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Normalized difference vegetation index and land surface temperature data, in 
a sample plot each from east, center and west of Nepal, from 2000 to 2015, 
were analyzed to identify and compare the trends of vegetation and temperature 
changes during the period. The data were obtained from moderate resolutions 
imaging spectro-radiometer. Normalized difference vegetation index charactiszes 
a resolution of 250×250 m2 and a 16-day composite period while land surface 
temperature has 8 days frequency with resolution of 1×1 km2. The analysis 
was separate for normalized difference vegetation index and land surface 
temperature. The data were seasonally adjusted and then divided into three 
groups of five year period each, separate for every region. The generalized 
estimating equations were fitted to each period data. For all three regions, the 
results showed, there was a trend of  significantly rising vegetation in eastern and 
western sub urban parts while the central urban city had a significant decline 
in trend. Whereas the temperature showed statistically significant and uniform 
fluctuating pattern of change in all three regions. The rate of temperature rise is 
fastest in central region where the vegetation is continuously declining. However, 
the results revealed no relationship of trend of changing temperature with that 
of vegetation.
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INTRODUCTION

Vegetation is the plant life of a region that 
indicates to the ground cover and is the most 
abundent biotic element growing on the earth. It 
is essential for sustaining ecological structures and 
functions at all possible spatial scales. Therefore, 
quantifying the characteristics of vegetation by time 
is utmost important for resource management, 
addressing the climatic issues and hence its values 
can be fully retained on earth’s natural system. The 

temperature is another equally important ecological 
factor to determine the future of earth. Moreover 
the factors that cause climate change issues are 
mostly correlated with vegetation and temperature 
(Julien and Sobrino, 2009; Karnieli et al., 2009). The 
worldwide studies of vegetation (Eckert et al., 2014; 
Liu et al., 2015) and temperature (Kaufmann et al., 
2003; Chooprateep and McNeil, 2015) shows it has 
been variously changing in many of  the places. 
However, the study of the time series events in any 
climate component  is mostly difficult due to lack of 
reliable data in many parts of the world. To get rid of 
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this problem, the satellite based remote sensing data 
are being poular in many subject areas throughout the 
world. Every remote sensing data has spatio-temporal 
characteristics which are considered to be the primary 
advantage in environmental studies. MODIS is a 
sensor, fitted aboard the Terra and Aqua satellites by 
the National Aeronautics and Space Administration 
(NASA) and monitors environmental changes due to 
fire, vegetation, temperature, earthquakes, droughts 
and flood on earth (NASA, 2015). The Normalized 
Difference Vegetation Index (NDVI) and Land Surface 
Temperature (LST) are the data products from Moderate 
Resolutions Imaging Spectro-radiometer(MODIS). LST 
is the day time surface air temperature of earth while 
NDVI is a type of vegetation index which is dependent 
on its photo reflectance behavior that characteristically 
absorbs in the red and blue wavelengths, reflects in the 
green wavelength, strongly reflects in the near infrared 
(NIR) wavelength. Based on this principle, the data is 
calculated by the given Eq. 1:  

NDVI = (NIR – RED) / (NIR + RED)                 (1)

This relationship is often described as vegetation 
index. The linear regression model was common 
in various previous studies, showing positive and 
negative trends of vegetation (Kaufmann et al., 2003; 
Karnieli, 2010; Zhang et al., 2013) and the LST change 
(Bounoua et al., 1999; Chooprateep and McNeil, 
2013). Moreover, a lot of variations did exist among 
their works regarding the methods, data types and 
management (Piao et al., 2003; Chandola et al., 
2010; Eckert et al., 2014; Mishra and Chaudhuri, 
2015). The knowledge of annual trend of vegetation 

and temperature in Nepal is still rare. Therefore, the 
aim of this study is to assess the trend of vegetation 
and temperature for a comparative study in three 
different sites from east, central and west region, in 
the same ecological zone of Nepal, using appropriate 
statistical methods. 

MATERIALS AND METHODS

This study was carried out in Nepal (Fig. 1) where 
three districts, Dhankuta, Kathmandu and Surkhet 
(Fig. 2), located from east to west, were randomly 
selected. 

 
Fig. 1: Geographic location of Nepal in Asia  

  

 
Fig. 2: the study area within Nepal country (b) 

  
Fig. 2. The study area within Nepal country (b)

Fig. 1. Geographic location of Nepal in Asia
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They were from hilly, sub tropical ecological 
zone of Nepal. Department of Forest resource and 
Suvey (DFRS) and Department of Hydrology and 
Meteorology (DHM) of government of Nepal report 
(Table 1) that, Dhankuta  is a suburban area located in 
eastern region, having 679 km2 area with population 
density 170/km2 , annual temperature ranging from 
3 oC - 25 oC, rainfall from 24 mm - 1260 mm  and 
have average altitude of 1530 m. Kathmandu is an 
urban area located in central region, having 899 km2 

area with population density 20289/km2 , annual 
temperature ranging from 2.4 oC –29 oC, rainfall from 
13 mm - 360 mm and have average altitude of 1400 
m. Surkhet is a suburban area located in western 
region, having 2451 km2 area with population density 
140/km2, annual temperature ranging from 6 oC – 37 
oC, rainfall from 0.02 mm - 519 mm  and have average 
altitude of 875 m (DFRS, 2015; DHM, 2015). 

The NDVI and LST data were downloaded from 
MODIS’s website (ORNL DAAC, 2015). While ordering 

the data, the area of the central point coordinates 
(eg., Dhankuta: 27.15 N, 87.35 E; Kathmandu: 27.59 
N, 85.39 E and Surkhet: 28.62 N,  81.88 E ) was 
250×250 m2 in NDVI and 1×1 km2 in case of LST data. 
This central area was then extended 10 km each 
to the north and the south, and 10 km each to the 
east and the west. As a result, the area of  410.06 
km2 (20.25×20.25 km2 ) with 6561 grids for NDVI and 
441.00 km2 (21×21 km2) with 441 grids for LST were 
created by MODIS’s website (Fig. 3). Both the data 
were specified for a period from 2000 to 2015. The 
NDVI data were observed in every 16 day interval 
period, had around 23 observations every year and 
hence a total of 345 observations for a period of 
15 years. For LST the data recorded were of 8 days 
interval period making 46 observations a year and 
690 observations during 15 years period. The data for 
east and west regions were also retrived by the same 
process.

The NDVI values ranged from -1 to 1. The negative 

Table 1: Detail about the three study sites 
 

Details  Dhankuta  Kathmandu  Surkhet 
Location in Nepal  East  Center  West 
Urban/ Sub urban  Sub urban  Urban  Sub urban 
Latitude/ Longitude of the data center  27.15o N, 87.35 o E  27.59o N, 85.39 o E  28.62 o N, 81.88 o E 
Area (km2)  892  899  2451 
Population density (/km2)  183  20289  140 
Annual temperature (⁰C)  14.6‐24.9  2.4‐29  6‐37 
Annual rainfall (mm)  1120.8  13‐360  0.02‐519 
Average altitude (m)  1192  1400  875 

 

Table 1. Detail about the three study sites

 
Fig. 3: The study area showing central grid and the four way extention in NDVI data 

  
Fig. 3. The study area showing central grid and the four way extention in NDVI data

http://www.dfrs.gov.np/downloadfile/State of Nepals Forests (DFRS)_1457599484.pdf
http://www.dhm.gov.np
https://modis.ornl.gov/cgi-bin/MODIS/global/subset.pl


282

Identifying the Changing trends of NDVI and LST

values upto 0 corresponded to water. The values 
from 0 to 0.1 meant soil, rocks or concrete, snow 
land and barren land. Low positive values (0.2 to 0.4) 
represented shrubs and grass land. The value close 
to 1 (0.6 and above) meant the forest (Weier and 
Herring, 2000). Therefore, greater the NDVI value 
was, denser was the vegetation in the area. Similarly, 
the temperature given in kelvin were substracted by 
273.5 to convert into degree Celcius. All the grids are 
not taken for analysis to avoid the special correlation 
of the data  and hence, 49 grids for LST and 196 
(4x49) grids for NDVI were systematically selected to 
represent the whole study site. Finally generalized 
estimation equations (GEE) was  used, that can 
adjust for the autocorrlation of the data. GEE  are 
the extensions of linear model, specially designed for 
correlated data (Liang and Zeger 1986). The process 
was repeated for all three sites one by one. At the 
end, the confidence interval (CI) plots were drawn 
from GEE coefficients of  NDVI and LST, which were 

compared to interprete the trends in the study area. 

The statistical methods
The time series data were checked for seasonality 

and the trend by time series plots (Fig. 4 ). First, the 
data were seasonally adjusted to stabilize the mean. 

The trends of 196 NDVI grids (n=6561) and 49 LST 
grids (n=441) were chosen to represent the whole 
study area. However, if the trends were observed for 
each individual grid, it would be difficult to conclude 
for an overall change of trend in the whole area, since 
the trend can vary even among the grids. Therefore, 
as a next step, the data for all sampled grids were 
divided into 3 groups of 5 years each (2000-2004, 
2005-2009, 2010-2015) for analyzing and comparing 
the NDVI and LST change in smaller time frames by 
applying Generalized Estimation Equations (GEE) (Eq. 
2) (Dormann, et al., 2007).    
       
E(Y) = µ = g/(T γ )                                               (2)

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

                                              Fig. 4: Time series plot of NDVI (a) and LST (b) 
  

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

                                              Fig. 4: Time series plot of NDVI (a) and LST (b) 
  

Fig. 4. Time series plot of NDVI (a) and LST (b)
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Where, T is a vector of seasonally adjusted NDVI, 
E(Y) or µ  is an expected value of Y,  g/(Yγ ) is an inverse 
link function, Tis a matrix of observation days and γ  
is a vector of regression coefficients. A 95% CI plots 
were drawn using the predicted values, derived from 
the coefficients of the model, to show vegetation and 
temperature trends in three time sections. The NDVI 
changes at different time frames were compared 
among the groups and the overall temporal change 
was compared among the study sites. Finally, the 
changing trends of NDVI  were compared with 
the trends of LST, during the study period. All data 
analysis and graphical displays were carried out using 
R Statistical Programming version 3.2.1 (R Core Team, 
2015). 

 
RESULTS AND DISCUSSION

The CI plots were produced to show 5 yearly 
changes of NDVI and LST in three different districts of 
Nepal. The red horizontal line is the level of no change 
and the vertical black lines are the CI plots of decadal 
coefficients from GEE model. The results reveal that 
the NDVI in Dhankuta showed significant increasing 
trends of vegetation with highest rate in first period 
from 2000-2004 and lowest rate in latest phase, 
2010-2015 (Fig. 5). Hence eastern area has an overall 
increasing trend but the trend is in decclerating phase. 
The recent trend showed that the mean increase of 
NDVI is 0.019 per decade. In the central Kathmandu 
region the negative values of NDVI showed that 
vegetation is declining with faster rate in the latest 
period. The recent mean decline was calculated to 
be NDVI -0.006 per decade. In the western region, 
the vegetation is significantly increasing in overall 
study period same as in eastern area. However this 
area showed accelerating phase of increament in the 
overall period.  The recent five year showed that mean 
increase rate is NDVI 0.014 per decade. Similarly, the 
changing trend of LST showed almost same pattern in 
all three regions, that is, increasing during 2000-2004, 
decreasing 2005-2009 and increasing in the latest 
2010-2015 period (Fig. 6). The rate of temperature 
rise is fastest in central region where the vegetation 
is continuously declining. Similarly, the rate of 
vegetation  rise is highest in eastern region where the 
rate of temperature rise is lowest of all three regions. 
Hence, the study identified that the annual vegetation 
trend is considerably rising in east and west region of 
Nepal while the central Kathmandu showed declining 

trend. In addition, the Kathmandu being the fastest 
growing city in Nepal, has shown the highest rate 
of temperature increament in the recent years. The 
previous study had shown that faster the urbanization 
process is, faster is the rate of temperature rise and 
vegetation decline (Bobrinskaya, 2008). The Global 

Fig. 5: A 95% CI plot of NDVI temporal change in  
Dhankuta (a), Kathmandu (b) and Surkhet (c) 

  

Fig. 5. A 95% CI plot of NDVI temporal change in Dhankuta (a), 
Kathmandu (b) and Surkhet (c)
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Fig. 6: A 95%CI plot of LST temporal change in Dhankuta (a), Kathmandu (b) and Surkhet (c) 
 

 

 

 Fig. 6. A 95%CI plot of LST temporal change in Dhankuta (a), 
Kathmandu (b) and Surkhet (c)

NDVI trend studied during 1982-2012 showed an 
increasing trend in many parts of the world including 
India and southeast China (Liu et al., 2015). Nepal lies 
in between these blocks and possibly have similar 

rising trend overall. But Kathmandu being a growing 
urban area and densely populated city, might have 
been affected by several local environment factors 
to show a decline of vegetation. Hence, detecting 
local variation of  vegetation change within a country 
is unique in this study. Regarding LST, the pattern 
is uniform in all three regions, that is, increasing, 
decreasing and increasing in 3 above mentioned 
time periods. The recent increasi ng trend in whole 
county is alarming one and might be due to the global 
warming effect. the recent rise of the temperature is 
consistent with the studies in Nepal(Joshi et al, 2011) 
and South East Asia (Chooptrateep and McNeil, 2015) 
The result When we compare the changing patterns 
of  NDVI and LST, the changes of NDVI seems to be 
independent of changes of LST as the patterns of 
those two factors are indifferent of eachother. The 
limitation of this study was that, it was done in Nepal 
and can efficiently be extended to a bigger region in 
future. Further investigation is required to understand 
the potential reason behind this seasonal pattern and 
trend phenomenon.

CONCLUSION 
This study showed the changing pattern of NDVI 

and LST, adjusting the seasonal factor and considering 
the spatial correlation as well as autocorrelation of 
the time series data. In addition, a comparison of 
rates of changes within specified time segments can 
be made clear by CI plots after GEE model. It can be 
concluded that vegetation in Nepal was increasing 
during 2000 to 2015 except in urban Kathmandu and 
the rate is fastest in eastern region. The recent trend 
of temperature is constantly rising in all over the 
country. The study shows an easy method of finding 
the changing pattern in any climate variable using 
the satellite data. Therefore it has academic values 
for researchers and managerial implication for local 
stakeholders. 
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ABBREVIATIONS

oC Degree Celsius
CI Confidence interval
DFRS Department of Forest Resource and Survey
DHM Department of Hydrology and Meteorology
E Symbol (in equation)
Eq. Equation
Fig. Figure
g Inverse link function
GEE Generalized estimating equations
km Kilometer
LST Land surface temperature
m Meter
mm Milimeter
MODIS Moderate resolutions imaging spectro-

radiometer
NASA National Aeronautics and Space 

Administration
NDVI Normalized difference vegetation index
NIR Near infrared
R Symbol (A statistical programming language)
T Matrix of observation days
Y Vector of seasonally

γ Vector of regression coefficient

µ Expected value of Y
oC Degree Celsius
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