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Growing Season Vegetation Dynamics Based on NDVI
and the Driving Forces in Nepal during 1982-2015
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Abstract: Monitoring and attributing growing season vegetation dynamics have
become crucial for maintaining the structure and function of the ecosystem. The
objective of this research was to examine the spatial and temporal vegetation
changes and explore their driving forces during growing season in Nepal. It also
explored the variation of Normalized Difference Vegetation Index (NDVI) in
different altitudes at each 100m interval. The National Oceanic and Atmospheric
Administration (NOAA) NDVI, monthly temperature, precipitation and Shuttle
Radar Topography Mission (SRTM) 90m Digital Elevation Model (DEM) were used.
The linear regression model, Sen’s slope, Mann Kendall test and Pearson correlation
between NDVI and climate, i.e., temperature and precipitation were computed. The
driving forces were identified based on threshold segmentation method. Our results
showed positive intensity of vegetation change. The NDVI has significantly
increased at the rate of 0.001yr, 0.0005yr! and 0.002yr! in growing season, spring
and autumn but it has insignificantly increased at the rate of 0.0003yr! in summer. In
the meantime, growing season temperature has significantly increased with an
average warming trend of 0.03°Cyr! but precipitation decreased at the rate of 2.76
mm yr! during 1982-2015. The NDVI increased in 84.20% (53.08% significant) of the
area. The correlation between NDVI and temperature was found positive whereas
correlation with precipitation was negative. Spatially, 84.05% of the study area found
positive correlation between NDVI and temperature with 25.72% significance
(p<0.05) which was very less with precipitation. Our results demonstrate that NDVI
was strongly correlated with temperature compared with precipitation. Beyond the
climate, NDVI changes were also attributed to multi-control environments and
ecological restoration in Nepal.
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Introduction

Growing season vegetation change is an important indicator of ecosystem dynamics
and climate change (Walther et al. 2002) which is contributed by vegetation changes
in spring (April, May), summer (June, July, August) and autumn (September,
October) season (Zhou et al. 2001; Piao et al. 2011). The response of vegetation
dynamics to climate change has become a crucial issue in global change research
(Piao et al. 2006; Park and Sohn 2010; Piao et al. 2011; Wang et al. 2011; Schut et al.
2015). The beginning, end and duration of growing season are strongly indicated by
climatic factors such as temperature (Vitasse et al. 2011) and precipitation (Craine et
al. 2011; Shen et al. 2015). In turn, growing season vegetation change can exert
important influences on the hydrological cycle through alteration of surface
radiation, temperature, energy exchange and terrestrial carbon uptake (Myneni et al.
1997; Schaefer et al. 2005; Bonan 2008; Jeong et al. 2011). Therefore, there are
important linkages between change in growing season vegetation and climate.
Satellite measurements of the normalized difference vegetation indexes (NDVI) have
been widely used to understand growing season vegetation change in large spatial
scales (Myneni et al. 1997; Zhou et al. 2001; Jeong et al. 2009). NDVI has also been
used to assess the effect of climate change on biomass, productivity and
photosynthetic activity during growing season in many terrestrial ecosystems. It has
been found that the maximum NDVI values over a year are correlated with species
richness (Pettorelli et al. 2005) suggesting that the beginning, end and duration of the
growing season and timing of the annual maximum NDVI are also relevant for the
wildlife habitat, reproduction and migration. Studies suggest that the recent climate
change has been a dominant contributor to increased greenery in 28.4% of the global
vegetated areas (Zhu et al. 2016). The positive effects of climate change come from
higher temperature that enhances photosynthesis and lengthens the growing season.
Such changing vegetation dynamics due to climate change is particularly important
in regions with high topographic and climate gradients. Field data are generally
difficult to be used for predicting such vegetation dynamics at national, regional or
global scales because such data are traditionally collected and used over relatively
small spatial and temporal scales.

As discussed above, a large body of literature exists on the use of NDVI to detect
changes in vegetation growing season and linking the changes to climate changes;
however, such studies are scarce in Nepal. The intensity and rhythm of the Asian
monsoon is changing significantly due to climate change (IPCC 2007). Consequently,
erratic rainfall events, increase in dry periods, floods, land slide, forest fire, glacier
retreats and glacial lake outburst floods are exacerbating the problems in vegetation
productivity and ecosystem services (Karki et al. 2017). Beyond climatic factors,
increasing human activities due to socio-economic growth, urbanization (i.e. total
urban population is 38.26% with 6% annual growth rate) (CBS 2011), cropland
expansion, deforestation, increased grazing, transhumance activities and ecological
restoration are also accelerating the widespread changes in land use types and
vegetation system that are disturbed unevenly in different geographic regions
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(DoERS 2017). Therefore, there is an urgent need to understand how vegetation
dynamics is changing in response to environment. There is an increasing interest in
understanding the changing vegetation dynamics in Nepal; however, most of the
previous studies follow same pattern of examining tree-ring growth (Chhetri and
Cairns 2016; Gaire et al. 2017a; Gaire et al. 2017b; Kharal et al. 2017; Shrestha et al.
2017; Thapa et al. 2017; Tiwari et al. 2017b). These studies are also highly site and
species-specific and use quadrates in small spatial scale dealing only with a single
mechanism of vegetation dynamics and climate change. There were very few studies
related to NDVI in this region. Among them, mapping and attributing NDVI showed
positive NDVI trends and attributed primarily due to CO; level in Nepal (Krakauer
et al. 2017). Similarly, spatial and temporal variation of NDVI and its implication for
carbon dynamics were identified from 1982-2015 (Baniya et al. 2018) which found
positive NDVI and carbon trends in Nepal. This study showed that increased NDVI
was more sensitive to the temperature. The significant increasing NDVI trends were
observed during summer over the Koshi River Basin (Zhang et al. 2013). However,
growing season vegetation dynamics and the driving forces in Nepal still remain
scarce and poorly understood at the country scale which is very important to
manage physical, biological and socio-economic environment in Nepal.

In this study, the long-term growing season vegetation changes and environmental
drivers were examined using satellite measured NDVI and in situ climatic data for
the period of 1982-2015. The vegetation changes were derived in each 100 m altitude
based on 90 m DEM data sets of Nepal. The main objective of this study is to
evaluate the long term growing season vegetation change and explore their driving
forces. Specifically, this study aims to understand the spatial and temporal evolution
of the growing season vegetation changes and vegetation changes in each 100 m
altitude. It finds the role of climatic and non-climatic (i.e. ecological restoration,
multi-environmental controls and anomalous degradation) factors in intensity and
magnitude of the vegetation changes. For the temporal trend analysis, we considered
the vegetation in forest, shrub lands, grassland and crop lands (Stibig et al. 2007;
Wang et al. 2017) where the average NDVI values are more than 0.1. The annual
average NDVI less than 0.1 was masked out because GIMMS NDVI ranges between -
0.2 and 0.1 represent snow/glacier, water bodies, deserts, built-up areas, exposed
soils and barren lands (Zhou et al. 2001). Spatially, this study covered entire the
country for spatial mapping and the trends analysis.

Materials and Methods

Study Area

Nepal, located between 26° 22" and 30°27'N and 80° 04' and 88°12'E in the central part
of the Himalayan region is characterized by unique topography and climatic
variations. The altitude varies from 70m above sea level in southern low lands to
8,848m at the Mount Everest in the north. Based on this altitudinal variation, Nepal
has been divided in to 6 bioclimatic zones ranging from broad leaved forest in the
tropical climatic zone below 1000m altitude to alpine forest and nival zone above
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5000m altitude (Dobremez 1976; LRMP 1986). The major vegetated lands are forest
(39.1%), cultivated lands (29.83%), shrub lands (3.40%) and grasslands (7.90%)
(Uddin et al. 2015) (Figure 1).
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Figure 1: The study areas with land use land cover types and
DEM (m) in Nepal

The left inset map shows the geographical location of Nepal and the right inset map
shows the location of climate station

The annual precipitation ranges from 200mm in parts of the northern Himalaya
regions to 5500mm in the south with a national average of 1800mm and average
temperature can be as high as 30°C in south and as low as -10°C in north (DHM
2015). The climate of Nepal is characterized by four distinct seasons, i.e., pre-
monsoon, monsoon, post-monsoon and winter season and the growing season
begins in spring and ends in autumn overlapping with the monsoon season. The
forests are further categorized into needle-leaved closed forest (9.47%), needle-leaved
open forest (5.62%), broad-leaved closed forest (14.40%) and broad-leaved open
forest (9.61%) (Uddin et al. 2015). In general, Abies spectabilis, Betula utilis, Pinus
wallichiana, Rhododendron campanulatum, Juniperus indica are the major treeline species
in the Nepal Himalaya. In middle hills, dominant species are hill Sal, Schima-
castanopsis and Chir pine. Similarly, in lower part, tropical Sal and mixed broad-
leaved, riverine broad-leaved and riverine Khair and Sisoo forests are dominant.
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Above the treeline, there are alpine meadow, pasture, trans-himalayan scrubs, dwarf
rhododendron scrubs, alpine mats and scrubs in thick layers (MENRIS/ICIMOD
2008)

NOAA NDVI 3g.v1 Data

The original NDVI data sets were generated from NOAA’s Advanced Very High
Resolution Radiometer (AVHRR) sensors under the framework of Global Inventory
Monitoring and Modeling System (GIMMS). The GIMMS NDVI data product
spanning from 1982 to 2015 was downloaded from
https://ecocast.arc.nasa.gov/data/pub/gimms/3g.vl. The data were corrected for
calibration, view geometry, volcanic aerosols and other effects. It has the temporal
resolution of 15 days and the spatial resolution of 8 km. The monthly NDVI data
were composited by using maximum value composite methods (Holben 1986).

Climatic Data

The ground-based observations of monthly air temperature and precipitation data
for the period of 1982-2015 were obtained from the Department of Hydrology and
Meteorology, Nepal. We used the data only for the months during the growing
season (April-October). We used monthly rainfall data from 174 meteorological
stations and maximum and minimum air surface temperature data from 40
meteorological stations as shown in Figure 1. Only the data available from
meteorological stations since 1982 were considered for the analysis. For the altitude,
NASA Shuttle Radar Topographic Mission (SRTM) 90m Digital Elevation Data
(DEM), version-4 available as 3 arc second from the site of USGS were used.

Methods

Growing season mean NDVI, linear slope and intensity of vegetation dynamics were
computed using time series of NDVI data. To obtain a better understanding of
seasonal contribution, the growing season of Nepal was divided into spring (April-
May), summer (June-August) and autumn (Sep-Oct) seasons (Piao et al. 2011). The
linear slope, Sen’s slope (Sen 1968) and Mann Kendall test (Kendall 1975; Mann 1945)
were applied for both NDVI and climate, i.e., temperature and precipitation. The
temporal and spatial NDVI patterns were also examined in different altitudes using
raster NDVI and SRTM 90m DEM. Similarly, the average annual temperature and
precipitation during growing season were computed using monthly data sets. Then,
monthly precipitation and temperature data in each station were rasterized at 8km
spatial resolution and made similar grid with NDVI data. The Kriging interpolation
was used (Oliver and Kriging 1990; Ding et al. 2007; Peng et al. 2011) to prepare the
spatial data sets of climates and used for the correlation study with NDVL

GS-NDVI Trends

The linear regression slope estimated by regression model indicated the mean
temporal change of NDVI while positive slope indicates increasing and negative



Forestry Journal of Institute of Forestry, Nepal Issue No. 17 Growing Season Vegetation Dynamics Based on...

slope indicates decreasing trends (Piao et al. 2011; Fensholt and Proud 2012; Liu et al.
2015).

n n n
nx » . ixNDVI.—» . i) . NDVI,
Slope = Zl:l Zl:l Zl:l ................ 1)

O ? _[Z?:l ijz

where, slope is the trend in the vegetation dynamics, n is the number of years in the
study period, i is the order of the year from 1982-2015, and NDVI; is the mean NDVI
in the ithyear.

A t-test (Zhang et al. 2011) in MATLAB was used for each pixel to analyze significant
trend of the NDVI slope. In this study, we used Mann-Kendall test to evaluate the
statistical significance of the trends (Mann 1945; Kendall 1975; Hirsch et al. 1982). The
Sen’s slope was also estimated to identify the magnitude of the trend (Sen 1968)
which is based on the assumption of a linear trend (Gilbert 1987).

Intensity of GS-NDVI Trends

The intensity of the GS-NDVI was computed based on proxy anomaly o(i). It is
defined as the standardized departure from the average growing season NDVI
(Lotsch et al. 2005; Liu et al. 2015; Xu et al. 2015) during 1982-2015.

.. NDVIi-Mean(NDVI)
o(il)fpf———————————————— (2)

SD(NDVI)

The proxy o(i) represents intensity of the vegetation dynamics, NDVI; is the average
NDVI for year i, and mean and SD are the average and standard deviation of the
NDVI for the period of 1982-2015, respectively. We used three standard deviation
categories for both positive and negative changes: 1) o(i) < 1 indicates weak intensity;
2) o(i) > 1 referred to as the moderate intensity and 3) o(i) > 2 as large intensity.

Correlation Analysis between GS-NDVI and Climate

Pearson correlation coefficient between NDVI and climatic factors were used to
identify climate change impact on vegetation dynamics. This approach has been
widely applied to analyze the correlation between NDVI and climatic factors (Jiang
et al. 2017; Pang et al. 2016; Sun and Qin 2016; Tian et al. 2015). Pearson correlation
coefficient in each pixel was calculated using a built in function in MATLAB and a t-
test (Zhang et al. 2011) was performed at each pixel for significant correlation
analysis for the correlation between NDVI and climatic controls. If the p value is less
than the significance level of 0.05, the correlation is statistically significant.
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Driving Force Analysis

The climatic and non-climatic drivers of vegetation changes were separated based on
threshold segmentation method. In this method, we examined five categories of the
driving force as developed by (Tian et al. 2015) using annual NDVI trend and NDVI-
climate control correlation values. If NDVI and climatic factor is positively correlated
and significant, then climate change is defined as the main driving force of
vegetation activity. Ecological restoration programs are considered as main driving
forces of the vegetation change if NDVI slope in each pixel is greater than mean
NDVI slope of the whole study area. In this study, the threshold mean NDVI slope
value of Nepal is 0.0009. This mean NDVI slope is considered as the threshold value
used to distinguish climate and non-climatic drivers. Here, the pixels which exhibit
significant changes are only processed to identify driving forces and the five
categories of driving forces are analyzed (Figure 2).

Input Data
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change climate change restoration by multi controls

Figure 2: Flow chart showing the algorithm used to identify main driving forces of
vegetation change

Results and Discussion

Temporal Variation of NDVI Trends

The growing season NDVI in Nepal has significantly increased at the rate of
0.0009yr! (Sen’s slope=0.001yr-, p=0.0002) during 1982-2015. The mean NDVI and
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standard deviation found 0.499+0.014. The autumn vegetation increased at the rate
of 0.001 yr! (Sen’s slope=0.002yr-!, p<0.0001) and the mean NDVI was found to be
0.58 with a high standard deviation. In spring and summer, the NDVI increased at
the rate of 0.0008yr!(Sen’s slope=0.0005yr!, p=0.04) and 0.0004yr!(Sen’s
slope=0.0003yr-!, p=0.23) respectively. The detailed examination in different periods
of growing season from 1982-2015 showed that NDVI increased significantly in the
growing season, spring and autumn except during the summer. In summer, the
NDVI mean (0.48) and slope (0.0004yr!, p=0.23) was lower compared with autumn
(Table 1).

Table 1: Mann Kendall statistics, mean NDVI, trends and Standard deviation
during growing season in Nepal, 1982-2015

Time scale | Linear slope Sﬁ) r;: Kendall tau | p-value | Inference | Mean +SD

Growing |0.0009 yr-! 0.001 yr! |0.44 0.0002|Significant |0.49+0.014

season

Spring 0.0008 yr-! 0.0005 yr! |0.24 0.04|Significant |0.43+0.02

Summer |0.0004 yr-! 0.0003 yr1 |0.14 0.23|Insignificant |0.485+0.01
8

Autumn  {0.001 yr! 0.002 yr1 |0.52 <0.0001 | Significant |0.585+0.25

The monthly NDVI trend has increased and autumn months have experienced
highest mean NDVI of 0.56 and 0.61 with the annual trend of 0.002yr! and 0.001yr!
respectively. The end of the growing season NDVI possesses high mean NDVI
compared to the start of the growing season. The mean and NDVI slope during
autumn season were relatively higher than those during summer and spring season.
Over the past 34 years, there were significant increases in the growing season NDVI.
The growing season mean NDVI was relatively higher records in August, September
and October, which indicates the plant’s phenological change and lengthening of
growing season. Similar results of increased NDVI were reported in several parts of
the world mainly in the northern hemisphere including China and Tibetan plateau
(Peng et al.2011; Pang et al. 2016). Satellite observation showed that China and India
are also greening mainly from forest and croplands management (Chen et al. 2019).
The lower NDVI during spring season is due to the presence of pre-monsoon
drought (Panthi et al. 2017). In summer, excessive moisture (Shrestha 2000, DHM
2015) can worsen the vegetation conditions. High accumulated soil moisture
(Quiring and Ganesh 2010), soil water holding capacity (Ji and Peters 2003) and
delay response of vegetation to rainfall (Wu et al. 2015) are found to increase
greening and more NDVI during autumn. The inter-annual variation of NDVI
changes demonstrates that the positive intensity of the vegetation changes was
sharply increased after 2005 (Figure 3).
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Figure 3: Intensity of the NDVI change during growing season in Nepal, 1982-2015

The intensity of vegetation changes was found 0.065yr! during 1982-2015 which was
positive but weak (c(i) < 1) intensity level. The large positive intensity (c(i) = 2.20)
of vegetation changes were found in 2006 (c(i) > 2) which was followed by 1990,
2007, 2009, 2011 and 2015 with moderate intensity level (o(i) > 1). It also found
highest negative intensity level (o(i) = -2.05) in 1984 with moderate negative
intensity level (o(i) > -1) in the years of 1982, 1985, 1987, 1988, 1991 and 1999. The
large intensity level was found in recent years after 2005. The intensity of vegetation
change was highly negative in 1984 but it became positive during 2006 and 2015
(Figure 3). During 2006, ecological drought parameter such as spatially average
annual vegetation condition index (VCI) was more than 50%. At the same time,
spatially average annual VCI was less than 10% in annual, pre-monsoon and
seasonal monsoon scales in 1984 (Baniya et al. 2019).

Spatial Variation of NDVI Trends

The highest growing season mean NDVI were mainly found in central hills and
eastern Nepal. Generally, the mean NDVI was more than 0.4 in lower and mid hills
but it was less than 0.2 to even -1 in northern part (Figure 4a). During 1982-2015, the
spatially averaged growing season NDVI was 0.49 with higher (i.e. 0.58) in the
autumn season which is followed by the summer, ie., 0.48. In the spring, the
spatially averaged NDVI was 0.43 (Figure 4b). The highest mean NDVI were mainly
found in central hills and eastern parts of the country, i.e., more than 0.6 to 0.8 in all
the time periods (figure 4a, 4b, 4c & 5d). In the spring, very few of the areas in the
mid-hills extending from west to east have NDVI between 0.6 and 0.8. Generally, the
mean NDVI was less than 0.1 mainly in the Trans-Himalayan region. In low lands,
the NDVI was found between 0.1 and 0.2 during spring and summer. In the north,
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the spatially averaged NDVI was sometimes as low as -1. The growing season NDVI
has increased in 84.20% of the study area (53.08% significant). A decrease was found
in 15.80% of the areas (3.65% significant) (Figure 5a). It has significantly increased in
large area of the mid hills. The significant change has occurred in 38.11% during
spring which was 27.21% in summer and 64.09% in autumn (Figure 5b, 5¢ & 5d). The
p value less than 0.05 (red colors in figure 5) represents significant vegetation
changes and p value more than 0.05 (green color in figure 5) represents non
significant vegetation changes during 1982-2015.

- !
0 625125 250 375 500 Rt 0 625125 250 375 500

Figure 4: Spatial distribution of the growing season mean NDVI; (a) Growing
season (b) Spring (c) Summer and (d) Autumn season during1982-2015 in Nepal
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Figure 5: Spatial distribution of the growing season NDVI trends (a) Growing
season (b) Spring season (c) Summer season and (d). Autumn season NDVI trend
(yr") during1982-2015 in Nepal
The autumn vegetation has more significant changes especially in mid hills and
eastern Terai (Figure 5d). In spring, large areas in the western, northern and mid
eastern regions have a negative trend ranging between 0.0009yr! to 0.005yr! but in
summer very few pixels were in decreasing trends compared to the spring and
autumn seasons. A high positive NDVI trend of 0.007 yr! to 0.017 yr! during
summer was found in some parts of the mid-western region. In autumn, NDVI trend
increased at the rate of 0.017yr! in south eastern parts. The negative trend was
marked more during spring season. In general, autumn season contributes more in
growing season NDVI. The human encroachment in the forest was very high before
1980s (Sigdyal 1999). Later, the forest increased after an initiation of community
forest development programs in 1980s (Poudel et al. 2015). The result of the forest
resource assessment carried out between 2010 and 2014 showed that forest cover has
increased and has now occupied 40.36% of the total lands (DFRS 2015). Mostly, the
NDVTI in forest has more in middle hills than in the southern plains. The middle hill
mainly contains temperate broad leaved, mix broad leaved, temperate coniferous
(needle-leaved) and subalpine forest. FRA (2010-2014) also found largest coverage of
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forest and shrub land in Nepal (DFRS 2015). Crop lands has increased by 13% over
the past 30 year and the forest land has also increased after 1990s (Paudel et al. 2016).

Growing Season NDVI Changes in Different Altitudes

The mean NDVI is higher in low lands and lower in high lands. The NDVI
distribution was very low above 4200m altitude where the mean NDVI was less than
0.2 (Figure 6). Conversely, the mean NDVI was more than 0.4 below 3000m altitude
in Nepal. In this altitudinal range, the NDVI value was higher during the end of the
growing season, i.e., in late summer and autumn season. The timberline and treeline
ecotone generally ranging from 3500 to 4200m altitude showed good NDVI
distribution and positive trends in Nepal (Figure 6). The growing season NDVI trend
was mostly positive in low altitude especially after June. The positive trends were
also found below 2500m during April. Some of the area in low altitude during May
and June experienced negative trend. The highest NDVI trend, i.e., 0.004yr! was
observed in low altitude during August to October. The mean NDVI was found to be
0.20 in the alpine zone at altitude between 4000 and 5000m where the alpine pasture,
dwarf rhododendron scrubs and Juniper scrubs are dominant. The growing season
NDVI trends were positive in all bioclimatic zones with a higher NDVI trends in
sub-tropical (1000-2000m) and tropical regions (<1000m).
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Figure 6: GS-mean NDVI and NDVI trend (yr?) in different altitudinal zone in
Nepal, 1982-2015 (each grid in X-axis represents 100 m altitude and Y-axis
represents GS-month from April to October)

The high mean NDVI at the end of growing season indicates plant phenological
changes. The treeline ecotone lies between 3300 and 4300m altitude (Chhetri and
Cairns 2016; Chhetri et al. 2017) showed good NDVI distribution and positive trend.
The blue pine trees, Oak trees, Birch-Rhododendron forest, Himalayan fir, Alpine
pasture, Trans Himalayan steppe, Juniper species, Eastern Himalaya Oak-Laurel
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evergreen coniferous trees are dominant in the treeline ecotone (MENRIS/ICIMOD
2008). The phenomena of increased vegetation in treeline ecotone were previously
investigated using tree ring records (Gaire et al. 2014; Gaire et al. 2017b; Tiwari et al.
2017a; Sigdel et al. 2018). Our remote sense based results corroborate the previous
findings. The low regions are plain and cultivate more crops and have a dense
tropical forest during growing season that could reflect more NDVI in the tropical
and sub-tropical regions in Nepal. The areas above 5000m altitude are low human
disturbed area where the agriculture is not practiced and there is not any vegetation.
Therefore, it possesses 0.2 to -1 mean NDVI (Figure 4).

Driving Forces of GS-NDVI Dynamics during 1982-2015

During growing season, 58.64% of the areas have significant vegetation changes in
which 54.78% of the areas have significant positive and 3.85% of the areas have
significant negative changes. There were several factors that contributed to these
vegetation changes which were computed based on pixelwise correlation between
NDVI and climates (i.e. temperature and precipitation) and threshold NDVI
dynamics. The correlation between NDVI and temperature was significantly positive
(r=0.33, p<0.05) but the correlation between NDVI and precipitation was
significantly negative (r=0.41, p=0.02) during 1982-2015. The growing season NDVI
significantly increased (Sen’s slope = 0.001 yr, p = 0.0002) in Nepal during 1982-
2015. In between 1994 and 2005, the annual NDVI graphs showed decrease during
growing season, spring and autumn, may be due to natural and human induced
disasters. But, after 2000, it again picked up and sharply increased. At the same time
from 1982 to 2015, the growing season temperature has increased with an average
warming trend of 0.03°Cyr-! (R2= 0.392, p = 0.0002) but precipitation decreased at the
rate of 2.76 mm yr! (R? = 0.027, p = 0.20). The precipitation has mainly decreased
after 2000 when the temperature and NDVI showed increasing trends (Figure 7). The
detailed pattern of temperature, precipitation and NDVI changes during last 34 years
in between 1982-2000 and 2000-2015 in overall growing season and its different time

periods are presented in Figure 7& 8.
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Figure 7: NDVI, temperature and precipitation trends based on MK test and Sen’s
slope in overall growing season during 1982-2015 in Nepal
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Figure 8: NDVI, temperature and precipitation trends based on MK test and Sen’s
slope in (a) Spring; (b) Summer and (c) Autumn season during 1982-2015 in Nepal

In the summer, the mean NDVI was found to be 0.48 and the annual trend was
positive but insignificant (Figure 8b). The mean NDVI during autumn was found to
be 0.58, which is higher than the spring and summer. During autumn, the vegetation
increased at an average rate of 0.002yr?! (p< 0.0001), which sharply increased after
2000 (Figure 8c). The temperature increased by 0.03°Cyr?! in both summer and
autumn season. In summer, the precipitation was positive until 2000; afterward it
sharply decreased. In spring, the average temperature trend was relatively higher
(0.04°Cyr1) and exhibited similar trends with NDVI but reverse with precipitation.
The temperature and NDVI exhibited positive trend and coincided well with one
another in which the temperature and NDVI increased significantly in all the
growing season time periods except in the summer. On the contrary, the
precipitation decreased in all the growing season mainly after 2000. The autumn
rains have decreased by 2.97 mm yr! since the beginning of the study period. The
overall trends showed that temperature and NDVI increased but precipitation
decreased. The NDVI was positively correlated with temperature and the correlation
was stronger than that with a precipitation. The detailed vegetation changes and
relevant factors are presented in Figure 9. The red color in these figures show
significant vegetation changes, i.e., the left inset Figure 9 (a) shows significant
positive change, right inset Figure 9 (c) shows significant negative changes and the
middle Figure 9(b) shows total significant vegetation changes during last 34 years.
The result showed that 39.62% of the areas have positive changes and they are
significantly correlated in between NDVI and temperature. Similarly, ecological
restoration was responsible for 25.16% positive vegetation changes.
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Figure 9: Growing season vegetation changes and their relevant driving forces
during 1982-2015 in Nepal

The ecological restoration represented re-forestation, greenery developments and
improved agricultural practices. Beside these factors, multiple factors have
contributed 35.22% to significant vegetation changes. Those multiple factors could be
physical, biological and socio-cultural factors. The multiple factors except
temperature and ecological restoration can include several environmental factors
such as edaphic (parent materials, soil), geographic (gravity, rotational effects,
geographic position, volcanism, diastrophism, erosion and deposition, topography),
pyric (fire) and biotic (plants competition, animals and man) (Billings 1952).
Meanwhile, very few of the areas have found significantly decreased NDVI which
was related with decreased trends of precipitation and anomalous degradation, i.e.,
human activities. Anomalous degradation (human activities) has contributed 89.33%
to decreased 3.86% vegetation which could be deforestation, land use land cover
changes, overgrazing on grasslands, poor agricultural practices and less ecological
restoration on those particular areas. Beyond the climatic controls, vegetation types,
altitude, human activities and ecological restoration also have contributed to
vegetation dynamics in Nepal. The result explored by (Chhetri et al. 2017) in Nepal
Himalaya showed that topography and human disturbance are the main controlling
factor. In China, land use change was determined as the dominant factor that drives
vegetation greenness (Hua et al. 2017) during 1981-2011. Some of the previous
studies in Nepal also showed positive NDVI trends which were mainly attributed to
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increased CO» level (Krakauer et al. 2017) and temperature (Baniya et al. 2018) but
we present only growing season NDVI changes and associated factors. In our study,
the temperature was determined to be the largest contributor to growing season
vegetation change compared with precipitation and followed by ecological
restoration and multiple environmental factors.

Conclusion

The study provides a detailed examination of growing season vegetation change and
explored their driving forces during last three decades in Nepal. We found positive
intensity of growing season vegetation changes with more NDVI below 3000 m
altitude mainly during late summer and autumn. The large intensity of vegetation
changes was found after 2005. NDVI was significantly increased in overall growing
season, spring and autumn but insignificantly increased in summer season. At the
same time period, the growing season temperature was significantly increased but
precipitation decreased. The presence of higher mean NDVI and NDVI trends
during autumn indicate lengthening of growing season in Nepal. The higher mean
NDVI and positive changes at the tree line ecotone also corroborate good
regeneration of plants and possible shifting towards higher mountain. During
growing season, large areas had a significant positive correlation with temperature
and significant negative correlation with precipitation. It was found that temperature
was determined to be the largest contributor to growing season vegetation change
compared with precipitation and followed by ecological restoration and multiple
environmental factors. The results of this study could have enormous scientific value
and good reference among scientific communities in vegetation change investigation
in Nepal. However, fine resolute satellite and in-situ ecological data sets at large
temporal and spatial scales are recommended for comprehensive finding of
vegetation changes in the future.
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