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Abstract

Keywords
Forest Dynamics, Land Use and The dynamics of forests are essential to comprehend the resilience of the ecosystem
Land Cover (LULC), Climate to climate change and human anthropogenic demands. This study assessed the
Variability, Remote Sensing, GIS, forest cover changes in Ayubia National Park (ANP), Pakistan, over a 30year
Ayubia National Park, Climate- period (1994-2024), using Landsat satellite imagery and geospatial techniques.
To verify accuracy and image classification under supervision they were classified
at four time points (1994, 2004, 2014, 2024), and were supported by climatic
data (temperature and precipitation). The Results indicate that the forest cover
expanded by 318 ha (13.04%), grassland, and barren lands decreased by 136 ha
(29.25) and 182 ha (38.89) respectively, that is, between 1994 and 2024,
implying a successful natural regeneration and conservation initiative like Billion
Tree Afforestation Project. Despite a rise in mean annual temperature (+1.11 °C)
and a reduction in mean annual precipitation (~18.67 mm), Quer the study
period, forest expansion persisted, highlighting the resilience of temperate

Smart Forestry.
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INTRODUCTION

Climate change and transformation in land use
are two of the most urgent forces that are
recreating world forest ecologies. The forests have
been found to be reservoirs of carbon, which are
important in  biodiversity;  they  occupy
approximately a third of all land on the earth, 31
percent; moreover, they are exposed to
deforestation, degradation, and climatic pressure
(FAO, 2020) yet one out of every three forests has
been lost since the end of the ice age more than
10,000 years ago. It has been destroyed to provide
fuelwood, agriculture, and livestock rearing on
two billion hectares or two times the size of the
United States. (Ritchie, 2021). Between 2001 and
2024 Pakistan is estimated to have lost 9.5

thousand hectares of tree cover, which was 1.0%
of the 2000 tree cover area, and 2.8 Mt of CO,
emissions. . This does not account for gains in
tree cover over the same period. (Global Forest
Watch, n.d.)Ayubia National Park (ANP) is an
ecologically important protected area that is
found in the wet temperate forests of the
Western Himalayas, which has hydrological,
biodiversity, and storage of carbon. It is, however,
vulnerable to the anthropogenic pressure,
climatic variations and changing land use
patterns.On 5 June 2015, the Government of
Khyber Pakthunkhwa in cooperation with [UCN
(International Union to save nature) initiated its
own Billion-tree campaign as part of the
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international Bonn Challenge. (IUCN, 2015). It
had the aim of raising the total provincial forest
cover by 17% to 22% percent. (Kharl & Xie,
2017). The BTAP (Billion Tree Afforestation
Project) was completed in three phases: phase I
(2014-15), phase 1I (2015-16) and phase III (2016-
17). (Ullah et al., 2024). The Changes in Forest
Cover around this time line are prominent in
this research wusing Geospatial techniques.
Advances in Geographic Information Systems
(GIS) and remote sensing have enabled detailed,
long-term monitoring of forest dynamics. Within
this context, this study investigated forest
dynamics of ANP from 1994 to 2024, linking it
with land use/land cover (LULC) change and
climatic variability, using Landsat imagery and
geospatial  techniques. The results offer
information about the strength of the Himalayan
temperate ecosystems and how they can be
managed in the conditions of climate change.

Objectives

l. To quantify and visualize forest cover
changes in Ayubia National Park for the years
1994, 2004, 2014, and 2024.

I. To assess how climate variability
(temperature and precipitation trends) has
influenced forest dynamics.

M. To explore how land use/land cover
change have contributed to forest cover dynamics.

Study Area

Ayubia National Park (ANP) is situated in
Abbottabad  District, Khyber Pakhtunkhwa,
Pakistan, covering 3,312 hectares of the Western
Himalayan eco-region. The park lies between
34°1.8- 34°3.8 N latitude and 73°22.8'-
73°27.1 E longitude, with elevations ranging
from 2,300 to 3,000 meters. ANP harbors diverse
coniferous and broad-leaved species, including
Pinus wallichiana, Abies pindrow, and Quercus
dilatata, and supports important fauna such as
leopards, rhesus monkeys, and numerous avian
species. Its climatic temperature is humid
temperate with the yearly mean maximum
temperature of 19.2 o0 C and 1,412 mm (Junaid et
al., 2010).
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AYUBIA NATIONAL PARK MAP
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Figure 1 : Study Area Map

Materials and Methods

Landsat satellite imagery (TM, ETM+, and OLI)
for the years 1994, 2004, 2014, and 2024 was
obtained from the United States Geological
Survey (USGS) archives, selected with minimal
cloud cover (0-10%) to ensure data reliability.
Image preprocessing, including atmospheric and
geometric corrections, was carried out prior to
analysis. Supervised classification was conducted
using the Maximum Likelihood Classification

(MLQC) algorithm, which is widely recognized for
its robustness in LULC studies. (Lemma et al.,
2021. Three major land cover categories, forest,
grassland, and barren land, were delineated based
on spectral signatures derived from training
samples The Accuracy
determined using a confusion matrix method
and the overall accuracy and the Kappa
coefficient was calculated based on 130 random
points assessed using Google Earth Pro. The

classification was
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KNMI  (Royal Netherlands Meteorological
Institute) was used to find climatic variables,
namely, temperature and precipitation. Climate
Explorer and Climate Engine websites were
employed to determine longterm variability
across the same three-decades.

Forest dynamics were further quantified using the
Annual Rate of Change (ARC) formula to

capture both net change and temporal trends.

Results and Discussion

Statistical ~ analyses,  including  Spearman

correlation and Chi-square tests, were performed
using IBM SPSS Statistics 26.

Integrating satellite-based LULC analysis with
climate data provided a comprehensive
framework to evaluate the combined influence of
land use practices and climate variability on forest
cover dynamics in Ayubia National Park.

CLASSIFICATION RESULTS FOR AYUBIA NATIONAL PARK (1994.2004,2014,2024)
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Figure 2 : Classification Results for Ayubia National Park (1994, 2004, 2014, 2024)
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FOREST COVER DYNAMICS OF AYUBIA NATIONAL PARK (1994-2024)
Table 1: Table showing Forest Change Dynamics of Ayubia National Park (1994-2024)

— Forest Cover |Forest Cover |Forest ARC |Non-Forest |Non-Forest |Non-Forest
e Change (ha) |Change (%) [(%/yr) Change (ha) [Change (%) |ARC (%/yr)
1994-2004 49.07 2.01 0.2 -49.07 -5.26 -0.53
2004-2014 56 2.25 0.23 -56 -6.33 -0.63
2014-2024 213 8.37 0.84 -213 -25.72 -2.57
1994-2024 318.07 13.04 0.43 -318.07 -34.09 -1.136

The results of the classification obtained in figure
2 and table 1 indicated that there was an
incremental difference in the forest cover at the
period the study was carried out. Forest covered
2,438 ha (72.3%), and increased to 2,757 ha
(81.8%), representing a net increase of 318 ha
(+13.04%). The Annual Rate of Change (ARC)
rose from +5.0 ha/year (1994-2004) to +21.3
ha/year (2014-2024), indicating an accelerated
pace of forest recovery in the last decade. The
classification achieved an Overall Accuracy
ranging from 86% to 90%, with Kappa

coefficients between 0.77 and 0.85, indicating
strong agreement and reliability of the classified
maps. A

Spearman rank correlation confirmed that this
increase statistically ~significant (p=1.0,
p<0.001), providing strong evidence of a
consistent upward trend in forest cover over the
30- year period. These findings demonstrate
substantial ~ forest recovery, probably by
regeneration and massive interventions consisting

of the Billion Tree Afforestation Project (BTAP).

was

FOREST COVER DYNAMICS LINKED WITH LULC CHANGE (1994-2024)

Table 2: Table Showing Forest Change Dynamics Linked with LULC Change (1994-2024)

LULE dass Total Area (ha) Net Change in Area (1994-2004)
Time Period 1994 2004 Change in Hectares |Percentage Change
ng" Forest 2438 93 2488 49.07 2.012
4 Grassland 465.39 416.5 -48.89 -10.505
5 Barren Land | 467.8 467.5 0.2 _0.064
LULC dass Total Area (ha) Net Change in Area (1994-2004)
2004 2014 Change in Hectares |Percentage Change
= Forest 2488 2544 56 2.25
5.1\9 Grassland 416.5 367 -49.5 -11.88
’\f§ Barren Land 467.5 461 -6.5 -1.39
Total Area (ha) Net Change in Area (1994-2004)
LANE class 2014 2024 Change in Hectares Percentage Changi
Qf\} Forest 2544 2757 213 8.37
'\,"‘:" Grassiand 367 329 -38 -10.35
AS Barren Land 461 286 -175 -37.96
LULC class Total Area (ha) Net Change in Area (1994-2004)
1994 2024 Change in Hectares |Percentage Change
A> |Forest 2438.93 2757 318.07 13.04
&:‘9 Grassland 465.39 329 -136.39 -29.31
\,d‘?" Barren Land 467.8 286 -181.8 -38.86
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Forest Cover Dynamics Linked with LULC Change

(1994-2024)
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Figure 3: Graph Showing Forest Cover Dynamics Linked with LULC Change (1994-2024)

There was a significant change in land cover
composition. Table 2, figure 3, indicates that
Grassland went down to 329 ha (9.8%) and 468
ha (13.9%) respectively; Barren land went down

to 13.89 -286 ha). These shifts in LULC

composition were statistically significant as
demonstrated by a Chisquare test (98.2,
p<0.0001), which proved that the amount of
forest increase was coupled with significant losses
of other land classes.

FOREST COVER DYNAMICS LINKED WITH CLIMATIC VARIABILITY (TEMPERATURE AND

PRECIPITATION), 1994-2024

Table 3: Table Showing Forest Change Dynamics Linked with Climatic Variability (Temperature And

Precipitation (1994-2024))

Time Period | Forest Area (ha) Forest Cover Temperature Predipitation
Cha Chan Chan
| 199a | 2004 pee 1994 | 2004 ;s 1994 | 2004 ee
oﬂs Hectares | Percent Celsius ("C] Percent mm Percent
y 2438.93| 2488 | 49.07 | 201 | 1683 | 1687 [ 0.04 025 | 9675 | 74.42 | -22.33 | -23.08
Forest Dynamics Forest Cover Temperature Precipitation
LY
& | 2008 | 2014 Qg 2004 | 2014 Change 2004 | 2014 Chuogs
dy Hectares | Percent Celsius (*C] Percent mm Percent
¥ 2488 2544 56 2.25 16.87 17.36/ 0.49 2.91 74.42 89.58 15.16 20.37
Forest Dynamics Forest Cover Temperature Precipitation
™ Ch Ch Ch
& | 2014 | 2022 Ll 2014 | 2024 _SHo0ge 2014 | 2024 g
3 Hectares | Percent Celsius {"C| Percent mm Percent
> 2544 2757 213 8.37 17.36 17.94 0.57 3.31 89.58 78.08 -11.50 -12.84
Forest Dynamics Forest Cover Temperature Precipitation
B
& | 1994 | 2028 i 1994 | 2024 R 1994 | 2024 Sl
o Hectares | Percent Celsius (°C] Percent mm Percent
\?P 2438.93 2757 318.07 13.04 16.83 17.94 1.11 6.59 96.75 78.08 -18.67 -19.30
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Forest cover dynamics linked with climatic variability

(temperature and precipitation), 1994-2024
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Figure 4: Graph Showing Forest cover dynamics linked with climatic variability (temperature and
precipitation), 1994- 2024

Climatic analysis showed an increase in mean
annual temperature by +1.11 °C and a decline in
mean annual precipitation by 18.67 mm over
three decades. Despite these changes, forest cover
expanded, suggesting resilience of moist
temperate ecosystems under moderate climate
stress. However, the reduction in grassland and
barren land points to significant land cover
transformation, reinforcing the need for
continuous monitoring. The results align with
regional studies reporting similar LULC-driven
dynamics in the Western Himalayas. (Aftab et al.,
2024; Ansari et al., 2022)

Correlation analysis between forest cover and
climatic variables indicated that there was
positive  correlation with mean  annual
temperature (r=0.90, p=0.095) but because of the
few observations, the relationship was not
statistically significant. On the contrary, there was
a weak negative relationship between forest cover
and precipitation (r=—0.29, p=0.71). These
results indicate that the increase of forests in
Ayubia National Park could be more consistent
with gradual warming rather than the fluctuation
of cloudy precipitations, but it is necessary to be
careful about the interpretation of these findings.

This paper underlines the importance of
geospatial surveillance in the trapping of finer-
scale  processes and the importance of
conservation management and climate-sensitive
forestry management practices regarding forest
resilience within a fortified region.

Conclusion

This study demonstrates that Ayubia National
Park has experienced a consistent increase in
forest cover (+318 ha) over three decades, despite
rising temperatures and declining rainfall.

The findings underscore the resilience of
temperate Himalayan ecosystems and the positive
impact of conservation initiatives such as BTAP.
Integrating geospatial monitoring with climate-
smart forestry is essential for ensuring long-term
ecosystem stability, biodiversity conservation, and
sustainable land management in Pakistan’s
protected areas.

https://policyrj.com | Ghina et al., 2026 | Page 457


https://portal.issn.org/resource/ISSN/3006-7030
https://portal.issn.org/resource/ISSN/3006-7022

Policy Research Journal
ISSN (E): 3006-7030 ISSN (P) : 3006-7022

Volume 4, Issue 2, 2026

References

Aftab, B., Wang, Z., & Zhongke, F. (2024).
Monitoring the Effects of Land Use Land
Cover Change on Forest Biomass Carbon” in
the Western Himalayan of Pakistan, a Study of
Ayubia National Park.
https://www.preprints.org/frontend/manu
script/cc92fd7da9e60c9668028b63f3e2aad
7/do wnload_pub

Ansari, L., Ahmad, W., Saleem, A., Imran, M.,
Malik, K., Hussain, I., Tarig, H., & Munir,
M. (2022). Forest Cover Change and
Climate Variation in Subtropical Chir Pine
Forests of Murree through GIS. Forests, 13
(10), Article 10.
https://doi.org/10.3390/f13101576

Esri. (2014). ArcGIS Desktop: Release 10.2.2.
Environmental Systems Research Institute,
Redlands, CA, USA.

FAO. (2020). Global forest tesources assessment
2020: Main report. Food and Agriculture
Organization of the United Nations.
https://www.fao.org/forest-resources-
assessment/2020

Global Forest Watch. (n.d.). Pakistan deforestation
rates & statistics. Retrieved December 10,
2025, from
https://www.globalforestwatch.org/dashbo
ards/country/PAK?category=forest-change

Hansen, M. C., Potapov, P. V., Moore, R,
Hancher, M., Turubanova, S. A.,
Tyukavina, A., Thau, D., Stehman, S. V.,
Goetz, S. ], Loveland, T. R,
Kommareddy, A., Egorov, A., Chini, L.,
Justice, C. O., & Townshend, J. R. G.
(2013). High-Resolution Global

Maps of 21st-Century Forest Cover Change.
Science, 342 (6160), 850-853.
https://doi.org/10.1126/science.1244693

Junaid, A., Kashaf, M., Naseem, N., Arif, M.,
Noor, R., Saeced, M., & Rais, M. (2010). A
review of research on Ayubia National
Park, Khyber Pakhtunkhwa, Pakistan.
Biharean Biologist, 17(2), 92-97.

Kharl, S., & Xie, X. (2017). Green growth
initiative will lead toward sustainable
development of natural resources in
Pakistan: An Investigation of “Billion tree
tsunami afforestation project.” Sci Int, 29,
841-843.

KPK Launches Billion-tree Drive — A Contribution to
Global Forestation Campaign | IUCN. (2015,
June 5). https://iucn.org/content/kpk-
launches-billion-tree-drive-a-

contribution-global-forestation-campaign.

Lemma, D. B., Gebretsadik, K. T., & Debela, S.
K. (2021). Forest cover change detection in
relation to climate variability and LULC
changes using GIS and RS techniques. A
case of the Kafa zone, southwest Ethiopia.
Journal of Water and Land Development, 152-
162.

Ritchie, H. (2021). The world has lost one-third
of its forest, but an end of deforestation is
possible. Our  World in Data.
https://ourworldindata.org/world-lost-one-
third-forests

Ullah, S. U., Zeb, M., Ahmad, A., Ullah, S.,
Khan, F., & Islam, A. (2024). Monitoring
the billion trees afforestation project in
Khyber Pakhtunkhwa, Pakistan through
remote sensing. Acadlore Trans. Geosci, 3(2),
89-97.

Zhang, L., Jiapaer, G., Yu, T., Liang, H., Chen,
B., Lin, K., Ju, T., De Maeyer, P., & Van
De Voorde, T. (2025). Forest dynamics
and responses to climate change and
human activities in the arid and semiarid
regions of the Altai Mountains, China.
Journal of Plant Ecology, 18 (2), 1-17.
https://doi.org/10.1093/jpe/rtaf001

https://policyrj.com

| Ghina et al., 2026 |

Page 458


https://portal.issn.org/resource/ISSN/3006-7030
https://portal.issn.org/resource/ISSN/3006-7022
http://www.preprints.org/frontend/manuscript/cc92fd7da9e60c9668028b63f3e2aad7/do
http://www.preprints.org/frontend/manuscript/cc92fd7da9e60c9668028b63f3e2aad7/do
http://www.preprints.org/frontend/manuscript/cc92fd7da9e60c9668028b63f3e2aad7/do
https://doi.org/10.3390/f13101576
http://www.fao.org/forest-resources-
https://www.globalforestwatch.org/dashboards/country/PAK?category=forest-change&utm_source=chatgpt.com
https://www.globalforestwatch.org/dashboards/country/PAK?category=forest-change&utm_source=chatgpt.com
https://iucn.org/content/kpk-launches-billion-tree-drive-a-contribution-global-forestation-campaign
https://iucn.org/content/kpk-launches-billion-tree-drive-a-contribution-global-forestation-campaign
https://iucn.org/content/kpk-launches-billion-tree-drive-a-contribution-global-forestation-campaign

