atmosphere

A

Article

Effects of Landscape Patterns on Atmospheric Particulate
Matter Concentrations in Fujian Province, China

Fengyi Lin ! and Xingwei Chen

check for
updates

Citation: Lin, F; Chen, X. Effects of
Landscape Patterns on Atmospheric
Particulate Matter Concentrations in
Fujian Province, China. Atmosphere
2023, 14, 787. https://doi.org/
10.3390/atmos14050787

Academic Editor: Nicole Molders

Received: 12 March 2023
Revised: 6 April 2023
Accepted: 24 April 2023
Published: 26 April 2023

Copyright: © 2023 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

1,2,3,%

School of Geographical Sciences, Fujian Normal University, Fuzhou 350007, China;
linfengyi_academic@163.com

Fujian Provincial Engineering Research Center for Monitoring and Assessing Terrestrial Disasters,
Fujian Normal University, Fuzhou 350007, China

State Key Laboratory for Subtropical Mountain Ecology, Ministry of Science and Technology and Fujian
Province, Fujian Normal University, Fuzhou 350007, China

Correspondence: cxwchen215@fjnu.edu.cn

Abstract: Based on the observation data from 37 national ambient air automatic monitoring stations
and the land use/cover data in Fujian Province, the effects of land use/cover on the annual and
seasonal variations in the air quality index (AQI), PM, 5 concentration and PM;, concentration
are analyzed. In addition, buffer zones with different radii are established to calculate landscape
pattern metrics and the influences of landscape patterns on the AQI, PM; 5 concentration and PM;g
concentration at different scales are discussed. The results show that land use/cover types have
remarkable impacts on the variations in the atmospheric particulate matter concentrations. The AQI
and PMjy concentration are the highest for construction land, and the PM; 5 concentration is the
highest for cultivated land. The seasonal variations in all air pollutant concentrations show similar
characteristics, i.e., high in spring and winter and low in summer and autumn. Different landscape
metrics have diverse effects on atmospheric particulate matter concentrations at different scales.
In the buffer zone with a 5000 m radius, the patch number and patch density of forest land are
positively correlated with the PM; 5 concentration, while the edge density of construction land has a
negative correlation with it, indicating that landscape fragmentation affects the PM, 5 concentration.
More fragmented forest land has a weaker effect on the reduction in the PM, 5 concentration, and
more fragmented construction land has a weaker effect on the increase in the PM; 5 concentration.
Moreover, the seasonal variations in the atmospheric particulate matter concentrations are different
under different land use/cover types. Except for autumn, the AQI and PM; 5 concentration are
most noticeably affected by forest land in all seasons, showing negative correlations. In autumn,
the impacts of cultivated land on the AQI and PM, 5 concentration are more pronounced. The
PMj concentration is substantially affected by forest land in spring and summer and is markedly
influenced by construction land in autumn and winter. The analysis of the landscape metrics of
forest land and construction land at different scales indicates that the optimal scale is 5000 m for
studying the annual average of the AQI and PM; concentration and is 3000 m for investigating the
annual average of the PM; 5 concentration. The optimal scales to research the seasonal variations
in the AQI, PM; 5 and PM;g concentrations are 4000-5000 m for forest land and construction land,
while the optimal scale is 1000 m for cultivated land to research the AQI and PM; 5 in autumn. This
study can provide a scientific basis for the optimization of land use/cover and landscape patterns in
Fujian Province, the planning and management of green space and the selection of research scales in
the future.
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1. Introduction

With the rapid development of urbanization and industrialization, atmospheric par-
ticulate matter has become the primary air pollutant in many cities [1]. Coal burning for
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heat-supplying and power generation, automobile exhaust emission, biomass burning
(straw, firewood, etc.), dust emission from road and building constructions and other
reasons lead to a dramatic increase in the atmospheric particulate matter concentrations,
causing problems such as air pollution, visibility reduction and a continuous increase in
the frequency and concentration of haze, which have become more and more harmful to
human beings [2-5]. Therefore, with the acceleration of urbanization, air pollution has
become more and more prominent in cities in the north and south of China. Atmospheric
particulate matter concentrations are a direct measure for judging air quality, and the
mass concentrations (hereafter referred to as concentrations) of particulate matter with
diameters less than 2.5 um (PM; 5) and 10 um (PM1g) have received the most attention [6]
and have become fixed indexes for ambient air monitoring in China. Note that PM; 5 is
also known as fine particulate matter, and PMj is also called inhalable particulate mat-
ter. At present, some domestic cities have carried out studies on the compositions [7,8],
sources [9] and spatio-temporal dynamics [10,11] of PM1y and PM; 5, and the impacts of
land use on the PMj; 5 concentration have been carried out in several cities of China [12].
SCHAUFLER et al. (2010) [13] investigated the influences of different land use types on
air pollution and proved that changes in the land use types and landscape patterns could
directly affect pollutant concentrations.

Fujian Province is an economic artery connecting the Yangtze River Delta and the Pearl
River Delta and is one of the provinces with the closest exchanges between the Chinese
mainland and Taiwan province. Since the reform and opening-up, Fujian has experienced
rapid economic development, with a regional gross domestic product of 5.31 trillion
yuan in 2022, making it one of the fastest-growing provinces in China. However, during
economic development, the unbalanced spatial allocation of the population, resources and
environment, the degradation of forests and other ecological lands, urban expansion and
road network extension have caused ecological damage and a decline in the ecological
environment quality to a certain extent. For example, Li et al. (2020) [14] showed that the
main changes in the land use types in Fujian Province are the conversion of cultivated land
and forest land to construction land, accounting for 14.5% (cultivated land) and 6.4% (forest
land) of the total area change in the land use types, respectively. Hansen et al. (2013) [15]
also suggested that Fujian is one of the most active provinces in China in terms of forest
cover change. As an important ecological barrier in southern China, Fujian Province
suffers from limited land resources, and thus it is urgent to investigate the spatio-temporal
evolutions of PM; 5 and PMjy concentrations in this region and their relationships with
landscape patterns during the process of implementing the ecological province strategy
and accelerating the construction of an ecological civilization demonstration area.

In this research, Fujian Province was taken as the study area to compare the air quality
index (AQI), PM;g concentration and PMj 5 concentration under different types of land
use/cover and landscapes, analyze their correlations with the landscape metrics, and
identify the distinct effects of landscape metrics on the atmospheric particulate matter
concentrations in different buffer zones and different seasons. The results can provide a
scientific basis for the planning of land use and landscape patterns, air pollution control
and regional ecological civilization construction.

The remainder of this paper is organized as follows. Section 2 introduces the data and
methods used in this study. Section 3 investigates the variations in the atmospheric particu-
late matter concentrations and their correlations with landscape patterns at different scales.
The discussion and the main conclusions are presented in Sections 3 and 4, respectively.

2. Study Area and Methods
2.1. Study Area

The study area for this research was Fujian Province, China (115°50" N-120°43' N,
23°31’ E-28°18" E), which is adjacent to Zhejiang Province in the north, Guangdong
Province in the south, Jiangxi Province in the west and Taiwan Province across the Taiwan
Strait in the east. It connects the East China Sea with the South China Sea and faces directly
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to the Pacific Ocean. Famous for its beautiful ecological environment, Fujian had a forest
coverage rate of 66.8% in 2021, ranking first in China. The topography of Fujian Province is
known as “eighty percent of mountains, ten percent of waters and ten percent of fields”,
indicating the geographical condition of mountainous areas. In recent years, the urbaniza-
tion process in Fujian Province has been accelerated, while the development is increasingly
restricted by limited land resources.

2.2. Data Sources

There are 37 national ambient air automatic monitoring stations (hereinafter referred to
as national stations) in Fujian Province to carry out the real-time monitoring of air pollutants
(Figure 1). The data on air pollutants (AQI, PM; 5, PMj) in 2018 are the real-time data
derived from the national stations (http://www.cnemc.cn/ (accessed on 26 April 2021)).
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Figure 1. (a) Distributions of landscape types and national ambient air automatic monitoring stations
and (b) areas of various land cover types in Fujian Province.

The land use data were obtained from the Resource and Environment Science and
Data Center (http://www.resdc.cn/ (accessed on 26 April 2021)). According to the land
resource classification system, the land use data could be divided into 6 categories, i.e.,
cultivated land, forest land, grassland, water area, construction land and unused land.

2.3. Methods
2.3.1. Calculations of the Air Pollutant Concentrations at Stations under Different Land
Use Types

According to the classification of land use types at 37 national stations, 24 stations
are on construction land, 10 stations are on forest land, 2 stations are on grassland, and
one station is on cultivated land. The daily air pollutant concentrations were the average
during 00:00-23:00 (Beijing time) in one day. The annual and seasonal average values
were calculated based on the daily values. December-February were considered as winter,
March-May as spring, June—August as summer and September—-November as autumn in
this study.

2.3.2. Calculations of Landscape Metrics

Previous studies have demonstrated that landscape metrics can provide a good ex-
planation of the PM concentrations, but the effectiveness is affected by the spatial scale of
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the analysis [16,17]. Under the suggestion of previous studies, we established different
buffer zones with a radius of 1 km, 2 km, 3 km, 4 km and 5 km centered on the 37 national
stations, respectively. Greenspace (i.e., forestland and grassland) provides a wide range of
ecosystem services, such as air purification and climate regulation. It is very important to
construct the landscape with green areas as pollutant filters [17,18]. Landscape metrics are
widely used to measure landscape patterns [19], including the composition and structure
of the landscape, which has a great impact on the PM concentrations [17,20]. According
to Weber et al. (2014) [21] and Maimaiti et al. (2014) [22], six landscape metrics (Table 1)
were selected to represent the landscape patterns of each land use type. Among these,
the proportion of landscape (PLAND), largest patch index (LPI) and mean patch area
(AREA_MN) represent the landscape composition for each land type; edge density (ED),
number of patches (NP) and patch density (PD) represent the landscape structure for each
land type. Then, based on the raster data on the land use types, the six landscape metrics
for the five buffer zones were calculated using the Fragstats software version 4.2 [19].

Table 1. Landscape index selection.

Landscape Index Definition

This index reflects the percentage of the total area of a certain patch type to the

Proportion of landscape (PLAND) entire landscape area, determining the basis of judging dominant landscape

elements in the landscape.

Largest patch index (LPI)

The proportion of the largest patch of a certain patch type to the entire landscape
area, and the change in its values can reflect the direction and strength of
human activities.

Mean patch area (AREA_MN)

The average area of patches in the landscape or in each type.

The boundary length or total boundary length of each patch type on a unit area,

Edge density (ED) which reveals the degree of fragmentation of the landscape or type divided by
the boundaries.
Number of patches (NP) ghe number of patches in the lapdscape or in each type, which reflects the
egree of landscape fragmentation.
Patch density (PD) The basic index in the landscape pattern analysis. When the landscape area is

fixed, it conveys the same information as the NP.

2.3.3. Correlation Analysis

Pearson correlation coefficients are used to measure the correlation (linear correlation)
between two variables X and Y, with a value between —1 and 1. The Pearson bi-variate
correlation analysis was used to measure the correlations of the landscape metrics of land
use/cover types with the AQI, PM; 5 concentration and PM;g concentration (both annual
and seasonal means). Pearson correlation coefficients have a value between —1 and 1. The
closer the value is to 1, the stronger the positive correlation between the two variables is;
the closer the value to —1, the stronger the negative correlation between the two variables
is; while its value is equal to or close to 0, the correlation between the two variables is not
significant. In addition, the significant level was tested with the p value. Based on the
Pearson correlation coefficients and the p values, the landscape metrics with significant
correlations were selected to analyze the influence of the landscape metrics on air pollutants.
The SPSS software version 26.0 was used for the correlation analysis, and the Origin
software version 2019b was employed to draw charts. Through col-linearity judgment,
variables strongly related to the reference variable (x) were eliminated. After the calculation,
it was found that there was no significant correlation between the landscape metrics and
the air pollutants in cultivated land, water area and unused land in the established buffer
zones. Thus, they are not discussed in this study.
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3. Results

3.1. Annual Atmospheric Particulate Matter Concentrations under Different Land Use/Cover
Types and Landscape Patterns

Figure 2 presents the annual mean values of the AQI, PM; 5 concentration and PMy
concentration at each station under four land use/cover types. It can be seen that the land
use/cover types ranked from the highest to lowest AQI were construction land (46.19),
cultivated land (44.74), forest land (41.01) and grassland (39.05). The land use/cover types
ranked by the PM, 5 concentration in descending order were cultivated land (26.87 pg m~3),
construction land (26.07 ug m~3), grassland (23.93 pg m~3) and forest land (22.07 ng m~3).
For the PMj concentration ranked in descending order, the order was construction land
(47.35 pg m~3), cultivated land (40.62 ug m~3), forest land (38.79 Hg m %) and grassland
(36.86 pg m~3).
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Figure 2. Box plots of annual average atmospheric particulate matter concentrations.

3.2. Seasonal Atmospheric Particulate Matter Concentrations under Different Land Use/Cover
Types and Landscape Patterns

The seasonal variations in the AQI, PM, 5 concentration and PM;, concentration for
each type of land use/cover and landscape were analyzed and are shown in Figure 3. The
AQI, PM; 5 concentration and PMjy concentration showed similar trends of being high
in the spring and winter and low in the summer and autumn under all the types of land
use/cover and landscapes, but their seasonal variations under different landscape types
were different. The AQI values in construction land were higher than those in the other
land use/cover and landscape types except for cultivated land in the spring. The AQI
values in grassland were higher than those in forest land in the winter. However, the AQI
values in grassland were the lowest in the other three seasons and obviously lower than
those in the other land types in the summer and autumn. The lowest AQI value could be
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found in forest land in the winter. The PM; 5 concentration in forest land was the lowest in
all seasons, while in cultivated land it was the highest in the spring and summer, and in
construction land it was the highest in the autumn and winter. The PM;( concentration in
construction land was remarkably higher than in the other types of land use/cover and
landscapes in all seasons. The PM;g concentration in grassland was the lowest except for in
winter. In winter, it was the lowest in forest land, followed by cultivated land.
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Figure 3. Seasonal variations in the particulate matter concentrations for different land use types.

3.3. Correlations between Landscape Patterns and Air Pollutant Concentrations
3.3.1. Correlations with the Annual Air Pollutant Concentrations

Figure 4 presents the landscape metrics that had the strongest correlation with the
AQI, PM; 5 and PMjg concentrations. Generally, all six landscape metrics were remarkably
correlated with the atmospheric particulate matter concentrations, but there were differ-
ences among the different land use/cover types and buffer zone scales. All six landscape
metrics of forest land were notably correlated with the AQI and PM;( concentration within
the radii of 4000-5000 m, while the radius for the PM; 5 concentration with remarkable
correlations varied greatly. Except for patch density (PD) and the number of patches (NP),
the influences of the other metrics were mainly concentrated within the radius of 3000 m.
All six landscape metrics of construction land and grassland were notably correlated with
the AQI and PM; concentration, but the correlations of the PM; 5 concentration with the
NP and PD of construction land and the largest patch index (LPI) and AREA_MN of the
grassland were not obvious.
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Figure 4. Correlations of the landscape metrics with the averaged AQI, PM;5 and PM;g con-
centration in the different buffer zones. * and ** indicate the statistical significance level of
0.05 and 0.01, respectively.

The PD and NP of forest land were significantly positively correlated with the AQI,
PM, 5 concentration and PM; concentration in the buffer zone with a radius of 5000 m,
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while the proportion of landscape (PLAND) and mean patch area (AREA_MN) of the
forest land were significantly negatively correlated with the PM;y concentration in the
buffer zone with a radius of 4000 m. However, the PLAND and AREA_MN of forest
land showed significant negative correlations with the PM; 5 concentration in the buffer
zones with the 2000-3000 m radii. The PD and NP of construction land had significant
negative correlations with the AQI and PM;( concentration within the 3000 m radius but
did not have effects on the PM; 5 concentration. The PLAND and LPI of construction
land were significantly positively correlated with the AQI, PM; 5 concentration and PMjg
concentration in the radii of 4000-5000 m. All the metrics of the grassland had negative
correlations with the atmospheric particulate matter concentrations and the specific reasons
remain to be further discussed. According to the number of landscape metrics showing
significant correlations with the air pollutants in the buffer zones with different radii, the
optimal scale for studying the annual mean AQI and PM;( concentration is 5000 m, and
the optimal scale for the PM, 5 concentration is 3000 m.

The AQI was significantly correlated with the edge density (ED) and AREA_MN
of construction land in the buffer zone with the 1000 m radius (passing the significance
test at the 0.01 significant level, i.e., p < 0.01). It was also significantly correlated with
the AREA_MN of grassland within the 2000 m radius (passing the significance test at the
0.05 significant level, i.e., p < 0.05) and the PD and NP of construction land within the
3000 m radius (p < 0.05). In addition, the AQI had significant correlations with the PLAND
(p <0.01) and LPI (p < 0.05) of forest land and grassland and the PLAND (p < 0.01) and
LPI (p < 0.01) of construction land within the 4000 m radius. In the buffer zone with the
5000 m radius, the AQI was significantly correlated with the ED (p < 0.01), LPI (p < 0.01),
PD (p < 0.05) and AREA_MN (p < 0.01) of forest land, the ED (p < 0.01), PD (p < 0.01) and
NP (p < 0.01) of grassland and the ED (p < 0.01) of construction land.

The PM, 5 concentration was significantly correlated with the PLAND (p < 0.05) and
ED (p < 0.05) of construction land in the buffer zone with the 1000 m radius, and it was
significantly correlated with the LPI (p < 0.01) and AREA_MN (p < 0.01) of forest land
within the 2000 m radius. For the 3000 m radius, the PM; 5 concentration was significantly
correlated with the PLAND (p < 0.01) and ED (p < 0.01) of forest land, the PLAND (p < 0.05)
and ED (p < 0.01) of grassland, and the PLAND (p < 0.01), LPI (p < 0.01) and AREA_MN
(p < 0.01) of construction land. In the buffer zone with the 5000 m radius, the PM; 5
concentration had significant correlations with the PD (p < 0.01) and NP (p < 0.01) of
forest land, the PD (p < 0.01) and NP (p < 0.01) of grassland and the ED (p < 0.01) of
construction land.

The PMjy concentration was significantly correlated with the ED (p < 0.01) and
AREA_MN (p < 0.01) of construction land in the buffer zone with the 1000 m radius,
and it was also significantly correlated with the LPI (p < 0.05) and AREA_MN (p < 0.05)
of grassland within the 2000 m radius. For the radius of 3000 m, the PM;( concentration
was significantly correlated with the PLAND (p < 0.01) of forest land and the PD (p < 0.05)
and NP (p < 0.05) of construction land. In the buffer zone with the 4000 m radius, the PMy
concentration was correlated with the PLAND (p < 0.01), ED (p < 0.01) and AREA_MN
(p <0.01) of forest land and the LPI (p < 0.01) of construction land. Within the 5000 m
radius, the PMjy concentration had correlations with the LPI (p < 0.01), PD (p < 0.05) and
NP (p < 0.05) of forest land, the ED (p < 0.01), PD (p < 0.01) and NP (p < 0.01) of grassland,
and the PLAND (p < 0.01) and ED (p < 0.01) of construction land.

3.3.2. Correlations with the Seasonal Air Pollutant Concentrations

By analyzing the correlations, the influences of landscape patterns on the air pollutants
in different seasons are compared (Figures 5-7). The results indicate that the correlation of
the landscape metrics of water area and unused land with the air pollutant concentrations
in the established buffer zones was not significant and thus not discussed in this study.

In the spring, the LPI of forest land had the most obvious influence on the AQI in
the buffer zone with the 5000 m radius, and the correlation coefficient was —0.778. The
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LPI of forest land and the NP of grassland had the most significant correlations with
the PM, 5 concentration within the 5000 m radius, with identical coefficients of —0.684.
Within the radius of 4000 m, the PLAND of forest land had remarkable effects on the PMy
concentration, with a correlation coefficient of —0.733.

In the summer, the LPI of forest land had the most remarkable effect on the AQI within
the radius of 5000 m, with a correlation coefficient of —0.739. The AREA_MN of forest land
had the most significant correlation with the PM; 5 concentration within the 5000 m radius,
and the correlation coefficient was —0.658. The LPI of forest land had the most remarkable
effect on the PMj( concentration within the 4000 m radius, with a correlation coefficient
of —0.732.

In the winter, the effect of the PLAND of forest land on the AQI was the most obvious
within the 4000 m radius, with a correlation coefficient of —0.704. The effects of the PLAND
and LPI of forest land on the PM, 5 concentration were the most remarkable within the
radius of 1000 m, both with a correlation coefficient of —0.726. The PLAND of construction
land was most significantly correlated with the PM;g concentration within the 4000 m
radius, and the correlation coefficient was 0.723.

Forest land
Grassland
Construction land
Radius 1000m
Radius 2000m
Radius 3000m
Radius 4000m
Radius 5000m

Cultivated land
Forest land
Grassland
Construction land
Radius 1000m
Radius 2000m
Radius 3000m
Radius 4000m
Radius 5000m

Figure 5. Cont.
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Figure 5. Correlations of the landscape metrics with seasonal mean AQI in the different buffer zones.
* and ** indicate the statistical significance level of 0.05 and 0.01, respectively.

In autumn, the PLAND and LPI of cultivated land were most significantly correlated
with the AQI within the radius of 1000 m, with coefficients of 0.834 and —0.834, respectively.
The effects of PLAND and LPI of the cultivated land on the PM; 5 concentration were the
most remarkable within the radius of 1000 m, and both correlation coefficients were 0.955.
The PLAND of construction land had the most obvious effect on the PM;( concentration
within the 4000 m radius, with a correlation coefficient of 0.719.

Overall, forest land had the most remarkable influence on the air pollutants for all
the types of land use/cover and landscape, as shown by the fact that all the landscape
metrics were significantly correlated with the AQI and PM; 5 and PM;y concentrations
in the four different seasons. Some landscape metrics of cultivated land, construction
land and grassland in different seasons were not correlated with the air pollutants. There
was a significant correlation between the landscape metrics of forest land and the PM; 5
concentration at various spatial scales in autumn and winter, especially for the PLAND,
AREA_MN and LPI. However, the correlations between the landscape metrics of forest
land and the PM; 5 concentration were significant at only one spatial scale in spring and
summer. The correlations of the NP and PD with the air pollutants were significant in the
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four different seasons, all appearing at large spatial scales of 4000-5000 m. The PLAND
of construction land had the most remarkable influence on the PMjy concentration in the
autumn and winter within a radius of 4000 m. The effects of the PLAND of cultivated land
on the AQI and PM; 5 concentration were most significant only within the 1000 m radius
in autumn.
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BO000 =
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Figure 6. Cont.



Atmosphere 2023, 14, 787 12 0f 17

Forest land
Grassland
o Construction land
L] Radius 1000m
] Radius 2000m
- Radius 3000m
1
[

Winter .
Radius 4000m

Radius 5000m

Figure 6. Correlations of the landscape metrics with seasonal mean PM; 5 concentration in the
different buffer zones. * and ** indicate the statistical significance level of 0.05 and 0.01, respectively.
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Figure 7. Correlations of the landscape metrics with seasonal mean PM;j; concentration in the
different buffer zones. * and ** indicate the statistical significance level of 0.05 and 0.01, respectively.

4. Discussion

Studies on air pollution in Fujian Province are relatively rare, which are compensated
to some extent by our research. Our study shows similar results compared with objective
reality and previous research. For instance, the research on Sichuan Province, which is also
located in the subtropics, showed low pollutant concentrations in the summer and high
concentrations in the winter [23]. Studies on the Yangtze River Delta have also yielded
consistent results [24,25]. The long-term variations in the air pollutant concentrations
are mainly influenced by the long-term variations in pollutant emissions, climate change
and other factors [26]. Therefore, atmospheric particulate pollutant concentrations can be
effectively reduced under good meteorological conditions or through emission reduction
measures. The short-term variations (such as the seasonal variation) in the atmospheric
particulate matter pollutant concentration are mainly attributed to meteorological elements,
especially in the winter and spring when the concentrations are high [25,27]. In the winter,
the airflow in our study area is dominated by northwesterly wind, the wind speed is low
in this area and the humidity is high. A temperature inversion layer can promote the
accumulation of pollutants and makes them difficult to diffuse, which is also a key cause of
winter PM pollution events in southeastern China [26,28]. Additionally, rainfall intensity
has been observed to play an important role in the removal of PM concentrations [29]. Thus,
the seasonal variations in PM concentrations may be further enhanced by the lower rainfall
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volume and frequency in the winter, and their higher counterparts in the summer in the
study area.

The AQI and PMj concentration in construction land were considerably higher than
those in the other types of land use/cover and landscape in all four seasons, and the PM; 5
concentration in construction land was the highest in the winter when pollution is the
most serious. The PM; 5 concentration in forest land was significantly lower than that
in the other land use/cover and landscape types in different seasons, and the AQI and
PM; concentration were also the lowest in winter. This result further verifies previous
research findings that the increase in the construction land proportion can cause an increase
in the PMj; 5 concentration, while the increase in the green space proportion can decrease
the PM; 5 concentration [30]. It is worth noting that cultivated land has a higher PM; 5
concentration in the spring and summer, which is related to intensive cultivation activities
in the spring and summer. Therefore, intensive production activities from humans, the
urbanization degree and the land use/cover changes with the alternation of seasons are the
main influencing factors for variations in the regional air pollutant concentrations [31].

With continuous economic and social development and an increasing urbanization
level, car ownership has increased year by year, and the contribution of traffic emissions to
atmospheric particulate pollutant concentrations increases sharply, which directly dam-
ages the urban environment and deserves further attention [32]. Moreover, an interesting
phenomenon can be found in this study, whereby grassland showed the lowest AQI value
and PM; concentration in all seasons except for winter, even lower than forest land. This
result suggests that forest land is more effective in mitigating the fine particulate matter
concentration, while grassland has a better mitigation effect on the coarse particulate matter
concentration. The mitigation effect of grassland on atmospheric particulate pollutant
concentrations is weakened in winter, mainly because grassland withers in winter and the
withering of grassland dramatically reduces its ability to absorb atmospheric particulate
pollutants [31]. This conclusion can be further verified by the fact that the PM, 5 concen-
tration in the grassland increased faster than in the other land use/cover types in winter
(Figure 3).

Previous research demonstrated that the mitigation effects of forest land and grassland
on the air pollutant concentrations increase with their area, while fragmented forest land
and grassland have less of a mitigation effect. However, construction land has the opposite
effect [23,31]. Our study obtains similar results. The PLAND and AREA_MN of forest
land was significantly negatively correlated with the AQI, PM; 5 concentration and PMyg
concentration, while the NP and PD of forest land had significant positive correlations.
Additionally, the PLAND and LPI of construction land had significant positive correlations
with the AQI and PM, 5 and PM; concentrations, while the PD and NP of construction land
were significantly negatively correlated with the AQI and PM;j concentration. Surprisingly,
the NP and PD of grassland were significantly negatively correlated with the AQI and the
PM; 5 and PM; concentrations, which was mainly attributed to the small area of grassland
in our study area and its frequent interspersed distribution with forest land. Therefore,
the NP and PD of grassland were larger, which implies that the NP and PD of forest land
were smaller. Such a landscape pattern is conducive to the mitigation of atmospheric
particulate pollutants.

Although previous studies have compared the effects of land use/cover types and
landscape patterns on the mitigation of air pollution in different seasons [23,31], the scale
effects of land use/cover types and landscape patterns have been ignored. By constructing
zone buffers with different radii from 1000 m to 5000 m, we explored the seasonal effects of
landscape metrics on the atmospheric particulate pollutants at different scales in this study.
We further found that the mitigation effect of forest land on the PM; 5 concentration in
the autumn and winter could appear at multiple spatial scales, especially for the PLAND,
AREA_MN and LPI of forest land. However, in the spring and summer, the significant
correlation of landscape metrics with the PM; 5 concentration appeared at only one spatial
scale (Figure 6). In addition, the impact range (generally 4000-5000 m) of the fragmentation
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indicators (such as the NP and PD) on the atmospheric particulate pollutants tended
to be larger than that (typically 1000-3000 m) of the area-shape indicators (such as the
PLAND and AREA_MN). This indicates that the spatial configuration of the integrity and
connectivity of ecological green landscape patches should be fully considered on a large
scale. On a smaller scale, atmospheric particulate pollution can be mitigated by increasing
the proportion or size of the ecological green landscape patches.

5. Conclusions

Based on the air pollutant monitoring data of 37 national ambient air automatic
monitoring stations and land use/cover data in Fujian Province in 2018, we investigated
the distributions of the AQI, PM; 5 concentration and PM;y concentration and their seasonal
variations in different land use/cover types and landscape patterns based on the ArcGIS,
Fragstats and SPSS software. Through the analysis in the multi-loop buffer zones, we
analyzed the correlations of different metrics of land use/cover and landscape types with
air pollutant concentrations and discussed the effect of scale changes. The main conclusions
are as follows.

In terms of the annual average, the AQI and PM;( concentration had the highest values
on construction land, while the PM; 5 concentration was the highest on cultivated land.

For the seasonal average, the AQI, PM;5 concentration and PM;g concentration
showed similar variation trends of being high in the spring and winter and low in the
summer and autumn.

The correlations with the annual air pollutant concentrations indicated that the land-
scape metrics significantly correlated with the AQI, PM; 5 concentration and PM;g concen-
tration were distributed in forest land, grassland and construction land. The forest land
plays a positive role in the mitigation of particulate pollutants and the construction land
plays a positive role in promoting the emission of particulate pollutants.

The correlations with the seasonal air pollutant concentrations suggest that all land-
scape metrics of forest land were significantly correlated with air pollutant concentrations
in the four different seasons, while some landscape metrics of cultivated land, construction
land and grassland were not correlated with them. Except for autumn, the landscape
metrics of forest land showed the most significant negative correlation with the AQI, PM; 5
concentration and PM;g concentration in all seasons. However, the landscape metrics of
cultivated land had strong negative correlations with the AQI value and PM; 5 concentra-
tion in autumn. The positive correlations of the landscape metrics of construction land
with the PM;, concentration were also significant in autumn and winter.

The optimal scale for studying the influences of forest land and construction land on
the annual AQI and PMj concentration is 5000 m, while the optimal scale is 3000 m for
the PM, 5 concentration. The optimal scale for investigating the impacts of forest land and
construction land on the AQI, PM, 5 concentration and PM;, concentration in different
seasons is 4000-5000 m. Additionally, the optimal research scale for the effects of cultivated
land on the AQI and PM; 5 concentration in autumn is 1000 m.

The results obtained in this research can help to further understand the influences
of land use/cover types and landscape patterns on atmospheric particulate matters, can
provide a reference for the optimization of land use/cover and landscape patterns in urban
areas, and can serve as a scientific basis for the planning and management of forest land.
Moreover, this study can provide a reference for decision-making on the prevention and
mitigation of atmospheric particulate pollution.
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