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Abstract

Vegetation plays a crucial role in regional climate regulation and hydrological
cycling. Against the backdrop of increasingly frequent extreme climate events
in southern China in recent years, investigating vegetation dynamics and asso-
ciated stressors is of paramount significance. This study takes the Pearl River
Basin as the research area, utilizing MODIS EVI to analyze vegetation change
patterns, and explores the stresses imposed by human activities and the natural
environment on vegetation changes through DMSP night light data from US
military meteorological satellites and meteorological data. The results demon-
strate that: from 2004 to 2013, the annual mean EVI in the Pearl River Basin
ranged between 0.33 and 0.38, with EVI values decreasing in the following or-
der: evergreen broadleaf forest > mixed forest > wooded grassland > evergreen
coniferous forest > grassland. The EVI change trends among different vegeta-
tion types were essentially consistent, while interannual variations of EVI for
the same vegetation type were relatively minor. Specifically, the maximum
interannual changes for mixed forest and grassland were 0.07 and 0.04, respec-
tively, whereas those for evergreen broadleaf forest, evergreen coniferous forest,
and wooded grassland were all 0.06. During 2004-2013, the urbanization level
increased by approximately 71%, with its annual development trend being op-
posite to that of EVI. Comparative analysis reveals that human activities exert
a greater influence on vegetation changes in the Pearl River Basin than the
natural environment, as evidenced by the correlation coefficient between DMSP
night light changes and EVI changes being significantly higher than those for
temperature and precipitation.
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Abstract

Vegetation plays a crucial role in regional climate regulation and hydrological
cycling. Against the backdrop of increasingly frequent extreme climate events in
southern China in recent years, studying vegetation dynamics and their driving
stresses is of significant importance. This research selected the Pearl River
Basin as the study area and analyzed vegetation variation patterns using MODIS
Enhanced Vegetation Index (EVI) data. The study examined stresses from both
human activities and natural environments, utilizing Defense Meteorological
Satellite Program (DMSP) nighttime light data and meteorological data.

The results show that the annual average EVI in the Pearl River Basin ranged
from 0.33 to 0.38 during 2004-2013. Across vegetation types, EVI values de-
creased in the following order: evergreen broad-leaved forest > mixed forest >
woody savannas > evergreen coniferous forest > grassland. Interannual varia-
tion was relatively small for all vegetation types, with maximum annual vari-
ations of 0.04 for mixed forests and grasslands, and 0.06 for evergreen broad-
leaved forests. Urbanization levels increased by approximately 71% during this
period. Comparative analysis revealed that human activities exerted a stronger
influence on vegetation changes than natural environmental factors. Nighttime
light changes showed opposite trends to EVI changes, with correlation coeffi-
cients significantly higher than those for temperature and precipitation. This
indicates that human activity is the dominant stress factor driving vegetation
changes in the Pearl River Basin.
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1. Introduction

Vegetation changes significantly impact energy balance, climate, and biochemi-
cal environments, serving as a sensitive indicator of environmental responses to
climate and human activities [1-3]. Studying the patterns of natural vegetation
change and their influencing factors is therefore of great significance.

Current research primarily focuses on spatiotemporal vegetation variations and
their relationships with natural elements [4-8]. Zhou et al. [9] used MODIS
data to analyze urbanization impacts on vegetation phenology, providing robust
evidence for vegetation responses to global warming. Zhang et al. [10] analyzed
global carbon cycles through precise estimation of net primary productivity.
Zhang et al. [11] examined spatiotemporal changes in vegetation coverage and
biomass in temperate deserts using remote sensing. Zhang et al. [12] studied the
effects of summer drought on vegetation growth, which is crucial for predicting
impacts of future extreme climate events on vegetation ecosystems. Tian et
al. [13], Su et al. [14], and others used remote sensing to monitor vegetation
dynamics. Suepa et al. [15] investigated spatiotemporal variations in vegetation
phenology and seasonal precipitation in Southeast Asia.

However, few studies have determined which factor—natural or anthropogenic—
dominates vegetation changes. In recent years, extreme climate events have be-
come frequent globally, with droughts occurring even in humid southern China,
significantly impacting regional vegetation growth. This underscores the urgent
need to strengthen research on vegetation dynamics and influencing factors in
southern China.

This study analyzes vegetation changes in the Pearl River Basin from 2004 to
2013 using MODIS EVI data, meteorological precipitation and temperature data
from the China Meteorological Data Network, and DMSP nighttime light data
to examine stresses from human activities and natural environments.

2. Study Area

The Pearl River Basin is located in southern China (102°14 -115°53 E, 21°31 -
26°49 N) and represents a crucial economic zone. The region features a south
subtropical climate with abundant water resources, abundant sunshine, and an-
nual precipitation of 1,400-2,000 mm in most areas. The basin is predominantly
mountainous and hilly, with small, scattered plains. The coldest month average
temperature is 10°C, and extreme minimum temperatures are -4°C. Vegetation
community types are diverse, mainly including evergreen broad-leaved forests,
evergreen coniferous forests, mixed forests, woody savannas, and grasslands,
with high overall vegetation coverage.
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[Figure 1: see original paper| Location of study area and meteorological stations

3. Data and Processing
3.1 Vegetation Data

Vegetation data were derived from MODIS vegetation index products
(MOD13Q1) at 250 m spatial resolution, covering tiles h27v06, h27v07, h28v06,
and h28v07 for 2004-2013. Vegetation type data were obtained from MODIS
LANDUSE products at 500 m resolution, using the University of Maryland
land cover classification system. The main vegetation types in the study area
are evergreen broad-leaved forest, evergreen coniferous forest, mixed forest,
woody savannas, and grasslands.

3.2 Nighttime Light Data

For urbanization level analysis, DMSP/OLS (Defense Meteorological Satellite
Program/Operational Linescan System) nighttime light data were used. These
data have a spatial resolution of 1 km and strong correlations with population
and economic levels, making them effective for monitoring urbanization and
human activities [18-20].

3.3 Meteorological Data

Daily precipitation and mean temperature data from 44 national basic mete-
orological stations within the Pearl River Basin were obtained for 2004-2013.
Data preprocessing included image reprojection and clipping to the study area
boundary.

3.4 Enhanced Vegetation Index

Common vegetation indices include NDVI and EVI. However, NDVI suffers
from saturation issues in high vegetation cover areas [17]. EVI addresses this
limitation and effectively reduces atmospheric interference. Given that the study
area in southern China has relatively high vegetation coverage and complex
climate conditions, EVI was selected for comprehensive vegetation analysis. The
EVT calculation formula is:

band2 — bandl
band2 + 6 x bandl — 7.5 X band3 + 1

EVI=25x
where band1 represents the red band, band2 the near-infrared band, and band3

the blue band.

EVI data were aggregated to monthly, quarterly, and annual scales using the
following formulas:
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e Monthly EVI: EVI,, = EVI,+ EVI; (where EV, is the first half-month
EVI and EV, is the second half-month EVI)

o Quarterly EVL: EVI = EVI,,+ EVI, .+ EVI,; (for spring, summer,
and autumn respectively)

o Anmual EVL: EVI, = EVI +EVI +EVI,+EV I, (for spring, summer,
autumn, and winter)

4. Methods
4.1 Vegetation Change Analysis

The study calculated annual average EVI values for the Pearl River Basin from
2004-2013 and performed statistical analysis. Results show that annual average
EVTI experienced a gradual increase from 2004 to 2008, followed by a fluctuating
decline from 2008 onward, though the downward trend was not statistically
significant. The overall range was 0.33-0.38.

[Figure 2: see original paper] The EVI evolution from 2004 to 2013

Analysis of different vegetation types revealed consistent trends across types,
with small interannual variations. Maximum interannual variations were 0.04
for mixed forests and grasslands, and 0.06 for evergreen broad-leaved forests,
evergreen coniferous forests, and woody savannas.

[Figure 3: see original paper| The statistic of mean yearly EVI from 2004 to
2013

Seasonal analysis of the five vegetation types showed: - Spring (March-May):
EVI values ranked as evergreen broad-leaved forest > mixed forest > woody
savannas > evergreen coniferous forest > grassland, with relatively high values
and small differences between types. - Summer (June-August): Similar
ranking, with values at their annual peak and minimal interannual variation. -
Autumn (September-November): Similar ranking, with moderate values
and small fluctuations. - Winter (December-February): Similar ranking,
but with the lowest annual values.

Overall, evergreen broad-leaved forests showed small seasonal variations, while
grasslands exhibited large seasonal changes.

[Figure 4: see original paper] The EVI of different vegetation types changes
from 2004 to 2013

[Figure 5: see original paper| The EVI changes from 2004 to 2013 in different
seasons

4.2 Urbanization Stress Analysis

Rapid urban development, heat island effects, and increased carbon emissions
affect regional climate and vegetation growth. This study used DMSP/OLS data
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to calculate annual average light values for each pixel in the Pear]l River Basin
as a measure of urbanization intensity, where higher values indicate greater
urbanization.

The average pixel brightness reflects economic development and urbanization
levels, but its development is gradual and constrained by development stage
and space. Using 2004 as the baseline year, the average brightness decreased
in 2005, indicating initial development stages with low overall levels despite
spatial expansion. As development deepened, levels increased, reaching a new
plateau in 2013. Overall, urbanization levels increased by approximately 71%
from 2004-2013, with an average annual growth of 7.1%.

[Figure 6: see original paper| The light data of DMSP from 2004 to 2013
[Figure 7: see original paper] The average lights from 2004 to 2013

4.3 Natural Environment Change Analysis

Using daily precipitation and temperature data from 44 meteorological stations,
the study constructed 12x44 matrices for monthly precipitation and tempera-
ture, then calculated seasonal and annual averages.

Annual precipitation showed large fluctuations, with the lowest precipitation in
2011. Years below the average accounted for 40% of the study period (2004, 2007,
2009, 2011), coinciding with major drought events in Guangdong and Guangxi.
Seasonal precipitation ranked as summer > spring > autumn > winter, with
consistent seasonal patterns across years. However, interannual precipitation
variation was inconsistent with vegetation changes, indicating that vegetation
dynamics result from combined natural and anthropogenic factors rather than
precipitation alone.

Annual mean temperature also showed large variations, with a difference ex-
ceeding 1°C between the highest and lowest years. Half of the years had tem-
peratures below the long-term average. Seasonal temperature fluctuations were
largest in winter, while summer and autumn showed relatively high and stable
temperatures.

[Figure 8: see original paper| The average annual precipitation from 2004 to
2013 of rain gauging stations

[Figure 9: see original paper] The quarter average precipitation from 2004 to
2013 of rain gauging stations

[Figure 10: see original paper] The average annual temperature from 2004 to
2013

[Figure 11: see original paper] The quarter average temperature from 2004 to
2013
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5. Discussion

To further explore relationships between vegetation change and human activi-
ties/natural environment, this study used 44 meteorological stations as sampling
points, extracting corresponding EVI, DMSP, temperature, and precipitation
values.

Results show that from 2004-2013, EVI generally decreased while DMSP values
showed an upward trend. Precipitation remained relatively stable with a slight
increase, and temperature showed a decreasing trend with fluctuations.

To determine the dominant factor, correlation analysis was performed on annual
change rates of EVI, DMSP, temperature, and precipitation. Results show: -
Precipitation and temperature changes were positively correlated with vegeta-
tion changes - Human activity intensity changes were negatively correlated with
vegetation changes - The correlation coefficient for human activity impact was
highest (R? = 0.4205), followed by temperature (R? = 0.4150) and precipitation
(R%2 =0.2184)

[Figure 12: see original paper] The 44 sample data in study area from 2004 to
2013

[Figure 13: see original paper| Relationship between precipitation and vegeta-
tion

[Figure 14: see original paper| Relationship between temperature and vegeta-
tion

[Figure 15: see original paper] Relationship between DMSP and vegetation

These findings indicate that human activity is the dominant factor driving veg-
etation changes in the Pearl River Basin, with natural environmental factors
playing a secondary role. Among natural factors, temperature has a greater
impact on vegetation growth than precipitation.

6. Conclusions and Outlook

Vegetation changes are influenced by both human activities and natural envi-
ronments. Current quantitative research on their relative contributions remains
limited. This study demonstrates that:

1. Human activity is the primary driver of vegetation changes in the
Pearl River Basin, while natural environmental factors are not dominant.

2. Temperature effects exceed precipitation effects among natural fac-
tors influencing vegetation growth.

3. Annual average EVI showed a weak declining trend from 2004-
2013, with consistent patterns across vegetation types and small interan-
nual variations.

4. Climate variability was substantial, with large fluctuations in annual
precipitation and temperature. Precipitation was concentrated in summer,
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while temperature fluctuations were most pronounced in winter.

Vegetation change is a complex process. This study focused on human activities
and natural environment, but future research should further explore relation-
ships between regional CO concentration changes and vegetation dynamics.
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