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a b s t r a c t 

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 ² 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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Grasslands are vital ecosystems that cover approximately 40% of

he Earth’s land area and hold 30% of its biomass stock, play crucial

oles in biogeochemical cycles, energy transfer, and climate change

ynamics, and are a significant part of terrestrial ecosystems, con-

ributing to the overall balance and functioning of the planet ( Erb

t al., 2018 ; Bar-On, Phillips, and Milo 2018 ; FAO 2018 ; FAO 2019 ;
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iao, Fang, and He 2004 ; Morais, Teixeira, Figueiredo, and Domin-

os 2021 ). Grazing-based systems, despite their relatively minor

ontribution to global food production, accounting for less than

% of dietary calories ( Herrero et al. 2015 ; Woods et al. 2015 ),

lay crucial roles in supporting livelihoods and providing essen-

ial ecosystem services ( DeFries and Rosenzweig 2010 ). As a result,

here is a growing recognition of the significance of pasture lands

or sustainable intensification, aiming to enhance productivity and

fficiency in these systems ( Thornton and Herrero 2010 ; Palermo,

e A. d ׳Avignon, and Freitas 2014 ; Bogaerts et al. 2017 ). Above-

round biomass is of significant importance within the carbon cy-

le of an ecosystem and is commonly used to observe and assess

hanges in ecosystem structure and functionality ( Tan et al. 2010 ;

ang et al. 2010 ; Alvarez et al. 2012 ). The aboveground biomass

f grassland serves as the primary food source for grazing live-
ange Management. This is an open access article under the CC BY license 
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tock, including sheep and cattle. It forms the foundation for the

dvancement of grassland animal husbandry and is a significant 

ndicator for estimating the carrying capacity of grassland ecosys- 

ems. Precise simulation and prediction of the spatial and tem- 

oral dynamics of aboveground biomass in grassland ecosystems 

an contribute to the preservation of grassland ecosystems, facili- 

ate the rational planning of livestock production, and enhance the 

ustainable management of these ecosystems ( Li, He, and Fu 2016 ;

ao, Wu, and Zhang 2019 ). 

The historical emphasis on cattle farming in mountain 

conomies can be attributed to the availability of abundant grazing 

reas. During the summer season, pastures are intensively used for 

razing purposes, while forage is preserved and allocated for win- 

er feed supply ( Garcia-Gonzalez, Hidalgo, and Montserrrat 1990 ).

owever, the production of grass is subject to various physical con-

traints. The land use changes ( Jamal, Malik, and Ahmad 2022 ) and

opography of the land impedes soil formation and the accumula- 

ion of nutrients. It limits the expansion of farms, resulting in the

ivision of land and geographical isolation. The lack of spatial con-

inuity, stemming from the structure of land ownership, hampers 

echanization due to low land extension and accessibility ( Vaccaro

nd Beltran 2010 ). 

Grasslands with various ecological features are distributed 

cross different geographic areas in India, accounting for approx- 

mately 24% of its total geographical area ( Singh, Laienroth, and

ilchunas 1983 ). Grassland vegetation in the Indian Himalaya cov- 

rs approximately 35% of the region’s geographical area and in- 

ludes various types such as warm temperate grasslands, sub- 

lpine and cool temperate grassy slopes, alpine meadows in the 

reater Himalayas, and steppe formations in cold arid or alpine

ry shrub regions ( Rawat 1998 ; Roy and Singh 2013 ; Rawat and

dhikari 2015 ). In the Western Himalaya, alpine grasslands prevail

bove the tree line, primarily on the southern slopes ( Rawat 2005 ).

lant communities and species composition in diverse grasslands 

iffer according to elevation, and the palatability of forage varies

rom one region to another ( Sundriyal 1995 ; Wilson et al. 2012 ).

hese grassland ecosystems represent distinct categories with dif- 

erences in origin, structure, and composition. Similar to grasslands 

lsewhere in the world, these formations sustain a diverse array 

f wild herbivores, domestic livestock, and support various agro- 

astoral cultures ( Körner, Nakhutsrishvili, and Spehn 2006 ; Becker, 

örner, Brun, Guisan, and Tappeiner 2007 ). However, grasslands 

n the Himalayas are considered particularly vulnerable to climate 

hange and human induced modifications ( Paudel and Andersen 

010 ). 

The alpine and subalpine meadows, locally termed “margs” or 

bahaks or dokhs,” are prominent features of the Jammu and Kash- 

ir region ( Singh, Dev, Deb, Chaurasia, and Radotra 2015 ; Haq et

l. 2022 ; Mugloo et al. 2023 ). These pastures are an important

iological resource, have a significant impact on socioeconomic 

nd environmental aspects, and act as natural buffers, saf eguard- 

ng against erosion and contributing to flood resilience in the Hi-

alayas, which is important in climate change adaptation debate 

 Rather, Shafi Bhat, and Andrabi 2017 ; Malik and Hashmi 2021 ;

alik 2022 ; Malik 2022a ; Malik 2022b ; Malik and Hashmi 2022 ;

ani and Malik 2023 ; Malik and Ford 2024 ). While previous stud-

es predominantly focused on assessing aboveground herbaceous 

pecies production within a restricted area of the Kashmir Val- 

ey ( Saleem et al. 2019 ; Dev et al. 2018 ), these investigations were

imited to pastures accessible by roads. There has been a notable

bsence of research encompassing the entire Kashmir Valley re- 

ion, examining (AGB), and providing comprehensive documenta- 

ion of the region ( Rather et al. 2022 ; Bhat et al. 2023 and Singh

t al. 2024 ). The present study aims to conduct a comprehensive

ssessment of its current condition. Such an assessment serves as 

 foundation for devising suitable pasture management strategies. 
he challenge of restoring degraded grasslands, which leads to de- 

reased productivity, underscores the necessity of this assessment 

 Zhang, Liu, Zhou, and Fang, 1998 ; Ahmad, Mir, Bhat, and Singh

018 ). 

aterial and Methods 

tudy area 

The study site is located in the alpine and subalpine regions of

he Kashmir Himalayas, spanning between 33 °21′ and 34 °55′ N lat- 

tude and 73 °30′ and 75 °35′ E longitude, within the northwestern 

art 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-

ate ( Moonis 1978 ). The unique interplay of altitude, soil con-

itions, and topography contributes to a diverse array of flora, 

eaturing various vegetation formations. At lower altitudes, one 

nds an abundance of broad-leaved species, including Populus del- 

oides and Juglans regia, while coniferous species such as Pinus wal-

ichiana , Cedrus deodara, Abies pindrow , and Picea smithiana domi-

ate the higher elevations. Throughout the Kashmir Himalaya, ex- 

ensive herbaceous vegetation formations, collectively known as 

grasslands,” cover the landscape. These grasslands boast an ar- 

ay of tussock-forming herbs, sedges, and grasses, with partic- 

lar emphasis on key species such as Aconitum, Gentiana, Iris, 

edicularis, Potentilla, Primula , and Ranunculus . Notably, leguminous 

lants like Astragalus, Lotus, Medicago , and Trifolium also play a cru-

ial role in these ecosystems ( Dad et al. 2010 ; Ahmad, Mir, and

hat 2021 ). Historically, these grasslands have served as summer 

astures for both local communities and nomadic groups. How- 

ver, recent shifts in government priorities aim to explore alterna- 

ive non-pasture activities, such as tourism and recreation, within 

hese areas. Consequently, the study was conducted across 18 dis- 

inct sites, each characterized by unique site histories and manage- 

ent practices, in order to acquire a deeper understanding of the

ynamics of these grasslands and their associated management ap- 

roaches. 

ata acquisition and preparation 

The study utilized a combination of remote sensing techniques, 

and use classification, and field observations to estimate the 

boveground biomass in alpine pastures above 2500 m ( Fig. 2 ).

y using the ALOS PALSAR an acronym for Advanced Land Observ-

ng Satellite—Phased Array type l -band Synthetic Aperture Radar, 

 widely employed satellite sensor for terrain mapping with a 

ner resolution of 12.5-meter DEM to delineate the pasture area, 

his high-resolution data enabled precise identification of the tar- 

et altitude range. Subsequently, Landsat 8 OLI Surface reflectance 

aving a 30-metre resolution was acquired using cloud filtering 

o ensure that the imagery obtained for the study area contains

ess than 2 percent cloud cover from the USGS database and was

re-processed. Prior to land use classification, satellite image pre- 

rocessing is critical to accurately relating the gathered data to 

iophysical phenomena ( Chander and Markham 2003 ). The ac- 

uired satellite imagery was geo-referenced and rectified to fit the 

TM zone 43 N, adhering to the WGS84 datum ( Table 1 ). Following

he assessment of data quality, the imagery was processed using 

RDAS Imagine 9.1 for radiometric and geometric corrections, such 

s image enhancement, layer stacking, mosaicking, and sub-setting 

ccording to the study area. NDVI Sentinel satellite data, boasting 

 finer resolution of 10 meters and a revisit time of 10 days, was

mployed for vegetation analysis and precise monitoring of pheno- 

ogical changes during the growing months from May to October 

022. The selection of data for this analysis was meticulously re-



S. Saleem, J.A. Rather and S. Ahmed et al. / Rangeland Ecology & Management 96 (2024) 117–127 119 

Figure 1. Alpine and sub-alpine area of Kashmir region 2500 m ASL. 

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 2,3,4,5, 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. 

fi

o

t

C

p

f  

d  

7  

f  

e  

f  

t  

s  

c  

s

G

f

t  

e  

K

n

i

e  

t  

i

d

S

i

n

T

r

ned by applying cloud filtering techniques to ensure unobstructed 

bservations, thereby making the year 2022 the specific choice for 

his study. 

ollection of herbaceous plant samples 

To collect aboveground biomass data, herbaceous plant sam- 

les were collected using the direct field plot harvest technique 

or fresh weight, and to measure dry biomass, samples were oven-

ried at 105 °C until a constant weight was achieved. A total of

2 field observations were conducted over a period of two years,

rom 2021 to 2022. Four 1 m2 (1 m x 1 m) quadrants ( Mueller

t al. 1974 ; Kent and Coker 1992 ) were laid down per site: two

rom grazed areas near their wooden huts where they stay and

wo from the ungrazed area of pasture, and all herbaceous plant

pecies were harvested from above ground ( Fig. 3 ). displays the lo-

ation of sampling sites, which were selected to ensure the repre-

entation of all major grasslands across the study region. 
eneration of land use/land cover 

Land use/land cover classification is a well-established method 

or extracting meaningful information from satellite imagery. In 

his study, we used false color composite (FCC) imagery to gen-

rate accurate LULC data for the sub-Alpine and Alpine regions of

ashmir. Amongst the array of available LULC classification tech- 

iques, we opted for a supervised classification method employ- 

ng the maximum likelihood classifier algorithm and random for- 

st classifier to produce reliable LULC maps by precisely taking 80

raining samples for each class to ensure robust model training us-

ng ArcMap 10.8 software. The classification process identified six 

istinct LULC classes, including Open Forest, Exposed Rock, Forest, 

hrubland, Grasslands, and Snow-covered region. To address any 

nitial classification errors, we employed post-classification tech- 

iques, including ground truths derived from classified scenes. 

hese measures were undertaken to refine and enhance the accu- 

acy 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: 4 4 4; Total: 478 overall accuracy: 92.89%; Kappa coefficient (K) 0.91. 
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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 10 0.0 0% 

a  

c  

v  

a

(  

I  

L  

g  

d  

e  

s  

e  

a  

a  

i  

l  

h

 

s  

t  

e  

t  

t  

r  

l  

c

i  

s  

t  

u  

a

 

a  

r  

l  

m

A

 

i  
ore robust and precise analysis of land use and land cover dy-

amics within the study area. 

ccuracy assessment 

Accurate assessment of land use/land cover classification plays a

rucial role in evaluating the reliability and suitability of the gener-

ted maps for specific purposes ( Rwanga et al. 2017 ). several tech-

iques, including the Kappa coefficient and error matrix, have been

idely utilized to assess the accuracy of LULC maps ( Talukdar et

l. 2020 ; Verma, Raghubanshi, Srivastava, and Raghubanshi 2020 ).

n this study, we employed the Kappa coefficient and error ma-

rix to evaluate the producer’s and user’s accuracies. Producer’s ac-

uracy, which measures the proportion of correctly classified in-

tances for each land cover class relative to the total instances of

hat class in the ground truth data, and user’s accuracy, which in-

icates the proportion of correctly classified instances relative to

he total instances classified as that class, were calculated for each

and cover class of the LULC maps of the alpine and sub-alpine re-

ions of Kashmir using a sample of 478 randomly selected points.

he study utilized a random stratified sampling method to select

78 points from the classified image, which were then validated

sing a combination of field visits and Google Earth Pro, particu-

arly in areas with limited access or no field data. The classification

chieved an overall accuracy of 92% with a Kappa value of 0.91 (see

able 2 ), which is considered acceptable and indicative of a strong

greement, as supported by prior research ( Anderson et al. 1976 ). 

ormalized difference vegetation index 

The Normalized Difference Vegetation Index is an integral met-

ic for quantifying the density of green vegetation using the

pectral reflectance properties at specific wavelengths, pivotal for

ifferentiating vegetated from non-vegetated areas. For Sentinel

atellite data, NDVI is calculated using the specific bands that cor-

espond to red and near-infrared, typically band 4 (Red) denoted

s ρv and band 8 (near-infrared) denoted as ρiv for Sentinel-2 data.

he NDVI was calculated ( Eq. (1) : Rouse, Haas, Schell, and Deering

974 ). 

DVI = ρiv − ρv 

ρiv + ρv 
(1) 

The NDVI response ranges from −1.00 to 1.00, with negative

alues typically indicating clear water bodies, and values between

.00 and 0.25 indicating exposed soil surfaces, including straw

esidue. NDVI values between 0.25 and 0.40 signify soils with veg-

tation presence, while values above 0.40 indicate vegetated sur-

aces. Higher NDVI values approaching 1.00 indicate stronger vege-

ation profiles ( Formaggio and Sanches 2017 ). 

esults and Discussions 

Land Use Land Cover analysis, focusing exclusively on the alpine

nd sub-alpine regions of Kashmir, particularly targeting areas
bove 2500 meters in elevation, brings to light the distinct land

over classes present in these high-altitude regions. Previous in-

estigations have mapped LULC shifts in numerous catchments

cross the Kashmir valley, showcasing significant transformations 

 Ahmad et al. 2021 ; Saleem et al., 2021 ; Ahmed et al. 2022 and

mdad et al. 2023 ). It is commonly observed that transitions in

ULC occur within Kashmir’s catchments, transitioning from unirri-

ated systems such as forests and barren land to irrigated systems

riven by agricultural and horticultural activities, which promote

nhanced crop production and economic benefits ( Pandey, Kout-

ias, Petropoulos, Srivastava, and Dor 2021 ; Ritse et al. 2020 ). How-

ver, the current study’s scope is delineated to conducting a LULC

nalysis for the alpine and sub-alpine zones of Kashmir ( Figs. 4

nd 5 ). The comprehensive analysis of six diverse land cover types,

ncluding (1) Open Forest, (2) Exposed Rock, (3) Forest, (4) Shrub-

and, (5) Grasslands, and (6) Snow covered a total area of 8,79,033

ectares within the alpine and sub-alpine regions of Kashmir. 

The distribution of land cover types revealed a diverse land-

cape. Open forests occupied an area of 98,147 ha, corresponding

o 11.17% of the total study area, while exposed rock formations

xtended significantly across 3,45,269 ha, accounting for 39.28% of

he total land cover. Forest areas, measuring 1,69,367 ha, consti-

uted 19.25% of the total area, and shrublands covered 93,117 ha,

epresenting 10.59% of the landscape ( Table 3 ). Additionally, grass-

ands spanned 1,60,974 ha, making up 18.32% of the total area. In

ontrast, snow-covered regions were relatively limited, encompass- 

ng 12,159 ha, or 1.38% of the total area. This comprehensive as-

essment of land cover types offers valuable insights into the dis-

ribution and diversity of ecosystems within the studied regions,

nderscoring the importance of balanced conservation and man-

gement strategies in these areas. 

These findings provide valuable insights into the distribution

nd proportion of various land cover classes in the high-elevation

egions. Such assessments are crucial for understanding the eco-

ogical dynamics and potential environmental changes in fragile

ountainous ecosystems. 

bove ground biomass 

The investigation of rangelands in the Kashmir Valley, cover-

ng 19 different site types (including both grazed and protected



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

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 S.E 

Mohand Marg 34.3223528 74.7724611 3351 11.47 ± 2.70 1.35 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 17.16 ± 2.99 1.49 4.29 

Gangbal 34.4210556 74.9573361 3536 22.75 ± 2.59 1.3 5.69 

Dagwan 34.1527583 75.0480 0 0 0 3640 21.76 ± 3.11 1.56 5.44 

Maalish 34.3439139 74.9123722 3680 18.21 ± 3.79 1.9 4.55 

Thajwas 34.2915425 75.2663667 2790 9.81 ± 3.77 1.88 2.45 

Razdan Top 34.5144556 74.63710 0 0 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 75.43924 4 4 2549 28.36 ± 4.54 2.27 7.09 

Lidwas 34.16974 4 4 74.9845390 3367 25.25 ± 1.80 0.9 6.31 

Hangel Marg 34.1332333 75.1287139 3875 22.68 ± 2.13 1.07 5.67 

Diskel 33.8324056 74.5550167 3257 15.52 ± 2.89 1.44 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 
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reas, as well as fresh and dry biomass), provided valuable insights

nto their biomass production. Figure 6 and Table 4 presents the

GB in the pastures of Kashmir, in metric ton/ha. The analysis of

resh weight from different grassland sites provides variations in 

iomass production across these sites, with an average biomass 

ield of 20.64 t/ha. 

These sites have been categorized into three distinct groups by 

mploying a quantile-based method to divide the biomass data 

nto groups that yielded high, medium, and low amounts. By us-

ng the distribution of mean AGB values, this approach divides 

he dataset into thirds. Sites are categorized as medium-yielding 

f they are above the 66th percentile, high-yielding if they are be-

ow the 33rd percentile, and low-yielding if they are between the

3rd and 66th percentiles. In the high biomass yield group, we
nd 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-

an Top (23.95 t/ha). These sites are characterized by substantial 

GB production, which can be attributed to favorable conditions 

or grassland productivity. Such high yields are primarily a re- 

ult of effective rangeland management practices, and sustainable 

razing patterns employed by pastoralists. The medium biomass 

ield 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 

ites exhibit moderate AGB yields, suggesting reasonable produc- 

ivity and forage availability for grazing animals ( Fig. 6 ). Con-

ersely, the low biomass yield group encompasses sites such as 

ud Marg (17.16t/ha), Diskel (15.52 t/ha), Maaldu Gali (14.91 t/ha), 
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Figure 5. Land use maps of Alpine and sub-Alpine region of Kashmir. 

Figure 6. Biomass yields different pasture sites. 
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ohand Marg (11.47 t/ha), and Thajwas (9.81 t/ha). These loca-

ions exhibit notably diminished biomass yields, suggesting less

avorable conditions for grassland growth. The principal reasons

or these lower yields are twofold. First, overgrazing is a promi-

ent issue, especially given the proximity of Sonamarg, a key tran-

it point on the way to Minamarg and the largest grazing site for

astoral nomadic Bakerwals. Second, the presence of a substantial

umber of horses and donkeys during the summer season, mainly

ue to tourist activities, adds to the pressure on the grasslands,

urther contributing to the reduced biomass yield in these areas.

hese factors, in combination with potential soil quality limitations

nd climatic constraints, contribute to the observed lower biomass
ields. These findings underscore the importance of effective man-

gement of rangelands in protected sites across the Kashmir Val-

ey. The data associated with each site type provides a clear depic-

ion of the variations in biomass yields across the grasslands of the

ashmir region. 

The analysis of dry biomass, as derived from the provided data,

eveals important insights into the productivity and potential eco-

ogical significance of various sites. The dry biomass represents the

mount of organic matter that remains after the removal of mois-

ure content. The dry biomass across various sites reveals signif-

cant variability in grassland productivity. High-yielding sites like

aksum, Tragbal, Krush, Lung Marg, Lidwas, and Razdan Top, with

ry biomass exceeding 5.57 tons/ha, suggest favorable conditions

or vegetation growth Table 4 . These conditions could be at-

ributed to optimal soil quality, adequate precipitation, and effec-

ive pasture management practices, including sustainable grazing 

atterns. In contrast, sites like Thajwas and Mohand Marg, which

how considerably lower dry biomass values below 2.5 tons/ha, are

xperiencing less favorable conditions and adverse anthropogenic

mpacts. Notably, these lower-yielding sites are also popular tourist

estinations, attracting significant numbers of horse riders lead-

ng to intense grazing pressures. Additionally, some locations, such

s Pir Galli, situated along migratory routes of the Bakerwal pas-

oral community from the Jammu plains to summer pastures, face

 substantial influx of livestock, contributing to overgrazing. Fur-

hermore, there is an observed relationship between elevation and

iomass yields, with sites at higher elevations tending to have

ower yields compared to those at lower elevations. This variation

nderscores the ecological impact of altitude on grassland produc-

ivity. The compiled dry biomass data is crucial for assessing the

cological health of these grasslands. 

ormalized difference vegetation index 

The NDVI serves as a pivotal metric for assessing various eco-

ogical 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). 
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v  
ations, and phenological shifts ( Pettorelli et al. 2005 ; Drusch

t al. 2012 ). Utilizing high-resolution satellite data from Sentinel

, a time series analysis was conducted for 18 strategically se-

ected alpine grassland sites within the Kashmir region. The tem-

oral scope focused on the growing period from May to Octo-

er in the year 2022. The Alpine grasslands in Kashmir serve

s a compelling backdrop for assessing vegetation health through

DVI metrics, which are influenced by a myriad of factors rang-

ng from natural climatic conditions to human activities such as

razing. 

Figures 7 and 8 visualize the monthly NDVI values for the

rowing season of 18 alpine grassland sites in the Kashmir re-

ion. The analyses, including linear and quadratic regression, high-

ight both the resilience and the vulnerabilities of these grasslands

o ecological stressors such as climate variability and overgraz-

ng. Throughout the growing season, NDVI values generally peak

round mid-year (June–July) and reach their lowest points around

he beginning and end of the growing season of alpine grasslands.

he quadratic regression results revealed that most locations ex-

ibit a statistically significant concave upward trend in NDVI val-

es throughout the growing season. This pattern indicates an in-

rease in vegetation health and biomass during the middle of the

rowing season, with a decline as the season begins and ends.

uch a trend aligns with typical plant phenological cycles in tem-

erate to alpine ecosystems, where growth is maximized during

he warmer months ( Wang et al. 2020 ). Positive trends are evi-

ent in sites like Dagwan and Daksum, reflecting sustained eco-

ogical health and forage availability. In contrast, sites like Ban-

us, Krush, and Hangel Marg, facing overall declines and sea-

onal variability, raise concerns about the ecological stressors af-

ecting these grasslands. such as climate variability and overgrazing

 Fig. 8 ). 

Conversely, sites with decreasing trends such as Bangus, Gumri,

rush, and Kud Marg, coupled with the seasonal decreases identi-

ed in the quadratic analysis, are areas of concern. They reflect an

verall decline in vegetation health but also the added challenge of

easonal variability impacting forage availability. Moreover, these 

ites accommodate significant pastoral populations, exacerbating 

he potential impact of low forage availability on livestock and
 r  
eading to overgrazing. Analysis of the NDVI trends within the con-

ext of pastoralism unveils essential insights into the interplay be-

ween vegetation dynamics and grazing practices across Kashmir’s

lpine pastures. The varied NDVI trends observed amongst the 18

ites offer a nuanced perspective on vegetation health, directly im-

acting pastoral communities reliant on these ecosystems for live-

tock grazing. 

Moreover, the convergence of field data and NDVI profiles facil-

tates a comprehensive analysis of the phenological profile of AGB

n grasslands. This integrated approach enables the quantification

f total biomass yields, thereby enhancing our ability to gauge the

cological health and productivity of pastoral landscapes. By lever-

ging NDVI-derived insights alongside on-the-ground observations, 

t becomes possible to develop sustainable pastoral management

trategies ( Gao et al. 2023 ). Studies have shown that AGB can serve

s an indicator of pasture quality, affecting livestock nutrition and,

onsequently, the livelihoods of pastoralists ( Dong et al. 2011 ). For

nstance, the phenological changes and productivity of grasslands,

s captured through AGB assessments, are critical for predicting

razing potentials and planning seasonal movements of pastoral

ommunities ( Wang, Price, and Rich 2018 ). 

onclusion 

This study conducted a comprehensive analysis of alpine grass-

ands in the Kashmir Himalayas using remote sensing techniques

nd field assessments. We found diverse vegetation formations in

he area, highlighting the ecological diversity of the region. The

tudy provides an in-depth exploration of the biomass produc-

ion and NDVI profiles of grassland ecology in the Kashmir Hi-

alayas, crucial for supporting the livelihoods of pastoral com-

unities for generations. These high-altitude areas, serve as sea-

onal grazing grounds for herds of sheep and goats, facilitating

easonal migration practiced by over 60 0,0 0 0 people. This con-

ection between the pastoral way of life and the Himalayan land-

cape is deeply ingrained. Apart from their economic importance,

hese pastures play a vital role in maintaining Himalayan biodi-

ersity and preserving local cultural diversity. Biomass estimates

evealed insights into the ecological dynamics of these pastures.
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he total fresh weight biomass, averaging 20.64 t/ha, was approx- 

mately 3322,503.36 t, while the total dry weight biomass, aver-

ging 5.16 t/ha, was about 830,625.84 t. These figures highlight

he significance of these grasslands for ecological preservation and 

ommunity sustenance. The NDVI metrics offered complementary 

nsights into seasonal variability in vegetation health, underscoring 

he importance of informed policy decisions in conserving and sus- 

ainably managing alpine pastures in the western Himalayas, espe- 

ially given the environmental challenges they face. This study thus 

mphasizes the need for future research and monitoring to under- 

tand the nuanced interplay between natural and anthropogenic 

ariables, enabling the sustainable management and coexistence 

f ecological and cultural aspects in the western Himalayas. The 

ndings emphasize the importance of balanced conservation and 

anagement strategies, effective rangeland management practices, 

nd the integration of pastoralist practices for the sustainable man- 

gement and conservation of these alpine ecosystems. Further re- 

earch and monitoring effort s are needed to inform adaptive man-

gement approaches. 
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