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Abstract. The Yarlung Zangbo River Basin is located in the southwest border of China, which is of great
significance to the socioeconomic development and ecological environment of Southwest China. Normalized
Difference Vegetation Index (NDVI) is an important index for investigating the change of vegetation cover, which
is widely used as the representation value of vegetation cover. In this study, the NDVI is adopted to explore the
vegetation condition in the Yarlung Zangbo River Basin during the recent 17 years, and the relationship between
NDVI and meteorological variables has also been discussed. The results show that the annual maximum value
of NDVI usually appears from July to September, in which August occupies a large proportion. The minimum
value of NDVI appears from January to March, in which February takes up most of the percentage. The higher
values of NDVI are generally located in the lower elevation area. When the altitude is higher than 3250 m, NDVI
began to decline gradually, and the NDVI became gradual stabilization as the elevation is up to 6000 m. The
correlation coefficient between NDVI and precipitation in the Yarlung Zangbo River Basin is greater than that
with temperature. The Hurst index of the whole basin is 0.51, indicating that the NDVI of the Yarlung Zangbo
River Basin shows a weak sustainability.

1 Introduction

As an important natural resource, vegetation is an indis-
pensable part of the living environment of mankind. Vegeta-
tion coverage is closely related with meteorological factors.
By means of the transfer of water vapor, climate change is
adapted by vegetation and characterized to some extent. At
the same time, the global water cycle, biochemical cycle and
energy balance are affected by vegetation, which have had
a profound impact on ecosystem changes. Meteorology and
hydrology are connected by vegetation as well. Vegetation
index plays an important role in evaluating vegetation status
information such as vegetation coverage, growth vigor and
biomass. Normalized Difference Vegetation Index (NDVI) is
an indicator of vegetation growth status and vegetation spa-
tial density (Nouri et al., 2017), which can well characterize
the dynamic changes of vegetation. NDVI is widely used in
the fields of meteorology and hydrology. Many studies have

explored the relationship between NDVI and meteorologi-
cal elements in different regions (Chen et al., 2016; Guo et
al., 2017; Karkauskaite et al., 2017; Lumbierres et al., 2017;
Riihimäki et al., 2017). Bing et al. (2014) found that the veg-
etation grown has been positively influenced by the rainfall
and precipitation both in moving tracks of gravity center and
time-lag effect especially for the growing season. The NDVI
lower areas was mainly located in the lower altitude regions
(Yu et al., 2017).

As the largest outflowing river in southwest China, the
Yarlung Zangbo River Basin is located in the hinterland of
the Qinghai-Tibet Plateau. Its elevation is very large, its veg-
etation and ecological environment are very fragile and is an
important geographical barrier in China. Therefore, the sta-
tions in the Yarlung Zangbo River Basin are sparse, so the re-
mote sensing is particularly important for the study. Salameh
et al. (2017) analyzed the change of surface water storage of
the Ganges-Brahmaputra river basin over the period of 1993–
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Figure 1. Overview of the study area and meteorological stations.

Figure 2. Seasonal variation of NDVI in the Yarlung Zangbo River Basin.

2007 through remote sensing, and found that the dataset of
SWS is valuable for hydrological and climate modeling stud-
ies. Cai et al. (2017) build a model of TRMM (tropical rain-
fall measuring mission) precipitation spatial-temporal down-
scaling for higher temporal-spatial resolution rainfall data
production in the data scarce Yalung Zangbo River basin.
Yang et al. (2011) found that there is a significant positive
correlation between NDVI and precipitation in the Yarlung
Zangbo River Basin.

The analysis of vegetation condition and its relationship
with meteorological variables in the Yarlung Zangbo River
Basin of China is of great significance to the development
of water energy and the protection of nature in the trans-
boundary rivers (Li et al., 2015; Lv et al., 2014; Peng et al.,
2014; Zhang et al., 2015). At the same time, the research
on vegetation status of the Yarlung Zangbo River Basin also

helps to further protect the ecology of the study area. How-
ever, there is not a comprehensive and detailed assessment of
the spatial and temporal changes of vegetation in the Yarlung
Zangbo River basin during the past 17 years. The aim of
this paper is to discuss this issue. The main objectives of
this study are to: (1) make a thorough inquiry about veg-
etation condition changed with temporal and spatial varia-
tion; (2) discuss the trend of vegetation change in the fu-
ture Yarlung Zangbo River Basin; (3) quantify the effect of
relationships with meteorological variables in the Yarlung
Zangbo River Basin.
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Figure 3. Inner-annual variation of average NDVI in the Yarlung
Zangbo River Basin.

2 Study area and date description

2.1 Study area

The Yarlung Zangbo River Basin (Guo et al., 2017), ex-
tending from longitude 82◦0′ to 97◦1′ E and latitude 27◦8′

to 31◦2′ N, is located in the southern part of Tibet Au-
tonomous Region, China (Fig. 1). The basin originates from
the Gyimah Yangzon Glacier in the north of the Himalayas,
known as the Maquan River. Most of the watershed is above
3000 m in altitude. The basin consists of arid areas, semi-
dry and semi-humid regions and humid areas, from the Gy-
imah Yangzon Glacier in the upper stream to the valley in the
downstream. The basin is long and narrow in the east-west
direction, short in the north-south direction, whose south is
the Himalayas and north is the Gangdise Mountains and the
Nyainqentanglha Mountains. A big bend is located in the
downstream area (Huang et al., 2013). The average annual
precipitation in the basin is from 300 to 500 mm, which is
very different in spatial distribution and uneven during the
year. Hydrological and meteorological stations are mainly lo-
cated in the midstream and downstream, whose distribution
is inhomogeneous, so the basin is a lack of data area.

2.2 Data description

The quality-controlled NDVI remote sensing product
(MOD13A3) is selected in this study, obtained from the
observation of MODIS (Moderate Resolution Image Spec-
troradiometer) data provided by NASA, spanning 17 years
(February 2000 to December 2016). MOD13A3 is the third-
level product, based on the secondary product, corrected
the edge distortion (Bowtie effect) produced by the sensor
imaging process. The spatial resolution of the product is
1 km× 1 km while the time resolution is monthly. The larger
the value, the better the vegetation coverage. The data was
processed into GEO TIFF format by MRT software and pro-
cessed by ArcGIS projection splicing. using maximal syn-

Figure 4. Monthly variation of NDVI in the Yarlung Zangbo River
Basin.

Table 1. Persistence of monthly NDVI in the Yarlung Zangbo River
Basin.

Hurst index Persistence level Percentage Area
(km2)

Hurst≤ 0.4 Strong anti-continuity 7.69 % 18 498
0.4 < Hurst≤ 0.5 Weak anti-continuity 35.69 % 85 826
0.5 < Hurst≤ 0.6 Weak continuity 43.93 % 105 633
Hurst > 0.6 Strong continuity 12.69 % 30 526

thesis method. The DEM (Digital Elevation Model) of the
Basin is provided by SRTM (Shuttle Radar Topography Mis-
sion), and the projection is longitude and latitude one, which
is transferred to ALBERS projection by ArcGIS. The spa-
tial resolution of the data DEM is 90 m. The meteorological
data used to calculate the relationship between meteorolog-
ical elements and NDVI in this paper include monthly pre-
cipitation and average temperature, both from Climatic Data
Center, National Meteorological Information Center, China
Meteorological Administration (http://data.cma.cn/).

3 The disposal method of data

3.1 Correlation analysis

Partial correlation coefficient (Linn et al., 1969) is a research
method adopted when examining the correlation between
multivariate variables, a measure of the direct linear corre-
lation between two variables under the control of other vari-
ables. The definition of the first-order partial correlation co-
efficient can be estimated as:

r12−3 =
r12− r13r23√(

1− r2
13
)(

1− r2
23
) (1)

where r12−3 is the relationship between the first variable and
the second variable in the case of the third variable; r12 is the
correlation between the first variable and the second; r13 is
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Figure 5. The spatial distribution of Hurst index of monthly NDVI in the Yarlung Zangbo River Basin.

Figure 6. Spatial distribution of NDVI during the growing season of 2002 in the Yarlung Zangbo River Basin.

the correlation between the first variable and the third vari-
able; r23 is the correlation between the second variable and
the third variable; the closer r12−3 to 1, the higher the partial
correlation coefficient.

3.2 Trend analysis

The Hurst exponent (Feng et al., 2009) based on R/S analy-
sis is an effective method to quantitatively describe the long-
term dependence of time-series information. It was first pro-
posed by Hurst, a British hydrologist, whose basic principle
is:

Given a time series {ξ (t)}, t = 1,2, . . ., for any positive in-
teger τ = 1,2, . . ., define the mean sequence:

〈ξτ 〉 =
1
τ

∑τ

t=1
ξ (t) τ = 1,2, . . . (2)

Accumulated deviation:

X (t, τ )=
∑t

u=1
(ξ (u)− ξτ ) 1≤ t ≤ τ (3)

Max Difference:

R (τ )=X (t, τ )X (t, τ ) τ = 1,2, . . . (4)

Standard deviation:

S (τ )=
[

1
τ

∑τ

t=1

(
ξ (t)− ξ τ

)2] 1
2

τ = 1,2, . . . (5)

If R/S ∝ τH could established in the time series, t =
1,2, . . ., the Hurst phenomenon exist, Hurst index (H ) can be
obtained in the fitted log-log plot (lnτ , lnR/S) by the least
square method. When 0.5 <H < 1, it indicates that the time
series is a continuous sequence, which means the trend of
the future is consistent with the past trend, and the closer to 1,
the stronger the continuity; When H = 0.5, it shows that the
time series is a random sequence, that is, the trend of the fu-
ture has nothing to do with the past trend; When 0 <H < 0.5,
it shows that the time series has the anti-persistence. And the
closer H is to 0, the stronger the anti-sustainability.

4 Results and discussion

4.1 Seasonal variation of NDVI

In order to show NDVI in different seasons, seasonal varia-
tion of NDVI in the Yarlung Zangbo River Basin is shown
in Fig. 2 according to the season of spring (March–May),
summer (June–August), autumn (September–November) and
winter (December–February).

As can be seen from Fig. 2, the NDVI value reached the
maximum in summer, with an average of 0.399, while the
minimum occurred in winter, with an average of 0.208. In
summer, it reached a maximum of 0.416 in 2013 and reached
a minimum of 0.372 in 2010. Followed by the autumn, with
an average NDVI of 0.357. The NDVI showed a slow up-
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ward trend between 2000 and 2005, reaching a maximum of
0.387 in 2005 and then fluctuating down to reach a minimum
of 0.330 in 2008, NDVI value remained at about 0.350 after
2009. The NDVI values in spring and winter were relatively
small, with an average of about 0.21. The NDVI values in au-
tumn showed a downward trend, which was −0.0003 %/10a.
NDVI values in spring, summer and winter increased with
0.003 %/10a, 0.0003 %/10a and 0.002 %/10a, respectively.

4.2 Inner-annual variation of average NDVI

To reveal the law of inner-annual variation of average NDVI,
The NDVI values during the study period (2000–2016) were
transformed to 12 months. It is clear that NDVI values
change greatly with time (Fig. 3).

From Fig. 3, the monthly NDVI value increased first and
then decreased with the change of the month. From Jan-
uary to March, the NDVI value basically maintains at around
0.215 and reaches the minimum value of 0.205 in March,
then steadily increased until reaching its maximum in July.
Although the NDVI values dropped in August and Septem-
ber, they still maintained a relatively large NDVI value of
0.479 and 0.449 respectively. After September, the NDVI
value declined more obviously. The average annual NDVI
was 0.320.

4.3 Monthly variation of NDVI

Before further trend analysis, the relationship of NDVI in a
long time series should be researched. The statistical analysis
of NDVI values in monthly and annual scale during the study
period (2000–2016) in the Yarlung Zangbo River Basin was
carried out. The results are shown in Fig. 4.

As shown in Fig. 4, NDVI generally shows an upward
trend, with an increase rate of 0.002 %/10a (p < 0.001), in-
dicating that the vegetation coverage in the Yarlung Zangbo
River Basin has been slowly improving over the past
16 years. The maximum annual NDVI occurred from July
to September, of which more appeared in August. The mini-
mum appeared in January to March, of which more occurred
in February. From 2000 to 2005, the overall trend from 2010
to 2013 showed an upward trend. From 2006 to 2009, the
trend from 2014 to 2015 showed a downward trend.

4.4 The spatial distribution of Hurst index of monthly
NDVI

The above analysis shows that the NDVI changes in the
Yarlung Zangbo River Basin have obvious periodicity.
Therefore, it is necessary to study the persistent of the NDVI
changes in the Yarlung Zangbo River Basin. The Hurst index
is calculated by the monthly grid point of NDVI. The spatial
distribution is shown in Fig. 5, and the statistical results are
shown in Table 1.

Figure 7. Distribution of NDVI along the elevation of the Yarlung
Zangbo River Basin.

Figure 5 illustrating that the distribution of Hurst index
has some spatial differences. There is a strong continuity in
Lhasa River basin and the upper reaches of the basin. The
Hurst index of the whole basin is 0.51, which shows a weak
persistence in the Yarlung Zangbo River Basin. As shown in
Table 1, the ratio of weak persistence is the largest, reach-
ing 43.93 %, and the drainage area is 105 633 km2. The sec-
ond is weak anti-persistence, with an area of 85 826 km2 ac-
counting for 35.69 %. The strong persistent area and strong
anti-persistent area account for the smallest proportion, ac-
counting for 12.69 and 7.69 % respectively.

4.5 NDVI spatial distribution characteristics

From 2000 to 2016, the average NDVI of the growing season
in the Yarlung Zangbo River was 0.407, and the NDVI in
the growing season of 2002 was 0.407. Therefore, the spatial
distribution of NDVI in the growing season was selected as
a typical year, as shown in Fig. 6.

From Fig. 6, the NDVI values downstream NDVI values of
Millin and Bomi stations are higher than 0.6, and the NDVI
values in the river basin upstream of Lazi during the growing
season are still less than 0.4, indicating that the NDVI high
value areas are mainly distributed in the middle and lower
reaches of the Yarlung Zangbo River Basin, especially in the
lower reaches. However, due to the high altitude in the up-
per reaches, snow and ice don’t thaw and the rare vegetation
grows through a whole year in many areas.

4.6 Distribution of NDVI along the elevation

To obtain the distribution of NDVI along elevation, the rela-
tionship between the elevation of the Yarlung Zangbo River
Basin and the NDVI value was statistically analyzed with an
index of 250 m. The result is shown in Fig.7.

As can be seen from Fig. 7, a distinct feature is shown
that higher the altitude, smaller the NDVI value. The middle
and low altitude areas are the high value areas of NDVI. At
the altitude of 1000–2500 m, the NDVI values are basically
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Figure 8. Distribution of NDVI in sub-basins of the Yarlung
Zangbo River Basin.

Table 2. Correlation analysis of NDVI and meteorological factors
in the Yarlung Zangbo River Basin.

Station Partial correlation Partial correlation
between NDVI and between NDVI and

precipitation temperature

Nyingchi −0.041 0.352
Tsedang 0.543 0.436
Shigatse 0.568 0.266
Qiongjie 0.574 0.414
Nimu 0.568 0.339
Namling 0.422 0.380
Mozhugongka 0.437 0.521
Milin −0.058 0.548
Lhasa 0.385 0.519
Lazi 0.241 0.462
Gyantse 0.503 0.415
Jiali −0.026 0.402
Jiacha 0.238 0.664
Damxung 0.503 0.487
Bomi −0.281 0.853

the same, about 0.913. Above 2500 m, the NDVI value began
to decline, showing a sharp decline after more than 3000 m.
When the altitude is above 6000 m, the NDVI value is only
about 0.029, and the NDVI values remain unchanged as the
altitude increases.

4.7 Distribution of NDVI in sub-basins

Through consultation with experts and access to the relevant
papers (Chen et al., 2015), the Yarlung Zangbo River Basin
can be divided into upper, middle and lower reaches. The
upstream is the wide valley area above the Lazi prefecture
in Shigatse. The midstream is valley while the downstream
is located in the Pai town of Milin district. The mean NDVI

values in sub-basins are calculated respectively. The results
are shown in Fig. 8.

From Fig. 8, the annual value of NDVI shows the order
of lower, middle and upper reaches. It is obvious that this
is related to the elevation difference of the sub-basins. Veg-
etation is rarely grown above the snow line and at the edge
of the valley. Due to uneven terrain and elevation distribu-
tion, the vegetation distribution in the Yarlung Zangbo River
Basin is uneven, the average value of NDVI in the Yarlung
Zangbo River Basin is 0.41. The average NDVI values in the
upper, middle and lower reaches are 0.21, 0.36 and 0.55 re-
spectively.

4.8 The relationship between meteorological elements
and NDVI

In order to explore the relationship between regional NDVI
and meteorological elements in the study area of the Yarlung
Zangbo River Basin, this paper uses the ArcGIS to extract
the average NDVI of the region centered around each mete-
orological station with a radius of 1.5 km. The trend of data
of NDVI, temperature and precipitation were removed, then
the partial correlation coefficients between NDVI and tem-
perature and precipitation were calculated respectively. The
results are shown in Table 2.

Table 2 shows that the correlation between NDVI and
air temperature is about 0.465 (0.266–0.853), while the par-
tial correlation coefficient between NDVI and precipitation
is 0.281 (−0.281–0.574), which has passed the test of 5 %
significant level. Therefore, the partial correlation coefficient
between NDVI and temperature in the Yarlung Zangbo River
Basin is greater than the correlation coefficient with pre-
cipitation, indicating that vegetation growth in the Yarlung
Zangbo River Basin is more affected by temperature than
precipitation.

5 Conclusions

This study investigated the distribution of vegetation in the
Yarlung Zangbo River Basin in the Tibet Autonomous Re-
gion of China during the period from 2000 to 2016. The spa-
tial and temporal distribution pattern of vegetation was an-
alyzed by Hurst exponent method using the MODIS remote
sensing data and monthly precipitation and temperature data.
The correlation with NDVI between precipitation and tem-
perature was analyzed using partial correlation coefficient
method. Major conclusions can be summarized as follows:

1. the NDVI value decreases with increasing altitude. At
the altitude of 1000–2500 and 6000–7000 m, the NDVI
values are basically remain unchanged. Reasons may be
further discussed in combination with botany.

2. The annual value of NDVI shows the order of down-
stream, whole basin, middle reaches and upstream, with
the average NDVI of 0.41 in the Yarlung Zangbo River
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Basin and 0.21, 0.36 and 0.55 of the upper and lower
reaches respectively. It can be inferred that this is related
to the characteristics of underlying surface in sub-basins

3. The correlation analysis between vegetation and mete-
orological elements in the Yarlung Zangbo River Basin
shows vegetation growth is more affected by tempera-
ture than precipitation.

4. The mean Hurst index of the whole basin is 0.51, which
shows that the NDVI in the Yarlung Zangbo River Val-
ley shows a weak sustainability. The ratio of weak per-
sistent to weak anti-persistent is the largest.

The results obtained in this study would provide more evi-
dence and useful reference for study about vegetation in the
Yarlung Zangbo River Basin.

Data availability. The raw data required to reproduce these find-
ings are available to download from http://data.cma.cn/ and https:
//modis.gsfc.nasa.gov/. The processed data required to reproduce
these findings cannot be shared at this time as the data also forms
part of an ongoing study.
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