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Detecting Spatial and Temporal Change of NDVI
Dynamics in the Mekong River Basin: Relationship with
Anthropogenic Effects

Tawatchai Na-U-Dom and Xingguo Mo

Abstract—Beside climate effect on vegetation dynamics,
understanding spatial and temporal vegetation response to
human effect is also crucial for integrated basin management in
the Mekong River Basin (MRB). In this study, Normalized
Difference Vegetation Index (NDVI) images and climate data
from 1995 to 2004 were downloaded from a Global Inventory
Modeling and Mapping Study (GIMMS) and Climate Research
Unit Time Series version 3.23 (CRU-TS 3.23). The normalized
Human Influence Index (HII), was used as a proxy data for
anthropogenic effect, was downloaded from Global Human
Footprint Dataset (from 1995 to 2004). The residual NDVI
trend analysis (RESTREND) and Kruskal-Wallis one-way
analysis and Mann-Whitney U test for paired test were applied
for this study. The results showed that the human effect on
cropland, in northeast Thailand and the Mekong Delta, mostly
improved vegetation greenness. The forest ecosystem in Laos
and Myanmar reflected land degradation, which was caused by
high anthropogenic activities. Yet savanna and woody savanna,
grassland, and mixed forest ecosystems showed more greening
in low human activities areas. For a comparison of levels of
human effect in different vegetation types, he results showed the
evergreen forest ecosystem was the most sensitive with the level
of human activities. In addition, the vegetation shown
significant decreasing NDVI trend over 10 years (1995 to 2004)
in high human activities areas, except for cropland. Human
activities helped the cropland to grow.

Index Terms—Human activities, Mekong river basin,
normalized human influence index, residual trend analysis,
vegetation dynamics.

. INTRODUCTION

Analysis of land vegetation response to the disturbance,
both climate and human disturbance, is essential element
which allows better understanding of the disturbance effect
on ecosystems in the changing world [1], [2]. Yet many
previous researches mainly focused on climate effect on
vegetation dynamics, and found that climate contributors,
such as temperature, precipitation, and soil moisture, to
vegetation change are important for many regions [3]-[6],
which is included the MRB [2] and its sub-basin [7].

The MRB is the longest river in Southeast Asia, and its
ecosystem services support around 70 million people and
highly diversity of life. However, nowadays, many
researchers have focused on the climate effect on vegetation
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dynamics in the RMB. Na-U-Dom et al. [2] concluded that
the vegetation in the MRB showed greening trend during past
three decades. Average temperature, minimum temperature
and maximum temperature, precipitation, and potential
evapotranspiration were illustrated to have increasing
temporal trends in all location in the basin. However, the
climatic factors driving vegetation dynamics were different
depending on vegetation types. In the MRB’s sub-basin scale,
the Net Primary Production (NPP) in the southeast Lancang
river basin response to annual precipitation was more
complicated than temperature effect, while the
meadow-growing season NPP change strongly correlated
with precipitation and temperature variability in the
northwestern part of the Lancang river basin [8]. The
northeast part of Thailand, the seasonal NDVI pattern of
deciduous forest, paddy, and crop field relate to precipitation
variability, while the evergreen forest ecosystem shown that
temperature was a main contributor that effect its greenness
and productivity [7]. However, these publications mainly
emphasize on the climate effect on vegetation dynamics.
Beside climate effect on vegetation in the MRB, human
activities such as land use change, population growth [9],
fertilization, irrigation etc. could also impact to NDVI trend
[1]. Unfortunately, it is not clear how human activities affect
NDVI trend and how their effects evolve over time in the
MRB.

In this study, we analyze the spatial and temporal pattern
of vegetation dynamics over a decade and reveal their
relationship with human factors. The questions are how do
the human effect relates to vegetation trend in the basin scale
and in different vegetation types.

Il. MATERIALS AND METHODS

A. Study Area

The MRB, Fig. 1, is originated at the Qinghai-Tibetan
plateau, China, where it flows through six countries, which
are China, Myanmar, Laos, Thailand and Vietnam. The basin
can be separated into three parts: the upper basin in the
Qinghai-Tibetan plateau and Yunnan, China, and the lower
basin in Southeast Asia where its outlet point in the South
China Sea [10].

The MRB is governed by monsoon climate systems, the
northeast (November to early March) and southwest
monsoon (May to early October). The mean temperature is
topographically vary, but average temperature for a whole
basin is around 24 ©C. In addition, the accumulative annual
precipitation is also topographically changing. It is from
1,000 to 1,500 mm in Thailand and more than 3,200 mm in
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Laos; while, in the upper part of basin, it ranges from 600 mm
in the Qinghai-Tibetan plateau to 1,700 mm in the
mountainous region in Yunnan, China [10], [11].
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Fig. 1. The location of the study area.

B. Dataset

In this research, several datasets were used as follow.
In this study, biweekly NDVI images from January 1995
to December 2004 were download from GIMMS [12].
The Savitzky-Golay (S-G) filter was applied to avoid the
atmospheric contaminants and to deriving and correct
value from the NDVI time series [13]. Then, the
coordinate system was defined as GCS-WGS 1984, and
bi-linear interpolation was used in order to downscale
NDVI images’ spatial resolution, from 8-km2 to 1-km2.
The monthly NDVI dataset were the average of biweekly
NDVI images.
Monthly average temperature, minimum temperature,
maximum temperature, precipitation and potential
evapotranspiration (PET) from January 1995 to
December 2004 were download from CRU-TS 3.23 with
0.5° spatial resolution [14]. The bi-linear interpolation
was applied to downscale from a 0.5° spatial resolution
to 1 km2 resolution.
HIl, a proxy data for anthropogenic effect, was
downloaded from Global Human Footprint Dataset
(from 1995 to 2004) with 1-km2 spatial resolution. It is a
comprehensive index to indicating human effect on the
environment. The index ranges from 0 to 100, with high
value representing a high human impact [15]. In this
study, the HII value was divided to 2 levels, which were
low human activities level, HIl < 30, and high human
activities level, HIl > 30, while no human effect, as
representative of no human activities, was estimated by
equation (1).

1)

2)

3)

C. Anthropogenic Effect on Vegetation Dynamics Analysis
To access the anthropogenic effect on vegetation dynamic,
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HIl and predicted NDVI from climatic variables were used to
access the residual trend (RESTREND) of NDVI from 1995
to 2004.

The predicted NDVI (NDVlq) Of year i were predicted
by multiple linear regression model by using multiple linear
regression by using minimum temperature (TMN;),
maximum temperate (TMX;), average temperature (Temp;),
precipitation (Prec;) and Potential evapotranspiration (PET;)
of year i as the predictors from 1994 to 2005. Then, the
residual NDVI (NDVl ) of year i was evaluated from the
difference of observed NDVI (NDVlgysi) and NDVpeqg).
Hence, the equations was calculated to each pixels are
showed as equation (1) and (2).

NDVI,eqiy = @ + BTempgy + yPrecg +

NDVIres(i) = NDVIobs(i) - NDVIpred(i) )
where a, B, y, 8, u, p and € are multiple linear regression
coefficients and residual adjust for each variable and pixel of
year i.

Then, the level of HII on vegetation dynamics from 1995
to 2004 were used to evaluate and compare with the residual
NDVI trend between no human influence low and high
human effect (from level of HII), based on different
vegetation type using Kruskal-Wallis one-way analysis and
Mann-Whitney U test for paired test. This part compares the
RESTREND of NDVI from 1995 to 2004 and the levels of
HIl amount different vegetation. This approach was applied
from Mueller et al. [16] and Liu et al. [1].

1. RESULTS

A. The Anthropogenic Activities on Vegetation Dynamics

The RESTREND of NDVI, RESTREND’s significance
test, the HII, and land cover in the MRB are showed in Fig. 2
and Fig. 3. The human effect on cropland in the northeast of
Thailand and the Mekong Delta in Vietnam is high (Fig. 2a),
but the human activities mostly improve cropland greenness
(Fig. 2b). On the other hand, some part of northeast Thailand
illustrated that the human effect promoted land degradation,
RESTREND analysis (Fig. 3a and Fig. 3b). The MRB in Laos
and Myanmar mostly presented low human activities, but the
forest ecosystem in Laos and Myanmar reflected significant
land degradation, especially in southern Laos, which was
very obvious when compared to another part of Laos, around
-0.005 to -0.010 NDVI point / year, (Fig. 3a and Fig. 3b). In
parts of Cambodia and Vietnam, which were mostly covered
by savanna and woody savanna ecosystem (Fig. 2b), the
human activities ranged from low to high, but the human
activities mostly promoted vegetation greenness, except for
central of Cambodia, which mostly showed a browning trend
(Fig. 3a). For the upper part of the basin, it was visibly seen
that the mixed forest ecosystem in Yunnan, China, showed
rather low human activity, but the result (Fig. 2a and Fig. 3a)
illustrated human activities negatively impacted the mixed
forest ecosystem. In the Tibetan Plateau, which was covered
by grassland, low human activities promoted vegetation
greenness in the grassland biome.
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could lead to change in vegetation dynamics. Different

100 . .
vegetation are conducted at the regional scale for the reason
80 that anthropogenic impact is relative to its political, economic
60 and social status. Hence, the analysis of this part is conducted
6 in the regional scale [16].
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Fig. 4. The boxplot of the human effect on vegetation trend from 1995 to
2004 in different vegetation types and different levels of human effect.

TABLE I: RESULT FROM MANN-WHITNEY U TEST FOR PAIRED TEST IN
DIFFERENCE LEVEL OF HIl AND NHE, WHILE S (NS) REPRESENT (NON)
SIGNIFICANCE AT 95 % CONFIDENCE LEVEL OF STATISTICAL ANALYSIS

Degree of human impact

Low v. High Low v. NHE High v. NHE

Cropland
Evergreen forest
Deciduous forest

Savanna and
woody savanna

Grassland

Mixed forest

S
S
ns

ns
S

S
S ns

S
ns

ns
S

The results from the boxplot (Fig. 4) and Mann-Whitney
U test (Table I) showed that cropland was significantly
different of RESTREND in different levels of human
activities. It was clearly seen that human impact improved the
cropland production (Fig. 4a). Moreover, the level of HIl was
significantly different between NHE high human activities
(Table 1), but the vegetation did not show statistical
difference from NHE and low human activities condition.

The evergreen forest was very sensitive to the degree of
human activities, even low human activity; while the
evergreen forest ecosystem showed a browning trend (Fig.
4b). Moreover, the Mann-Whitney U test confirmed that
RESTREND from low human activities condition was
significantly different from either NHE or high human
activities (Table I). Deciduous forest showed that either low
or high level of human activities could induce a browning
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trend (Fig. 4c) but it was non-significantly different between
low and high human activities to RESTREND of NDVI
(Table 1). Savanna and woody savanna biome and grassland
showed no difference between RESTREND of low and no
human activities (Table 1). However, human activities
affected savanna and woody savanna ecosystem, and were
important for savanna and woody savanna degradation (Fig.
4d). Yet low human activities promoted grassland
productivity and the ecosystem showed a degradation
(browning) trend on the high level of anthropogenic effect
(Fig. 4e). The mixed forest ecosystem showed the same
response to anthropogenic level as the deciduous forest
ecosystem, but a high level of human impact drove the
greening trend of RESTREND (Fig. 4f).

1V. DiscussioN AND CONCLUSION

The effect of human activities during last 30 years was
analyzed using the RESTREND analysis, in which a degree
of heterogeneity is present in the relationship between human
activities and vegetation cover [6]. Furthermore, this study
also compared the result of spatial distribution of
RESTREND and its significant test with HIl. Rowcroft [9]
summarized the human activities in the MRB. The authors
concluded human activities lead to the land use change,
which initiates huge pressure on natural resources. The main
human actives in the MRB lead to land use change,
population growth, shifting cultivation, and road building. In
addition, changed land use in the upstream intuitively knows
that had a potential effect to the livelihoods of population in
the downstream by changing critical watershed function.

In this research, the residual slopes were mostly positive in
the basin scale, especially in parts of Vietham and east of
Cambodia. For the local scale. In the grassland ecosystem, in
the Tibetan Plateau, the main human activities are grazing
and human-induced land cover change, which mostly showed
low human activities in spatial scale with the positive
RESTREND. It could be concluded that human activities can
promote grassland growth. Chen et al. [18] also found this
and concluded the actual grassland NPP changed from 20.16%
to 42.98% by anthropogenic activities in last 10 years over
the Tibetan Plateau. Although human activities, such as
grazing, could promote vegetation productivities, Du et al.
[19] suggested that land degradation by over grazing is the
main human problem in the Tibetan Plateau [20], affecting
the climate change by recuing the ET process and leading to
significant higher temperature in the grassland ecosystem.
Hence, the local climate warming can promote the grassland
growth, but it also leads to land degradation by affecting the
higher water deficit (meaning, ET), which essentially
degraded the grassland ecosystem [19]. In Yunnan province,
China, the mixed forest ecosystem showed significant
positive residual trend that could be interpreted as human
activities, with low HII level promoting the vegetation
greenness in this ecosystem. Geng [21] also confirmed that
reforestation and forest protection have been implement in
Yunnan province.

The area with significant negative slope was in the lower
part of basin, which is in south Laos and Cambodia. Even
though some reforestation projects have been implemented in
some parts of the lower basin, such as in Vietnam [22], the
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study of forest losses between 1993 and 1997 found that the
lower MRB as a whole lost close to 500,000 ha in four years
(equivalent to 0.5% of the annual deforestation rate) [9]. In
addition, the lower MRB faced hydrological drought in 1992
and 1998 [10]. The drought impact influenced vegetation
growth and significantly decreased NDVI values. The
negative effects caused by extreme events have
counterbalanced the positive effect of newly developed
reforestation and management of the ecological restoration
program [6]. In contrast, cropland greenness is promoted by
population growth [9], which can lead to technological and
irrigational improvement, facilitate agriculture development,
and the provision of labor for agricultural development.

Lastly, this research concluded the following; 1) For the
human influence on vegetation dynamics, the human effect
on northeast Thailand and the Mekong Delta mostly
improved vegetation greenness. The forest ecosystem in Laos
and Myanmar reflected land degradation, which was caused
by high anthropogenic activities, especially in south Laos.
Yet savanna and woody savanna, grassland, and mixed forest
ecosystems showed more greening in low human activities
areas. 2) A comparison of RESTREND in low and high
human activities areas and predicted NDVI trend to capture
the level of human activities in different vegetation were
evaluated. The results showed the evergreen forest ecosystem
was the most sensitive with the level of human activities.
Even though low human activities were applied in the forest
area, the forest NDVI trend significantly decreased and more
significantly decreased when reached to the high level of
human activities. In addition, the vegetation shown
significant decreasing NDVI trend over 10 years (1995 to
2004) in high human activities areas, except for cropland.
Human activities helped the cropland to grow.
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