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Human activities and environmental change can impact the supply of ecosystem

services (ESs) as pressures. Understanding the mechanisms of these impacts is

crucial to support ecological conservation and restoration policy and applications.

In this study, we highlighted the contribution of vegetation to mitigating these

impacts on ESs in the Qinghai-Tibet Plateau (QTP) of China. First, we identified hot

and cold spots of pressures from human activities and environmental factors and

mapped the cumulative provision of five ESs (i.e., water yield, soil retention, carbon

sequestration, habitat quality, and landscape aesthetics). Then, we clustered these

ESs into five bundles based on their supply level. Furthermore, structural equation

modeling was used to quantify the pathways of multiple pressures on ESs. The

results indicated that 1) for 2000, 2010 and 2019, the percentages of hot spots with

high pressure were 28.88%, 27.59% and 45.66% respectively, with significant spatial

heterogeneity from northwest to southeast; 2) both regions with high and low

cumulative ES values experienced increased volatility; and 3) the joint effects of

multiple pressures shaped ESs through pressure-ES (direct) and pressure-

vegetation-ES (indirect) pathways. Specifically, precipitation had the largest

positive effect on regulating services (ra ≥ 0.76), and landscape fragmentation

had the largest negative effect on cultural services (-0.10 ≤ ra ≤ -0.07). Vegetation

played an important role in modulating multiple pressures on ESs. This study

contributes to ecosystem management by effectively coping with anthropogenic

and environmental pressures and sustaining the supply of ESs, particularly in alpine

and plateau regions.
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1 Introduction

Ecosystem services (ESs) are benefits or contributions provided by

natural ecosystems that are available for humans (Costanza et al.,

2011). There is a growing recognition that actions to conserve and

improve ES provisions are urgently needed at different scales (IPBES,

2019; Meacham et al., 2022). Understanding the driving mechanism

of ES change is essential for long-term ecosystem conservation

(Zhang et al., 2018; Han et al., 2020). ESs are both spatially

heterogeneous and interactive (Liu et al., 2019b). Many researchers

have investigated the interactive relationships of multiple ESs, as well

as the spatial aggregation of ESs (i.e. bundles) (Raudsepp-Hearne

et al., 2010; Crouzat et al., 2015). As the relationship between nature

and humans becomes increasingly apparent, it is crucial to

understand the progress of human and environmental impacts on

ESs to support ecological management and planning (Mandle

et al., 2020).

With the increase in the intensity of human activities (e.g.,

urbanization) and changes in environmental factors (e.g.,

meteorological factors and landscape fragmentation), ESs have

shown many ways of changing over time (Liu et al., 2019b; Vigl

et al., 2021; Fu et al., 2022). For example, landscape pattern change

inevitably leads to changes in ecosystem structure and ES provision

(Wang et al., 2017). Previous studies indicated that climate change

increased agricultural production in some regions because of higher

temperature and CO2 concentration to promote crop photosynthesis,

but many regulating and cultural ESs were mostly negatively affected

(Braun et al., 2019; Vigl et al., 2021). A study in Central Asia

demonstrated that climate change had a higher contribution to the

spatial distribution of ESs than socio-economic factors (Li et al.,

2021). In addition, landscape fragmentation changes the demographic

and functional tree composition of species, which may translate into a

loss of regulating service potential (de Avila et al., 2018). Thus, how to

assess and effectively cope with multiple pressures is paramount to

successfully implement ecosystem management (Lü et al., 2021; Vigl

et al., 2021). Although the impact of multiple pressures on ESs has

been extensively evaluated by previous studies, the existing evidence is

more concentrated on direct relationship between pressures and ESs,

and the results are inconsistent (Li et al., 2021; Pyles Marcela et al.,

2022). Another challenge is the change in the pressure-ES relationship

over time, which makes it difficult for policy-makers to conduct

scientific management and optimization of ecosystems (Liu et al.,

2019b; Hou et al., 2021). Most studies are snapshots in time, revealing

only the short-term state of the pressure-ES relation (Meacham et al.,

2022). The impact of pressures on ESs may exhibit positive or

negative effects and vary over time and space (Li, 2022). The

historical context of case studies will help to identify how consistent

the associations between pressures and ESs are (Liu et al., 2019b; Ma

et al., 2021).

While many studies have investigated various impacts of

pressures on ESs (Li et al., 2021; Rijal et al., 2021; Vigl et al., 2021),

few studies have examined the role of vegetation (Han et al., 2020).

Vegetation is fundamental to ecosystem functioning and supports

ecosystem stability under multiple pressures (Lü et al., 2012; Feng

et al., 2017; Bizzaro et al., 2022). In this sense, ensuring that vegetation

is in good state and resilient is very important to support human well-

being (Rendon et al., 2022). Furthermore, ESs are benefits provided by
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ecosystems to humans, and changes in vegetation will inevitably affect

ecosystems, thereby changing the supply of ESs (de Groot et al., 2010;

Bizzaro et al., 2022). For example, forest cover has been proven to be

correlated with provisioning and cultural ESs in a rapidly changing

landscape in Nepal (Rijal et al., 2021). Li (2022) used the normalized

difference vegetation index (NDVI) to analyze its relationship to

various ESs and found a significant positive correlation with carbon

sequestration. Additionally, pressures may alter the supply of ESs by

affecting vegetation conditions, which is an essential indirect pathway

that needs to be focused on (Yapp et al., 2010; Dong et al., 2022).

However, the relationship between pressures, vegetation conditions

and ESs is still unclear. For this, the Qinghai-Tibet Plateau (QTP), an

essential ES supply pool, was selected as a typical case. We

quantitatively evaluated the relationship between multiple pressures

and ESs, as well as the role of vegetation.

The QTP is a water tower area and an essential eco-safety shelter

in the world, as well as a focus for ecological civilization construction

in China. The QTP is of great significance to the sustainable

development of the region and the ecological conservation of China

and the world (The State Council Information Office of the People’s

Republic of China, 2018). As the world’s highest plateau, the QTP has

a fragile ecosystem, which has proved to be more vulnerable to

climate change (Yao et al., 2012). Additionally, the interaction of

multiple pressures in the QTP also complicates the assessment of

regional ESs. General atmospheric circulation models have shown

that human induced land use changes in the QTP significantly affect

the regional climate (Kang et al., 2010). There is insufficient research

regarding the spatiotemporal variations in pressures, as well as the

relationship among pressures, vegetation conditions and ESs in the

QTP. At such a regional scale, vegetation condition parameters with

high resolutions such as canopy clumping index (CI) and NDVI), can

be obtained from remote sensing images, especially in the so-called

“no man’s land” in the QTP (Sun et al., 2020). Furthermore,

evaluating the status and dynamic changes in the relationship

between pressures, vegetation conditions and ESs in the QTP is of

great significance in ecosystem conservation and management.

Based on the above, we explored the following hypotheses: (1) the

relationship between pressures and ESs changes over time, and (2)

vegetation condition plays an indirect role in the impact of pressures

on ESs. To this end, we first assess the spatiotemporal variation in

multiple pressures. We then analyze the spatial patterns, bundle zones

and temporal variations in ESs. Finally, we identify correlations

between pressure, vegetation conditions and ESs, and propose

corresponding ecosys tem management and ecolog ica l

conservation strategies.
2 Materials and methods

2.1 Study area

The QTP is often called “the Roof of the World”, “the Asian water

tower”, and “the Third Pole”. Located in Southwest China, the QTP is the

highest plateau in the world, where the elevations reach 4000 m, and the

QTP extends over 2.5 million km2 (Li et al., 2018) (Figure 1). The QTP is

approximately 2800 km long, and the north and south are approximately

300 ~ 1500 kmwide. The annual mean temperature and precipitation are
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1.61°C and 413.6 mm, respectively. The QTP provides a large but

vulnerable habitat for countless precious species (Xu et al., 2017). The

QTP plays an essential role as a shelter for ecological security and is also

the foundation for highland species husbandry.
2.2 Data sources

In this study, we used land use/cover datasets, road network datasets,

DEM, meteorological datasets (i.e., temperature and precipitation), and

vegetation condition datasets (i.e., NDVI, and CI)). All datasets are from

2000, 2010 and 2019, and are shown in Table 1.
2.3 Quantifying pressures of ESs

(1) Human activities

Human activities have been proven to have effects on the

sustainable provision of ESs (Han et al., 2020). In this study, the

distances from settlements and roads calculated by ArcGIS were used
Frontiers in Plant Science 03
as metrics of human activities. These metrics represent the degree of

human activities in the ecosystem to a certain extent (Sun et al., 2020).

(2) Meteorological pressures

Meteorological pressures affect ESs through temperature and

precipitation (van der Geest et al., 2019; Vigl et al., 2021). Annual mean

precipitation, annual maximum temperature, annual mean temperature

and annual minimum temperature in 2000, 2010 and 2019 were

interpolated using the Kriging interpolation method in ArcGIS.

(3) Landscape fragmentation

Fragmentation weakens the resilience of ecosystems (Vigl et al.,

2021). Landscape fragmentation analysis was performed using

Fragstats 4.2 (Kevin McGarigal, University of Massachusetts

Amherst, USA). Landscape metrics are a description of landscape

patterns and are often used to indicate the correlation between

landscape change processes and landscape patterns (Plexida et al.,

2014; Hu et al., 2021). Based on the meaning of the metrics and the

ability to depict landscape fragmentation, we selected three landscape

metrics for the class level, including Shannon’s diversity index

(SHDI), largest patch index (LPI) and edge density (ED) (Mairota

et al., 2013). We first extracted grassland, forestland, cropland and

wetland from the land use/cover maps. The landscape metrics were
TABLE 1 Principal data sources in the study.

No. Category Data source

1 Land use/cover
datasets

Data Center for Resources and Environmental Sciences, Chinese Academy of Sciences (http://www.resdc.cn)

2 DEM Geospatial Data Cloud Site, Computer Network Information Center, Chinese Academy of Sciences (http://www.gscloud.cn)

3 Road network
datasets

Geographic Data Sharing Infrastructure, College of Urban and Environmental Science, Peking University (http://geodata.pku.edu.cn);
OpenStreetMap (OSM) (https://download.geofabrik.de)

4 Meteorological
datasets

China Meteorological Administration (http://data.cma.cn)

5 NDVI Geospatial Data Cloud Site, Computer Network Information Center, Chinese Academy of Sciences (http://www.gscloud.cn)

6 CI National Earth System Science Data Sharing Infrastructure (http://www.geodata.cn)
The datasets were aggregated using ArcGIS Desktop 10.3 (ESRI, USA). All datasets for pressures, vegetation conditions and ESs were normalized based on the min-max method to enable
harmonization of inputs (Liu et al., 2020). In this study, the ESs and multiple pressures for each year were mapped using ArcGIS to show spatial variability over time.
FIGURE 1

The location (A), annual mean temperature (B) and annual mean precipitation (C) of the QTP.
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then calculated based on the extracted data to more accurately analyze

the impact of landscape fragmentation on vegetation conditions and

ESs. Table 2 shows the meaning of each metric.
2.4 Quantifying vegetation condition

The CI and NDVI were chosen as the indices for vegetation

condition. The CI is important in the determination of hydrological

processes, photosynthesis, and canopy radiative transfer (Fang, 2021),

which can effectively represent vegetation conditions. The CI dataset

is a time series CI product produced using sun angle, remote sensing

images, and the optimal BRDF model, and completed with snow

removal. NDVI can effectively characterize vegetation coverage and

biomass, and was obtained from the vegetation instrument of remote

sensing satellites (Sun et al., 2020).
2.5 Specification of ESs

We specified five ESs for the QTP on a scale of 1 km. Five ES

indicators (soil retention, water yield, carbon sequestration, habitat

quality – all regulating and landscape aesthetics – cultural) for 2000,

2010 and 2019 were chosen based on the Millennium Ecosystem

Assessment (MA, 2005), data availability, and importance to the QTP.

The weighted sum of ESs was used to obtain the cumulative ES value.

(1) Water yield

Freshwater provision is a crucial ES that is of great significance to

human society (Zhao et al., 2018; Liu et al., 2019b). Moreover, water yield

is also a fundamental basis for ecosystems. In this study, InVEST 3.9.2

(Stanford University, USA) was used to simulate the annual water yield.

The model simulates the annual water yield in each watershed of the

targeted area, using meteorological variables, biophysical variables, land

use/cover data, terrain variables, and water consumption indices (Liu

et al., 2019b). The model is derived from the Budyko curve. Parameter

estimation in this model refers to previous literature (Zhang et al., 2007;

Zhao et al., 2018).

(2) Soil retention

The sediment delivery ratio (SDR) module in InVEST was

employed to simulate soil retention. The parameters needed for the

run of this model include land use/cover data, erodibility data, terrain

data, biophysical table, watershed division data, and threshold flow

accumulation (Liu et al., 2019b). The model simulates the annual soil

loss on each pixel based on the revised universal soil loss equation

(RUSLE). The parameter estimation refers to previous references

(Auerswald et al., 2014; Zhu, 2015).

(3) Carbon sequestration

NPP was chosen to indicate carbon sequestration, which is an

essential component of the terrestrial carbon cycle. Carbon
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sequestration represents the release of carbon from terrestrial

ecosystems, thereby conveying the current rate of increase in

atmospheric CO2 (Jiang et al., 2018). In this research, NPP was

simulated from MODIS images (250 m), using the Carnegie-Ames-

Stanford Approach (CASA) (Potter et al., 1993; Tian et al., 2016; Liu

et al., 2019b). The method refers to previous references (Mohamed

et al., 2004; Zhu et al., 2007).

(4) Habitat quality

An ecosystem’s habitat quality refers to its capability to provide

wildlife or specific populations with the necessary resources and

conditions to survive (Terrado et al., 2016). The habitat quality

module of InVEST was used to quantify the habitat quality based

on habitat threat data and land use/cover map. The habitat quality

maps were acquired for 2000, 2010 and 2019. The parameter

estimation refers to a previous reference (Sharp et al., 2018).

(5) Landscape aesthetics

The scenic views of landscapes contribute to local communities’

well-being in a variety of ways. To increase local economies, landscape

aesthetics play an essential role in attracting visitors. In the study, the

scenic quality module (SQ) of InVEST was used to assess landscape

aesthetics. The SQ calculates the value of the impacted visibility. The

parameters needed to run the model are described in detail in the

reference (Sharp et al., 2018).
2.6 Statistical analysis

2.6.1 Identification of the heterogeneity of
pressures

A Getis-Ord (Gi*) hot spot analysis in ArcGIS was used to

identify clusters where z-scores were high (hot spots) and low (cold

spots). With hot spot analysis, local patterns of spatial associations

can be easily identified, making it more suited for comparing and

visualizing pressure patterns (Getis and Ord, 1992). The Gi* index is
estimated as:

G∗
i dð Þ = on

j=1wijxj − �xon
j=1wij

s

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
on

j=1w
2
ij

� �
− (on

j=1wij)
2

h i
= n − 1ð Þ

n or (1)

where wij is the scale distance, xj is the value of pressures of grid j, x is

the average value of pressures, and n is the grid number. This was

followed by the development of a cluster map that indicates the spatial

patterns (Han et al., 2020).

2.6.2 ES bundle identification
In this study, to identify the ES bundles for 2000, 2010, and 2019,

the K-means cluster method was employed, where the optimal bundle

number was determined with the help of NbClust package (Charrad
TABLE 2 Landscape metrics and meanings.

Landscape metrics Explanation

LPI The proportion of the largest patch of a category in a landscape.

ED The length of the edge per unit area in the landscape.

SHDI SHDI equals the negative value of the sum of the area ratios of each patch type multiplied by the natural logarithm of its value.
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et al., 2014). ES bundles were represented by radar diagrams, which

were dimensionless, as they were derived from normalized ES values.

2.6.3 Unravelling the relationship between
pressures, vegetation conditions and ESs

We explored the relationship between pressures, vegetation

conditions and ESs using structural equation modeling (SEM). By

using SEM, we can implement conceptual models and estimate the

relationships between their variables, where some latent variables are

measured by manifest variables linked by linear regressions (Santos-

Martin et al., 2013). A model was developed to indicate possible

hypotheses about latent variables’ relationships (i.e., human activities,

temperature, precipitation, landscape fragmentation, vegetation

condition, regulating ESs and cultural ES) in a path diagram

(Figure 2). Path analysis is one of the most commonly used

methods in hypothesizing models, which can test whether the

hypothesized causations can be verified (Qiu and Peng, 2022). We

calculated and reported the standardized parameter values in the final

SEM. The fitness of the SEM was checked using the adjusted goodness

offit index (AGFI), goodness offit index (GFI), relative fit index (RFI),

root mean square error of approximation (RMSEA), and Tucker
Frontiers in Plant Science 05
−Lewis index (TLI). The SEM analysis was performed in SPSS AMOS

24 (IBM, USA). Statistical significance was set to p < 0.05.
3 Results

3.1 Spatiotemporal variation in
anthropogenic and environmental pressures

The spatiotemporal variation in pressures was identified by hot spot

analysis. The three heterogeneous units shown in Figures 3A, B and C

were hot spots, cold spots and random spots, respectively. Hot spots

accounted for 28.88%, 27.59%, and 45.66%, respectively for the three

years. The proportion of cold spots was 30.51%, 29.79% and 38.60%,

respectively for the three years, showing first a decrease and then an

increase (Figure 3D). The proportion of random spots was 40.62%,

42.62%, and 15.74%, respectively, showing a slight rise and then a sharp

decline. Spatially, heterogeneity is readily observed. For 2000, two large

areas of hot spots were in the Midwest and southeast (Figure 3A). In the

QTP, cold spots mostly occurred in the northwest, north, and center.

Compared with 2000, hot spots in the Midwest shrank in 2010, but
FIGURE 2

A conceptual SEM showing the possible relationship between pressure, vegetation condition and ESs.
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expanded in the southeast (Figure 3B). The cold spots in the west also

expanded from 2000 to 2010. Figure 3C illustrates the largest cold and

hot spot areas observed in 2019. Compared to the previous two periods,

the cold and hot spots in 2019 showed a more pronounced spatial

agglomeration. That is, from northwest to southeast, there were cold

spots, cold-hot spot intersections and hot spots regions.
3.2 Spatiotemporal variation in ESs

3.2.1 Cumulative ESs
For the five ESs evaluated in the study, the cumulative value of ESs

registered a maximum score of 2.9 (Figure 4). We divided the ES

values into five categories, namely very low, low, intermediate, high

and very high, corresponding to the level of cumulative value of ESs

based on the natural break method in ArcGIS. The areas with high

and very high cumulative ESs were located in the southeastern part of

the QTP, comprising 17.44%, 20.64%, and 19.14% of the total area in

2000, 2010 and 2019, respectively. The areas with low and very low

values were located in the north, west and northwest regions, with
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27.32%, 25.71%, and 29.07% respectively for 2000, 2010 and 2019.

The area with intermediate values showed a downward trend from

2000 to 2019. Overall, the ES supply in the QTP showed a gradual

increase from northwest to southeast during all three periods studied.
3.2.2 ES bundle mapping
The grids of the QTP were divided into 5 bundles, where grids

with similar ESs were bundled together. According to the supply of

ESs, five bundles were named: “Habitat and carbon sequestration

zone (HCSZ)”, “Landscape aesthetics zone (LAZ)”, “Habitat zone

(HZ)”, “Carbon sequestration zone (CSZ)”, and “Insufficient ES zone

(IESZ)”. The ES bundles are visualized in Figure 5.

HCSZ was characterized by high NPP and habitat quality with a

low delivery of soil retention, landscape aesthetics and water yield. In

LAZ, landscape aesthetics were high, but NPP, water yield, habitat

quality and soil retention were low. In HZ, habitat quality was high,

but NPP, water yield, landscape aesthetics and soil retention were low.

In CSZ, NPP was high, but water yield, landscape aesthetics, habitat

quality and soil retention were low. In IESZ, all five ESs were low.
FIGURE 3

Gi* scores of pressures in 2000 (A), 2010 (B), 2019 (C) and the proportions (D).
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Figure 6 shows the spatial distribution of ES bundles and their

temporal dynamics. The area of HZ in 2000, 2010 and 2019 accounted

for 49.7%, 51.6%, and 47.8% respectively, making it the largest group. In

addition, the IESZ was another large area group, with an area share of

25.4%, 20.1%, and 24.8% in 2000, 2010 and 2019 respectively. The area of

the LAZ was 0.17%, 0.16%, and 0.34% in 2000, 2010 and 2019

respectively, making the LAZ the smallest ES bundle. ES bundles

showed obvious spatial agglomeration during the study period. For

example, girds belonging to HCSZ were mostly located in the eastern
Frontiers in Plant Science 07
and southeastern regions during this period, and also in the western

regions in 2010. The grids belonging to the IESZ were mostly located in

the northern and northwestern regions, and the spatial pattern remained

relatively stable during the whole study period. As the largest ES bundle

in the QTP, the HZ occupied the highest fraction of the central region.

From 2000 to 2019, the area of HCSZ, LAZ and CSZ all increased, with

the LAZ increasing to the most extent (107%) but still accounting for the

smallest proportion. However, both the HZ and IESZ areas fluctuated

and decreased, with the HZ experiencing the largest decrease (3.6%).
FIGURE 4

Cumulative ES provision in the QTP for 2000 (A), 2010 (B) and 2019 (C).
FIGURE 5

Five ES bundles in the QTP from 2000 to 2019. WY, water yield; SR, soil retention; HQ, habitat quality; LA, landscape aesthetics.
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3.3 The impacts of multiple anthropogenic
and environmental pressures and vegetation
conditions on ESs

The SEM results explained greater than three-fourths of the variance

of regulating services (R2 ≥ 0.76), and only 1% of the variance in cultural

service (R2 = 0.01) in all three years. Human activities, temperature,

precipitation, and landscape fragmentation together explained 42%, 13%,

and 7% of the variability in vegetation conditions in 2000, 2010 and 2019,

respectively. All the components analyzed in the SEM are strongly

related, except for the relationship between human activities and

vegetation conditions in 2010 (Figure 7C). The partial effects (ra) of
precipitation on regulating services were the largest and significantly

positive (ra ≥ 0.76, p < 0.001). Landscape fragmentation had the largest

effect on cultural service (-0.10 ≤ ra ≤ -0.07). Vegetation conditions had

weak negative effects on cultural service (ra = -0.06, -0.02, and -0.03 for

2000, 2010, and 2019, respectively). Additionally, vegetation conditions

negatively affected regulating services in 2000 (ra = -0.26), while there

was a positive relationship between vegetation conditions and regulating

services in both 2010 and 2019 (ra = 0.05 and ra = 0.25, respectively).
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In 2000, temperature, precipitation and landscape fragmentation had

positive and significant effects on vegetation conditions and regulating

services (Figure 7A). The opposite was found for human activities which

were significantly and negatively associated with vegetation conditions,

regulating services and cultural service. In 2010, temperature,

precipitation, landscape fragmentation, and vegetation conditions had

positive effects on regulating services (Figure 7B). In contrast, human

activities had negative effects on vegetation conditions, regulating services,

and cultural service. In 2019, precipitation, landscape fragmentation, and

vegetation condition had significant and positive effects on regulating

services, while human activities and temperature had negative

effects (Figure 7C).
4 Discussion

4.1 Spatiotemporal variations in ESs
and pressures

This study showed that ESs and associated multiple pressures had

spatiotemporal variations, which is consistent with previous studies
FIGURE 6

ES bundles in 2000 (A), 2010 (B), and 2019 (C) and dynamics over time (D).
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(Mohamed et al., 2004; Liu et al., 2019b; Ma et al., 2021; Vigl et al.,

2021). Specifically, the Gi* analysis showed that the hot spots of

pressures were mainly located in the south, southeast and mid-

western regions of the QTP, which indicated a trend of increasing

fluctuation from 2000 to 2019 (Figure 3). This is proven to be

consistent with previous studies on precipitation, temperature, and

human activity intensity pressures (Sun et al., 2020; Hou et al., 2021;

Ma et al., 2021). Moreover, the results also demonstrated that the

pressure distribution throughout the QTP was extremely

inhomogeneous in space and constantly changing over time

(Figure 3). This pattern may be caused by a complex mechanism of

interaction between water, heat, soil, animals, and the decision-

making of managers over the vast area of the QTP (Martin et al.,

2009; Liu et al., 2019a; Ma et al., 2021).
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From 2000 to 2019, the regions with high and very high

cumulative ESs showed an increase, but the increase area was

slightly less than the regions with low and very low cumulative ESs

(Figure 4). This suggests that one third of the QTP area has a low

supply of ESs, which might bring about the urgency of regional

ecosystem conservation and management (Liu et al., 2020).

Additionally, from the perspective of the spatial pattern, the ES

supply in the QTP showed a trend of gradual increase from

northwest to southeast (Figure 4). ESs were interwoven with

multiple pressures, that is, areas with high ES supply were often hot

spots of pressures, while areas with low ES supply levels were often

cold spots of pressures, which was particularly obvious in the

southeast and northwest of the QTP (Figures 3, 4). This finding

was consistent with other studies of the QTP (Sun et al., 2020; Hou
A

B

C

FIGURE 7

Impacts of pressures and vegetation condition on ESs in 2000 (A), 2010 (B) and 2019 (C). Blue and red arrows indicate significant negative and positive
impacts (p ≤ 0.01), respectively; Grey arrow indicates that the relationship is not significant; R2 indicates the proportion of variance explained.
frontiersin.org

https://doi.org/10.3389/fpls.2023.1127808
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org


Liu et al. 10.3389/fpls.2023.1127808
et al., 2021), but contradicted those of Alp and Spain (Santos-Martin

et al., 2013; Vigl et al., 2021). The possible reason is that the ESs in the

QTP were affected by pressures at relatively low levels compared to

other regions of the world (The State Council Information Office of

the People’s Republic of China, 2018). Therefore, when evaluating ESs

and multiple pressures, attention should be given to their complex

spatiotemporal variations across different regions, thus supporting

ecosystem management.
4.2 The impact pathways of pressure and
vegetation condition on ESs

Pressures may affect different ESs with different intensities (Vigl

et al., 2021). Our results demonstrated that multiple pressures had

significant and varying degrees of influence on ESs (Figure 7).

Previous studies mostly focused on the direct impact of pressures

on ESs, and less attention was given to the intermediate factors

between the two, which made it difficult to fully reveal the impact

mechanism of the pressures on ESs (Liu et al., 2019b; van der Geest

et al., 2019; Sun et al., 2020). Our study indicated that the pressures

influenced ESs in both direct and indirect ways (Figure 7). Also, the

impact pathway analysis showed that the normalized total effects of

precipitation and landscape fragmentation on the regulating services

were positive and largest, greater than 0.75 and 0.16, respectively, over

the entire study period. For the cultural service, landscape

fragmentation and human activities had strong negative total

effects, below -0.07 and -0.05, respectively. To achieve effective

ecosystem conservation planning that seeks to maintain and sustain

ES supply, impact pathways of pressures on ESs should be identified

to improve corresponding management measures.

(1) The first pathway in which pressures influenced ESs was the

direct pathway, namely the pressure-ES pathway (PESP) (Figure 7).

Human activities had a significant negative influence on regulating

services, while precipitation and landscape fragmentation had a

significant positive impact. These results were consistent with those

of previous researches (Sun et al., 2020; Chen et al., 2021; Vigl et al.,

2021). The effect of temperature pressure on regulating services

changed at different times, namely, it was positive in 2000 and 2010

and negative in 2019. One possible reason was that temperatures in

2019 were significantly cooler than those in 2000 and 2010, with the

lowest annual mean temperature in the study period. In addition,

both human activities and landscape fragmentation negatively

affected cultural service. Since cultural service was represented by

landscape aesthetics in this study, the above findings suggested that

when human activities and landscape fragmentation intensified, they

somehow hindered the provision and accessibility of vision, resulting

in a decrease in the cultural service (Vigl et al., 2021; Li, 2022).

(2) The second pathway considered vegetation conditions,

namely, the pressure-vegetation-ES pathway (PVESP). The indirect

pathway analysis indicated that multiple pressures could change the

supply of ESs by influencing vegetation conditions (Figure 7). This

also verified the hypothesis of this study that vegetation played a

certain role in the pressure-ES relationship (Chen et al., 2021).

Previous studies also found that vegetation index was related to

regulating services (Lü et al., 2012; Feng et al., 2017). Li (2022)

studied ES supply and demand and found that ES balance was
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influenced by vegetation conditions. The effect of PVESP was small,

indicating that the effect of multiple pressures on ESs through the

influence of vegetation is generally smaller than the effect of pressures

on ESs directly. This may also be the reason why many studies rarely

consider vegetation factors when assessing the relationship between

pressures and ESs. However, the impact of vegetation conditions on

ES supply may vary with the size of vegetation cover. For example,

studies of dune ecosystems have shown that increasing forest area

improve the supply of regulating services (Dang et al., 2021).

Therefore, the role of vegetation in the relationship between

pressures and ESs should be emphasized in future studies.
4.3 Ecosystem management implications in
the QTP and beyond

In this study, we found that both ESs and multiple pressures had

spatiotemporal heterogeneity (Figure 3, 4). This suggests that policy-

makers should consider the dynamic situation when formulating

ecosystem conservation planning, rather than follow the research

results at a certain time (Ma et al., 2021; Pyles Marcela et al., 2022).

There are two sides to effective ecosystem management, namely, the

sustainable supply of ESs and how to cope with multiple pressures

(Vigl et al., 2021). Given more extensive and in-depth ES assessments

and greater awareness in response to pressures, there is a good

opportunity to improve the adequacy of ecological management

(Guo et al., 2020; Mandle et al., 2020; Meacham et al., 2022). In

particular, it should be noted that the pressures in the QTP gradually

showed a trend of increasing aggregation, especially in the eastern and

southeastern regions (Figure 3) (Sun et al., 2020). In these areas,

where road construction and urbanization were increasing, land use

optimization and ecological restoration should be used to strengthen

regulation and reduce the negative impact of human activities (Lü

et al., 2012; Lü et al., 2021). The climatic influence on the ESs was also

analyzed in the research, and the findings indicated that precipitation

was more highly correlated with regulating services (Figure 7).

Precipitation was proven to increase in the northeast and west,

while it decreased in the southeast (Chen et al., 2021). Furthermore,

precipitation is an important source for soil moisture recharge of the

QTP, making it crucial to vegetation and ecosystems (Chen et al.,

2021). Therefore, management measures that consider precipitation

status and resource utilization are crucial ways to mitigate the

negative influence of future climate change in areas with reduced

precipitation (Liu et al., 2019b).

Considering the needs of ecological conservation, determining

how to assess the relationship among pressures, vegetation, and ESs

has become a crucial issue globally (Hou et al., 2021). The complex

relationships between ESs render it difficult to promote different ESs

simultaneously with the same management measures (Lü et al., 2012).

In this study, we clustered the ESs into five ES bundles according to

their supply level (Figure 6), to facilitate ecological conservation and

management in targeted areas. At this juncture, the integration of ES

bundles and pressure patterns can provide a basis for scientific

decision-making (Yu et al., 2021). For example, the HCSZ was

characterized by providing NPP and habitat, and the pressure had

been increasing over time in this region (Figure 4). Also, the HCSZ

was positively affected by precipitation and landscape fragmentation,
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negatively affected by human activities, and alternately affected by

temperature pressure and vegetation conditions. Therefore, the

impact of human activities should be reasonably controlled in this

area through scientific city planning (Sun et al., 2019; Sun et al., 2020).

Furthermore, optimizing the regional vegetation pattern may benefit

the maintenance and enhancement of ESs (Yapp et al., 2010). As

precipitation affected the regulating services most (Chen et al., 2021),

the efficient utilization of precipitation resources may help improve

vegetation conditions, thereby ensuring the continuous supply of ESs

(Liu et al., 2019b). As another example, the supply of multiple ESs in

the IESZ was relatively poor. Most of the IESZ faced less pressures

(Figure 4), and the land use types were mainly glaciers, bare rocks,

Gobi and deserts. In the ecosystem management of the region, coping

with the pressures was not an important component, but rather the

focus should be on how to exploit the vegetation resources and

maintain the supply of one or several ESs to improve the overall ES

supply level of the QTP.

This study focuses on pressures and ESs and follows “spatiotemporal

variation analysis, impact pathway identification, and ecosystem

management support”, which has a good reference for the use of ES

research to guide regional management in other alpine plateau regions. In

addition, most of the data in this study are available through remote

sensing and field sampling, making it easier to focus on spatial patterns

and temporal changes in ESs and pressures, and thus better support

ecosystemmanagement decisions. The study primarily indicates rankings

of ESs and pressures, rather than exact values, which can be easily

performed in study of multiscale pressure-ES relationships and

ecosystem management.

Our assessment of ESs was mainly based on InVEST model,

which was not compared with field site data. The unverified

calibration of the simulation may lead to some uncertainty in the

results of the models. However, it is difficult to verify the model with

field data in such a large area as the QTP under current conditions.

We will strengthen this in future studies to make the results more

accurate and support regional ecological management.
5 Conclusion

Ecosystem management is challenged by multiple pressures.

Synthesizing and learning pathways of “pressure-ES” and “pressure-

vegetation-ES” is necessary to deepen the understanding of the impact

mechanism of pressures on ESs and how they are used for landscape

optimization and ecosystem conservation. Our study indicated that

both spatial agglomeration and the amount of pressures on ESs

increased in the QTP from 2000 to 2019. Although regions with

cumulative ESs above the intermediate level accounted for 70% of the

QTP with spatial heterogeneity, regions with poor ES supply were
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growing rapidly. Moreover, the results highlight the evidence that

both PESP (direct) and PVESP (indirect) were vital pathways,

providing a different perspective to dissect how pressures affect ESs.

Our findings emphasize the need to consider the complex interactions

between pressures, vegetation, and ESs in ecosystem conservation and

management practices. Improvements in spatially targeted policy

design are expected in the future by identifying ES bundles and the

relative importance of multiple pressures affecting vegetation and ESs.
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Pitta, G., de Gasper André, L., et al. (2022). Human impacts as the main driver of tropical
forest carbon. Sci. Adv. 8 (24), eabl7968. doi: 10.1126/sciadv.abl7968

Qiu, S., and Peng, J. (2022). Distinguishing ecological outcomes of pathways in the
grain for green program in the subtropical areas of China. Environ. Res. Lett. 17 (2),
024021. doi: 10.1088/1748-9326/ac444c

Raudsepp-Hearne, C., Peterson, G. D., and Bennett, E. M. (2010). Ecosystem service
bundles for analyzing tradeoffs in diverse landscapes. Proc. Natl. Acad. Sci. United States
America 107 (11), 5242–5247. doi: 10.1073/pnas.0907284107

Rendon, P., Steinhoff-knopp, B., and Brukhard, B. (2022). Linking ecosystem condition
and ecosystem services: A methodological approach applied to European agroecosystems.
Ecosyst. Serv. 53, 101387. doi: 10.1016/j.ecoser.2021.101387

Rijal, S., Techato, K., Gyawali, S., Stork, N., Dangal, M. R., and Sinutok, S. (2021).
Forest cover change and ecosystem services: A case study of community forest in
mechinagar and buddhashanti landscape (MBL), Nepal. Environ. Manage. 67 (5), 963–
973. doi: 10.1007/s00267-021-01430-9

Santos-Martin, F., Martin-Lopez, B., Garcia-LIorente, M., Aguado, M., Benayas, J., and
Montes, C. (2013). Unraveling the relationships between ecosystems and human
wellbeing in Spain. PloS One 8 (9), e73249. doi: 10.1371/journal.pone.0073249

Sharp, R., Tallis, H. T., Ricketts, T., Guerry, A. D., Wood, S. A., Chaplin-Kramer, R.,
et al. (2018). InVEST 3.7.0.post19+ug.h3a6901fd0391 user’s guide, The Natural Capital
Project, Stanford University, University of Minnesota, The Nature Conservancy, World
Wildlife Fund.

Sun, Y., Liu, S., Dong, Y., An, Y., Shi, F., Dong, S., et al. (2019). Spatio-temporal
evolution scenarios and the coupling analysis of ecosystem services with land use change
in China. Sci. Total Environ. 681, 211–225. doi: 10.1016/j.scitotenv.2019.05.136

Sun, Y., Liu, S., Shi, F., An, Y., Li, M., and Liu, Y. (2020). Spatio-temporal variations and
coupling of human activity intensity and ecosystem services based on the four-quadrant
model on the qinghai-Tibet plateau. Sci. Total Environ. 743, 140721. doi: 10.1016/
j.scitotenv.2020.140721

Terrado, M., Sabater, S., Chaplin-Kramer, B., Mandle, L., Ziv, G., and Acuña, V. (2016).
Model development for the assessment of terrestrial and aquatic habitat quality in
conservat ion planning. Sci . Total Environ. 540, 63–70. doi : 10.1016/
j.scitotenv.2015.03.064

The State Council Information Office of the People’s Republic of China (2018).
Ecological progress on the qinghai-Tibet plateau (Beijing: Foreign Languages Press).

Tian, Y., Wang, S., Bai, X., Luo, G., and Xu, Y. (2016). Trade-offs among ecosystem
services in a typical karst watershed, SW China. Sci. Total Environ. 566-567, 1297–1308.
doi: 10.1016/j.scitotenv.2016.05.190

van der Geest, K., de Sherbinin, A., Kienberger, S., Zommers, Z., Sitati, A., Roberts, E.,
et al. (2019). Climate risk managemetn, policy and governance. Eds. R. Mechler, L. Bouwer,
T. Schinko, S. Surminski and J. Linnerooth-Bayer (Cham: Springer).

Vigl, L. E., Marsoner, T., Schirpke, U., Tscholl, S., Candiago, S., and Depellegrin, D.
(2021). A multi-pressure analysis of ecosystem services for conservation planning in the
Alps. Ecosyst. Serv. 47, 101230. doi: 10.1016/j.ecoser.2020.101230

Wang, X., Dong, X., Liu, H., Wei, H., Fan, W., Lu, N., et al. (2017). Linking land use
change, ecosystem services and human well-being: A case study of the manas river basin
of xinjiang, China. Ecosyst. Serv. 27, 113–123. doi: 10.1016/j.ecoser.2017.08.013

Xu, W., Xiao, Y., Zhang, J., Yang, W., Zhang, L., Hull, V., et al. (2017). Strengthening
protected areas for biodiversity and ecosystem services in China. Proc. Natl. Acad. Sci.
114, 201620503. doi: 10.1073/pnas.1620503114
frontiersin.org

https://doi.org/10.1016/j.gecco.2021.e01886
https://doi.org/ 10.3410/B3-14
https://doi.org/10.1111/1365-2664.12502
https://doi.org/10.1016/j.jenvman.2021.112485
https://doi.org/10.1111/1365-2664.13134
https://doi.org/10.1016/j.ecocom.2009.10.006
https://doi.org/10.1016/j.envint.2021.107002
https://doi.org/10.1016/j.agrformet.2021.108374
https://doi.org/10.1016/j.scitotenv.2017.07.079
https://doi.org/10.1016/j.geosus.2021.12.004
https://doi.org/10.1111/j.1538-4632.1992.tb00261.x
https://doi.org/10.1016/j.geosus.2020.04.001
https://doi.org/10.1016/j.scitotenv.2020.137818
https://doi.org/10.1007/s10980-020-01140-3
https://doi.org/10.1016/j.gecco.2021.e01583
https://doi.org/10.1016/j.gloplacha.2017.11.014
https://doi.org/10.1088/1748-9326/5/1/015101
https://doi.org/10.1007/s11356-021-17263-2
https://doi.org/10.1007/s11356-021-17263-2
https://doi.org/10.1016/j.scitotenv.2018.09.082
https://doi.org/10.1088/1748-9326/abc4ac
https://doi.org/10.1016/j.scib.2019.03.012
https://doi.org/10.1088/1748-9326/ac12ef
https://doi.org/10.1016/j.ecoser.2017.10.003
https://doi.org/10.1371/journal.pone.0031782
https://doi.org/10.1016/j.geosus.2021.12.001
https://doi.org/10.1016/j.ecolind.2012.08.017
https://doi.org/10.1038/s41893-020-00625-y
https://doi.org/10.1890/08-0255.1
https://doi.org/10.1016/j.jclepro.2021.128592
https://doi.org/10.1016/j.jclepro.2021.128592
https://doi.org/10.1080/26395916.2022.2032356
https://doi.org/10.1080/26395916.2022.2032356
https://doi.org/10.1016/j.scitotenv.2004.03.009
https://doi.org/10.1016/j.scitotenv.2004.03.009
https://doi.org/10.1016/j.jag.2013.05.001
https://doi.org/10.1029/93GB02725
https://doi.org/10.1029/93GB02725
https://doi.org/10.1126/sciadv.abl7968
https://doi.org/10.1088/1748-9326/ac444c
https://doi.org/10.1073/pnas.0907284107
https://doi.org/10.1016/j.ecoser.2021.101387
https://doi.org/10.1007/s00267-021-01430-9
https://doi.org/10.1371/journal.pone.0073249
https://doi.org/10.1016/j.scitotenv.2019.05.136
https://doi.org/10.1016/j.scitotenv.2020.140721
https://doi.org/10.1016/j.scitotenv.2020.140721
https://doi.org/10.1016/j.scitotenv.2015.03.064
https://doi.org/10.1016/j.scitotenv.2015.03.064
https://doi.org/10.1016/j.scitotenv.2016.05.190
https://doi.org/10.1016/j.ecoser.2020.101230
https://doi.org/10.1016/j.ecoser.2017.08.013
https://doi.org/10.1073/pnas.1620503114
https://doi.org/10.3389/fpls.2023.1127808
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org


Liu et al. 10.3389/fpls.2023.1127808
Yao, T., Thompson, L. G., Mosbrugger, V., Zhang, F., Ma, Y., Luo, T., et al. (2012).
Third pole environment (TPE). Environ. Dev. 3, 52–64. doi: 10.1016/j.envdev.2012.
04.002

Yapp, G., Walker, J., and Thackway, R. (2010). Linking vegetation type and condition
to ecosystem goods and services. Ecol. Complex. 7 (3), 292–301. doi: 10.1016/
j.ecocom.2010.04.008

Yu, G., Piao, S., Zhang, Y., Liu, L., Peng, J., and Niu, S. (2021). Moving toward a
new era of ecosystem science. Geogr. Sustain. 2 (3), 151–162. doi: 10.1016/j.geosus.2021.
06.004

Zhang, Y., Liu, C., Tang, Y., and Yang, Y. (2007). Trends in pan evaporation and
reference and actual evapotranspiration across the Tibetan plateau. J. Geophys. Res.:
Atmos. 112, D12110. doi: 10.1029/2006JD008161
Frontiers in Plant Science 13
Zhang, Y., Liu, Y., Zhang, Y., Liu, Y., Zhang, G., and Chen, Y. (2018). On the spatial
relationship between ecosystem services and urbanization: A case study in wuhan, China.
Sci. Total Environ. 637-638, 780–790. doi: 10.1016/j.scitotenv.2018.04.396

Zhao, M., Peng, J., Liu, Y., Li, T., and Wang, Y. (2018). Mapping watershed-level
ecosystem service bundles in the pearl river delta, China. Ecol. Econ. 152, 106–117. doi:
10.1016/j.ecolecon.2018.04.023

Zhu, M. (2015). Soil erosion assessment using USLE in the GIS environment: a case
study in the danjiangkou reservoir region, China. Environ. Earth Sci. 73 (12), 7899–7908.
doi: 10.1007/s12665-014-3947-5

Zhu, W., Pan, Y., and Zhang, J. (2007). Estimation of net primary productivity of
Chinese terrestrial vegetation based on remote sensing. J. Plant Ecol. 31 (3), 413–424. doi:
10.17521/cjpe.2007.0050
frontiersin.org

https://doi.org/10.1016/j.envdev.2012.04.002
https://doi.org/10.1016/j.envdev.2012.04.002
https://doi.org/10.1016/j.ecocom.2010.04.008
https://doi.org/10.1016/j.ecocom.2010.04.008
https://doi.org/10.1016/j.geosus.2021.06.004
https://doi.org/10.1016/j.geosus.2021.06.004
https://doi.org/10.1029/2006JD008161
https://doi.org/10.1016/j.scitotenv.2018.04.396
https://doi.org/10.1016/j.ecolecon.2018.04.023
https://doi.org/10.1007/s12665-014-3947-5
https://doi.org/10.17521/cjpe.2007.0050
https://doi.org/10.3389/fpls.2023.1127808
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org

	Multiple pressures and vegetation conditions shape the spatiotemporal variations of ecosystem services in the Qinghai-Tibet Plateau
	1 Introduction
	2 Materials and methods
	2.1 Study area
	2.2 Data sources
	2.3 Quantifying pressures of ESs
	2.4 Quantifying vegetation condition
	2.5 Specification of ESs
	2.6 Statistical analysis
	2.6.1 Identification of the heterogeneity of pressures
	2.6.2 ES bundle identification
	2.6.3 Unravelling the relationship between pressures, vegetation conditions and ESs


	3 Results
	3.1 Spatiotemporal variation in anthropogenic and environmental pressures
	3.2 Spatiotemporal variation in ESs
	3.2.1 Cumulative ESs
	3.2.2 ES bundle mapping

	3.3 The impacts of multiple anthropogenic and environmental pressures and vegetation conditions on ESs

	4 Discussion
	4.1 Spatiotemporal variations in ESs and pressures
	4.2 The impact pathways of pressure and vegetation condition on ESs
	4.3 Ecosystem management implications in the QTP and beyond

	5 Conclusion
	Data availability statement
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


