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Abstract: Biodiversity has long been the main objectives in conservation planning while protecting 

ecosystem services are rarely concerned with. Protecting ecosystem services are gradually 

recognized by researchers to be included in conservation planning as its significant benefits to 

human beings. Currently, the most commonly used protecting strategies only focused on high-value 

areas so that not all the valuable areas would be protected. Furthermore, there are correlation of 

trade-off and synergy between ecosystem services, aiming at protecting one ecosystem service may 

have to sacrifice the conservation effectiveness for others. To ensure all the ecosystem services are 

adequately protected, spatial explicit relations between all the paired ecosystem services were 

identified via the calculation of Local Moran’s I, a local scale relationship between ecosystem 
services were defined and they were classified into 5 kinds of cluster. To alleviate the conflict 

solutions for multiple ecosystem services goals, we used methodology of Systematic Conservation 

Planning to identify the priority areas for ecosystem service protection, which act the plan with 

principles of representativeness, complementarity and persistence. By setting scenarios of 

optimizing each and all the ecosystem services at the target level from 10% to 90%, we found that 

positive correlation between each of the 4 ecosystem services occupied large areas in the Yangtze 

River Basin and all the high-value areas were not congruence in spatial distributions. The optimal 

conservation spatial pattern showed that the priority areas were quite different when the target level 

was low. Our results implicated that an integrated conservation planning of achieving objectives of 

all the ecosystem services is more efficient than superposing multiple planning time after time. 

Keywords: ecosystem service; conservation planning; trade-offs; protected areas; Yangtze River Basin 

 

1. Introduction 

Ecosystem services are various direct or indirect positive benefits of nature to people, which can 

be categorized by the Millennium Ecosystem Assessment (MEM) to provisioning, regulating, cultural 

and supporting services (Millennium Ecosystem Assessment, 2003). Ecosystem services are 

increasingly being in destruction and threat due to utilitarian consumption of natural resources 

(Steffen et al., 2015; Sutton et al., 2016). Biodiversity has long been the uppermost concerns in the 

conservation planning, until the last decade or two (Dudley, 2008; Boulton et al., 2016), high-value 

ecosystem service areas become be attached importance to be enhanced (McCann, 2000; Balvanera et 

al., 2001; Chan et al., 2006). Researchers calls for that ecosystem services should be included in 

conservation planning (Egoh et al., 2007; Reyers et al., 2012,Archibald et al., 2021). The Kunming-

Montreal Global Biodiversity Framework also reached an agreement over a target of not less than 

30% of the world’s terrestrial, freshwater and marine areas, with significant value of biodiversity and 
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ecosystem service should be maintained in effective conservation and management 

(https://www.un.org/). 

Conservation planning uses customized rules to identify optimal geographic areas of conservation 

features with important natural resource values. The efficacy of conservation planning lies in that 

achieving conservation goals under restricted range of conditions (Margules et al., 2000; Juutinen et al., 

2008). The fundamental mathematical theory of conservation planning is tackling the problem of 

maximal coverage or minimal set problem, which is to meet the target to the greatest extent and takes 

the cost as few as possible in the meanwhile (Harrington et al., 2010; Williams et al., 2020). Several 

popular conservation planning theories have been put forward since the early 1880s (Wang, 1989; Guo 

et al., 2013). The representative methods are Biogeographic Regionalization, which divides the regions 

into several similar or identical units by attributes of topographic, hydrology, temperature, soil, etc. 

(Zheng et al., 2005), and Hotspot tries to protect the areas with high species richness, which raises the 

probability of species with maximal element cooccurrence being included (Myers, 1990). With few 

exceptions, the commonness of these methods exclusively counts on the high-value areas, where the 

species are either high in amounts or diversity (Huber et al., 2023). Though most of the valuable areas 

are taken seriously, some rare or endemic species would be missed in the final planning (). To make for 

the disadvantages, Systematic Conservation Planning (SCP) carries out the planning with principles of 

representativeness, complementarity, and persistence, which provides the foundation to achieve the 

conservation goals comprehensively and efficiently (Margules et al., 2000). Widespread successful 

practices have been implemented using SCP around the world to look up for additional areas from the 

existing reserve networks or design brand new portfolio of protected areas.  

Conserving ecosystem services is not a full copy of conserving biodiversity. Ecosystem services 

have two unique characteristics that different from biodiversity. One is that the measure value for 

ecosystem service is continuous variables while the measure value for biodiversity is discrete 

variables, traditional biodiversity goals is a count number of species while ecosystem service values 

is measured that can be subdivided, ecosystem services are poor in movability and consecutive 

distribute in spatial compare to biodiversity, integrity are more weighted in the conservation 

planning. Another is that interactions of trade-offs and synergies exist among different ecosystem 

services (Harrison et al., 2014), preserving one ecosystem service would at the expense of 

disregarding for the others (Li et al., 2022). Likewise, exploring the correlations between habitat 

quality (biodiversity) and other ecosystem services is one of the focus points in the present researches 

(Cardinale et al., 2012; Mouchet et al., 2014; Lamarque et al., 2014), their opinions are divergent in the 

spatial congruence, the relationships are supposed to be positive or negative (Harrison et al., 2014; 

Ricketts et al., 2016; Watson et al., 2019). Given this case, it would be tough or meaningless to strive 

for the correlations than quantifying and optimizing the ecosystem services with SCP. One of the 

reasons is that most studies capture the relationships of ecosystem services with the total value of the 

entire study areas. In fact, spatial heterogeneity is apparent in ecosystem services, conclusions may 

vary with different scales. Explicit calculation of the spatial correlation among ecosystem services is 

an essential prerequisite for figuring the conservation planning with the trade-offs and synergies 

considerations. 

To sum up, we focused on the Yangtze River Basin (YRB) as a case study of conservation 

planning for ecosystem services. We first estimated the four ecosystem service (habitat quality, 

carbon storage, environmental purification and hydrological regulation) values in the YRB, then we 

analyzed the trade-offs and synergies in spatial among all the ecosystem services, at last, we 

compared the optimal spatial pattern of conservation for each ecosystem services and attempted to 

conserve the maximum benefits of multiple ecosystem services in a more efficient ways with the 

guidance of SCP, setting targets of various scenarios enable us to comparatively weigh the potential 

benefits of multiple plans in details. Our presented results could be served for mangers to launch 

policies for management. 
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2. Materials and Methods 

2.1. Study Area 

The Yangtze River Basin (24°30′~35°45′ N, 90°33′~122°25′ E) (YRB, Figure 1) is an area of 
approximately 1.8 × 106 km2 that extends by the Yangtze River, which is the third longest river in the 

world, with a length of 6300 km. The Yangtze River sources from the Plateau of Tibet and flows into 

the East China sea, it traverses 19 provinces and 3 economic zones. The YRB stretches with varied 

climate, landforms and ecosystems, and the elevation drops between the top and bottom is about 

5000 m. The average temperature is -4 °C in the upper YRB, whereas is 4 °C~20 °C in other regions. 

The precipitation is largely influenced by the monsoon and landform, the annual average is 400 mm 

~ 800 mm and is uneven in both spatial and seasons. The YRB has more than 7000 tributaries, 

contributing 35% of the total water resources in China, which is much higher than other basins. 

 

Figure 1. Geographical map of the Yangtze River Basin. 

2.2. Data Sources 

This study evaluated the ecosystem services of habitat quality, carbon storage, environmental 

purification and hydrological regulation. The habitat quality was estimated with the Maxent model, 

the species distributions data were downloaded from IUCN (United for Life & Livelihoods, 

https://www.iucn.org) and GBIF (Global Biodiversity Information Facility, https://www.gbif.org), the 

weather and climate data were from the WorldClim (https://www.worldclim.org) with a spatial 

resolution of 30 seconds.The carbon storge was calculated with the inversion equation, in which the 

NDVI was downloaded from the GIMMS Global Agricultural Monitoring 

(https://glam1.gsfc.nasa.gov) and the vegetations was from the Geographic data platform of Peking 

University (https://geodata.pku.edu.cn). The environmental purification and hydrological regulation 

were estimated the LULC data that obtained from the RESDC (Resources and Environment Science 

and Data Center, https://www.resdc.cn) with 1000-meter resolution in 2020, and the NPP (Net 

Primary Production) and precipitation data were obtained from the Geospatial Data Cloud 

(https://www.gscloud.cn/). The subcatchment data served as planning unit was from the 

BasinATLAS (http://www.hydrosheds.org). 

2.3. Estimation of Ecosystem Service Values 

2.3.1. Habitat Quality 

The habitat quality was assessed with the Maxent (version 3.4.3) software, which using the 

maximum entropy algorithm to rating the niches for species. The results were species occur 

probabilities that computed by a function of a set of environmental factors. The threatened species 

are generally employed as surrogate for biodiversity for data scarce areas, we thus choose the list of 

threatened species from IUCN red list in China, which include mammals, amphibians and freshwater 
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groups. The localities for each species were from GBIF, to raise the generalization performance of 

Maxent, we dropped the species that recorded in GBIF with the number of occurrences that lower 

than 30. We selected 20 environmental factors to model the niches of the species, 19 were from the 

WorldClim (details on the factors could be seen on the website of WorldClim), one was LULC. 

2.3.2. Carbon Storage 

In this study, the carbon storge was for vegetations, which consist of the aboveground and 

belowground carbon storage. The method to estimate the carbon storage was based on Fang (2007). 

The aboveground carbon storage was calculated with an inversion function that related the NDVI 

and the biomass. The belowground biomass can be calculated using ratio of the belowground and 

aboveboard biomass in terms of the type of the vegetation (Fang et al., 207), this was also true to 

convert the biomass to carbon storage with a conversion factor, we classified the vegetation into 

forest, shrub, grassland, cropland and marsh in our study.  

2.3.3. Environmental Purification and Hydrological Regulation 

We used an improved equivalence factor method to estimate the ecosystem services values of 

environmental purification and hydrological regulation followed by Xie (2015). The method first 

evaluates the value equivalence factor in per hectare for 14 different types terrestrial ecosystem, then 

using the dynamic spatio-temporal modifier to be as reflections of the variations of each type of 

ecosystems, the formulas were as follows: 𝐹𝑖𝑗 = 𝑀𝑖𝑗 × 𝐹𝑛 (1) 𝑀𝑖𝑗= 𝐵𝑖𝑗𝐵̅ (2) 
where Fij is the equivalence value of environmental purification/hydrological regulation in month j 

of the area i; Fn is the equivalence factor of ecosystem services types; Bij is the NPP/precipitation in 

month j of area i, B is the annual average value of NPP/precipitation, NPP is the modifier of 

environmental purification and precipitation is the modifier of the hydrological regulation; the 

ecosystem service equivalent value per unit area is based on Xie (2015). 

2.3.4. Relationships analysis among ecosystem services 

The Local Moran’s I was applied to determine the trade-offs and synergies of the paired 

ecosystem services out of 4, which makes classification of 5 kinds of cluster against the concentration 

of values by their similarity, they are high-high (HH), low-high (LH), low-low (LL), high-low (HL) 

and not significant (NS). The formula was as follows: 

I = (xi − x) ∑ Wij(xj − x)n
j=1∑ (xi − x)n

i=1
(3) 

where I is the Local Moran’s I, the value ranges from -1 to +1, -1 indicates they are negative 

correlativity, +1 indicates they are positive correlativity, 0 indicates they are unrelated; Wij is a weights 

matrix that represents the spatial configuration of the unit value of the raster data; i and j is the type 

of ecosystem services; x is the ecosystem service value of the cell while x is the average value of all 

units. The Local Moran’s I was computed in GEODA (version 1.16). 

2.4. Estimation of Ecosystem Service Values 

We used MARXAN (version 1.8.2) to find best areas for ecosystem services conservation, which 

is a conservation protected areas design software based on rules of SCP (Ball, 2009). MARXAN solutes 

the problem of the minimum set, that is a set of elements could realize utmost representativeness of 

the target with the least cost. In this study, we divided the YRB into 6828 subcatchments (the average 

area is 246.21 km2) as the element of planning unit, each with the conservation features (ecosystem 

services values) and the cost. Computationally, it applies ‘0-1’ integer programming model to fit the 

problem, 
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𝑂𝑏𝑗 =∑𝑥𝑖𝑁𝑠
𝑖 𝑐𝑖 + 𝑏∑∑𝑥𝑖(1 − 𝑥ℎ)𝑐𝑣𝑖ℎ𝑁𝑠

ℎ
𝑁𝑠
𝑖 (4) 

𝑠. 𝑡.∑𝑥𝑖𝑟𝑖𝑗 ≥ 𝑇𝑗𝑁𝑓
𝑖 (5) 

where xi is the planning unit i, in the result, i is either 0 for unselected or 1 for selected; ci is the cost 

of the planning unit i; b is the boundary length modifier, which is used to modify the compactness of 

the selected planning unit, the higher of the value, the clump size of the solution was larger; cvih was 

the length of the shared boundary of planning unit i and h; rij is the value of feature j in planning i, Tj 

is the target for feature j, in our study, we set targets to conserve 10% to 80% of each and all ecosystem 

services. MARXAN runs with the simulated annealing algorithm to solve the equations. 

2.5. Measurement of the similarity between optimal spatial patterns 

Jensen-Shannon divergence (JSD) was employed to measure the similarity of optimizing 

different ecosystem services, the results of MARXAN is an ordered array consisted of 0 and 1, we run 

MARXAN 1000 times and calculated the probability of being selected for each unit to generate an 

array of probability distribution, thus their similarity of distribution could be measured by JSD, the 

formula was as follows, 𝐾𝐿[𝑃(𝑋)||𝑄(𝑋)] = ∑[𝑃(𝑥) 𝑙𝑜𝑔 𝑃(𝑥)𝑄(𝑥)]𝑥∈𝑋 (6) 
𝐽𝑆𝐷(𝑃(𝑋)||𝑄(𝑋)) = 12𝐾𝐿 (𝑃(𝑥)|| 𝑃(𝑥) + 𝑄(𝑥)2 ) + 12𝐾𝐿 (𝑄(𝑥)|| 𝑃(𝑥) + 𝑄(𝑥)2 ) (7) 

where P(X) and Q(X) is the probability distribution of optimizing each target, the values of JSD ranges 

from 0 to 1, 0 means that the two distributions are identical and 1 means that the two distributions 

are totally different. 

3. Results 

3.1. Distribution and trade-offs of ecosystem services supply areas 

The distribution for habitat quality was clustering, in the plenty lakes and river regions. High 

value areas of habitat quality were in the 3 biggest lakes along the Yangtze River (Figure 2), which 

were Dongting Lake, Poyang Lake and Tai Lake, besides, there were also areas eminently suitable 

for species to survival scattered in the downstream of the Jinsha River. The forest, shrubland and 

grassland were the most import contributor to carbon storage, the distribution of carbon storage 

therefore showed a situation of northeast was high and southwest was low, this was also coincided 

with the distribution of the Yangtze River Economic Belt, urbanization would encroach the natural 

land of forest and grassland. The spatial characteristics of environmental purification was roughly 

opposite to that of carbon storage, showing mid-west was low and east was high. Similarly, 

environmental purification was very low in the Yangtze River Delta, where the human interference 

development intensity was extremely high. Hydrological regulation was directly related with the 

water resources, they were distributed in the regions of rivers and lakes. 
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Figure 2. Maps of ecosystem service values in Yangtze River Basin. 

The overall performance of Local Moran’s I map (Figure 3) showed that there was positive 

correlation between 4 ecosystem services occupied large areas in the Yangtze River. Large areas of 

H-H agglomeration were exclusively existed between HP and CS, they were in the junction regions 

between the upstream and midstream of the Yangtze River. The H-H agglomeration areas of EP and 

HQ, HR and CS were mainly distributed in the lower reaches of the Yangtze River. The synergies of 

H-L agglomeration were significant for all ecosystem services in the midstream of the Yangtze River. 

EP and HP, HP and CS presented a homologous distribution of L-L agglomeration, this was also true 

for EP and CS, HR and CS. Obvious areas of L-H agglomeration could be observed in the upper-

middle reaches and delta of the Yangtze River. 

 

Figure 3. LISA agglomeration maps of different ecosystem services in the Yangtze River Basin. 
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3.2. Priority areas for ecosystem services conservation 

Setting target for conserving each ecosystem services, the priority areas varied not the same 

under different target level, which was particularly prominent at the target of 20%. As the target level 

increased, priority areas of CS, EP and HR became to be coincident with each other while nearly half 

of the HQ priority areas were not complied with (Figure 4). This was due to the high HQ values areas 

were not consistent with other three ecosystem services. Only EP and HR appeared a similar trend 

in the optimal spatial conservation pattern, these areas were concentrated in the east and source of 

the Yangtze River Basin. When conserving all the ecosystem services, the priority areas were not 

merely an overlap of the results of optimizing each four ecosystem services, trade-offs were obvious 

between optimizing HR and optimizing all ecosystem services, their JSD was 0.67, 0.61 0.48 and 0.44 

in order under target level of 20%, 40%, 60% and 80% (Figure 4). MARXAN tried to find the best 

solutions under principles of representativeness and complementarity, areas with high values of all 

target features would have higher priority, then high value areas with single feature were included. 

Another reason for this was that the value distribution of HQ was uneven, less areas possessed much 

of the total amount, the same is true for CS, the value distribution for EP and HR were relatively 

uniform, so that their priority areas were quite different under a low target level but became more 

similar as the target level increased (Figure 5). 

 

Figure 4. Correlation matrix between Ecosystem services in Yangtze River Basin. 

 

Figure 5. Maps of 4 optimization objective under different targets settings.  
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4. Discussion 

Our study proposed employing SCP theory to optimizing ecosystem services conservation in an 

efficiency way with the consideration of their trade-offs and synergies. We evaluated the distribution 

of the HQ, CS, RP and HR in the Yangtze River basin quantitatively, and then analyzed their 

incompatible of trade-offs and synergies in spatial. The measurement of JSD between each ecosystem 

services allowed us to find out the discrepancy in the optimal conservation solutions. Undoubtedly, 

conservation planning under different target setting will produce multiple spatial optimal 

configurations with more or less different. Every time drawing up the planning that aims at each 

objective and overlay the results together will be in low efficient with much more cost in areas, time 

and monetary. We thus introduced the principles of representativeness and complementarity, 

making SCP for optimizing multiple ecosystem services comprehensively to balance the trade-offs 

among these conservation features based on multi-scenarios., which could provide preferential focal 

areas for their co-benefits to conservation and improve the regional sustainability for managers to 

develop strategy in one time. 

A numerous of research have been conducted on the trade-offs and synergies of ecosystem 

services, however, they predominantly interested in the spatial relationships, the driving factors, the 

dynamic spatial and temporal changes of ecosystem services, which areas have higher priorities to be 

protected are few discussed. In order to raise the accuracy of the trade-offs analysis, we used MaxEnt 

to evaluate the suitability of biodiversity, and NDVI, NPP, precipitation as an adjustment layer to reflect 

the heterogeneity of the same land-use type, land-use is a key factor determining ecosystem services 

themselves. Similarly, ecosystem service value estimation models such as InVEST, CASA employs 

topographical, metrological or soil types data as the correction factors. Even though, limited by the 

accessibility, scale and time sequential of the data, the evaluation of the values of the same land-use 

type and different years are commonly homogenization, which means that as long as the land are not 

be transformed, their ecosystem service values would not be changed (Kremen, 2005; Lin et al., 2017). 

In addition, we used Local Moran’s I to seek the relationship among ecosystem services, which is widely 

used in the field of economic (Wang et al., 2015). Different from the largely used Spearman’s correlations 
method, our method takes the weight of the area that close to the target computing unit into account, 

which could be applied to a high-resolution dataset and mapped the results into space, the results also 

had more details that they were classified into 5 kinds of cluster (e.g., HH, LH, LL, HL, NS). Ignoring 

the spatial proximity when calculate the correlations of ecosystem service values would share the unit 

with maximum or minimum values with the whole region that lead to an underestimate or 

overestimate of its trade-offs and synergies (Reside et al., 2017). 

Marxan as a decision support tool is mostly and extensively used in creating protected area 

systems aimed at conserving biodiversity or biodiversity surrogate (Ball et al., 2000), which including 

character or trait diversity, species diversity, species assemblage, landscape pattern and life-zone 

diversity. SCP has been proved to be the best practice in biodiversity conservation, nonetheless, being 

put on a conservation planning of ecosystem services are rare. In common sense, areas with the 

highest ecosystem service values areas should be selected, a typical and well-known area-selection 

method that follow the concept is hotspots, hotspots focus on choosing richness or range-size rarity 

in spices of areas. Case studies show that the overlook of making rules from the perspective of 

conserving all the whole species will lead to that some of the species escape from all the species of 

the region in the final solution when the target level is not high, and more areas and economic cost 

would be needed. Further, our results also showed that a comprehensive planning for all the 

ecosystem services were more efficient than optimizing each of them. This is in part because the 

planning aiming at a single objective merely count on its high value areas but not the co-benefits 

areas with others (Hermoso et al., 2020). In recent years, the Chinese government has embarked on 

reform of territorial spatial planning, one of its core notions is multi-plan integration, for instance, 

drawing the farmland redline, protected areas redline and urban development boundary on a same 

map to reconcile their benefits and conflicts. Our study could provide good enlightenment for the 

planning at a national scale. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 7 November 2023                   doi:10.20944/preprints202311.0371.v1

https://doi.org/10.20944/preprints202311.0371.v1


 9 

 

Our study still has some limitations, though we compared the trade-offs and synergies among 

ecosystem services, other correlations were not analyzed, such as the demand and flow (Bagstad et 

al., 2013; Villarreal-Rosas et al., 2020). Basically, the beneficiaries of ecosystem services are people and 

nature, efficiency will go a step further if the flow paths between the demand areas and supply areas 

were identified, it spends extra loss and cost in long-distance transmission (Goldman et al., 2008). 

Moreover, we didn’t incorporate the restoration planning, high ecosystem service value areas could 
be restored by the ecological restoration projects, and the Chinese government are also implementing 

policies of ecological protection and restoration of mountains-rivers-forests-farmlands-lakes-

grasslands. From the view of this prospect, our study proposed that governments, stakeholders and 

mangers should be involved together to develop strategies of conservation and restoration, the trade-

offs in meeting their goals are crucial in a systematic planning. A comprehensive planning is more 

sustainable than piecing together multiple separate planning.  

5. Conclusions 

There are trade-offs and synergies among ecosystem services, conservation planning that aimed 

at protecting different objectives would inevitably involves conflicting in priority areas. However, to 

the best of our knowledge, most other conservation priority studies only focused on a single objective, 

which would result in problems once it is implemented in practice, the following another planning 

has to draw up strategies based on the predetermined protection patterns. Traditional conservation 

planning strategies prefer to protecting high-value areas of conservation features, in this case, the 

entire areas are gradually occupied by one planning after another. We estimated four ecosystem 

service values in the Yangtze River Basin and analyzed their correlations spatially at a local scale, the 

cluster of ecosystem service values were heterogeneity in spatial. By setting multiple scenarios, we 

found it was unwise to superimpose multiple plans of optimizing targets, an integrated planning was 

more efficient in taking less areas with equal return of benefits. 
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