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Accurate estimates of forest dynamics and above-ground for-
est biomass for the topographically challenging Himalaya are
crucial for understanding carbon storage potential, assess-
ing ecosystem services, and guiding conservation efforts in
response to climate change. This dataset provides a manu-
ally delineated multi-temporal forest inventory and a com-
prehensive record of above-ground biomass (AGB) across the
Kashmir Himalaya, generated from field observations, ad-
vanced remote sensing and machine learning. Data were col-
lected and generated through remote sensing techniques and
extensive in-situ measurements of 6220 trees (n=275 plots),
including tree diameter at breast height, species composition,
and tree density to map forest area and model AGB across
varied terrain. The dataset captures major forest types and
species-specific AGB variation influenced by elevation, slope,
and aspect. Additionally, newly developed species-specific al-
lometric models, improved through the integration of nor-
malized difference vegetation index (NDVI) and topographical
augmentation are provided to improve AGB estimation accu-

E-mail address: irfangis@kashmiruniversity.ac.in (I. Rashid).
Social media: Y @3poleresearcher (S.D.R. Kashani), 4 @FaisalZahoorjal (FZ. Jan), %/ @bhatimtiyaz16 (L.A. Bhat),
3 @A__nadeem (N.A. Najar), 9 @irfansalroo (I. Rashid)

https://doi.org/10.1016/j.dib.2024.111262

2352-3409/© 2024 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY-NC license

(http://creativecommons.org/licenses/by-nc/4.0/)


https://doi.org/10.1016/j.dib.2024.111262
http://www.ScienceDirect.com/science/journal/23523409
http://www.elsevier.com/locate/dib
http://crossmark.crossref.org/dialog/?doi=10.1016/j.dib.2024.111262&domain=pdf
https://zenodo.org/records/14329733
mailto:irfangis@kashmiruniversity.ac.in
https://twitter.com/3poleresearcher
https://twitter.com/3poleresearcher
https://twitter.com/FaisalZahoorJa1
https://twitter.com/FaisalZahoorJa1
https://twitter.com/bhatimtiyaz16
https://twitter.com/bhatimtiyaz16
https://twitter.com/A__nadeem
https://twitter.com/A__nadeem
https://twitter.com/irfansalroo
https://twitter.com/irfansalroo
https://doi.org/10.1016/j.dib.2024.111262
http://creativecommons.org/licenses/by-nc/4.0/

S.D.R. Kashani, FZ. Jan and LA. Bhat et al./Data in Brief 58 (2025) 111262

racy. This dataset serves as a crucial resource for forest man-
agement, carbon monitoring, and ecological modeling, with
broad applications in regional conservation strategies, biodi-
versity planning, and climate policy development in moun-
tainous ecosystems.
© 2024 The Author(s). Published by Elsevier Inc.
This is an open access article under the CC BY-NC license
(http://creativecommons.org/licenses/by-nc/4.0/)

Specifications Table

Subject Agricultural Sciences
Specific subject areas Forestry; Remote sensing; Ecological Modeling
Type of data Image: GeoTIFF
Vector: SHP
Raw: XLSX
Code: PDF
Text: PDF
Data collection Field data was collected between July and August of 2021. A total of 6220 individual

trees were sampled across 275 plots, each measuring 20 x 20 meters (0.04 ha) in the
Kashmir Himalaya (Fig. 1) following stratified random sampling approach covering
coniferous, mixed and deciduous forest stands. Within these plots, information on tree
characteristics such as diameter at breast height (dbh), species type, and density was
documented. Sample locations were georeferenced using a Geomate SG7 GPS with a
positional accuracy of +3 m. Satellite data from Landsat (30 m) and Sentinel (10 m)
available at https://earthexplorer.usgs.gov/ and
https://www.sentinel-hub.com/explore/eobrowser/ respectively, were used to generate
multi temporal forest inventory for the Kashmir Himalaya.

Data source location Name of the study area: Kashmir Himalaya
Districts: Anantnag, Bandipora, Baramulla, Budgam, Ganderbal, Kulgam, Kupwara,
Pulwama, Shopain, and Srinagar
Affiliation: University of Kashmir, Hazratbal Srinagar Jammu and Kashmir, India
Country: India
Latitude: 33°20’ N and 34°40’ N
Longitude:73°40’ E and 75°40" E

Data accessibility Repository name: Zenodo

Data identification number: 10.5281/zenodo.14329733
Direct URL to data: 10.5281/zenodo.14329733

Related research article None

)

Value of the Data

This baseline dataset is instrumental for researchers aiming to understand and characterize
forest dynamics and AGB in the western Himalaya. This information supports climate change
research by providing insights into the regional carbon dynamics and potential sequestration
capacity of forests in the Kashmir Himalaya.

The decadal-scale data on forest cover changes facilitate long-term ecological monitoring. Re-
searchers can use this dataset to track changes in forest density and distribution over time,
contributing to a better understanding of forest dynamics and ecological processes.

The topographically-augmented and NDVI-based species-specific and general allometric mod-
els aid in addressing the challenges of AGB quantification in mountainous terrain, and can
serve as a reference for studies in other high-altitude regions with similar ecological com-
plexities (Fig. 1).

The methodological workflow to mitigate inherent uncertainties in data and models devel-
oped in this dataset can be extended to other mountainous regions (Fig. 2). This allows for
the initiation of long-term forest and biomass research in data-scarce areas, contributing to
an accurate and broader understanding of global forest dynamics.
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Fig. 1. Geographical distribution and location of the forest sampling plots across the study area.
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Fig. 2. A graphical representation of the comprehensive workflow adopted in this study.

2. Background

Forest ecosystems in mountainous regions like the Kashmir Himalaya play a vital role in sup-
porting biodiversity, regulating water cycles, and sequestering carbon, making them crucial for
both regional and global ecological health. These forests, however, face significant threats due
to climate change, deforestation, and anthropogenic activities, leading to altered forest cover,
reduced biomass, and compromised carbon storage potential. Despite their importance, forests
in high-elevation terrains present considerable challenges for biomass estimation due to rugged
topography, persistent cloud cover, and seasonal snow, limiting effective monitoring and conser-
vation efforts. In response to these challenges, this dataset provides a comprehensive assessment
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of forest dynamics and AGB across the Kashmir Himalaya, integrating data collected from exten-
sive fieldwork, advanced remote sensing, and machine learning.

3. Data Description

Both raw data as well as processed data have been provided and uploaded to the Zenodo
repository. The raw field-based individual tree-level measurements of 6220 trees are provided
in a compressed folder as raw_data.rar. This raw data contains individual tree dbh, density,
species, and AGB information of sample plots spread across 10 districts of Kashmir Himalaya.
A separate Excel sheet for each district is provided as Anantnag.xlsx, Bandipora.xlsx, Bara-
mulla.xlsx, Budgam.xlIsx, Ganderbal.xIsx, Kulgam.xlsx, Kupwara.xlsx, Pulwama.xlsx, Shopain.xlsx,
and Srinagar.xlsx. Furthermore, all equations used to calculate the individual tree level AGB
are pre-inserted in the Excel sheets for public knowledge [8]. The processed data is pro-
vided as universally compatible GIS formats, including shapefiles and raster layers. In addi-
tion, the codes utilized in this study are provided as separate Python scripts in PDF format.
The decadal forest cover inventories of Kashmir Himalaya for the years 1978, 1990, 2000, 2010,
and 2021 are provided in shapefile format as FC1978.shp, FC1990.shp, FC2000.shp, FC2010.shp
and FC2021.shp respectively. The forest inventory for the year 2021 provided as FC2021.shp also
contains detailed forest cover classifications as attributes, allowing users to visualize and ana-
lyze density-wise forest distribution (degraded, dense, and sparse) across the study area. The
district-level forest change estimates between 1978 and 2021 are provided in the shapefile for-
mat as District_FC_change.shp. Apart from this, the information on the study area and district
geographical extents are also provided in shapefile format as Kashmir_himalaya_boundary.shp
and District_boundaries.shp respectively. The scaled-up field-derived AGB data including the
information on tree species and tree density for 275 sampled plots has been provided as
Field_derived_AGB.shp. For reproducibility, the code to scale up the AGB estimates from a
20 x 20 m plot to a hectare is provided in a pdf format as Scaling_AGB.pdf. The parameters
such as slope, aspect, and elevation utilized to understand the control of local topography on
AGB are provided as slope.tif, aspect.tif, and elevation.tif respectively. Additionally, the decadal
AGB raster layers generated with the help of a general allometric model developed as part of
this study have been provided as AGB_1978.tif, AGB_1990.tif, AGB_2000.tif, AGB_2010.tif, and
AGB_2021.tif. The code utilized to develop the general and species-specific models is also pro-
vided in a pdf format as regression_AGB.pdf. The loss in forest AGB that occurred due to forest
degradation from 1978 to 2021 in the study area is provided in a raster format as AGB_loss.tif.
An additional PDF file explaining the methodology adopted to generate and process the field ob-
servations and remotely sensed data is also provided as a supplementary document as method-
ology_adopted.pdf.

4. Experimental Design, Materials and Methods

This study employed a comprehensive approach to assess AGB across multiple decades in the
Kashmir Himalaya. The dataset was generated through a combination of extensive field sam-
pling, remote sensing analysis, and machine learning techniques to ensure high accuracy and
applicability across varied forested landscapes (Fig. 2). High-resolution satellite data such as
Sentinel 2A, Landsat 5 TM, Landsat 7 ETM+, Landsat 5 TM, and Landsat MSS was acquired for
peak summer season (July to August) and pre-processed for the years 2021, 2010, 2000, 1990
and 1978 respectively at the Google Earth Engine platform. The images were filtered for the
cloud cover with a 10% threshold with the help of the available metadata. Additionally, an ad-
vanced temporal image fusion technique was used to remove the inherent noise induced by
the prevalent cloud cover in the Himalaya. For reproducibility, the GEE code for cloud cover fil-
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tering and temporal image fusion is publicly accessible at https://code.earthengine.google.com/
07b09571fbf550e096d747d4263a5b1a. The decadal forest cover inventories were generated uti-
lizing the cloud-free satellite data and the on-screen digitization approach in a GIS environment
at the scale of 1:10000 using the false-color composite images (NIR, Red, Green). The spatial res-
olution of the satellite data influences the accuracy of the manual digitization approach [1,2,3]
therefore uncertainty in the area estimates was quantified as

EA: nxk2/2 (1)

where n represents pixels along the perimeter, A represents the spatial resolution of the utilized
satellite data.

The density-based forest area classification for 2021 was conducted using both qualitative
and quantitative methods, followed by statistical evaluation using field-based tree density data
and Analysis of Variance (ANOVA) (F = 598.29, p < 0.001) [4]. A random sampling approach
was conducted across the study area in the year 2021 from July to August to assess AGB at the
plot level, with plot dimensions of 20 x 20 m. The locations of sampled plots were recorded
using a Geomate SG7 device with a positional accuracy of +3 m in handheld mode. 6220 trees
were sampled encompassing 275 plots of different tree species across the Kashmir Himalaya.
The species distribution across these plots was as follows: Pinus walliciana (120 plots), Cedruis
deodara (75 plots), Abies pindrow (55 plots), Mixed coniferous (16 plots), and Decidous (9 plots).
The circumference at breast height (cbh) was typically measured at 1.37 m above ground level
[5-7] and later converted to the dbh using the standard mathematical relationship as:

cbh
dbh = o= (2)

Trees with cbh <31.5 cm were not sampled and considered as scrubs. Since the topographic
and climatic conditions of the Gilgit-Baltistan and Kashmir Himalaya are comparable, this study
used the allometric models developed in the Gilgit-Baltistan through the destructive method to
estimate the individual and plot level AGB in the study area [8]. The AGB estimates are associ-
ated with a gross error of 11.36 %, incorporating measurement, sampling, and allometric model
errors. This estimation follows the additive method proposed and implemented by [9,10]. Field-
based tree density and AGB information at the plot level were used to quantify the AGB per
hectare. The information on the region topography including slope, aspect, and elevation was
generated from the Shuttle Radar Topography Mission (SRTM) Digital Elevation Model (DEM)
with a spatial resolution of 90 m to understand the topographic influence and reveal patterns
in the AGB. In addition, the NDVI was generated from the Sentinel and Landsat data using the
following formula:

NIR —RED
NDVI= S + RED (3)

where NIR and RED represent reflectance values in NIR and RED bands of satellite data respec-
tively.

To address residual noise resulting from shadow cover in the NDVI, the calibration was per-
formed using the Random Forest machine learning algorithm. To train the model, the data was
split in the ratio of 80: 20. A hyperparameter tuning was performed to get the best possible
settings and improve the model prediction. The model performed better with a correlation co-
efficient of 0.9, a coefficient of determination of 0.7, and a root mean square error of 0.05 at the
following settings: random state = 10, number of estimators = 200, test size = 0.20, and maxi-
mum depth = 20. The trained model (rf.model.joblib) has been made freely available at the Zen-
odo repository for public reproducibility. Field-based AGB measurements were then correlated
with the calibrated NDVI and local topographic factors, including slope, aspect, and elevation,
to develop improved species-specific regression-based allometric models for the study area. The
AGB for 2021, 2010, 2000, 1990, and 1978 was estimated using the developed general allomet-
ric model utilizing topographic variables and NDVI information having a correlation coefficient
and coefficient of determination of 0.8 and 0.63 respectively. The general and species-specific
allometric models developed in this study are given in Table 1.


https://code.earthengine.google.com/07b09571fbf550e096d747d4263a5b1a

Table 1

General and species-specific allometric models developed using the field-observed AGB and remote sensing datasets.

Model/Species

Statistical parameters for the model

o o o3 oy c Sample size dbh range (cm) Density range r 2 RMSE
(number) (number/0.04ha)
General -0.897 -0.01 —0.06 3461 —1240 275 14-153 3-153 0.80 0.63 + 839
Cedrus deodara -0.307 —-0.02 -0.25 3391 -1139 75 14-77 5-72 0.88 0.78 + 145
Pinus wallichiana 0.91 0.03 0.07 3497 —1550 120 17-92 9-153 0.92 0.86 +122.8
Abies pindrow 2.07 -0.14 0.21 2799 —1598 55 19-153 3-56 0.85 0.72 + 1514
Mixed coniferous 493 -0.13 0.39 2663 —1880 16 20-86 13-68 0.89 0.80 + 133.7
Deciduous -0.25 0.24 -0.12 232 186 9 18-47 17-42 0.93 0.88 + 16.5

Equations are in the form of y = &y x B; + a2 x B2 + a3 x B3 + a4 x B4 + ¢ . Where, « and c are the slope and y-intercept of the regression model. 8; B, B3 and B; are the slope,
aspect, elevation, and normalized difference vegetation index information respectively. The r and r? and RMSE are the Pearson correlation, coefficient of determination, and root mean

square error calculated through multivariate statistical analysis respectively.

Z9zI11 (SZ0Z) 8S forg ur v/ v 32 WYY "Y1 pup unf z4 Woysvy Y'A's
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Limitations

The rugged terrain and frequent cloud cover in the Himalaya restrict data collection during
certain periods, potentially limiting the temporal continuity of remote sensing imagery. Although
this study addresses these challenges by employing advanced remote sensing approaches such as
temporal image fusion, and machine learning, some small-scale forest patches might not be fully
represented in high-elevation shadowed areas. Additionally, enhanced species-specific allometric
models developed in this study lack field measurements from inaccessible regions, which may
not fully capture the ecological variability across remote and less accessible areas. The unique
microclimates and diverse forest types may lead to variability in the AGB estimates which could
be further refined by expanding the sampling density in future research. Despite these limi-
tations, the dataset provides valuable baseline information and robust AGB estimates, though
caution is advised in interpreting results for small or highly localized areas. Future work can
focus on enhancing model precision with additional field data and incorporating more advanced
spectral indices to address these limitations further.
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