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ABSTRACT
The Tawang-Chu River Basin of the eastern Himalayas is a heterogenous region that is highly vulnerable to
climate change. The changing temperature patterns in this mountain river basin play a vital role in changing the
ecological system and inter-ecological nexus. Landsat satellite images were used to analyze spatio-temporal
changes in Land Use and Land Cover (LULC) patterns in the basin. The changing trends of Land Surface
Temperature (LST) and Normalized Difference Vegetation Index (NDVI) were analyzed (at intervals of five
years) using Landsat data. Changes in rainfall trends were analyzed using the Mann-Kendall test. The results
show that fluctuations in annual temperature and increasing rainfall uncertainties are affecting LULC vegetation
health.

Key words: Eastern Himalaya; Tawang-Chu River Basin; Land Surface Temperature; NDVI; Rainfall Trend;
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INTRODUCTION

The mountain ecosystem is unique and distinct from
other ecosystems. A combination of various factors
like rugged topography, harsh climatic conditions,
inaccessibility, remoteness reduces livelihood
options and sustainability in Eastern Himalaya high-
altitude river basins (Ranjan et al. 2016, Beniston et
al. 1997). The Tawang-Chu River Basin is a typical
example of this kind of ecosystems. The basin lies
between 949 to 6338 metres above sea level (masl)
and is characterised by rugged topography, steep
slopes and deep incised valleys. In this basin, it is an
established fact that climatic parameters, along with
physiographic features, are changing and the

characteristics of ecosystems in the basin are
changing alongside food chains (ICIMOD 2008),
thus creating new environmental conditions for local
communities (Pandey and Prasad 2018). Physio-
climatic conditions play a vital role in changing the
mountain ecosystem, and its impact on human
adaptation currently remains a major issue (Fischlin
and Bugmann 1994, Dussaillant et al. 2019).
Mapping the degree of adaptation requires an
evaluation of the changing trends of physio-climatic
conditions (Diaz and Bradley 1997, Jones 2019). The
analysis of the changing trends can provide
information that is useful for human adaptation. For
this purpose, the study area was analyzed using
Remote Sensing (RS) and Geographic Information
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System (GIS) in order to understand the present
physio-climatic features of the area in order to
compare them with those that prevailed in the past
(Diaz et al. 2003, Rahman and Dedieu 1994).
Changing physio-climatic trends and pattern are
coupled with the simultaneous evolution of the
human conditions, hence they are significant in
explaining the degree of human adaptation (Villaba
2003). To maintain human adaptation at a desirable
level, time scale data analysis could be an appropriate
method of analysis (Kohler et al. 2010, Dussaillant
et al. 2019, Jones 2019). Human adaptation cannot
be measured adequately without assessing changes
in physio-climatic conditions. The degree of climate
variability determines physiographical features in
mountain ecosystems (Whiteman 2000, Dussaillant
et al. 2019). Altered physio-climatic conditions have
an effect on the state of ecological services and
dependent consumers have to adapt to the changing
ecology to survive (Fuhrer et al., 2006; Jones, 2019).
By assessing climatic indicators, the continuously
changing value of ecological services can be
understood (Kohler 1949, Marengo 2005). This could
be a better approach for human adaptability to
physio-climatic changes taking place in the valley
(Ranjan et al. 2017). However, as a general rule, it
has been observed that the option of changing
livelihoods only provides temporary stability (Mishra
and Pandey 2019). Therefore, given the above facts,
it is the basic objective of this research paper to assess
the spatial and temporal changes of physio - climatic
conditions in the Tawang-Chu River Basin and their
implications for Land Use and Landcover changes,
as well as natural resources and related ecosystem
services in the basin.

STUDY AREA

The study area, which covers most of the Tawang-
Chu River Basin, covers about 2172 km2 of the
Tawang District, one of the 25 districts of the State
of Arunachal Pradesh. The Tawang District got its
name from the river basin. This region, covered with
dense mountain vegetation, predominantly
experiences cold and humid climatic conditions. The
basin experiences three main seasons: mild summer
season (during March to June), a profuse rainy season
(from July to October) and an arduous winter season
(from November to February: District Statistical

Handbook 2015). According to the data from the
weather station of Tawang Town, in 2018 and 2019
the recorded minimum temperature was about -5.0oC
during winter season (in January) and the maximum
temperature was 24oC during summer season (in
July), while the average temperature was about 2.0oC
in winter and 17.0oC in summer (District Statistical
Handbook 2019, Ranjan et al. 2020). As noted above,
the study area is a high-altitude mountainous river
basin with rugged topography, steep slopes and deep
incised valleys. About 56.45% of the Tawang-Chu
River Basin is covered in forest, which is limited to
the altitude of about 3500 meters of the total forest
cover, 366 km2 is very tropical wet and dense
rainforest cover, 486 km2 is moderate dense (Tropical
Semi Green and Moist Deciduous Forest) and 374
km2 is open alpine forest cover (IUCN 2004). The
valley has rich biodiversity and ecological services.
Ecological service-chains start with flora and fauna
generated by its complex bonds to build a systematic
mechanism (Corbet and Hill, 1992), hence,
vegetation cover determines the value of ecological
services and its nature. Due to the cold and humid
climatic conditions which characterize the Tawang-
Chu River Basin, cloud cover is prevalent for most
of the year, which restricted the use of satellite data
to those months when cloud cover was low.

METHODS

Toposheets and satellite data
To fulfil the objective of the study, India toposheets
78M/9,10,13,14,15; 83A/1,2,3 was identified and RS
data for the areas covered by the toposheets was
analysed using ArcGIS. Landsat images, Land
Surface Temperature (LST) values and trends for the
Normalized Difference Vegetation Index (NDVI)
were analysed at five years intervals. RS and ArcGIS
were used to perform spatial of land use and land
cover changes (LULC) and while trend analyses for
LST, daily rainfall and NDVI were performed using
Excel. The usage of NDVI is an effective green
vegetation quantification method for analysing
vegetation health using RS techniques (Carlson and
Ripley, 1997). NDVI values were calculated for the
years 1990, 1994, 1999, 2004, 2010 and 2017, the
same years for which LST values were calculated
(as noted below) in order to make a comparative
analysis between the variability of LST and NDVI
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values.

Calculation of NDVIs
NDVI values were calculated using the following
equations in which specific bands of satellite images
were applicable (Carlson and Ripley 1997).
In Landsat 4-5,
NDVI = [Band 4 - Band 3]/[Band 4 + Band 3] ......1
In Landsat 8,
NDVI = [Band 5 - Band 4]/ [Band 5 + Band 4] .....2
Basically, this index is based on the chlorophyll
detection method. Equation 3 illustrates how NDVI
values are calculated.
NDVI = [NIR - RED]/[NIR + RED] .....................3
where, NIR = Refection in NEAR INFRARED
Spectrum, RED = Refection in RED Spectrum.

To the value ranges to determine NDVI and its
temporal changes derived from the formula lies
between -1.0 to +1.0 in which, the extreme negative
value, which will near to -1.0 reflects the presence
of water, those near zero or almost to zero (-0.1 to
0.1), are indicative of the presence of snow or barren
land or rock. While, higher positive values indicate
the presence of vegetation (Valor and Caselles 1996,
Ranjan et al. 2020). For an example, 0.89 is close to
1, indicating the presence of dense temperate forest,
an indicator of high rainfall. On the other hand, low
positive values between 0.1 and 0.3, signify the
presence of grassland or shrubs.

The analyses of these variables ensured that the
mode, tendency and varying relationships could be
understood (Berk et al.1989). The trend for daily
rainfall data was analysed for a period of thirty-four
years (1985 to 2018) using the Mann-Kendall (MK)
test (Mann 1945, Kendall 1975, Gilbert 1987).

Land Surface Temperature (LST) Data
Landsat 4 (TM), Landsat 5 (TM) and Landsat 8 OLI/
TIRS satellite data can be used as a source of LST
data (Laraby and Schott 2018). Landsat 4 and
Landsat 5 images have a spatial resolution of 30
meters and consist of seven spectral bands which
are used create map for 1990 to 2010 and for maps
of 2017, Landsat - 8OLI/TIRS was used. LST data
for the years 1990, 1994, 1999, 2004, 2010 and 2017
were used to analyse fluctuations in temperature
ranges. Data for these years were largely cloud free.
Cloud free Landsat data for years 1995, 2000 and
2005 were not available due to weather disturbances

that characterized these years. LST data are related
to the radiant surface heat of the land which is
measured and calculated by the satellite remote
sensor (Becker and Li 1990, Gomis-Cebolla et al.
2018, Romaguera et al. 2018).  Radiant heat energy
values vary according to the features of the land
surface. Every material has a different rate and
capacity of heat radiation (Oguz 2013, Gomis-
Cebolla et al. 2018, Romaguera et al. 2018). Hence,
surface temperature is calculated on the basis of
differences in radiative energy emanating from a
surface and it depends of the characteristics of the
materials found on that surface.

The following section provides a description and
the formulas that were used to calculate surface
temperature-related data from the Landsat 5 satellite
images. Three steps were followed in this process.
During the first step, the Digital Numbers (DNs) were
converted into radiance values by using the bias and
gain values approach (Nerry et al. 1998, Mallick et
al. 2017, Liu et al. 2019).
(i) Step 1 involves the conversion of DN into
radiance, using the following formula:

 ....4

where. L = Spectral Radiance at the sensor’s
aperture in watts/ (m2 * ster * μm). QCAL = it’s a
digit (in numbers), LMINë = Spectral radiance (L)
(in minimum value) scale of QCALMIN,LMAX =
Spectral radiance scales (in maximum value) of
QCALMAX, QCALMIN = Minimum quantized
calibrated pixel value (typically = 1), QCALMAX=
Maximum quantized calibrated pixel value.
(ii) In Step 2 radiance was converted to
temperature in Kelvin (which is 0K o-273.15 = -
273.1°C), without atmospheric corrections,
using Equation 2,

....………….......................................5

where,
T = Effective at-satellite temperature in Kelvin, K2
= Calibration constant 2, K1 = Calibration constant
1, L = Spectral radiance in watts/ (m2 * ster * μm)
(iii) Step 3 involved the LST calculation. In this step,
the temperature was converted from Kelvin into
Celsius. which is 0 0K o-273.15 = -273.1°C means

 ....................................................6
For the year 2017, Landsat - 8OLI/TIRS images were



220    Ranjan et al.:  Physio-climatic changes in Tawang-Chu river basin Int. J. Ecol. Env. Sci.

Special issue on ‘Sustaining Himalayan Environment and Future Earth’

used to calculate LST values. The following
procedure was followed in the calculation.

Firstly, the Operational Land Imager (OLI) and
Thermal Infrared Sensor (TIRS) (these are installed
instruments on the Landsat 8 satellite) were
converted into radiance.

  …………………………... 7
where, L= Temperature of atmosphere spectral
radiance, ML = Band-specific multiplicative
rescaling factor from the metadata (RADIENCE
MULTI BAND X where X is the band number), AL=
Band-specific additive rescaling factor from the
metadata (RADIENCE_ADD_BAND_X, where X is
the band number), Q cal = Quantized and calibrated
standard product pixel values (DN).
Remaining two steps are the same as those noted
above (Table 1).

Table 1: Thermal band calibration constants

Satellite/Sensor Constant 1 Constant 2
K1watts/ K2   Kelvin
(meter
square
* ster *
μm)

Landsat - 5 TM 607.76 1260.56
Landsat - 8OLI/TIRS 774.89 1321.08
Source: Derved from Landsat 5TM and Landsat
8OLI/TIRS retrival data 2019.

Rainfall Trend Analysis

Climatic indicators, including all forms of
precipitation are a vital factor affecting
physiographical conditions (Longobardi and Villani
2010). The variability of the annual rainfall has a
significant role in it (Buishand 1982, Rahman and
Begum 2013). Examining the trend of rainfall
provides an analytical standard for possible
adaptation strategies, especially in high altitude river
basin of Eastern Himalaya (Wallis and Moore 1941,
Yaning et al. 2009). Thirty-four years daily rainfall
data were analysed and tested using Mann Kendall
(MK) trend test and Sen’s slope estimator (S)
(Lehmann 1975, Zar 2010, Nussbaum 2015). This
was done in order to check whether rainfall amount
has changed over a time and if it has changed to

determine the mood of changes (Modarres and Silva
2007, Li 2008, Olivera-Guerra et al. 2020).

Mann Kendall (MK) trend test
Rainfall trends were analysed using the Mann-
Kendall test. The Null Hypothesis (H

o
) was that there

is no trend change in rainfall, while the alternative
Hypothesis (H

a
) was that there a change in rainfall

trend. The Mann-Kendall test is a non-parametric
statistical test frequently used for trend analysis of
rainfall and temperature time series data (Wald and
Wolfowitz 1942, Mohamed and Mukwada 2020).
During the Mann-Kendall Test computation
procedure, the time series of data points denoted by
‘n’ and ‘Ti’ and ‘T

j
’ are other subset of data.

In which,

i is 1,2,3,4,5,6,7,............, n-1

and j = i+1, i+2, i+3, i+4, i+5 .........., n

Therefore, the values of the data are evaluated as a
time series.   According to the MK Test, “if a
calculated outcome value from a later time period is
higher than a calculated outcome (in digit) from an
earlier time period, the statistic S is incremented by
1 on the contrary, if value from a later time period is
lower than a value sampled earlier, S is decremented
by 1. The net result of all such increases and declines
is the final value of S. The initial value of ‘S’, is
assumed to be ‘0’ (it means no significant trend has
been found)” (Mann 1945, Kendall1975).

The formula for computation of Man-Kendall
Statistical (S) Test is:

...........8

Where n = is the number of data point (length of the
time series)

...........9

where, Tj and Ti are the annual values (time series
observation in the chronological order) in years j and
i and  respectively.
The variance has been calculated using Equation 7.

..10

where, n = number of data points, m = number of
tied groups, and t

i =
 number of ties of extent i.(here

tied group is a set of sample which’s values are same).
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Further, if the sample size (n) is greater than 10 [n >
10] then the following formula is used.

...........11

In line with the above formula, a positive Z
 
value

indicates an increasing trend, while a negative Z
value denotes a decreasing trend.

In this testing process, á shows significant trend;
it means, if, |Z

s
| > Z

1-á/2
, the null Hypothesis is rejected

and there is some kind of trend in the time series
data which’s significance level decides the degree
of trend in the time series.  Z

1-á/2
 is obtained from the

standard normal distribution table. To analyze the
rainfall trend in 34 years seasonal data significance
levels á = 0.01 and á = 0.05 has been used. At the
5% significance level, the null hypothesis of no trend
is rejected if |ZS| > 1.96 and rejected if |ZS| > 2.576
at the 1% significance level.

Sen’s Slope Estimator (S)
To estimate the magnitude of trend (slope of trend)
in time series data, the Sen’s Slope Estimator method
was used and the following formula was applied.

..............12

where, X
j 
and X

k
 are the values at the time point of j

and k (in which is j is greater than k e.g. [j > k]
respectively.
But there would be two situations in each time period;
1. If only one datum value is present then
N = [n(n-1)]/2  where n = the number of time periods
2. If there are multiple observations in one or more
time periods, then
N < [n(n-1)]/2  where n = the number of time periods
The values of N for Q

1 
are graded (ranked) – in in

ascending order (smallest to biggest values) and it is
computed (Sen’s Slope Estimator or slope- median)
using Equation 10.

                     ............13

where, Q
med 

is median values, which shows the trend
of reflection which is actually steepness of trend.
Further, following formula has been used to see the

if N is odd

if N id even

confidence interval in the slope (Hollander and Wolfe
1973, Gilbert 1987, Mohamed and Mukwada 2020).

 .............................14

where, Var (S) is variance Z
1-á/2

 is table of Standard
normal Distribution. During computation of this
formula, one significance level has been considered
– á = 0.05 level. (Partal and Kahya 2006).

RESULTS AND DISCUSSION

Trends in LST Tawang-Chu River Basin
The results indicate that LST values for the Tawang-
Chu River Basin are changing and impacting the
ecology of the basin. A rise in temperature depicts
climate change or global warming.

As shown in the results, in 1990 the minimum
temperature was -370C and the maximum
temperature ranged between 29 and 30oC. Most of
the area had a temperature range of -2 to 10°C.
Figure 1 comprises thematic maps that were derived
from Landsat images that were analyzed.

The minimum, maximum and mean LST values
show a positive temperature trend in the river basin
(Fig. 2). In 1999 LST values ranged between -28
and 27°C. In 2004, they ranged from -29 to 26°C
(Fig. 2).

In 2010 the minimum temperature was -29°C,
while the maximum was 26°C. Following this period
of increasing trend of temperature, in 2017, the
minimum LST -18°C and maximum LST 32oC were
recorded. As shown in the Figure 2, the minimum
temperature is gradually increasing from 1990 to
2017. It increased to about 14oC. Similarly, the
maximum temperature range also increased by
around 4oC during the entire 27-year period.  The
rise in minimum temperature by about 17-18°C in
high the Tawang-Chu River Basin is a serious threat
to the basin’s ecosystems. This rapid increase in
minimum temperature can pose a huge threat to
people because it affects livelihoods.

While the rising trend of average maximum-
temperature is a comparably low, the trend of rising
maximum temperature of land surface is showing
statistically significance as R2 = 0.521. It is the
coefficient of determination. Changing trend of
minimum LST with respect of taken subsequent years
(1990-2017) showing steep increasing trend as R2 =
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Figure 1. Temporal estimation of LST in year 1990, 1994, 1999, 2004, 2010 and 2017 of Tawang-Chu
River basin (oC).

Figure 2. Temporal data extraction of Land surface temperature of Tawang-Chu River basin (1990- 2017 in
0C).
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0.8961 has strong coefficient of determination, which
is highly statistically significant. Hence, it can be
comparatively significant regarding changing
ecological services in the basin because of potentially
high-ecological footprint. Enormous changes in the
annual mean-value of temperature from a negative
(-0.73) to a positive digit (8.54) value reflects a huge
temperature change.  Besides this, the standard
deviation shows how the difference between
minimum and maximum temperature is shrinking
with an increasing temperature trend in the basin.

Rainfall trends in the Tawang-Chu River Basin

Tables 2, 3 and Figure 3 provide a summary of the
results from the analysis of rainfall trends in the
Tawang-Chu River Basin.

The continuity correction was applied in the
analysis of the data. As noted in Table 2, the annual
rainfall S value is -219.000, which shows strong
decreasing trend in rainfall during 34 years covered
by this study, with a p-value of 0.001 < 0.05 (alpha),
implying a highly statistically significant trend in
annual rainfall received in the Tawang-Chu River
Basin.  In the summer season, S value is -71.000,
which shows a relatively low decreasing trend in
rainfall during the same period, with a p-value of
0.299 < 0.05 (alpha), indicating a statistically
insignificant trend in summer rainfall within the basin

Table 2. The rainfall characteristics of the Tawang-Chu River Basin

Variable Observations Minimum Maximum Mean Std. deviation
(N) (mm) (mm) (mm)

Annual Rainfall 34 1236.00 2791.40 2045.43 378.14
Summer Rainfall 34 487.80 1216.00 839.89 165.26
Monsoon Rainfall 34 624.00 1835.11 1143.30 290.27
Winter Rainfall 34 9.831 152.000 62.243 44.026

(Table 3).
The results indicate that the rainfall that was

received during the Monsoon season had an S value
of -309.000, which shows a very strong decreasing
trend in the rainfall amounts that were recorded
during the 34 years that were covered by this study,
with a p-value of 0.0001 < 0.05 (alpha), implying a
highly statistically significant trend in Monsoon
rainfall within the Tawang-Chu River Basin. The S
value for the winter season is 136.000, which shows
increasing/ positive trend in rainfall over the 34-year
period, with a p-value is 0.045 < 0.05 (alpha),
suggesting a statistically significant trend in winter
rainfall within the basin.

To estimate the magnitude of trend (slope of trend)
of the annual rainfall; daily data of rainfall amount
has been used and output values -22.849 shows
descending slope of curve and the magnitude of trend
(slope of trend) summer rainfall data output values
is -3.867 which shows descending but weak slope
of curve. The magnitude of trend (slope of trend) of
Monsoon monthly rainfall shows a descending slope
of -20.386 while estimated the magnitude of trend
(slope of trend) of winter monthly rainfall output
value is 1.536 shows an ascending trend (Table 4).

The R2 value for annual rainfall trend is 0.379 (p
<0.0001), which is statistically lesser significant. It
indicates about 37% of variability in the annual
rainfall in Tawang-Chu River Basin. In the Summer

Table 3. Mann-Kendall trend test / Two-tailed test (Annual Rainfall in mm)

Annual Rainfall Summer Rainfall Monsoon RainfallWinter Rainfall

Kendall’s tau -0.390 -0.127 -0.551 0.243
S -219.000 -71.000 -309.000 136.000
Var(S) 4550.333 4550.333 4550.333 4549.333
p-value (Two-tailed) 0.001 0.299 < 0.0001 0.045
alpha 0.05 0.05 0.05 0.05

An approximation has been used to compute the p-value.
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Figure 3. Annual trend of Rainfall in Tawang-Chu River Basin

Table 4. Sen’s slope: Annual Rainfall

Seasons  Value Lower bound (95%) Upper bound (95%)

Annual Rainfall Slope -22.849 -36.042 -10.601
Intercept 47752.378 35511.230 60957.786

Summer Rainfall Slope -3.867 -10.440 2.569
Intercept 8589.001 2149.863 15155.718

Monsoon Rainfall Slope -20.386 -28.182 -14.120
Intercept 41931.346 35675.507 49736.975

Winter Rainfall Slope 1.536 0.018 3.118
Intercept -3017.522 -4599.851 -1503.301

Season, variability of rainfall is unpredictable as R2

value is 0.046 (p>0.0001), which suggests that there
the variability in rainfall for this season is not
statistically significant.  The R2 value for the
Monsoon Season is 0.55 (r = 0,742, df = 33 p <
0.0001), which is highly statistically significant. The
R2 value for the Winter Season is 0.165, i.e., r = r =
0.406 (p = 0.0155), which is statistically significant.

Physiographical conditions within the Tawang-
Chu River Basin

Variability of NDVI Values and Land Use Land
Cover (LULC) Changes in the Tawang- Chu River
Basin
As shown in the results of this study, NDVIs values
show that density of vegetation in the Tawang-Chu
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River Basin is gradually decreasing, while the area
covered by vegetation is increasing (Fig. 4). In 1990
the “greenness” of dense evergreen forest was much
higher than in subsequent years (as indicated by the
NDVI value of 0.89), but over the years the coverage
of the green less area has been decreasing gradually
(Fig. 5). On the one hand, while the continuous
declining trend in maximum values of NDVI can be
noticeable, the minimum values of NDVI have also
been declining rapidly. The area under the vegetation
cover is constantly shrinking. Similarly, the area
covered by surface water and snow is showing a
shrinking trend. The increasing vegetated area and
the declining of the area covered by snow and surface
water can be interpreted as a significant sign of a
rising tree line the river basin. In 2017, the maximum
NDVI was 0.51, which signifies presence of shrub
or grassland cover, evidence of declining vegetation
density (Fig. 5). As discussed below, in the Tawang-
Chu River Basin, changes in NDVI values were
accompanied by LULC changes.

Landsat (L4, L5, L7 and L8) images for the years
included in this study were analysed in order to assess
the LULC changes that took place between 1990 and
2017.  The Landsat satellite images were converted
to False Colour Composites (FCCs) and then a geo-
referenced to provide geographic projection using
ArcGIS software. Thereafter, the maximum

likelihood technique was used to define the
supervised classification of all zones into three
classes - vegetation, uncultivated or wasteland, and
snow-cover (Table 8). After that, ground validation
and editing of the initial LULC maps was done using
ArcGIS software. For assessing Kappa accuracy, the
graded points were compared by randomly indicated
original images (Table 5). Later, the next step was
the calculation of the LULC and the classification
of the basin into defined classified divisions or types
of land cover.

The final step involved the comparative analysis
of changes of LULC areas that were computed (Fig.
6). Based on the results shown in Table 5, it can be
concluded that there is an increasing trend in
vegetation and fallow / wastelands, while snow and
glaciers are steadily declining (Fig. 7). Fallow and
barren land contains the whole inhabited area,
including all other indicators of land use (Table 5).
The increase of fallow land indicates that the land is
being abandoned due to loss of productivity, a
phenomenon which has the potential to worsen food
insecurity in the Tawang-Chu River Basin.

All other indicators of land use like the inhabited
area, cultivated land and other land uses were difficult
to identify with precision using the methods that were
applied in study due to the very rough geographical
landscape because when it was being done, it was

Figure 4. Temporal data extraction Values of NDVI of Tawang-Chu River basin (1990-2017)
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Figure 5. Normalized Difference Vegetation Index (NDVI) of Tawang-Chu River Basin

Table 5. LULC Changes in Tawang District during 1990 to 2017

Land Classification (in km2) 1990 1994 1999 2004 2010 2017

Vegetation Cover Area 12045.528 10625.094 12663.27 10417.14 12627.36 14067.117
Barren/ Fallow/ other land 9835.799 6648.498 7910.388 9119.619 9155.61 9868.536
Snow Cover Area 2962.345 7570.08 4270.014 5306.913 3060.702 908.019

Total Land 24843.672 24843.672 24843.672 24843.672 24843.672 24843.672

going to be very messy and the chances of getting
inaccuracies were high. Therefore, Settlements area,
Agricultural land and other land use types not marked
as an indicator. The Tawang-Chu River Basin is a
restricted area whose access is controlled by the
Indian Army, and identification of inhabited areas
was only achieved through satellite for academic
research and other purpose is prohibited.

Increase in the area covered by vegetation and
fallow land (including other land use) and decreasing
trends in snow-covered land are indicative of
changing physio-climatic conditions. This has been
caused by a rapid rise in minimum temperatures,
which has been confirmed by the estimated LSTs.

According to the results presented above, it can be
argued that during the 27-year study period, tough
the average temperature has been rising gradually
rising, the minimum temperature has been increasing
rapidly. The gradually and rapidly declining trends
of LST and NDVI values, respectively, are evidence
showing a strong positive relation between LST and
NDVI values (Fig. 6). These results mean that
changes in NDVI values are a direct response of
vegetation to LST values within the Tawang-Chu
River Basin. As temperature increases, the area and
nature of vegetation also change accordingly (Fig.
6). R2 values ranging between 0.93 to 0.99, mean
the coefficient of determination values are a
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Figure 6. Linear Regression with Scatter Plots of LST and NDVI of Tawang River Basin

reflection of a strong interdependence on each other.
The positive changes in temperature have a negative
effect on precipitation, as both the amount and

duration of snowfall is decreasing, while the amount
of rainfall is decreasing. Also, the period over which
rainfall is received is generally increasing, while the

Figure 7. LULC (1990) Map of Tawang District, 2020
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period over which snowfall occurs has been partly
modified into the rainfall period.

A rapid rise in minimum temperature has been
continuously reducing both the duration and quantity
of snowfall, causing the shrinking of glacial / snowy
area and the increase of the fallow land (Table 5).

Figure 8. Trend of LULC Change (1990 - 2017) of
Tawang District, 2020

The continuous increase in daily maximum
temperature has also caused a change in the rainfall
period, the effect of which can be seen as an increase
in the area under vegetation cover, even though there
was a declining trend in rainfall (Fig. 8).

CONCLUSION

LST data show that minimum temperature is
increasing rapidly in the study area although the
maximum temperature is rising gradually. The rate
of increment for maximum temperature is
comparatively lower than that of minimum
temperature. The standard deviation for temperature
range shows a decreasing trend, which means that
the difference between the minimum temperature and
maximum temperature is decreasing. Using the
Mann-Kendall trend test, it was observed that there
is an increasing trend of rainfall in the winter season
and no trend was observed in the summer season.
Annual and monsoon rainfall data exhibited positive
trends. The NDVI values of the study area show that
the area covered by dense vegetation is declining
gradually, though the total vegetated area is
increasing. For example, in 1990 the amount of dense
evergreen forest was higher (as NDVI value is 0.89)
than in subsequent years, but green less area was
decreasing gradually in the subsequent years. These

changes have a major impact on LULC patterns in
the Twang-Chu River Basin. Comparative analysis
of NVDI and LST shows that both indices have a
similar pattern of the trend as those of the increasing
temperature, while LULC analysis show that,
vegetation area is increasing, even though there is
no clear trend exhibited. In the Tawang-Chu River
Basin, the snow cover area is decreasing while baren
land/ fallow land is showing an increasing trend.

In can be concluded that changing pattern of
temperature in the mountain ecosystem of the Twang-
Chu River Basin has altered the ecological processes
and inter-ecological nexus of the basin. It can also
therefore be concluded that in the Tawang-Chu River
Basin natural resources and related ecosystem
services are shaped by climate change.  The adverse
effect of changing variables in of this mountain
region may create a fragile environment in in the
future. Consequently, we can be concluded that the
mountain ecology of Tawang-Chu River Basin is
facing a threat from climate, which is not only
creating problems for humans but also for the entire
biome in the valley.
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