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ABSTRACT. Ecosystem services flows (ESF) is an important contributor to the delivery, transformation, utilization, and maintenance 

of ecosystem services (ES). It provides linkages between the provision of ecosystem services and human demands. The landscape area 

and dynamic changes in Yihe River Basin were explored through ArcGIS, and the regional ecosystem services value evaluation matrix 

were also developed through the expert experience, based on which supply rate (SR) and supply-demand ratio (SDR) were constructed. 

The ecological balance and sustainable development of the Yihe River Basin were discussed based on the potential supply of ecosys- 

tem services, and variations in actual human demand at different temporal-spatial scales. The state of ecological balance and sustain- 

able development was also identified based on the spatially explicit model. The result shows: (1) the speed of single land use change 

dynamics of construction land in the Yihe River Basin was the fastest in the past 30 years. The largest variation of comprehensive land 

use change dynamics was occurred during 1987 ~ 1995, while the smallest was in 1995 ~ 2005; (2) the minimum and maximum values 

of the overall ecosystem services SR were 0.500 and 0.916 over the Yihe River Basin in the past 30 years, respectively. There is a notice- 

able spatial differentiation in the balance of supply and demand in the river basin, the upper reaches were in an ecological surplus area, 

while the middle and lower reaches were in an ecological deficit; (3) the actual ES delivered by the flows to humans account for a large 

proportion of potential ES in the Yihe River Basin. However, the services flow and the balance of the ecosystem in the Yihe River Basin 

were decreased during 1987 ~ 2015. Although the ecological deficit area in the basin was increased significantly, the Yihe River Basin 

was still in a sustainable state in 2015. The climate regulation service produced by the forest was the most essential contributor to the 

sustainable development of the Yihe River Basin, including the service of local climate regulation and air quality regulation. The results 

were expected to provide valuable information for ecosystem management and formulate desired ecological compensation policies. 
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1. Introduction 

Ecosystem services (ES) are the environmental conditions 

of ecosystem formation and maintenance of human survival 

and development, as well as the products and services that hu- 

mans obtained from the ecosystem directly or indirectly (Daily, 

1997; Robert et al.,1997; Ma et al., 2017). ES were divided into 

four categories, including provision, regulation, culture, and sup- 

port services (Millennium Ecosystem Assessment, 2005). Pre- 

viously, a number of scholars have explored the hot topics in 

ES. For instance, the mechanisms of ES generation, trade-off 

coordination, driving mechanisms, supply-demand balance, and 

the quantitative research on ES were explored in the past few 
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years (Liu et al., 2019a; Deng and Liao, 2020; Li et al., 2021). 

The evaluation of the ES value can identify the damage degree 

of the ecosystem and ES, as well as the importance of ES to hu- 

man wellbeing (Yin et al., 2021). The evaluation can also pro- 

vide a scientific basis for the formulation of ecological manage- 

ment and related protection policies (Millennium Ecosystem 

Assessment, 2005). However, ES has mobility and regional dif- 

ferences due to the spatial heterogeneity between the produc- 

tion area and the demand area of ES. These characteristics hin- 

der the accurate assessment of ES. Repeated calculations will 

also affect the validity of the evaluation of these results. Eco- 

system services flows (ESF) are the spatial and temporal proc- 

esses in a basin or landscape ecosystem in which ES generated 

in the supply area are delivered to human demand areas with a 

carrier, driven by natural factors or human factors and along 

certain directions and paths (Liu et al., 2017a). ESF displays 

the dynamic process of a certain ES with mobility and transiti- 

vity in different spatial-temporal scales. This could dynamical- 
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ly couple the supply and demand of ES (Wang and Zhou, 2019). 

The intermediate process from the zone to the beneficiary zone 

is an indispensable link between the natural ecosystem and the 

socio-economic system (Liu et al., 2016). 

The generation of ESF is a very complex process, which 

integrates the biophysical process, human needs, regulation, and 

management (Gary et al., 2016). ESF can connect ecosystems 

and socio-economic systems. The ESF flows through three ar- 

eas, including the supply area, the connection area, and the de- 

mand area. Therefore, the supply and demand of ESF are im- 

portant. ES supply refers to the ecosystem products and ser- 

vices that are provided to human beings through the ecological 

integrity itself in a certain spatial-temporal scale (Xie et al., 

2008). The supply of ES can be divided into potential and actu- 

al supplies. The ability of the ecosystem that provides services 

based on biophysical properties, social conditions, and ecologi- 

cal functions is the potential supply of ES (Francesc et al., 2016), 

which is equal to the stock of the natural capital. While the ES 

or products that humans obtain from the ecosystem is the actual 

supply of ES, which equals the ESF (Serna-Chavez et al., 2014). 

ES demand is the use and consumption of products and services 

produced by the ecosystem. The relationship between ES sup- 

ply potential, flow, and demand can be analyzed in pairs by sup- 

ply potential-flow, flow-demand (Francesc et al., 2016). The 

potential supply arises from natural ecosystems and represents 

the inventory of ES. The assessment process will be subject to 

spatial-temporal scales. The ESF is the actual acquisition of ES 

by humans. The relationship between potential supply, ESF, 

and demand can be reflected into two categories, there are over- 

used service (i.e., supply potential < ESF) and moderately used 

service (i.e., supply potential ≥ ESF). Whether potential supply 

and flows match or not can indicate the state of ES (i.e., ES is 

sustainably used or unsustainably acquired). Demand originates 

from the socio-economic system, which is the preference or ex- 

pectation for service that from the human. The relationship be- 

tween ESF and demand can also be identified in two ways, that 

is satisfied (ESF ≥ demand) and unsatisfied (ESF < demand). 

Whether the ESF matches the demand reflects the degree of the 

social demand is being met (Liu et al., 2017a). 

At present, fewer scholars have quantified the ESF. The ex- 

ploration of ESF is at the stage of qualitative description. For 

example, rangeland ES were used as the object of study to eval- 

uate the supply of nature and the demand of humans (Sala et 

al., 2017); flood regulation ES in the city of Etropole, Bulgaria, 

were used as a study to map supply and demand (Stoyan and 

Benjamin, 2012); the ESF at the urban scale was reviewed by 

Zhang and Lu (2020). Liu et al. (2017b) explored the dilemma 

of evaluating ESF; Mo et al. (2021) evaluated the degradation 

of atmospheric PM2.5 by wetland based on the theory of ESF 

and quantified the urban ESF based on entropy theory. 

This research attempts to evaluate the ESF through con- 

structing an ESF matrix in areas where data is lacking. Howev- 

er, the basin usually does not overlap with its administrative and 

physical boundaries completely. This makes it difficult to obtain 

valid data when assessing ESF. The Yihe River Basin is located 

in the mountainous region of western Henan province, which 

is one of the most important sub-basins of the Yellow River 

Basin. The basin has diverse landscape types and rich biodiver- 

sity, and the maintenance of its ecological environment is cru- 

cial to the ecological security of the middle and lower reaches 

of the Yellow River. However, frequent human activities have 

led to widespread ecological damage and environmental pollu- 

tion in recent years (Liu et al., 2018), a comprehensive assess- 

ment of the supply, flow and demand of ES is needed for scien- 

tific protection of the ecological environment in the basin. The 

basin is made up of four parts, Luanchuan, Songxian, Yichuan, 

and Yanshui City (Ren et al., 2017). They are not within the ad- 

ministrative boundaries of these cities completely, and it would 

be difficulty in obtaining data if other methods are used to as- 

sess ESF. Therefore, it is feasible to use the ecosystem service 

matrix method to conduct a study of ESF and their supply-

demand coupling in the Yihe River Basin. 

The objective of this study is to explore the ESF of the Yi- 

he River Basin through the ES matrix. In detail, (1) construct- 

ing an ESF assessment framework through expert experience; 

(2) discussing the changes in ESF, the potential supply of ES, 

and human demand in the dimensions of time and space in the 

Yihe River Basin; (3) exploring whether the Yihe River Basin 

is in a state of sustainable development or not and providing sup- 

port for the related ecological management. ESF and associated 

research are not only conducive to the accurate assessment of 

ES values but also are of great significance for exploring the re- 

lationship between the temporal-spatial dynamics of ES supply 

and variations in human welfare. The study of ESF and their cou- 

pling is an important management optimization measure that 

plays a positive guiding role, which can also provide help for co- 

ordinating the balance of social, economic, and ecological ben- 

efits, and sustainable development of the region. 

2. Overview of the Study Area 

Yihe River Basin (33°39′ ~ 34°17′ N, 111°20′ ~ 112°11′ E) 

is located in the middle and lower reaches of the Yellow River 

in the south and west of Henan Province (Figure 1). The basin 

area is about 5,846 km2. The terrain is high in the southwest 

and low in the northeast. The altitude is between 110 and 2,200 

m, its natural geographical elements have an obvious transition 

from upstream to downstream, forming a unique “mountain-

hill-plain” landscape ecosystem continuum (Liu et al., 2019b). 

The Yihe River Basin is located in a warm temperate continen- 

tal monsoon climate area, with high temperatures and rainfall in 

summer, and colder and drier winters. The elevation of differ- 

ent areas in the basin is very different, and the terrain is com- 

plex and changeable. The major soil types in the Yihe River 

Basin are diverse. There are differences in rainfall in the Yihe 

River Basin. The runoff mountain area is greater than the hilly 

area and the plain area, the southern bank of the Yihe River is 

larger than the north bank, and the upper reaches of the river 

basin are greater than the middle and lower reaches. The eco- 

nomic development of different administrative regions in the 

lower and upper reaches of the Yihe River Basin is significant- 

ly different. The overall economic level in the upper and lower 

reaches is relatively low, while the economic development lev- 

el downstream is relatively high. The forest coverage rate in the
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Yihe River Basin, especially in the upper reaches, is high. Al- 

though the development of the resource-based economy has in- 

creased the GDP of the area and accelerated the economic and 

social development of the area, the extensive management mod- 

el accompanying mineral development has given locally. In ad- 

dition, the middle and lower reaches of the region bring serious 

environmental pollution and ecological damage. 

 

 
 

Figure 1. Location of the study area. 

3. Methodology 

3.1. Acquisition and Processing of Land Use/Cover 

Change Data 

The resolution of the Land Use/Cover Change (LUCC) 

data in Yihe River Basin in 1987, 1995 and 2005 comes from 

the National Geographic Resource Science Sub Center, Nation- 

al Earth System Science Data Center, National Science and Tech- 

nology Infrastructure of China (http://gre.geodata.cn). The orig- 

inal LUCC data of 2015 was obtained based on the Landsat TM 

remote sensing image data. The remote sensing then was im- 

ported into ENVI 5.1 to synthesize the initial multispectral im- 

age data. After cropping, geometric calibrating, and configura- 

tion, the interpretation of the remote sensing in the field was 

performed. According to the obtained land use/cover data from 

1987 to 2005, a landscape classification system for the 2015 

study area was established, and the landscape types were divid- 

ed into seven categories, including forest land, grassland, arable 

land, river channels, reservoirs and ponds, building land, and 

unused land. Figure 2 shows the land cover map of the Yihe 

River Basin in 1987, 1995, 2005 and 2015. 

 

3.2. Dynamic Variations of Landscape Area 

Statistical analysis of the area of landscape types in the 

study area can reveal the changes in the size of land-use in dif- 

ferent time zones, but the description of the change process and 

speed of the landscape ecosystem in time and space requires a 

functional relationship, that is the degree of land-use change. It 

can not only compare the spatial differences of landscape ecosys- 

tem changes but also predict the trends and rates of land land- 

scape changes in the next few decades, which will have a pos- 

itive effect on the study of ecosystem balance. The degree of 

land-use change includes the single land-use dynamic degree 

describing the change of the quantity of a certain land type with- 

in a certain time range of the study area (Zhu and Li, 2003) and 

the comprehensive land-use dynamic degree of the comprehen- 

sive land-use change rate in the study area (Lang et al., 2011). 

The expression formula is as follows: 

 

2 1

1
100%b a

a

V V
K

V T T


  


 (1) 

 

where K represents the dynamic change degree of a certain 

land-use type in a certain period. The value of K is positive or 

negative, and greater than 0 indicates that the area and rate of 

land types in the study area are increasing. Negative values in- 

dicate land types in the study area. Area and rate are decreasing; 

Vb is the area of a certain land-use type at the end of the study 

period (hm2); Va is the area of a certain land-use type at the be- 
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where LC is the dynamic degree of the comprehensive land-use 

type. It represents the interannual change rate of the overall 

landscape in the study area in units of years. There is no differ- 

ence between the positive and negative values. LUi is the type 

i land at the initial point of the study period. Area of utilization 

type (hm2); ΔLUi – j is the absolute value (hm2) of type i land-

use type conversion to other land-use types from the begin- 

ning to the end of the study; T2 – T1 is the study period (a). 

 

3.3. Construction of the Ecosystem Service Matrix of Yihe 

River Basin 

Ecosystems rely on land cover types to produce different 

types of ES, then passed to the demand area through ESF. So- 

cial, economic, and cultural factors will cause changes in human 

demand, and indirectly change the types of land cover through 

macro-control and market mechanisms, which in turn would 

affect the ESF, supply and demand. Therefore, the supply-

demand location of ES can be identified based on the land cov- 

er type. Based on the type of land cover in the region, the spatial 

locations of the supply and demand areas for various adjust- 

ments, supplies, and cultural services have been summarized 

(Table 1). The location of the ecosystem service connection 

area can be judged according to the type of ecosystem service 

flow carriers (Benjamin et al., 2014). The connecting area of 

ES with air as the carrier is the wind direction, the connection 

area of ES with water as the carrier is a river. 
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Table 1. The Location of ES Supply and Demand Area 

ES types 
Supply area  

location 

Demand area 

location 

Regulate 

services 

Local 

climate 

regulation 

Forest, wetland, lake, 

ocean, green space 

Residential and 

leisure areas 

Air quality 

regulation 

Woods, hedges, green 

spaces, pastures 

Residential and 

leisure areas 

Water 

purification 

Water body, riparian 

zone, soil, forest, 

wetland, grassland, 

intertidal zone 

Residential or 

leisure area, 

agriculture, 

industry 

Erosion 

regulation 

Woodland, 

agriculture, forestry 

and animal husbandry 

transition zone, 

pasture, grassland 

Residential area, 

agriculture, 

infrastructure 

Pollination 

regulation 

Garden, orchard, 

forest, wetland, 

agricultural area 

Agricultural area, 

garden, plant area, 

fruit plantation 

Supply 

services 

Food supply Farmland, plant area, 

farmer, orchard 

Farm, food 

factory, 

community, 

family 

Wood 

supply 

Forest, afforestation 

area, orchard, 

agriculture and 

forestry 

Home, wood 

industry, 

construction area, 

community 

Fresh water 

supply 

Reservoirs, rivers, 

glaciers, groundwater 

Water company, 

agriculture, 

industry, 

community, 

household 

Cultural 

services 

Leisure and 

tourism 

Forests, water bodies, 

mountain peaks, urban 

green spaces, gardens, 

leisure facilities 

Tourism 

infrastructure, 

visitors, 

communities, 

residential areas 

Landscape 

aesthetics 

Landscape, seascape, 

body of water, river, 

forest 

Tourism 

infrastructure, 

residential areas, 

industries, visitors 

 

In recent years, scholars have proposed to construct an 

ecosystem service matrix to express the ability of different land 

types to generate ES supply, flow, and demand (Benjamin et 

al., 2012). The ecosystem service matrix can reflect 44 types of 

land-use in the region to 29 different ES provided by it. Based 

on expert knowledge, the ES potential supply capacity, flow, 

and demand of each type of land are divided into six levels, 

which are represented by numbers from 0 to 5 (0 ~ 5 means that 

there is no relevant ES supply potential, flow, or human de- 

mand, followed by general, medium, strong, and very strong 

related ES supply potential, flow, or human demand). The eco- 

system service matrix includes ES potential supply matrix, 

human demand matrix, and ESF matrix; through the ES matrix, 

a diversified evaluation index system can be constructed, which 

is an innovative method for quantifying ESF (Li, 2014). At pre- 

sent, the ES matrix has been used in the northern part of Fin- 

land, the North Sea in Germany, and the Baiyangdian Basin in 

China (Bai et al., 2017). 

Through the interpretation of remote sensing images, the 

Yihe River Basin was divided into seven types of land cover. 

Choose experts who have in-depth research on landscape ecol- 

ogy, understand the physical geography and social economy of 

the Yihe River Basin and are familiar with ES. Based on the 

experience of experts, the assignment method was used to score 

the regulation services, supply services, and cultural services 

provided by different land cover types in the Yihe River Basin 

(Some scholars believed that the quantification of support ser- 

vices will cause double accounting for other types of services, 

so they were excluded). Based on the revision and discussion 

of previous studies, the Yihe River Basin supply potential ma- 

trix (Table 2), flow matrix (Table 3), and demand matrix (Table 

4) were obtained. 

 

3.4. Construction of Supply-Demand Balance Indicators 

for ESF 

There is a close relationship between ES potential supply, 

ESF, and human demand. Using these three variables, the ES 

supply rate (SR) and supply-demand ratio (SDR) index can be 

constructed. These two indexes are conducive to the compari- 

son of ES characteristics between and within different regions 

(Bai et al., 2017). 

 

ES flow(Actual supply)
Supply rate=

Potential  supply
 (3) 

 

Supply - demand ratio  

0,

0,
2

0,

 

 

 
max max

surplus
ES flow Human demand

= balance
Potential supply + Human demand

deficit

 
  

 
  

 (4) 

 

The SR is the capacity of a regional ecosystem to provide 

actual supply, that is, the flow of ES provided. The larger the 

ratio of the SR, the more the potential supply services of the 

ecosystem are converted into the actual supply services, or the 

greater the flow of ESF provided by the ecosystem. The SDR 

characterizes the balance between the supply of ES and human 

demand in the region. When the SDR is positive, it means that 

the supply of regional ES is greater than demand, and the region 

is in an ecological surplus. When the SDR is equal to zero, it 

means that the supply of regional ES equals the demand, and 

the region is in an ecological balance. When the SDR is nega- 

tive, it means that the supply of regional ES is less than the de- 

mand, and the region is in an ecological deficit. 

4. Results 

4.1. Landscape Area and Dynamic Changes in the Yihe 

River Basin 

4.1.1. Changes in the Area and Structure of the River Basin 

Landscape 

The landscape area of the Yihe River Basin in 1987, 1995, 

2005 and 2015 was calculated and shown in Figure 3. The dom- 
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Figure 2. The variations of LUCC over the Yihe River Basin in 1987, 1995, 2005 and 2015. 

 

 
 

Figure 3. LUCC structural tures of Yihe River Basin from 1987 to 2015. 
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Table 2. Ecosystem Service Potential Supply Matrix in Yihe River Basin 

Service Regulation services Provision servicess Cultural services 

Code* a b c d e f g h i g k l m n o p q r 

Farmland 2 1 2 0 0 1 1 5 5 0 0 0 0 1 1 2 3 0 

Forest 5 5 3 5 5 4 4 0 1 0 5 0 0 5 5 5 4 5 

Grassland 2 1 1 3 5 1 1 0 1 3 0 0 0 3 4 5 3 3 

Chanel 1 0 3 3 0 3 0 0 2 0 0 3 5 4 4 4 3 3 

Reservoir 2 0 5 2 0 3 0 0 1 0 0 4 5 5 4 4 3 3 

Construction land 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 

Unuse land 0 0 0 1 2 1 0 0 0 0 0 0 0 2 3 2 2 1 

* Codes in Table 1 represent different ES, a (Local climate regulation), b (Air quality regulation), c (Water flow regulation), d (Water 

purification), e (Erosion regulation), f (Natural disaster protection), g (Pollination regulation), h (crop), i (Biomass energy), j (Biological product 

supply), k (wood), l (Aquatic products), m (freshwater), n (Leisure Travel), o (Landscape aesthetics), p (Knowledge System), q (Cultural 

heritage), and r (Natural heritage). 

 

Table 3. Ecosystem Service Actual Supply Matrix (ESF Matrix) in Yihe River Basin 

Service Regulation services Provision services Cultural services 

Code a b c d e f g h i g k l m n o p q r 

Farmland 2 1 2 0 0 1 3 4 4 0 0 0 0 1 1 1 1 4 

Forest 5 5 3 4 5 3 1 0 1 0 1 0 0 4 4 4 2 2 

Grassland 2 0 1 3 5 1 2 0 0 1 0 0 0 3 4 4 2 2 

Chanel 1 0 3 3 0 3 0 0 0 0 0 2 2 4 4 3 2 2 

Reservoir 2 0 3 2 0 3 0 0 0 0 0 2 2 5 4 3 2 2 

Construction land 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 

Unuse land 0 0 0 1 2 1 0 0 0 0 0 0 0 2 3 2 1 1 

 

Table 4. Ecosystem Service Demand Matrix in Yihe River Basin 

Service Regulation services Provision services Cultural services 

Code a b c d e f g h i g k l m n o p q r 

Farmland 2 1 2 0 3 2 3 0 1  0 0 0 0 0 1 1 0 

Forest 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Grassland 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Chanel 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Reservoir 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Construction land 5 5 4 5 1 5 1 5 5 5 3 5 5 4 4 3 4 4 

Unuse land 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

 

Table 5. Landscape Type Dynamics and Comprehensive Dynamic Degree in Different Years of Yihe River Basin 

Landscape type 
Dynamics of landscape types in different years (%) 

1987 ~ 1995 1995 ~ 2005 2005 ~ 2015 1987 ~ 2015 

Arable land 0.32 -0.37 -1.65 -0.63 

Woodland 0.07 0.02 1.78 0.67 

Grassland -2.30 1.25 -9.14 -3.29 

Canal -0.91 0.14 -4.72 -1.80 

Reservoir pit 2.74 3.53 -2.53 0.83 

Building land 0.78 1.17 15.87 7.40 

Unused 91.42 -8.51 -4.10 -0.96 

Comprehensive dynamics 2.09 0.16 1.49 0.57 

 

inant landscape type of the Yihe River Basin from 1987 to 2015 

was woodland, followed by cultivated land. While the area of 

grassland, waters, building land, and unused land is small (Fig- 

ure 3). By analyzing the proportion of each land-use type in the 

entire landscape, it can be seen that the landscape structure of 

the Yihe River Basin has changed between 1987 and 2015, but 

the overall dominant landscape type has not changed. The area 

of forest land accounted for about 45.0% of the total area from 

1987 to 2005. The area of forest land increased suddenly, ac- 

counting for about 53.2% of the total landscape area until 2015. 

The increase in forest area is mainly due to the fact that Luan- 

chuan County, the upstream area of the Yihe River Basin, has 
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become a South-North Water Transfer water source protection 

zone (Shi et al., 2019). To protect the ecological environment 

of the water source area from being destroyed, China has imple- 

mented ecological engineering projects such as returning farm- 

land to forest and closing mountains for reforestation since 2002, 

and this measure has led to a continuous increase in the forest 

area of the water source protection (Gao et al., 2019). In 2005, 

China began to execute the “South-North Water Transfer Cen- 

tral Water Source Area Water Pollution Prevention and Soil and 

Water Conservation Plan”, which has strengthened water pollu- 

tion prevention and control, resulting in a significant improve- 

ment in the ecological environment of the water source protec- 

tion zone (Liu et al., 2015). The area of arable land accounted 

for about 41.0 ~ 42.0% of the total landscape area from 1987 to 

2005, but it quickly decreased to 33.77% in 2015, a larger de- 

crease. The decrease in arable land area is associated with an 

increase in the area of building land, and the expansion of 

building land in the basin is partially occupying arable land. 

Except for forest land and cultivated land, the total landscape 

area occupied by other land-use types such as grassland, con- 

struction land, and river canals were small, less than 15% in 

total; the area of forest land and construction land gradually in- 

creased, while cultivated land and the area of grassland was 

gradually decreasing from 1987 to 2015. The area of river ca- 

nals and reservoirs and ponds showed an upward trend from 

1987 to 2005; the area of both types of landscapes decreased in 

2015. The proportion of unused land in the total landscape area 

was the smallest, but the area proportion increased relatively in 

1995. 

 

4.1.2. Dynamic Changes of River Basin Landscape 

According to the area of different landscape types and their 

changes in the Yihe River Basin from 1987 to 2015, the land- 

scape dynamics and comprehensive land-use dynamics in the 

Yihe River Basin were calculated based on the Formulas (1) 

and (2) during 1987 ~ 1995, 1995 ~ 2005, 2005 ~ 2015, and 

1987 ~ 2015 (Table 5). As for single land-use change, the dy- 

namic degree of building land reached 15.87% during 2005 ~ 

2015, which is much higher than other landscape types. The 

speed of change in grassland landscape was the second highest 

at a rate of –9.14%. The rate of change of unused land was the 

fastest from 1995 to 2005 with a dynamic degree of –8.51, and 

the speed of change of grassland was the second with 91.42%. 

The landscape change rate of reservoirs and ponds in the same 

period was the second, reaching 2.74%. The calculated single 

land-use dynamic degree had the fastest change rate in building 

land, followed by grasslands, river channels, unused land, res- 

ervoirs, ponds, woodland, and cultivated land have the smallest 

changes from 1987 to 2015. The change rate was the largest 

from 1987 to 1995, followed by 2005 ~ 2015, and the smallest 

from 1995 to 2005. Generally, the degree of land-use change is 

divided into four stages: 0 ~ 3% is a very slow change stage; 4 

~ 12% is a slow change stage; 13 ~ 20% is a period of rapid 

change; 21 ~ 24% is a period of rapid change (Liu et al., 2005). 

It can be seen that the land-use change in the Yihe River Basin 

from 1987 to 2015 belongs to a very slow change stage. 

4.2. Changes in ESF and Supply-Demand Balance 

According to the four land-use maps of the Yihe River 

Basin in 1987, 1995, 2005 and 2015, combined with the ES sup- 

ply potential (potential supply) matrix, the ESF (actual supply) 

matrix, and ES demand matrix (Tables 2, 3 and 4), the scores of 

potential supply, flow, and demand of ES are assigned to corre- 

sponding classes in the ArcGIS 10.1 platform. In the module of 

spatial analysis, the Formulas (3) and (4) were compiled into 

the program. In addition, the spatial display maps of the SR and 

SDR in the Yihe River Basin at different time scales were cal- 

culated based on different layers. Then, according to the area 

and proportion of the land type, the SR and SDR of the Yihe 

River Basin were calculated in the regional statistics module of 

GIS, and the index changes in different periods of the Basin 

were also compared. 

 

4.2.1. Changes in the Supply Rate of the Yihe River Basin 

SR represents the ratio of ES used by humans to the poten- 

tial supply of ES. The minimum SR of the overall ES in the Yi- 

he River Basin was 0.5000, and the maximum value was 0.9160 

from 1987 to 2015. The actual supply capacity of ES in the up- 

per reaches of the Yihe River Basin is significantly lower than 

that in the middle and lower reaches in the past 30 years (Figure 

4). The comparison of the SR of ES among multiple years pre- 

sents that the total SR has relatively little variation in the Yihe 

River Basin from 1987 to 2015, declines from 0.7630 to 0.7520. 

The spatial explicit map shows that the ESF hotspots changed 

from 1987 to 2015. It was mainly concentrated in the middle 

reaches of the river basin during 1987, most of them were locat- 

ed in Songxian city, followed by the south of Yanshi city. In 

1995, the hotspots of the ESF were mainly concentrated in the 

upper reaches of the Yihe River Basin, located in the northern 

area of Luanchuan, Luoyang City. In 2005, the distribution of 

hotspot areas of the ESF in the Yihe River Basin was similar to 

these in 1987. Compared with previous years (i.e., 1987, 1995, 

and 2005) of the Yihe River Basin, the hotspot areas of ESF in 

2015 have changed significantly in terms of area and spatial lo- 

cation, which was significantly reduced and northwardly shift- 

ed, mainly in Yanshi City. 

The ES matrix is constructed on the basis of land cover. 

Different types of land cover provide different ES. Therefore, 

as the land cover of the Yihe River Basin changes in different 

years, its ecosystem service SR will also change. Although the 

ESF delivered to human communities in the Yihe River Basin 

accounts for a large proportion of the potential supply of ES, its 

ESF flow decreased slightly between 1987 and 2015. This is 

mainly due to the area of arable land and grassland has shrunk, 

while the area of construction land has increased sharply over 

the Yihe River Basin from 1987 to 2015. 

 

4.2.2. Changes in the Supply-Demand Ratio in the Yihe River 

Basin 

The SDR can reflect the balance between the actual supply 

of ecosystems and human demand in a given area. The spatial 

explicit map of the SDR in the Yihe River Basin can directly 

reveal the surplus or deficit of ES in different time-space scales. 
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Figure 4. The spatial distribution of supply rate of ES in the Yihe River Basin from 1987 to 2015. 

 

The supply and demand balance of the ecosystem in the Yihe 

River Basin has obvious spatial variation characteristics from 

1987 to 2015. Most areas of the upstream are in ecological sur- 

plus, while most of the middle and lower areas are ecological 

deficit areas. The results show that the overall SDR index in the 

Yihe River Basin displays a significant descending trend from 

1987 to 2015. Among them, the decline in the SDR index from 

1987 to 2005 was relatively small, ranges from 0.8933 to 2005. 

The supply-demand index of the Yihe River Basin decreased 

by 0.8676 in 2015, which was larger than 0.6519 (Figure 5). 

Although there are obvious deficits and surpluses in the upper, 

middle, and lower reaches of the Yihe River Basin, the Yihe 

River Basin is assumed to be a closed area. In the past 30 years, 

the overall ecosystem of the Yihe River Basin has been bal- 

anced, and the regional ecology is in a sustainable develop- 

ment stage. 

The land-use of the Yihe River Basin is dominated by for- 

ests, followed by arable land, and the proportion of land occu- 

pied by building sites does not exceed 10%. From 1987 to 2015, 

the supply rate and supply-demand ratio of overall ES were 

positive, and the supply of ES was generally in surplus of the 

basin. If the Yihe River basin is considered as a closed geo- 

graphical unit, the total services provided by the ecosystem can 

meet the human demand for ES within the basin as a whole. 

However, this does not mean that the supply of ES is in surplus 

in all areas of the basin, and local areas are still characterized 

by significant deficits. As can be seen in Figures 4 and 5, the 

supply rate, and supply-demand ratio vary spatially within the 

basin, and the landscape structure analysis shows that the up- 

stream areas are predominantly covered by forest, and thus 

have the highest level of supply. The middle and lower streams 

of the basin are mainly composed of construction land and ar- 

able land, and their supply levels are low. The demand for ser- 

vices is high, so areas such as downstream construction land 

and arable land show a deficit. Therefore, ecosystem with high 

supply rates in the basin should be protected as a priority, and 

areas, where the supply of ES is in surplus should be used as 

the main areas for ecological compensation to guarantee the 

continuous output of their ES (Bai et al., 2017). Areas with high 

demand for ES should be ecologically restored, and ecological- 

ly protected, while the pathways and corridors for ES delivery 

between supply, and demand areas should be safeguarded usu- 

ally to reduce the sinking landscape as much as possible (Liu 

et al., 2017a). 
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Figure 5. The spatial distribution of supply-demand ratio of ES in Yihe River Basin from 1987 to 2015. 

 

5. Conclusions and Discussion 

5.1. Conclusions 

The landscape area and dynamic changes in Yihe River 

Basin were explored through ArcGIS, the constructed ES ma- 

trix based on expert experience, the two constructed indexes of 

SR and SDR through coupling the supply, and demand of ES. 

The two indexes were further used to analyze the ESF and their 

balance in the Yihe River Basin from 1987 to 2015. The results 

show that (1) The speed of single land-use change dynamics of 

construction land in the Yihe River Basin was the fastest in the 

past 30 years. The largest variation of comprehensive land-use 

change dynamics was occurred during 1987 ~ 1995, while the 

smallest was in 1995 ~ 2005. (2) The minimum and maximum 

values of the overall ecosystem services SR were 0.500 and 

0.9160 over the Yihe River Basin in the past 30 years, respect- 

tively. There is a noticeable spatial differentiation in the bal- 

ance of supply and demand in the river basin. The upper reaches 

were in an ecological surplus area, while the middle and lower 

reaches were in the ecological deficit. (3) The actual ES deliv- 

ered by the flows to humans account for a large proportion of 

potential ES in the Yihe River Basin. However, the ESF, and 

the balance of the ecosystem in the Yihe River Basin were de- 

creased during 1987 ~ 2015. Although the ecological deficit 

area in the basin was increased significantly, the Yihe River 

Basin was still in a sustainable state in 2015. 

 

5.2. Discussion 

The assessment of ESF, their coupled supply and demand 

combine theories, methods, techniques of modern landscape 

ecology, physical geography, environmental science, and com- 

puter science were used to analyze the landscape area of the Yi- 

he River Basin and its dynamic changes. The changes of ESF, 

their potential supply of ES, human demand in the temporal-

spatial dimensions and the ecological balance of the Yihe River 

Basin were explored and assessed. The results of the study can 

guide ecological protection and environmental administration. 

They are important for maintaining the ecological sustainability 

of the watershed (Campagne and Roche, 2018). Therefore, to 

achieve ecological harmony in the Yihe River Basin, the forest 

in the upstream should be protected to improve the ecological 

environment of the mining area, adjust the industrial structure, 

and develop clean production. The construction of green corri- 

dors along the riverbanks should be carried out in the middle 

and lower reaches to ensure the safety of drinking water (Zhu 

et al., 2017). The downstream expansion of construction land 
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and arable land has led to an unpromising ecological situation, 

so green agriculture should be developed to reduce agricultural 

surface pollution (Li et al., 2021). 

This study focuses on assessing the potential supply of ES, 

ESF and human demand, using the ES matrix approach. The 

advantage is that it facilitates the relevant assessment of certain 

areas with missing data, while the disadvantage is that the scores 

determined based on expert experience and soil use/ground cov- 

er data are subjective and can lead to inaccurate results (Bur- 

khard and Maes, 2017). Therefore, the ES matrix is an effective 

tool for exploring ESF and its supply-demand coupling relation- 

ship in data-deficient areas. The results attained through the ES 

matrix method also play an important role in regional ecolog- 

ical management (Campagne et al., 2017). At present, the ES 

matrix cannot be used as an accurate quantitative result to re- 

flect the actual situation of ESF and its supply-demand rela- 

tionship (Bai et al., 2017). If these relationships could be accu- 

rately evaluated in the future, accurate data, including regional 

socio-economic data, physical geographic data, spatial data and 

actual survey data, are needed to be obtained through innova- 

tive evaluation methods. This will be the focus of our follow-

up study. 
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