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This study presents a comprehensive analysis of Alpine pastures in the Kashmir Himalayas through a
multidisciplinary approach, combining remote sensing and field-based assessments for biomass estima-
tion and time series analysis of the (NDVI) Index for the growing season from May to October 2022.
The Alpine and Subalpine region of Kashmir was delineated using ALOS PALSAR Digital Elevation Model,
and Landsat 8 imagery was classified using a maximum likelihood algorithm, revealing a total grassland
area of 160,974 hectares. After grassland delineation Biomass estimation was carried out based on data
collected from 18 pastures, each of which was subjected to a stratified sampling approach to establish
four 1 m? quadrats, with two designated for grazed areas and two for ungrazed areas, this yielded aver-
age biomass yields of 20.87 t/ha and an average dry weight biomass of 5.16 t/ha. Pastures like Daksum
(28.36 t/ha), Tragbal (28.22 t/ha), Krush (27.83 t/ha), Lung Marg (27.03 t/ha), observed high biomass avail-
ability, while moderate levels were found in locations like Gangbal (22.75 t/ha), Hangel Marg (22.68 t/ha),
Dagwan (21.76 t/ha), Gumri (20.82 t/ha), Bangus (20.66 t/ha), Pir Galli (18.52t/ha), Maalish (18.21 t/ha),
In contrast, lower biomass values were recorded in Mohand Marg (11.47 t/ha), and Thajwas (9.81 t/ha).
These findings were complemented by (NDVI) metrics, which varied across sites. For example, high NDVI
values were observed for sites such as Pir Gilli, Bangus, and Kud Marg, indicating a healthier vegetative
profile with less impact of grazing during the grazing season. In contrast, pastures like Mohand Marg,
Thajwas, Razdan, and Tragbal recorded moderate NDVI values, suggesting a moderate level of grazing
impact. Pasture sites with lower NDVI values and high standard deviation, such as Hangel Marg and Gu-
mari, witnessed high seasonal variability, suggesting a high grazing impact, besides other natural factors
responsible, like early snowfall. The study emphasizes the need for ongoing, multifaceted ecological as-
sessments for the sustainable management and conservation of these critical Alpine ecosystems.
© 2024 The Author(s). Published by Elsevier Inc. on behalf of The Society for Range Management.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)
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Introduction

Grasslands are vital ecosystems that cover approximately 40% of
the Earth’s land area and hold 30% of its biomass stock, play crucial
roles in biogeochemical cycles, energy transfer, and climate change
dynamics, and are a significant part of terrestrial ecosystems, con-
tributing to the overall balance and functioning of the planet (Erb
et al., 2018; Bar-On, Phillips, and Milo 2018; FAO 2018; FAO 2019;
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Piao, Fang, and He 2004; Morais, Teixeira, Figueiredo, and Domin-
gos 2021). Grazing-based systems, despite their relatively minor
contribution to global food production, accounting for less than
1% of dietary calories (Herrero et al. 2015; Woods et al. 2015),
play crucial roles in supporting livelihoods and providing essen-
tial ecosystem services (DeFries and Rosenzweig 2010). As a result,
there is a growing recognition of the significance of pasture lands
for sustainable intensification, aiming to enhance productivity and
efficiency in these systems (Thornton and Herrero 2010; Palermo,
de A. d'Avignon, and Freitas 2014; Bogaerts et al. 2017). Above-
ground biomass is of significant importance within the carbon cy-
cle of an ecosystem and is commonly used to observe and assess
changes in ecosystem structure and functionality (Tan et al. 2010;
Yang et al. 2010; Alvarez et al. 2012). The aboveground biomass
of grassland serves as the primary food source for grazing live-
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stock, including sheep and cattle. It forms the foundation for the
advancement of grassland animal husbandry and is a significant
indicator for estimating the carrying capacity of grassland ecosys-
tems. Precise simulation and prediction of the spatial and tem-
poral dynamics of aboveground biomass in grassland ecosystems
can contribute to the preservation of grassland ecosystems, facili-
tate the rational planning of livestock production, and enhance the
sustainable management of these ecosystems (Li, He, and Fu 2016;
Cao, Wu, and Zhang 2019).

The historical emphasis on cattle farming in mountain
economies can be attributed to the availability of abundant grazing
areas. During the summer season, pastures are intensively used for
grazing purposes, while forage is preserved and allocated for win-
ter feed supply (Garcia-Gonzalez, Hidalgo, and Montserrrat 1990).
However, the production of grass is subject to various physical con-
straints. The land use changes (Jamal, Malik, and Ahmad 2022) and
topography of the land impedes soil formation and the accumula-
tion of nutrients. It limits the expansion of farms, resulting in the
division of land and geographical isolation. The lack of spatial con-
tinuity, stemming from the structure of land ownership, hampers
mechanization due to low land extension and accessibility (Vaccaro
and Beltran 2010).

Grasslands with various ecological features are distributed
across different geographic areas in India, accounting for approx-
imately 24% of its total geographical area (Singh, Laienroth, and
Milchunas 1983). Grassland vegetation in the Indian Himalaya cov-
ers approximately 35% of the region’s geographical area and in-
cludes various types such as warm temperate grasslands, sub-
alpine and cool temperate grassy slopes, alpine meadows in the
greater Himalayas, and steppe formations in cold arid or alpine
dry shrub regions (Rawat 1998; Roy and Singh 2013; Rawat and
Adhikari 2015). In the Western Himalaya, alpine grasslands prevail
above the tree line, primarily on the southern slopes (Rawat 2005).
Plant communities and species composition in diverse grasslands
differ according to elevation, and the palatability of forage varies
from one region to another (Sundriyal 1995; Wilson et al. 2012).
These grassland ecosystems represent distinct categories with dif-
ferences in origin, structure, and composition. Similar to grasslands
elsewhere in the world, these formations sustain a diverse array
of wild herbivores, domestic livestock, and support various agro-
pastoral cultures (Korner, Nakhutsrishvili, and Spehn 2006; Becker,
Korner, Brun, Guisan, and Tappeiner 2007). However, grasslands
in the Himalayas are considered particularly vulnerable to climate
change and human induced modifications (Paudel and Andersen
2010).

The alpine and subalpine meadows, locally termed “margs” or
“bahaks or dokhs,” are prominent features of the Jammu and Kash-
mir region (Singh, Dev, Deb, Chaurasia, and Radotra 2015; Haq et
al. 2022; Mugloo et al. 2023). These pastures are an important
biological resource, have a significant impact on socioeconomic
and environmental aspects, and act as natural buffers, safeguard-
ing against erosion and contributing to flood resilience in the Hi-
malayas, which is important in climate change adaptation debate
(Rather, Shafi Bhat, and Andrabi 2017; Malik and Hashmi 2021;
Malik 2022; Malik 2022a; Malik 2022b; Malik and Hashmi 2022;
Wani and Malik 2023; Malik and Ford 2024). While previous stud-
ies predominantly focused on assessing aboveground herbaceous
species production within a restricted area of the Kashmir Val-
ley (Saleem et al. 2019; Dev et al. 2018), these investigations were
limited to pastures accessible by roads. There has been a notable
absence of research encompassing the entire Kashmir Valley re-
gion, examining (AGB), and providing comprehensive documenta-
tion of the region (Rather et al. 2022; Bhat et al. 2023 and Singh
et al. 2024). The present study aims to conduct a comprehensive
assessment of its current condition. Such an assessment serves as
a foundation for devising suitable pasture management strategies.

The challenge of restoring degraded grasslands, which leads to de-
creased productivity, underscores the necessity of this assessment
(Zhang, Liu, Zhou, and Fang, 1998; Ahmad, Mir, Bhat, and Singh
2018).

Material and Methods
Study area

The study site is located in the alpine and subalpine regions of
the Kashmir Himalayas, spanning between 33°21’ and 34°55’N lat-
itude and 73°30’ and 75°35’E longitude, within the northwestern
part of the Himalayan biodiversity hotspot (Fig. 1).

With an elevation ranging from 2208 m above mean sea level
(amsl) to 5375 m (amsl), the area experiences a temperate cli-
mate (Moonis 1978). The unique interplay of altitude, soil con-
ditions, and topography contributes to a diverse array of flora,
featuring various vegetation formations. At lower altitudes, one
finds an abundance of broad-leaved species, including Populus del-
toides and Juglans regia, while coniferous species such as Pinus wal-
lichiana, Cedrus deodara, Abies pindrow, and Picea smithiana domi-
nate the higher elevations. Throughout the Kashmir Himalaya, ex-
tensive herbaceous vegetation formations, collectively known as
“grasslands,” cover the landscape. These grasslands boast an ar-
ray of tussock-forming herbs, sedges, and grasses, with partic-
ular emphasis on key species such as Aconitum, Gentiana, Iris,
Pedicularis, Potentilla, Primula, and Ranunculus. Notably, leguminous
plants like Astragalus, Lotus, Medicago, and Trifolium also play a cru-
cial role in these ecosystems (Dad et al. 2010; Ahmad, Mir, and
Bhat 2021). Historically, these grasslands have served as summer
pastures for both local communities and nomadic groups. How-
ever, recent shifts in government priorities aim to explore alterna-
tive non-pasture activities, such as tourism and recreation, within
these areas. Consequently, the study was conducted across 18 dis-
tinct sites, each characterized by unique site histories and manage-
ment practices, in order to acquire a deeper understanding of the
dynamics of these grasslands and their associated management ap-
proaches.

Data acquisition and preparation

The study utilized a combination of remote sensing techniques,
land use classification, and field observations to estimate the
aboveground biomass in alpine pastures above 2500 m (Fig. 2).
By using the ALOS PALSAR an acronym for Advanced Land Observ-
ing Satellite—Phased Array type L-band Synthetic Aperture Radar,
a widely employed satellite sensor for terrain mapping with a
finer resolution of 12.5-meter DEM to delineate the pasture area,
this high-resolution data enabled precise identification of the tar-
get altitude range. Subsequently, Landsat 8 OLI Surface reflectance
having a 30-metre resolution was acquired using cloud filtering
to ensure that the imagery obtained for the study area contains
less than 2 percent cloud cover from the USGS database and was
pre-processed. Prior to land use classification, satellite image pre-
processing is critical to accurately relating the gathered data to
biophysical phenomena (Chander and Markham 2003). The ac-
quired satellite imagery was geo-referenced and rectified to fit the
UTM zone 43 N, adhering to the WGS84 datum (Table 1). Following
the assessment of data quality, the imagery was processed using
ERDAS Imagine 9.1 for radiometric and geometric corrections, such
as image enhancement, layer stacking, mosaicking, and sub-setting
according to the study area. NDVI Sentinel satellite data, boasting
a finer resolution of 10 meters and a revisit time of 10 days, was
employed for vegetation analysis and precise monitoring of pheno-
logical changes during the growing months from May to October
2022. The selection of data for this analysis was meticulously re-
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Figure 2. Methodology flow chart.
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Table 1
List of data sources used in the study.
Sensor Year Path/Row Source Acquisition Resolution (m) Bands Use
ALOS PALSAR 2015 149/36 USGS 4 June 12.5 L Study area delineation
Landsat 8 OLI 2019 149/36 USGS 16 May 30 2345,6 LULC
Sentinel 2 May-Oct 2022 149/36 GEE 5 Days revisit 10 4,8 NDVI

Figure 3. Location of sampled pastures and photographs taken during the field visit.

fined by applying cloud filtering techniques to ensure unobstructed
observations, thereby making the year 2022 the specific choice for
this study.

Collection of herbaceous plant samples

To collect aboveground biomass data, herbaceous plant sam-
ples were collected using the direct field plot harvest technique
for fresh weight, and to measure dry biomass, samples were oven-
dried at 105°C until a constant weight was achieved. A total of
72 field observations were conducted over a period of two years,
from 2021 to 2022. Four 1 m? (Im x 1m) quadrants (Mueller
et al. 1974; Kent and Coker 1992) were laid down per site: two
from grazed areas near their wooden huts where they stay and
two from the ungrazed area of pasture, and all herbaceous plant
species were harvested from above ground (Fig. 3). displays the lo-
cation of sampling sites, which were selected to ensure the repre-
sentation of all major grasslands across the study region.

Generation of land use/land cover

Land use/land cover classification is a well-established method
for extracting meaningful information from satellite imagery. In
this study, we used false color composite (FCC) imagery to gen-
erate accurate LULC data for the sub-Alpine and Alpine regions of
Kashmir. Amongst the array of available LULC classification tech-
niques, we opted for a supervised classification method employ-
ing the maximum likelihood classifier algorithm and random for-
est classifier to produce reliable LULC maps by precisely taking 80
training samples for each class to ensure robust model training us-
ing ArcMap 10.8 software. The classification process identified six
distinct LULC classes, including Open Forest, Exposed Rock, Forest,
Shrubland, Grasslands, and Snow-covered region. To address any
initial classification errors, we employed post-classification tech-
niques, including ground truths derived from classified scenes.
These measures were undertaken to refine and enhance the accu-
racy of the LULC classification outputs, thereby contributing to a
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Table 2

Accuracy results of land use land cover (LULC) maps derived from satellite data.
Class OF ER F S G SI Row Total User Accuracy (%)
OF 68 1 1 2 0 0 72 94.44
ER 1 76 0 0 2 0 79 96.2
F 3 0 80 5 0 0 88 90.91
S 2 0 2 62 4 2 72 86.11
G 0 3 0 0 66 6 75 88
SI 0 0 0 0 0 92 92 100
Column total 74 80 83 69 72 100 478
Producer accuracy (%) 91.89 95 96.39 89.86 91.67 92

Diagonal italic numbers show accurate classifications for each LULC class (OF): Open Forest, (ER): Exposed Rock, (F): Forest, (S): Shrubland, (G): Grassland, (SI): Snow/Ice.

Sum of diagonal: 444; Total: 478 overall accuracy: 92.89%; Kappa coefficient (K) 0.91.

more robust and precise analysis of land use and land cover dy-
namics within the study area.

Accuracy assessment

Accurate assessment of land use/land cover classification plays a
crucial role in evaluating the reliability and suitability of the gener-
ated maps for specific purposes (Rwanga et al. 2017). several tech-
niques, including the Kappa coefficient and error matrix, have been
widely utilized to assess the accuracy of LULC maps (Talukdar et
al. 2020; Verma, Raghubanshi, Srivastava, and Raghubanshi 2020).
In this study, we employed the Kappa coefficient and error ma-
trix to evaluate the producer’s and user’s accuracies. Producer’s ac-
curacy, which measures the proportion of correctly classified in-
stances for each land cover class relative to the total instances of
that class in the ground truth data, and user’s accuracy, which in-
dicates the proportion of correctly classified instances relative to
the total instances classified as that class, were calculated for each
land cover class of the LULC maps of the alpine and sub-alpine re-
gions of Kashmir using a sample of 478 randomly selected points.
The study utilized a random stratified sampling method to select
478 points from the classified image, which were then validated
using a combination of field visits and Google Earth Pro, particu-
larly in areas with limited access or no field data. The classification
achieved an overall accuracy of 92% with a Kappa value of 0.91 (see
Table 2), which is considered acceptable and indicative of a strong
agreement, as supported by prior research (Anderson et al. 1976).

Normalized difference vegetation index

The Normalized Difference Vegetation Index is an integral met-
ric for quantifying the density of green vegetation using the
spectral reflectance properties at specific wavelengths, pivotal for
differentiating vegetated from non-vegetated areas. For Sentinel
satellite data, NDVI is calculated using the specific bands that cor-
respond to red and near-infrared, typically band 4 (Red) denoted
as py and band 8 (near-infrared) denoted as p;, for Sentinel-2 data.
The NDVI was calculated (Eq. (1): Rouse, Haas, Schell, and Deering
1974).

NDVI = Pv—Pv (1)
Piv + Pv

The NDVI response ranges from —1.00 to 1.00, with negative
values typically indicating clear water bodies, and values between
0.00 and 0.25 indicating exposed soil surfaces, including straw
residue. NDVI values between 0.25 and 0.40 signify soils with veg-
etation presence, while values above 0.40 indicate vegetated sur-
faces. Higher NDVI values approaching 1.00 indicate stronger vege-
tation profiles (Formaggio and Sanches 2017).

Results and Discussions

Land Use Land Cover analysis, focusing exclusively on the alpine
and sub-alpine regions of Kashmir, particularly targeting areas

Table 3
Area coverage of land use and land cover in square hectares and percentage.

Class Name Area in Hectares Percentage (%)
Open Forest 98,147 11.17%
Exposed rock 3,45,269 39.28%

Forest 1,69,367 19.25%
Shrubland 93,117 10.59%
Grassland 1,60,974 18.32%

Snow 12,159 1.38%

Total 8,79,033 100.00%

above 2500 meters in elevation, brings to light the distinct land
cover classes present in these high-altitude regions. Previous in-
vestigations have mapped LULC shifts in numerous catchments
across the Kashmir valley, showcasing significant transformations
(Ahmad et al. 2021; Saleem et al., 2021; Ahmed et al. 2022 and
Imdad et al. 2023). It is commonly observed that transitions in
LULC occur within Kashmir’s catchments, transitioning from unirri-
gated systems such as forests and barren land to irrigated systems
driven by agricultural and horticultural activities, which promote
enhanced crop production and economic benefits (Pandey, Kout-
sias, Petropoulos, Srivastava, and Dor 2021; Ritse et al. 2020). How-
ever, the current study’s scope is delineated to conducting a LULC
analysis for the alpine and sub-alpine zones of Kashmir (Figs. 4
and 5). The comprehensive analysis of six diverse land cover types,
including (1) Open Forest, (2) Exposed Rock, (3) Forest, (4) Shrub-
land, (5) Grasslands, and (6) Snow covered a total area of 8,79,033
hectares within the alpine and sub-alpine regions of Kashmir.

The distribution of land cover types revealed a diverse land-
scape. Open forests occupied an area of 98,147 ha, corresponding
to 11.17% of the total study area, while exposed rock formations
extended significantly across 3,45,269 ha, accounting for 39.28% of
the total land cover. Forest areas, measuring 1,69,367 ha, consti-
tuted 19.25% of the total area, and shrublands covered 93,117 ha,
representing 10.59% of the landscape (Table 3). Additionally, grass-
lands spanned 1,60,974 ha, making up 18.32% of the total area. In
contrast, snow-covered regions were relatively limited, encompass-
ing 12,159 ha, or 1.38% of the total area. This comprehensive as-
sessment of land cover types offers valuable insights into the dis-
tribution and diversity of ecosystems within the studied regions,
underscoring the importance of balanced conservation and man-
agement strategies in these areas.

These findings provide valuable insights into the distribution
and proportion of various land cover classes in the high-elevation
regions. Such assessments are crucial for understanding the eco-
logical dynamics and potential environmental changes in fragile
mountainous ecosystems.

Above ground biomass

The investigation of rangelands in the Kashmir Valley, cover-
ing 19 different site types (including both grazed and protected
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Figure 4. Land use maps of Alpine and sub-Alpine region of Kashmir.
Table 4
Show green herbage and dry biomass in metric tons/ha in the pastures of alpine region of Kashmir.
Name of Sites Latitude Longitude Elevation (m) Green Herbage Dry Biomass
Mean + SD SE
Mohand Marg 34.3223528 74.7724611 3351 1147 +£2.70 135 2.87
Tragbal 34.2726278 74.7281792 2720 28.22+3.70 1.85 7.06
Krush 34.2867028 74.7112833 2990 27.83+3.03 1.52 6.96
Lung Marg 34.3428861 74.7301856 3229 27.03 +4.80 2.4 6.76
Maaldu Gali 34.3445222 74.8151528 3450 14.91+£3.77 1.88 3.73
Kud Marg 34.2287194 74.8675036 3270 1716 +£2.99 1.49 4.29
Gangbal 34.4210556 74.9573361 3536 22.75+2.59 13 5.69
Dagwan 34.1527583 75.0480000 3640 21.76 £3.11 1.56 5.44
Maalish 34.3439139 74.9123722 3680 18.21+3.79 19 4.55
Thajwas 34.2915425 75.2663667 2790 9.81+3.77 1.88 2.45
Razdan Top 34.5144556 74.6371000 3365 23.95+6.02 3.01 5.99
Gumri 34.2908667 75.4822667 3550 20.82+4.93 2.46 5.20
Daksum 33.5866278 75.4392444 2549 28.36+4.54 2.27 7.09
Lidwas 341697444 74.9845390 3367 25.25+1.80 0.9 6.31
Hangel Marg 341332333 751287139 3875 22.68+2.13 1.07 5.67
Diskel 33.8324056 74.5550167 3257 15.52 +2.89 144 3.88
Pir galli 33.6280167 74.5519972 3453 18.52+£3.32 1.66 4.63
Bangus 34.393169 74.032183 2830 20.66+4.84 2.42 5.16

areas, as well as fresh and dry biomass), provided valuable insights
into their biomass production. Figure 6 and Table 4 presents the
AGB in the pastures of Kashmir, in metric ton/ha. The analysis of
fresh weight from different grassland sites provides variations in
biomass production across these sites, with an average biomass
yield of 20.64 t/ha.

These sites have been categorized into three distinct groups by
employing a quantile-based method to divide the biomass data
into groups that yielded high, medium, and low amounts. By us-
ing the distribution of mean AGB values, this approach divides
the dataset into thirds. Sites are categorized as medium-yielding
if they are above the 66th percentile, high-yielding if they are be-
low the 33rd percentile, and low-yielding if they are between the
33rd and 66th percentiles. In the high biomass yield group, we

find sites such as Daksum (28.36 t/ha), Tragbal (28.22 t/ha), Krush
(27.83 t/ha), Lung Marg (27.03 t/ha), Lidwas (25.25 t/ha), and Raz-
dan Top (23.95 t/ha). These sites are characterized by substantial
AGB production, which can be attributed to favorable conditions
for grassland productivity. Such high yields are primarily a re-
sult of effective rangeland management practices, and sustainable
grazing patterns employed by pastoralists. The medium biomass
yield group includes sites like Gangbal (22.75 t/ha), Hangel Marg
(22.68 t/ha), Dagwan (21.76 t/ha), Gumri (20.82 t/ha), Bangus
(20.66 t/ha), Pir Galli (18.52t/ha), Maalish (18.21 t/ha), and These
sites exhibit moderate AGB yields, suggesting reasonable produc-
tivity and forage availability for grazing animals (Fig. 6). Con-
versely, the low biomass yield group encompasses sites such as
Kud Marg (17.16t/ha), Diskel (15.52 t/ha), Maaldu Gali (14.91 t/ha),
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Figure 6. Biomass yields different pasture sites.

Mohand Marg (11.47 t/ha), and Thajwas (9.81 t/ha). These loca-
tions exhibit notably diminished biomass yields, suggesting less
favorable conditions for grassland growth. The principal reasons
for these lower yields are twofold. First, overgrazing is a promi-
nent issue, especially given the proximity of Sonamarg, a key tran-
sit point on the way to Minamarg and the largest grazing site for
pastoral nomadic Bakerwals. Second, the presence of a substantial
number of horses and donkeys during the summer season, mainly
due to tourist activities, adds to the pressure on the grasslands,
further contributing to the reduced biomass yield in these areas.
These factors, in combination with potential soil quality limitations
and climatic constraints, contribute to the observed lower biomass

ine and sub-Alpine region of Kashmir.

yields. These findings underscore the importance of effective man-
agement of rangelands in protected sites across the Kashmir Val-
ley. The data associated with each site type provides a clear depic-
tion of the variations in biomass yields across the grasslands of the
Kashmir region.

The analysis of dry biomass, as derived from the provided data,
reveals important insights into the productivity and potential eco-
logical significance of various sites. The dry biomass represents the
amount of organic matter that remains after the removal of mois-
ture content. The dry biomass across various sites reveals signif-
icant variability in grassland productivity. High-yielding sites like
Daksum, Tragbal, Krush, Lung Marg, Lidwas, and Razdan Top, with
dry biomass exceeding 5.57 tons/ha, suggest favorable conditions
for vegetation growth Table 4. These conditions could be at-
tributed to optimal soil quality, adequate precipitation, and effec-
tive pasture management practices, including sustainable grazing
patterns. In contrast, sites like Thajwas and Mohand Marg, which
show considerably lower dry biomass values below 2.5 tons/ha, are
experiencing less favorable conditions and adverse anthropogenic
impacts. Notably, these lower-yielding sites are also popular tourist
destinations, attracting significant numbers of horse riders lead-
ing to intense grazing pressures. Additionally, some locations, such
as Pir Galli, situated along migratory routes of the Bakerwal pas-
toral community from the Jammu plains to summer pastures, face
a substantial influx of livestock, contributing to overgrazing. Fur-
thermore, there is an observed relationship between elevation and
biomass yields, with sites at higher elevations tending to have
lower yields compared to those at lower elevations. This variation
underscores the ecological impact of altitude on grassland produc-
tivity. The compiled dry biomass data is crucial for assessing the
ecological health of these grasslands.

Normalized difference vegetation index

The NDVI serves as a pivotal metric for assessing various eco-
logical variables, such as vegetation health, land cover classifi-
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Figure 7. Normalized Difference Vegetation Index maps for selected pasture sites (May-Oct 2022).
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Figure 8. Monthly Normalized Difference Vegetation Index time series graphs (May-Oct 2022).

cations, and phenological shifts (Pettorelli et al. 2005; Drusch
et al. 2012). Utilizing high-resolution satellite data from Sentinel
2, a time series analysis was conducted for 18 strategically se-
lected alpine grassland sites within the Kashmir region. The tem-
poral scope focused on the growing period from May to Octo-
ber in the year 2022. The Alpine grasslands in Kashmir serve
as a compelling backdrop for assessing vegetation health through
NDVI metrics, which are influenced by a myriad of factors rang-
ing from natural climatic conditions to human activities such as
grazing.

Figures 7 and 8 visualize the monthly NDVI values for the
growing season of 18 alpine grassland sites in the Kashmir re-
gion. The analyses, including linear and quadratic regression, high-
light both the resilience and the vulnerabilities of these grasslands
to ecological stressors such as climate variability and overgraz-
ing. Throughout the growing season, NDVI values generally peak
around mid-year (June-July) and reach their lowest points around
the beginning and end of the growing season of alpine grasslands.
The quadratic regression results revealed that most locations ex-
hibit a statistically significant concave upward trend in NDVI val-
ues throughout the growing season. This pattern indicates an in-
crease in vegetation health and biomass during the middle of the
growing season, with a decline as the season begins and ends.
Such a trend aligns with typical plant phenological cycles in tem-
perate to alpine ecosystems, where growth is maximized during
the warmer months (Wang et al. 2020). Positive trends are evi-
dent in sites like Dagwan and Daksum, reflecting sustained eco-
logical health and forage availability. In contrast, sites like Ban-
gus, Krush, and Hangel Marg, facing overall declines and sea-
sonal variability, raise concerns about the ecological stressors af-
fecting these grasslands. such as climate variability and overgrazing
(Fig. 8).

Conversely, sites with decreasing trends such as Bangus, Gumri,
Krush, and Kud Marg, coupled with the seasonal decreases identi-
fied in the quadratic analysis, are areas of concern. They reflect an
overall decline in vegetation health but also the added challenge of
seasonal variability impacting forage availability. Moreover, these
sites accommodate significant pastoral populations, exacerbating
the potential impact of low forage availability on livestock and

leading to overgrazing. Analysis of the NDVI trends within the con-
text of pastoralism unveils essential insights into the interplay be-
tween vegetation dynamics and grazing practices across Kashmir’s
alpine pastures. The varied NDVI trends observed amongst the 18
sites offer a nuanced perspective on vegetation health, directly im-
pacting pastoral communities reliant on these ecosystems for live-
stock grazing.

Moreover, the convergence of field data and NDVI profiles facil-
itates a comprehensive analysis of the phenological profile of AGB
in grasslands. This integrated approach enables the quantification
of total biomass yields, thereby enhancing our ability to gauge the
ecological health and productivity of pastoral landscapes. By lever-
aging NDVI-derived insights alongside on-the-ground observations,
it becomes possible to develop sustainable pastoral management
strategies (Gao et al. 2023). Studies have shown that AGB can serve
as an indicator of pasture quality, affecting livestock nutrition and,
consequently, the livelihoods of pastoralists (Dong et al. 2011). For
instance, the phenological changes and productivity of grasslands,
as captured through AGB assessments, are critical for predicting
grazing potentials and planning seasonal movements of pastoral
communities (Wang, Price, and Rich 2018).

Conclusion

This study conducted a comprehensive analysis of alpine grass-
lands in the Kashmir Himalayas using remote sensing techniques
and field assessments. We found diverse vegetation formations in
the area, highlighting the ecological diversity of the region. The
study provides an in-depth exploration of the biomass produc-
tion and NDVI profiles of grassland ecology in the Kashmir Hi-
malayas, crucial for supporting the livelihoods of pastoral com-
munities for generations. These high-altitude areas, serve as sea-
sonal grazing grounds for herds of sheep and goats, facilitating
seasonal migration practiced by over 600,000 people. This con-
nection between the pastoral way of life and the Himalayan land-
scape is deeply ingrained. Apart from their economic importance,
these pastures play a vital role in maintaining Himalayan biodi-
versity and preserving local cultural diversity. Biomass estimates
revealed insights into the ecological dynamics of these pastures.
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The total fresh weight biomass, averaging 20.64 t/ha, was approx-
imately 3322,503.36 t, while the total dry weight biomass, aver-
aging 5.16 t/ha, was about 830,625.84 t. These figures highlight
the significance of these grasslands for ecological preservation and
community sustenance. The NDVI metrics offered complementary
insights into seasonal variability in vegetation health, underscoring
the importance of informed policy decisions in conserving and sus-
tainably managing alpine pastures in the western Himalayas, espe-
cially given the environmental challenges they face. This study thus
emphasizes the need for future research and monitoring to under-
stand the nuanced interplay between natural and anthropogenic
variables, enabling the sustainable management and coexistence
of ecological and cultural aspects in the western Himalayas. The
findings emphasize the importance of balanced conservation and
management strategies, effective rangeland management practices,
and the integration of pastoralist practices for the sustainable man-
agement and conservation of these alpine ecosystems. Further re-
search and monitoring efforts are needed to inform adaptive man-
agement approaches.

Funding

We acknowledge support from the BRAINSTORM project, which
is a University of Leeds International Strategy Fund award. SS also
acknowledges support from UGC, India, for the Junior Research Fel-
lowship.

Ethical Approval

All the ethical standards of research publishing were taken care
of during this study.

Authors Contributions

SS and JAR originated the idea and planned to carry out the
research work. SS, SA, RA and JAR downloaded and processed data
as well as devised the methodology. SS, RA, and SA conducted the
field sampling. IHM, JAR, and SA interpreted the results. SS took
charge of writing the manuscript, while JAR, IHM, and SA edited
and revised it. All authors approved the final manuscript.

Declaration of competing interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared to
influence the work reported in this paper.

Acknowledgment

The authors are thankful to the United States Geological Survey
for providing free satellite data used in this study.

References

Ahmad, S., Mir, N.H,, Bhat, S.S., 2021. Intercropping in almond orchards with
grasses/legumes enhanced soil fertility and suppression in a temperate region.
Range Management and Agroforestry 42 (1), 30-37.

Ahmad, S., Mir, N., Bhat, S., Singh, J., 2018. High altitude pasturelands of Kashmir
Himalaya: Current status, issues and future strategies in a changing climatic
scenario. Current Journal of Applied Science and Technology 27 (2), 1-10.

Ahmed, R., Ahmad, S.T., Wani, G.F, Ahmed, P, Mir, A.A,, Singh, A., 2022. Analysis of
landuse and landcover changes in Kashmir valley, India—a review. GeoJournal
87 (5), 4391-4403.

Alvarez, E., Duque, A., Saldarriaga, J., Cabrera, K., de Las Salas, G., del Valle, I, ...
Rodriguez, L., 2012. Tree above-ground biomass allometries for carbon stocks
estimation in the natural forests of Colombia. For. Ecol. Manage. 267, 297-308.

Anderson, J.R., 1976. A land use and land cover classification system for use with
remote sensor data, 964. US Government Printing Office.

Bar-On, Y.M., Phillips, R., Milo, R., 2018. The biomass distribution on Earth. Proceed-
ings of the National Academy of Sciences 115 (25), 6506-6511.

Becker, A., Korner, C., Brun, J.J., Guisan, A., Tappeiner, U., 2007. Ecological and land
use studies along elevational gradients. Mt Res Dev 27 (1), 58-65.

Bhat, L.A., Ahmed, R., Bhat, W.A., Ahmed, P., 2023. Application of AHP based geospa-
tial modeling for assessment of landslide hazard zonation along Mughal road in
the Pir Panjal Himalayas. Environmental Earth Sciences 82 (13), 336.

Bogaerts, M., Cirhigiri, L., Robinson, I., Rodkin, M., Hajjar, R., Costa Junior, C., New-
ton, P, 2017. Climate change mitigation through intensified pasture manage-
ment: Estimating greenhouse gas emissions on cattle farms in the Brazilian
Amazon. ]. Clean. Prod. 162, 1539-1550.

Cao, Y., Wu, J., Zhang, X., Niu, B., Li, M., Zhang, Y., ... Wang, Z., 2019. Dynamic
forage-livestock balance analysis in alpine grasslands on the Northern Tibetan
Plateau. ]. Environ. Manage. 238, 352-359.

Chander, G., Markham, B., 2003. Revised Landsat-5 TM radiometrie calibration pro-
cedures and postcalibration dynamic ranges. IEEE Transactions on Geoscience
and Remote Sensing 41 (11 Part 1I), 2674-2677. doi:10.1109/TGRS.2003.818464.

Dad, J.M., Khan, A.B., 2010. Floristic composition of an alpine grassland in Bandipora,
Kashmir. Grassland Science 56 (2), 87-94.

DefFries, R., Rosenzweig, C., 2010. Toward a whole-landscape approach for sustain-
able land use in the tropics. PNAS 107, 19627-19632.

Dev, I, Radotra, S., Ram, A., Singh, J. P, Deb, D., Roy, M. M,, ... & Chaurasia, R. S.
(2018). Species richness, productivity and quality assessment of grassland re-
sources in hill agroecosystem of western Himalaya. Dev, 1., Radotra, S., Ram, A.,
Singh, JP, Deb, D., Roy, MM, Srivastava, M., Kumar, P, Ahmad, S., Chaurasia, RS,
1167-1175.

Dong, S., Wen, L., Liu, S., Zhang, X., Lassoie, J.P, Yi, S., ... Li, Y., 2011. Vulnerability
of worldwide pastoralism to global changes and interdisciplinary strategies for
sustainable pastoralism. Ecology and society 16 (2).

Drusch, M., Del Bello, U., Carlier, S., Colin, O., Fernandez, V., Gascon, F.,, Meygret, A.,
2012. Sentinel-2: eSA’s optical high-resolution mission for GMES operational
services. Remote Sens Environ 120, 25-36.

Erb, K.H,, Kastner, T, Plutzar, C., Bais, A.LS., Carvalhais, N., Fetzel, T,, ... Luyssaert, S.,
2018. Unexpectedly large impact of forest management and grazing on global
vegetation biomass. Nature 553 (7686), 73-76.

FAO, 2018. FAOSTAT. Food and Agriculture Organization of the United Nations.
Global capture production, Rome, Italy.

FAO, 2019. FAOSTAT. Food and Agriculture Organization of the United Nations.
Global capture production, Rome, Italy.

Formaggio, A.R., Sanches, 1.D., 2017. Sensoriamento Remoto em Agricultura. Oficina
de Textos, Sdo Paulo, SP, Brazil.

Gao, F, Liu, T, Wang, H., Shi, H., Yuan, C, Song, S., ... Wu, X,, 2023. Spatial and
temporal variation patterns of summer grazing trajectories of Sunit sheep. Ecol
Inform 78, 102322.

Garcia-Gonzalez, R., Hidalgo, R., Montserrrat, C., 1990. Patterns of livestock use in
time and space in the summer ranges of the Western Pyrenees: A case study in
the Aragon valley. Mountain Res. Dev. 10, 241-255.

Haq, S.M., Hassan, M., Jan, HA., Al-Ghamdi, A.A., Ahmad, K., Abbasi, A.M., 2022.
Traditions for future cross-national food security—Food and foraging practices
among different native communities in the Western Himalayas. Biology (Basel)
11, 455.

Herrero, M., Wirsenius, S., Henderson, B., Rigolot, C., Thornton, P., Havlik, P, de
Boer, 1., Gerber, PJ., 2015. Livestock and the environment: What have we learned
in the pastdecade? Annu. Rev. Environ. Resour. 40, 177-202.

Imdad, K. Rihan, M. Sahana, M., Parween, S. Ahmed, R, Costache, R, ... Tri-
pathi, R., 2023. Wetland health, water quality, and resident perceptions of de-
clining ecosystem services: a case study of Mount Abu, Rajasthan, India. Envi-
ronmental Science and Pollution Research 30 (55), 116617-116643.

Jamal, S., Malik, L.H., Ahmad, W.S., 2022. Dynamics of urban land use and its impact
on land surface temperature (LST) in Aligarh City. Re-envisioning advances in
remote sensing. CRC Press, Uttar Pradesh, India, pp. 25-40.

Kent, M., Coker, P, 1992. Vegetation description and analysis. A practical approach.
Belhaven Press, London 363 pp.

Korner, C., Nakhutsrishvili, G., Spehn, E., 2006. High-elevation land use, biodiver-
sity, and ecosystem functioning. Land use change and mountain biodiversity.
The CRC Press, LLC is an American publishing group, pp. 3-36.

Li, M., He, Y.T,, Fu, G,, et al., 2016. Livestock-forage balance in the Three River Head-
water Region based on the terrestrial ecosystem model. Ecology and Environ-
mental Sciences 25 (12), 1915-1921 (in Chinese).

Malik, L.H., 2022. Spatial dimension of impact, relief, and rescue of the 2014 flood
in Kashmir Valley. Natural Hazards 110 (3), 1911-1929.

Malik, I.H., 2022a. Anthropogenic causes of recent floods in Kashmir Valley: A study
of 2014 flood. SN Social Sciences 2 (8), 162.

Malik, I.H., 2022b. Flood risk assessment and analysis of Kashmir Valley floor.
Re-envisioning advances in remote sensing. American publishing group,
pp. 133-141.

Malik, L.H., Ford, ]J.D., 2024. Addressing the climate change adaptation gap: Key
themes and future directions. Climate, 12 (2), 24.

Malik, L.H., Hashmi, S.N.I, 2021. The great flood and its aftermath in Kashmir Valley:
Impact, consequences and vulnerability assessment. Journal of the Geological
Society of India 97 (6), 661-669.

Malik, LH., Najmul Islam Hashmi, S., 2022. Ethnographic account of flooding
in North-Western Himalayas: A study of Kashmir Valley. GeoJournal 87 (2),
1265-1283.

Moonis, Raza (1978). The valley of Kashmir. Volume I: The land. M Raza, A Ahmad,
& A Mohammad Durham, NC, Carolina Academic Press, 1978. xxvii, 148.


http://refhub.elsevier.com/S1550-7424(24)00083-6/sbref0001
http://refhub.elsevier.com/S1550-7424(24)00083-6/sbref0002
http://refhub.elsevier.com/S1550-7424(24)00083-6/sbref0071
http://refhub.elsevier.com/S1550-7424(24)00083-6/sbref0003
http://refhub.elsevier.com/S1550-7424(24)00083-6/sbref0004
http://refhub.elsevier.com/S1550-7424(24)00083-6/sbref0005
http://refhub.elsevier.com/S1550-7424(24)00083-6/sbref0006
http://refhub.elsevier.com/S1550-7424(24)00083-6/sbref0069
http://refhub.elsevier.com/S1550-7424(24)00083-6/sbref0007
http://refhub.elsevier.com/S1550-7424(24)00083-6/sbref0008
https://doi.org/10.1109/TGRS.2003.818464
http://refhub.elsevier.com/S1550-7424(24)00083-6/sbref0010
http://refhub.elsevier.com/S1550-7424(24)00083-6/sbref0011
http://refhub.elsevier.com/S1550-7424(24)00083-6/sbref0013
http://refhub.elsevier.com/S1550-7424(24)00083-6/sbref0014
http://refhub.elsevier.com/S1550-7424(24)00083-6/sbref0015
http://refhub.elsevier.com/S1550-7424(24)00083-6/sbref0016
http://refhub.elsevier.com/S1550-7424(24)00083-6/sbref0017
http://refhub.elsevier.com/S1550-7424(24)00083-6/sbref0018
http://refhub.elsevier.com/S1550-7424(24)00083-6/sbref0019
http://refhub.elsevier.com/S1550-7424(24)00083-6/sbref0020
http://refhub.elsevier.com/S1550-7424(24)00083-6/sbref0021
http://refhub.elsevier.com/S1550-7424(24)00083-6/sbref0022
http://refhub.elsevier.com/S1550-7424(24)00083-6/sbref0072
http://refhub.elsevier.com/S1550-7424(24)00083-6/sbref0023
http://refhub.elsevier.com/S1550-7424(24)00083-6/sbref0024
http://refhub.elsevier.com/S1550-7424(24)00083-6/sbref0025
http://refhub.elsevier.com/S1550-7424(24)00083-6/sbref0026
http://refhub.elsevier.com/S1550-7424(24)00083-6/sbref0027
http://refhub.elsevier.com/S1550-7424(24)00083-6/sbref0028
http://refhub.elsevier.com/S1550-7424(24)00083-6/sbref0029
http://refhub.elsevier.com/S1550-7424(24)00083-6/sbref0030
http://refhub.elsevier.com/S1550-7424(24)00083-6/sbref0031
http://refhub.elsevier.com/S1550-7424(24)00083-6/sbref0032

S. Saleem, J.A. Rather and S. Ahmed et al./Rangeland Ecology & Management 96 (2024) 117-127 127

Morais, T.G., Teixeira, R.E, Figueiredo, M., Domingos, T., 2021. The use of machine
learning methods to estimate aboveground biomass of grasslands: A review.
Ecol Indic 130, 108081.

Mueller-Dombois, D., Ellenberg, H., 1974. Aims and methods of vegetation ecology.
John Wiley and Sons, New York, NY, p. 547.

Mugloo, J.A., Khanday, M.U.D., Dar, M.U.D., Saleem, 1., Alharby, H.F., Bamagoos, A.A.,
Alghamdi, S.A., Abdulmajeed, A.M., Kumar, P.,, Abou Fayssal, S., 2023. Biomass
and leaf nutrition contents of selected grass and legume species in high altitude
rangelands of Kashmir Himalaya valley (Jammu & Kashmir), India. Plants 12 (7),
1448.

Palermo, G.C,, de A. d’Avignon, A.L, Freitas, M.A.V., 2014. Reduction of emissions
from Brazilian cattle raising and the generation of energy: Intensification and
confinement potentials. Energy Policy 68, 28-38.

Pandey, P.C,, Koutsias, N., Petropoulos, G.P, Srivastava, PK., Ben Dor, E., 2021. Land
use/land cover in view of earth observation: Data sources, input dimensions,
and classifiers—A review of the state of the art. Geocarto International 36 (9),
957-988.

Paudel, K.P, Andersen, P, 2010. Assessing rangeland degradation using multi tem-
poral satellite images and grazing pressure surface model in Upper Mus-
tang, Trans Himalaya, Nepal. Remote Sensing of Environment 114 (8), 1845-
1855.

Pettorelli, N., Vik, ].0., Mysterud, A., Gaillard, J.M., Tucker, CJ., Stenseth, N.C., 2005.
Using the satellite-derived NDVI to assess ecological responses to environmental
change. Trends Ecol. Evol. (Amst.) 20 (9), 503-510.

Piao, S.L., Fang, J.Y., He, ].S., et al., 2004. Spatial distribution of grassland biomass in
China. Acta Phytoecologica Sinica 4, 491-498 (in Chinese).

Rather, J., Shafi Bhat, M., Andrabi, Z., 2017. Inter district dimensions of socio-eco-
nomic development in Jammu and Kashmir State: A geographical analysis. Peri-
odic Research 6 (1).

Rather, A.F, Ahmed, R., Wani, G.F, Ahmad, S.T,, Dar, T., Javaid, S., Ahmed, P, 2022.
Mapping of groundwater potential zones in Pohru Watershed of Jhelum Bas-
in-Western Himalaya, India using integrated approach of remote sensing. GIS
and AHP. Earth Science Informatics 15 (4), 2091-2107.

Rawat, G.S., Adhikari, B.S., 2015. Managing Indian grasslands for multiple functions:
Action imperatives. In: Rawat, G.S., Adhikari, B.S. (Eds.), Ecology and manage-
ment of grassland habitats in India, ENVIS bulletin: Wildlife & protected areas,
17. Wildlife Institute of India, Dehradun, Uttarakhand, India, p. 240.

Rawat, G.S., 1998. Temperate and alpine grasslands of the Himalaya: Ecology and
conservation. Parks 8 (3), 27-36.

Rawat, G.S., 2005. Terrestrial vegetation and ecosystem coverage within Indian pro-
tected areas. National Academy Science letters 28 (7/8), 241.

Ritse, V., Basumatary, H., Kulnu, A.S,, Dutta, G., Phukan, M.M., Hazarika, N., 2020.
Monitoring land use land cover changes in the Eastern Himalayan landscape
of Nagaland, Northeast India. Environmental Monitoring and Assessment 192,
1-17.

Rouse Jr., J., Haas, R.H., Schell, J.A., Deering, D.W., 1974. Monitoring vegetation sys-
tems in the great plains with ERTS, 1. NAS, pp. 309-317.

Roy, AK, Singh, J.P., 2013. Grasslands in India: Problems and perspectives for sus-
taining livestock and rural livelihoods. Tropical Grasslands-Forrajes Tropicales 1
(2), 240-243.

Rwanga, S.S., Ndambuki, J.M., 2017. Accuracy assessment of land use/land cover clas-
sification using remote sensing and GIS. International Journal of Geosciences 8
(04), 611.f.

Saleem, I, Mugloo, J.A., Anjum Baba, A., Buch, K., 2019. Biomass estimation of
herbaceous species of Benhama area, Kashmir. J. Pharmacogn. Phytochem 8,
2926-2929.

Saleem, S., Ahmed Hajam, F, Rather, J.A., 2021. Spatio-temporal Analysis of land use
land cover changes in Sind catchment of the Kashmir Valley, India. Geo. Eye 10
(2), 35-42.

Singh, J.P, Ahmad, S., Radotra, S., Dev, I, Mir, N.H., Deb, D., Chaurasia, R.S., 2018.
Extent, mapping and utilization of grassland resources of Jammu and Kashmir
in western Himalaya: a case study. Range Management and Agroforestry 39 (2),
138-146.

Singh, J.P,, Dev, L., Deb, D., Chaurasia, R.S., Radotra, S. (2015). Identification and char-
acterization of pastureland and other grazing resources of Jammu & Kashmir
using GIS and satellite remote sensing technique. In Proceedings of the XXIII In-
ternational Grassland Congress, Sustainable Use of Grassland Resources for For-
age Production, Biodiversity and Environmental Protection; Roy, M.M., Malaviya,
D.R, Yadav, VK, Singh, T, Sah, R.P, Vijay, D., Radhakrishna, A., Eds.; New Delhi
India: Range Management Society of India,

Singh, A., Hajam, FA., Ahmed, R., Ahmed, P, Singh, H., Khan, R., 2024. Geographical
analysis of cropping pattern in Kashmir valley. India. Sustainability, Agri, Food
and Environmental Research 12 (2).

Sundriyal, R.C., 1995. Grassland forage production and management in the Hi-
malaya: A review. Journal of hill Research 8 (2), 135-150.

Talukdar, S., Singha, P., Mahato, S., Pal, S., Liou, Y.A., Rahman, A., 2020. Land-use
land-cover classification by machine learning classifiers for satellite observa-
tions—A review. Remote Sens (Basel) 12 (7), 1135.

Tan, K, Ciais, P, Piao, S., Wu, X,, Tang, Y., Vuichard, N,, ... Fang, J., 2010. Application
of the ORCHIDEE global vegetation model to evaluate biomass and soil carbon
stocks of Qinghai-Tibetan grasslands. Global Biogeochem Cycles 24 (1).

Thornton, PK., Herrero, M., 2010. Potential for reduced methane and carbon diox-
ide emissions from livestock and pasture management in the tropics. Proc. Natl.
Acad. Sci. U. S. A. 107, 19667-19672.

Vaccaro, I, Beltran, O., 2010. Social and ecological history of the Pyrenees: State,
market, and landscape. Left Coast Press.

Verma, P, Raghubanshi, A., Srivastava, PK., Raghubanshi, A.S., 2020. Appraisal of
kappa-based metrics and disagreement indices of accuracy assessment for para-
metric and nonparametric techniques used in LULC classification and change
detection. Modeling Earth Systems and Environment 6, 1045-1059.

Wang, H., Liu, H,, Cao, G.,, Ma, Z, Li, Y., Zhang, F, Zhao, X., Zhao, X., Jiang, L.,
Sanders, N.J., Classen, A.T,, He, J.S., 2020. Alpine grassland plants grow earlier
and faster but biomass remains unchanged over 35 years of climate change.
Ecol. Lett. 23 (4), 701-710.

Wang, ]., Price, K.P, Rich, P.M., 2018. Spatial patterns of NDVI in response to precip-
itation and temperature in the central Great Plains. Int ] Remote Sens 19 (15),
2897-2914.

Wani, S.N., Malik, LH., 2023. Disaster vulnerability and flood management policy
framework in the Himalayas. Arabian Journal of Geosciences 16 (11), 609.

Wilson, J.B., Peet, R.K., Dengler, ]., Pdrtel, M., 2012. Plant species richness: the world
records. Journal of vegetation Science 23 (4), 796-802.

Woods, J., Lynd, L.R., Laser, M., Batistella, M., de Castro, V.D, Kline, K., Faaij, A., 2015.
Land and bioenergy. Bioenergy: bridging the gaps 9.

Yang, Y., Fang, J., Ma, W., Guo, D., Mohammat, A., 2010. Large-scale pattern of
biomass partitioning across China’s grasslands. Global Ecology and Biogeogra-
phy 19 (2), 268-277.

Zhang, J.P, Liu, S.Z., Zhou, L., Fang, Y.P,, 1998. Soil degradation of main grassland in
Naqu area of Tibet. ]. Soil Erosion and Soil and Water Conserv 4, 6-11.


http://refhub.elsevier.com/S1550-7424(24)00083-6/sbref0034
http://refhub.elsevier.com/S1550-7424(24)00083-6/sbref0035
http://refhub.elsevier.com/S1550-7424(24)00083-6/sbref0036
http://refhub.elsevier.com/S1550-7424(24)00083-6/sbref0037
http://refhub.elsevier.com/S1550-7424(24)00083-6/sbref0038
http://refhub.elsevier.com/S1550-7424(24)00083-6/sbref0039
http://refhub.elsevier.com/S1550-7424(24)00083-6/sbref0040
http://refhub.elsevier.com/S1550-7424(24)00083-6/sbref0041
http://refhub.elsevier.com/S1550-7424(24)00083-6/sbref0043
http://refhub.elsevier.com/S1550-7424(24)00083-6/sbref0068
http://refhub.elsevier.com/S1550-7424(24)00083-6/sbref0044
http://refhub.elsevier.com/S1550-7424(24)00083-6/sbref0045
http://refhub.elsevier.com/S1550-7424(24)00083-6/sbref0046
http://refhub.elsevier.com/S1550-7424(24)00083-6/sbref0047
http://refhub.elsevier.com/S1550-7424(24)00083-6/sbref0048
http://refhub.elsevier.com/S1550-7424(24)00083-6/sbref0049
http://refhub.elsevier.com/S1550-7424(24)00083-6/sbref0050
http://refhub.elsevier.com/S1550-7424(24)00083-6/sbref0051
http://refhub.elsevier.com/S1550-7424(24)00083-6/sbref0052
http://refhub.elsevier.com/S1550-7424(24)00083-6/sbref0054
http://refhub.elsevier.com/S1550-7424(24)00083-6/sbref0070
http://refhub.elsevier.com/S1550-7424(24)00083-6/sbref0076
http://refhub.elsevier.com/S1550-7424(24)00083-6/sbref0056
http://refhub.elsevier.com/S1550-7424(24)00083-6/sbref0057
http://refhub.elsevier.com/S1550-7424(24)00083-6/sbref0059
http://refhub.elsevier.com/S1550-7424(24)00083-6/sbref0060
http://refhub.elsevier.com/S1550-7424(24)00083-6/sbref0061
http://refhub.elsevier.com/S1550-7424(24)00083-6/sbref0062
http://refhub.elsevier.com/S1550-7424(24)00083-6/sbref0063
http://refhub.elsevier.com/S1550-7424(24)00083-6/sbref0064
http://refhub.elsevier.com/S1550-7424(24)00083-6/sbref0077
http://refhub.elsevier.com/S1550-7424(24)00083-6/sbref0065
http://refhub.elsevier.com/S1550-7424(24)00083-6/sbref0075
http://refhub.elsevier.com/S1550-7424(24)00083-6/sbref0067

	Above Ground Biomass Estimation for Alpine Grasslands of Kashmir Himalayas Using Remote Sensing and Field-Data
	Introduction
	Material and Methods
	Study area
	Data acquisition and preparation
	Collection of herbaceous plant samples
	Generation of land use/land cover
	Accuracy assessment
	Normalized difference vegetation index

	Results and Discussions
	Above ground biomass
	Normalized difference vegetation index

	Conclusion
	Funding
	Ethical Approval
	Authors Contributions
	Declaration of competing interest
	Acknowledgment
	References


