 1) according to formula ③. In formula ③, xh is the original value before 

normalization; minh is the minimum value of the original value; and maxh is the 

maximum value of the original value. To deliver the supply of the river recreation 

space j to residential communities and visualize its spatial differences, a service radius 

delivery method (Liu et al., 2021) was used to quantify the 
jS  value to residential 

communities. 
'

jS is the supply value of a location at a distance of d (0 ≤d ≤ maxd ) 

from the river recreation space j. In our research, maxd =2 km. 

2.3.3. Method for identifying mismatches between supply and demand 

By introducing the attenuation law of recreational activities with distance (Wang 

et al., 2020), we chose the 2SFCA to evaluate the URRS supply-demand matches. The 

2SFCA method (Tao et al., 2020; Xing et al., 2020) takes into account factors such as 

supply scale, demand scale, service radius, and service-area overlap; therefore, the 

resulting calculation is more accurate, and it is the latest method for evaluating the 

matches between the supply and demand of urban recreation services (Wang et al., 

2020; Zhang et al., 2021). 

While the final results produced by the 2SFCA were only assigned to each 

residential community, in order to obtain the URRS supply-demand matches of any 

location within the study area, we needed to estimate the locations outside the 
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residential communities to obtain the spatial difference of the matching. There are 

many local spatial interpolation methods, including inverse distance weighted 

interpolation, thin plate spline interpolation, and nearest-neighbor interpolation (Wei 

et al., 2014). Among them, the Kriging spatial interpolation method (Zhang et al., 

2015), also known as the spatial auto-covariance optimal interpolation method, is 

widely used in fields including groundwater simulation (Belkhiri et al., 2020) and 

urban air quality evaluation (Beauchamp et al., 2018). When considering the spatial 

position relationship between the sample point to be estimated and the adjacent 

known sample point, as well as the spatial autocorrelation of the known sample points, 

this method maximizes the use of various data provided by spatial sampling. Since the 

population distribution has a degree of spatial autocorrelation (Wei et al., 2014), it is 

reasonable to use the Kriging spatial interpolation method to evaluate the URRS 

accessibility for the population of residential communities. The specific formulae are 

as follows. 

(1) Calculate the match between the supply and demand of each river recreation 

space (j): 
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(3) Calculate the match between the supply and demand of the service region: 
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In the formulae, jR
 

is the matching value between the supply of the river 

recreation space (j) and the total population of the residential communities within the 

search radius, which represents the per capita riverfront green area of the river 

recreation space (j) (m
2
/person); k represents all the residential communities within 

the search radius 0d to the river recreation space (j); kP is the number of permanent 

residents, which represents the scale of the URRS demand by all of the population in 

a residential community (k); jS is the supply of river recreation space (j); iA is the 

matching of each residential community (i), which represents the per capita riverfront 

recreation area of the residential community; q represents all river recreation spaces 

within the search radius 0d to the residential community (i); )( ijdf is the distance 

attenuation function between the residential community (i) and river recreation space 

(j); ijobPr is the selection probability of the residential community (i) to the river 

recreation space (j);  iAZ represents the known values, i=1, 2, 3......, n; 
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 iAZ
^

represents the unknown values, which are obtained by the linear combination of 

the known values  iAZ of the surrounding sampling points (n); i is the weight of the 

sampling point, which needs to meet the condition of formula ⑩;  
gi AA ,  is the 

semi-variation value between the known value iA and gA ;  o, AAi is the 

semi-variation value between the known value iA and the unknown value oA ; and  is 

the Lagrangian multiplier related to the minimization of variance. 

After we obtained the URRS supply-demand matching values from these three 

dimensions (river recreation spaces, residential communities, and the service region), 

we used the natural breakpoint method (Wei et al., 2014) to classify these 

supply-demand matching values to visualize the spatial differences. The natural 

breakpoint method can maximize the gap between groups and optimize the similarity 

value within groups, which can maximize the objectivity of the classification. 

2.3.4. Hot spot analysis 

The Getis-OrdGi* index (Liu et al., 2020) is mainly used to detect the local 

spatial autocorrelation of spatial points, evaluate the degree of aggregation of points at 

the local spatial level, and identify statistically significant spatial aggregation. We 

used this index to determine whether there was a significant spatial autocorrelation of 

the URRS supply-demand matches, and to identify which regions (river recreation 

spaces, residential communities, and the service region) exhibited the URRS 

supply-demand mismatches. 

The cold spot was the region where demand was significantly higher than supply, 

while the hot spot was the region where supply was significantly higher than demand. 
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Cold and hot spots with confidence levels above 95% were considered key regions of 

supply-demand mismatches (Lorilla et al., 2019). Specifically, the cold spot regions 

were defined as “regions in short supply,” the hot spot regions were defined as an 

“oversupplied regions,” and the regions without significant aggregation were 

identified as “relatively balanced regions.” 

2.3.5. Kernel density estimation method 

The kernel density analysis method (Mo et al., 2017) is a widely used 

non-parametric estimation method in spatial analysis. Its principle is to calculate the 

ratio of the total number of elements in the circle to the whole circular area, by taking 

the sample point as the center and the pre-defined threshold radius as the circle, so as 

to obtain the density. We estimated the residential community density based on the 

kernel density of points and estimated the road density based on the kernel density of 

lines, both of which were mainly used as the influencing factors for subsequent 

analysis. 

2.3.6. Method for analyzing the influencing factors 

The Geodetector (Wang et al., 2010) is an effective tool for detecting spatial 

differentiation, as it has a fast calculation speed, low data requirements, and high 

accuracy, and overcomes the limitations of statistical methods for processing variables. 

Compared with other methods, such as linear regression and principle component 

analysis, the Geodetector method has better explanatory power for influencing factors 

of spatial differentiation (Wang and Xu, 2017). The Geodetector is widely applied to 

the field of land use (Ju et al., 2016), environmental change (Zhang et al., 2021), and 
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risk assessment (Wang et al., 2018). The Geodetector include four detectors: risk 

detector, factor detector, ecological detector, and interactive detector. They are used to 

detect the main driving factors that affect the distribution and differences in 

geographic elements (Wang and Xu, 2017). In our research, the factor detector was 

used to detect the influence intensity of each factor on the spatial difference of the 

URRS supply-demand matches, so as to identify the main influencing factors. The 

interactive detector was used to detect whether the interaction between two 

influencing factors would increase or decrease their influence on the spatial difference 

of the URRS supply-demand matches. 

Spatial mismatches between the URRS supply and demand are affected by a 

combination of various factors. Policy strategies, surrounding land use, and 

socio-economic factors were selected to explore the correlations. First, we selected six 

indicators (supply of river recreation spaces, residential community density, road 

density, riverfront distance, distance to the city center, and housing prices) to explore 

the underlying causes of the spatial mismatches between the URRS supply and 

demand. The supply of river recreation spaces reflects the URRS supply. The 

residential community density, namely the population density, significantly increases 

the demand for ecosystem services (Liu et al., 2020; Wang et al., 2020). Road density 

can simultaneously act as a facilitator (making the supply more accessible to a wider 

population) (Xing et al., 2020) and as a barrier (making the supply less accessible to 

nearby communities by compromising pedestrian accessibility). Riverfront distance of 

the residential community weakens the URRS supply it captures (Liu et al., 2021). 
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Distance to city center can be a proxy indicator of more riverfront parks, because of 

the representative and symbolic value of the center. Housing prices can be used to 

reflect the living environment of residential communities. Generally, areas with higher 

housing prices have more convenient transportation and more urban green spaces. 

Xing et al. (2020) proved that communities with high housing prices enjoyed high 

access to urban green spaces. We then generated a grid map of 100 m × 100 m in the 

study area and extracted the supply-demand matching ratio (Y value) of each grid 

center point and the data of each impact factor (X value). Finally, we used the 

Geodetector to detect the influence intensity of each factor and the interactive 

influence of different factors. 

3. Results 

3.1. Spatial patterns of URRS supply and demand 

3.1.1. URRS supply 

The average area of the 88 river recreation spaces was 0.08 km
2
 and the 

maximum area was 0.15 km
2
. River recreation spaces in the midstream and 

downstream of Jinjiang were relatively large (Fig. 4a). The URRS supply increased 

gradually from upstream to downstream (Fig. 4c), and the average URRS supplies in 

the upstream, midstream, and downstream were 0.61 × 10
4
, 1.74 × 10

4
, and 3.77 × 10

4 

m
2
, respectively. River recreation spaces located in the downstream had a wider river 

surface because of the confluence of other rivers. The closer the river recreation space 

to the city center, the denser the riverfront green spaces, parks, and roads, and with a 

better accessibility of the river recreation space. 

                  



 21 

3.1.2. URRS demand 

A total of 4,640 residential communities were the URRS demand points in our 

research. Residential communities located in the midstream were comparatively 

greater and more densely distributed (Fig. 4b). The URRS demand in the midstream 

was the largest (Fig. 4d), and the average demands of the upstream, midstream, and 

downstream were 0.54 × 10
4
, 4.72 × 10

4
, and 2.96 × 10

4 
persons, respectively. There 

was no significant difference between the population of each residential community 

and its riverfront distance, but the population of each residential community was 

related to the distribution of riverfront parks. In general, the residential communities 

near riverfront parks had a relatively large population and were more densely 

distributed. 

                  



 22 

 

Fig. 4. Spatial patterns of the supply and demand of urban river recreation services 

(URRS) (a. Spatial distribution of riverfront green spaces. b. Spatial distribution of 
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residential communities. c. Spatial distribution of the URRS supply. d. Spatial 

distribution of the URRS demand.) 

3.2. Spatial mismatches between the URRS supply and demand 

3.2.1. Spatial mismatches between the supply and demand of river recreation spaces 

The supply-demand matching value of river recreation spaces in the midstream 

was the smallest and that in the downstream was the largest (Fig. 5a), and 27.27% of 

the river recreation spaces were identified as the URRS supply-demand mismatches. 

Among these spaces, 54.17% were in short supply and 45.83% were oversupplied 

(Fig. 5d). The average supply-demand matching values of river recreation spaces 

identified as “in short supply,” “balanced,” and “oversupplied” were 0.33, 1.08, and 

3.04 m
2
/person, respectively. The river recreation spaces identified as “in short 

supply” were mainly located in the midstream near riverfront parks. Although 

riverfront parks in the midstream were densely distributed, almost all were small 

parks, and the URRS demand was excessive due to the large population of the 

residential communities. 

3.2.2. Spatial mismatches between the supply and demand of the residential 

communities 

The supply-demand matching value of residential communities in the midstream 

was the smallest, and it decreased with increasing riverfront distance (Fig. 5b); 

93.92% of the residential communities were identified as the URRS supply-demand 

mismatches, among which 62.76% were in short supply (mainly located in the 

midstream) and 37.24% were oversupplied (Fig. 5e). The average supply-demand 
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matching values of residential communities identified as “in short supply,” 

“balanced,” and “oversupplied” were 0.16, 0.31, and 0.55 m
2
/person, respectively. 

There was a correlation between the spatial clustering of cold and hot spots and the 

density of residential communities. The denser the residential communities were, the 

more obvious the cold spots. 

3.2.3. Spatial mismatches between the supply and demand of the service region 

The supply-demand matching value of the service region in the midstream was 

the smallest, and it increased with the increasing distance to the city center (Fig. 5c); 

50.29% of the service region was identified as the URRS supply-demand mismatch, 

among which 59.30% was in short supply and 40.70% was oversupplied (Fig. 5f). 

The average supply-demand matching values of the service region identified as “in 

short supply,” “balanced,” and “oversupplied” were 0.15, 0.56, and 1.38 m
2
/person, 

respectively. The spatial clustering of cold spots decreased as the riverfront distance 

decreased. The spatial clustering of hot spots was obvious, and they were mainly 

located in suburban areas far from the city center, near riverfront parks. 
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Fig. 5. Spatial mismatches between the supply and demand of urban river recreation 

services (URRS) (a. Spatial mismatches between the supply and demand of river 

recreation spaces. b. Spatial mismatches between the supply and demand of 

residential communities. c. Spatial mismatches between the supply and demand of the 

service region. d. Spatial distribution of cold and hot spots of river recreation spaces; 

e. Spatial distribution of cold and hot spots of residential communities. f. Spatial 

distribution of cold and hot spots of the service region.) 

3.3. Influencing factors of spatial mismatches between the URRS supply and demand 

3.3.1. Influence intensity 
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When we combined the classification results of the supply-demand matches of 

the service region with the influencing factors, we found that the value range of each 

influencing factor was quite different among the short supply, relatively balanced, and 

oversupplied regions (Fig. 5). The differences of residential community density and 

road density in each region were more obvious than those of other influencing factors. 

 

Fig. 5. Differences in influencing factors of different supply and demand matching 

regions (a. Supply of river recreation spaces; b. Residential community density; c. 

Road density; d. Riverfront distance; e. Distance to the city center; f. Housing price) 

According to the detection results of the factor detector (Tab. 1), the main 

influencing factors were the “distance to the city center” (0.32), “supply of river 

recreation spaces” (0.30), “riverfront distance” (0.23), and “residential community 

density” (0.20). The influence intensity of each factor was different among the short 

supply, relatively balanced, and oversupplied regions. The difference between 

“riverfront distance” and “housing price” was quite obvious. The influence intensity 

of “riverfront distance” was the strongest in the short supply region and the influence 

intensity of “housing price” was the strongest in the oversupplied region. 
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Table 1. The influence intensity of each factor in different supply and demand 

matching regions 

Regions Influencing factors All Short 

supply 

region 

Oversupplied 

region 

Relatively 

balanced 

region 

Supply of river recreation 

spaces (X1) 

0.30 0.20 0.08 0.08 

Residential community density 

(X2) 

0.20 0.01 0.04 0.06 

Road density (X3) 0.06 0.03 0.01 0.04 

Riverfront distance (X4) 0.23 0.33 0.06 0.14 

Distance to the city center 

(X5) 

0.32 0.03 0.14 0.13 

Housing price (X6) 0.13 0.03 0.22 0.02 

3.3.2. Interaction of influencing factors 

We used the interactive detector to analyze whether the selected influencing 

factors had an enhancing or weakening effect on each other. The results showed that 

the influencing interactions of each factor were all enhanced (Tab. 2). The “distance to 

the city center” had the strongest interaction with the “supply of river recreation 

spaces,” “riverfront distance,” and “housing price.” The interaction of “residential 

community density,” “road density,” and “distance to the city center” with “supply of 

river recreation spaces,” “riverfront distance,” and “housing price” showed nonlinear 
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synergy respectively. That is to say, “residential community density,” “road density,” 

and “distance to the city center” enhanced the influence intensity of other factors. 

These three factors could be used as auxiliary factors to evaluate the spatial 

differences of the URRS supply-demand matches. 

Table 2. The interaction of influencing factors 

Influence 

factors 

Influence 

intensity 

Interaction  Influence 

factors 

Influence 

intensity 

Interaction 

X1∩X2 0.51 Enhance, 

nonlinear synergy 

X2∩X6 0.37 Enhance, nonlinear 

synergy 

X1∩X3 0.39 Enhance, 

nonlinear synergy 

X3∩X4 0.30 Enhance, nonlinear 

synergy 

X1∩X4 0.49 Enhance, 

bi-synergy 

X3∩X5 0.35 Enhance, 

bi-synergy 

X1∩X5 0.68 Enhance, 

nonlinear synergy 

X3∩X6 0.26 Enhance, nonlinear 

synergy 

X1∩X6 0.42 Enhance, 

bi-synergy 

X4∩X5 0.59 Enhance, nonlinear 

synergy 

X2∩X3 0.21 Enhance, 

bi-synergy 

X4∩X6 0.42 Enhance, nonlinear 

synergy 

X2∩X4 0.44 Enhance, 

nonlinear synergy 

X5∩X6 0.55 Enhance, nonlinear 

synergy 

X2∩X5 0.35 Enhance,    
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bi-synergy 

4. Discussion 

4.1. Main contributions and rationality of our comprehensive analysis framework 

There are three main contributions of our framework in identifying the URRS 

supply and demand mismatches. First, our method clearly delineated the boundary of 

the URRS supply and demand. Due to different research purposes, the delineation of 

river boundaries is not uniform (Kinley et al., 1997; Dosskey et al., 2002; Bachiller et 

al., 2019), and there is lack of urban river boundary delineation from the perspective 

of river recreation. Second, our multi-dimensional evaluation method improved the 

analysis accuracy of the URRS matching relationships. Rather than only focus on a 

regional perspective (administrative district or watershed scale) (Larondelle and Lauf, 

2016; Meng et al., 2020), our study focuses on three different dimensions of the 

URRS supply and demand. The differences in the evaluation of these three 

dimensions further indicate that the density of demanders and their riverfront distance 

will affect the URRS they capture. Third, we further explored the underlying causes 

of the URRS supply-demand mismatches by analyzing the interaction between 

influencing factors. Most researchers have only discussed the independent influence 

of each factor (Wang et al., 2020; González et al., 2020), but we further quantify the 

enhancing or weakening effects of different factors. 

Our analysis framework is reasonable. In our research, the URRS supply-demand 

matching value gradually decreased from the urban fringe areas to the central urban 

areas. This is consistent with most researches on the spatial distribution of cultural 
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ecosystem services supply and demand, such as the supply-demand spatial patterns of 

urban green spaces (Dai, 2011; Liu et al., 2020; Bing et al., 2021) and ecological 

space recreation services (Wang et al., 2020). 

4.2. Implications for urban river management 

The supply-demand matching focus on each dimension is different, and each 

result can be used to propose targeted urban river management recommendations. The 

supply-demand matching results of the service supplier and demander dimensions can 

be used to guide the optimization of the URRS supply and the riverfront residential 

layout. For example, the Water Ecosystem Plan of Chengdu in 2025 (2015) only 

proposes the construction of different riverfront landscape nodes according to the 

regional ecological environment, economy, and water ecosystem characteristics. Our 

research results further indicate that the riverfront residential community density must 

also be considered. For high-density areas in short supply, it is necessary to balance 

the supply of adjacent riverfront recreation space to avoid excessive concentration of 

recreation crowds. It is also feasible to guide the riverfront residents to relocate to the 

oversupplied regions, and increase the recreational opportunities for residents.  

The analysis result of the service region can be used to guide the optimization of 

riverfront walking paths and improve the equity of the URRS utilization. For example, 

the Technical Guidance for the Construction of the “Livable Riverfront” Project in 

Chengdu (2017) mainly focuses on the planning and construction of road width and 

materials, without considering the riverfront distance of the residential communities. 

We recommend maintaining the openness and connectivity of the riverfront walking 
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paths between the upstream and downstream, and constructing multiple entrances and 

exits to improve the accessibility of river recreation spaces. 

4.3. Limitations and prospects for future research 

Our analysis framework is applicable to identifying the URRS supply-demand 

mismatches in these urban rivers, where the demanders are mainly local riverfront 

residents. Usually, for urban rivers with relatively narrow recreation spaces, the 

demanders are mainly local riverfront residents. The same situation is found in 

Logroños riverfront (Spain) (Durán et al., 2021) and Old Nakano river (Japan) 

(Asakawa et al., 2004). If the urban river is too wide, it will attract more people to 

enjoy the URRS from farther distance. Therefore, our analysis framework is 

insufficient in the study of broader urban rivers. 

When evaluating the quality of a river recreation space, only the acreage of the 

river, riverfront green spaces, and riverfront walking paths were considered. Although 

these three aspects are the basis of the river recreation space, in order to more 

accurately evaluate the quality of its supply, the configuration of public service 

facilities (Liu et al., 2021), riverfront landscape vegetation, riverfront environment, 

and seasonal differences can also be considered. A large number of field 

investigations are needed in the future, and a comprehensive scoring system should be 

used to evaluate the quality of the URRS supply. When we assessed the URRS 

demand, we only considered the total population of the residential communities and 

did not consider the differences in demand among different groups (Zhang et al., 

2020). The gender, age, education, and demand preferences of residents in the 
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community will all affect their URRS demands. In the future, a probability model can 

be established based on questionnaires to evaluate the URRS supply-demand 

differences among different groups. 

5. Conclusions 

Our research proposed a comprehensive analysis framework to identify the 

spatial mismatches between the URRS supply and demand. This framework could be 

generally applied to quantify the supply-demand mismatches from multiple 

dimensions and the interaction between influencing factors. Compared with the 

existing supply-demand matching researches and the actual situation of the Jinjiang 

River, our research results were reliable. According to our research results, there were 

obvious differences among the supply-demand mismatches of the service supplier, the 

service demander, and the service region. These differences indicated that the 

competitive relationship among demanders, and the spatial distance between 

demanders and suppliers should be considered when identifying the URRS 

supply-demand mismatches. The URRS supply of the Jinjiang River was still 

insufficient, especially in the midstream near the city center. From the interaction 

between the influencing factors of the URRS supply-demand matches, we should 

improve the URRS supply based on the demand, population, and distribution of 

riverfront residents. For regions with excessive demand, on the one hand, we can 

guide them to transfer to regions with sufficient supply; on the other hand, we can 

balance the URRS supply based on the characteristics of each riverfront recreation 

space, and avoid excessive concentration of recreation crowds.  
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