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Abstract

Depleting forest resources in coniferous forests of northern temperate region in Khyber Pakhtunkhwa present severe
ecological challenges. This research investigates the factors contributing to the decline of forests, employing both a pretested
survey and detailed interviews with 100 residents. The study identifies rapid hotel construction driven by tourism and new
access roads as the primary cause of forest depletion, with illegal timber activities, unauthorized grazing, local resource
dependence, and poor management also contributing to the degradation. To mitigate these issues, the study advocates for the
promotion of controlled, ecotourism-driven development, along with the regulation of road expansion.

Key words: Deforestation, Ecotourism, Forest Degradation, Sustainable Management, Swat Khyber Pakhtunkhwa.

1. Introduction

The development of a nation depends heavily on its forests (Ali and Khan, 2015)!. However, In Pakistan forests cover is only
5.1% (excluding alpine pastures, farmland trees and linear plantations). The most economical forest occurs at an elevation
range of 800 meters to 3350 meters in upper areas of Khyber Pakhtunkhwa and constitutes 1.4 %, 1.6% and 0.4% dry, moist
and chir pine respectively (Bukhari et al., 2012)2. Deforestation being a global issue is encompassing Pakistan leading to
depleting of its forest resources. The conifer forest declined at the rate of 1.27% per annum since 1992. From the year 1992
to 2001, the coniferous forests all over Pakistan saw an annual change rate of -2.3% but later examination of 10 years (2001-
2010) found a loss rate of 0.28%, indicating significant forest area shrinkage emphasizing conservation measures (Ahmad et
al,, 2012)3. Qamer et al.,, (2016)* also reported that the woodlands of Pakistan have long been under danger from massive
deforestation. In fact, during the past 20 years, 170,684 acres of forest have been destroyed, or 0.38% each year, due to clear
cutting or severe deforestation. According to Shehzad et al., (2014)3, twenty three per cent of forests in Chitral will be lost by
2030 with degradation of 8% if deforestation continues at the same rate. According to several studies, deforestation is the

LAl S. F., and Khan, N. “Causes of Deforestation and Its Effects on Different Factors in Rural Community of District Swat-
Pakistan”. Journal of Resources Development and Management. 2015. Vol.44.
2 Bukhari, S. S. B., A. Haider, & Laceq, M. T., 2012. LANDCOVER ATLAS OF PAKISTAN
3 Ahmad, Sheikh Saced, Q. Abbasi, Rukhsana Jabeen, and Muhammad Tahir Shah. "Decline of conifer forest cover in Pakistan:
a GIS approach." Pak. J. Bot 44, no. 2 (2012): 511-514.
4 Qamer, Faisal Mueen, Khuram Shehzad, Sawaid Abbas, M. S. R. Murthy, Chen Xi, Hammad Gilani, and Birendra
Bajracharya. "Mapping deforestation and forest degradation patterns in western Himalaya, Pakistan." Remote Sensing 8, no. 5
(2016): 385.
5 Shehzad, Khuram, Faisal M. Qamer, M. S. R. Murthy, Sawaid Abbas, and Laxmi D. Bhatta. "Deforestation trends and spatial
modelling of its drivers in the dry temperate forests of northern Pakistan—A case study of Chitral." Journal of Mountain
Science 11 (2014): 1192-1207.
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permanent loss of trees in a region that is replaced by other land uses. Since deforestation is a result of interactions between
the environmental, social, economic, cultural, and political forces at play in any given nation or region, increasing attention is
being paid to the detrimental socio-economic and environmental effects following forest degradation, particularly the
shrinkage of the forest caused by deforestation (Zhu and Li, 2007)%. Deforestation is linked to population growth and the
intensification of agriculture but in the long run, wood harvesting for export and use as fuel leads to deforestation (Allen and
Barnes, 1985)7. Despite all the goods that forests provide for the forest, they are being destroyed at a startling rate (Bennett,
2017)8. According to Hosonuma et al., (2012)°, deforestation is caused by Agriculture (commercial and local) alone is 73%.
However, logging, and the extraction of timber around 52% and gathering of fuelwood and the manufacturing of charcoal
(31%), uncontrolled fire (9%), and animal grazing (7%) are responsible for degradation of forest resources. According to a
general definition, forest degradation refers to a decline in a forest's ability to provide ecosystem services like carbon storage
and wood products, because of human and environmental changes (Thompson et al., 2013)10. Although there are different
definitions of forest degradation, they all share the irreversible loss of forests, destroyed stand structure, diminished forest
quality, and weakened forest services. One of the causes of forest degradation is forest decline, or tree decline, which includes
overall declines in tree vigor, productivity growth at low levels, tree deaths, and even declines in soil fertility (Zhu and Li,
2007)". Degradation, in general, is the outcome of a gradual deterioration in the structute, composition, and setvices that
support a forest's vitality and strength. A degraded forest is one in which detrimental human activities have drastically altered
or permanently destroyed its structure, function, species composition, or production (Vasquez-Grandén et al., 2018)12. As
reported by Keenan et al., (2015)13, forested regions increased in some regions of the wortld, but it decreased from the year
1990 to 2015 in South America, Central America, South and Southeast Asia and all three regions of Africa. Pakistan is one of
the nations with a very excessive rate of deforestation (Ali et al., 2006)'*. Over the recent times, Pakistan has seen a significant
deterioration of its forest resources. Little has been done to identify the primary reasons for this severe level of deterioration
(Yusuf, 2009)'5. Therefore, the significance of this study was to investigate drivers of deforestation in the Northern temperate
regions for the forest of Swat. These forests consist of economically important conifers forests and play a vital role in water
shed management. However, these forests are subject to ruthless cutting for various purposes due to development and other
activities. It is necessary to find the causes to prevent such degradation and deforestation.

2. Materials and Methods

2.1 Study area

The present study was conducted in the Swat region of Khyber located between 34.8065° N, 72.3548° E covering a total area
of 5337 km?2. It borders Dir to the west, Chitral to the north, and the Gilgit Agency to the northeast (Figure 1). The region is
characterized by a moist temperate temperature zone and is situated at an elevation roughly 2600 meters above sea level. The
forest within this geographical area has a diverse array of prevailing tree species, including as Pinus wallichiana, Abies pindrow,
Piecea smithiana, horse chestnut, and walnut, among several others. It is of significance to acknowledge that the forest in
question has been declared as a protected forest, operating under a shared agreement between the government and public.
(Sohail et al.,, 2023)!6. One of the main sources of revenue for the residents is tourism, which primarily occurs during the
summertime whereas most people relocate to lower elevated places during the winter (Adnan et al., 2006)!7.

¢ Zhu, Jiao-Jun, and Feng-Qin Li. "Forest degradation/decline: Research and practice." Ying Yong Sheng tai xue bao= The
Journal of Applied Ecology 18, no. 7 (2007): 1601-1609.

7 Allen, Julia C., and Douglas F. Barnes. "The causes of deforestation in developing countries." Annals of the association of
American Geographers 75, no. 2 (1985): 163-184.

8 Bennett, Lauren. "Deforestation and climate change." A publication of climate institute 1400 (2017).

9 Hosonuma, Noriko, Martin Herold, Veronique De Sy, Ruth S. De Fries, Maria Brockhaus, Louis Verchot, Arild Angelsen,
and Erika Romijn. "An assessment of deforestation and forest degradation drivers in developing countries." Environmental
research letters 7, no. 4 (2012): 0440009.

19 Thompson, Ian D., Manuel R. Guariguata, Kimiko Okabe, Catlos Bahamondez, Robert Nasi, Victoria Heymell, and Cesar
Sabogal. "An operational framework for defining and monitoring forest degradation." Ecology and Society 18, no. 2 (2013).
11 Zhu, Jiao-Jun, and Feng-Qin Li. "Forest degradation/decline: Research and practice." The Journal of Applied Fcolagy 18, no. 7
(2007): 1601-1609

12 Vasquez-Grandon, Angélica, Pablo J. Donoso, and Victor Gerding. "Forest degradation: when is a forest degraded?" Forests
9, no. 11 (2018): 726

13 Keenan, Rodney J., Gregory A. Reams, Frédéric Achard, Joberto V. de Freitas, Alan Grainger, and Erik Lindquist.
"Dynamics of global forest area: Results from the FAO Global Forest Resources Assessment 2015." Forest ecology and
management 352 (2015): 9-20.

14 Ali, Tanvir, Babar Shahbaz, and Abid Suleri. "Analysis of myths and realities of deforestation in Northwest Pakistan:
implications for forestry extension." International Journal of Agriculture and Biology 8, no. 1 (2006): 107-110.

15 Yusuf, Moeed. "Legal and institutional dynamics of forest management in Pakistan." McGill Int'l J. Sust. Dev. L. & Pol'y 5
(2009): 45.

16 Sohail, M., S. Muhammad, K. Mehmood, S. A. Anees, F. Rabbi, M. Tayyab, K. Hussain, M. Hayat, and U. Khan. "Tourism,
threat, and opportunities for the Forest resources: A case study of Gabin Jabaa, district swat, Khyber-Pakhtunkhwa, Pakistan."
International Journal of Forest Sciences 3, no. 3 (2023): 194-203.

17 Adnan, S. Muhammad, A. A. Khan, Abdul Latif Abdul Latif, and Z. Khan Shiwari. "Threats to the sustainability of ethno-
medicinal uses in Northern Pakistan (a case study of Miandam Valley, District Swat, NWFP Province, Pakistan)." (2006): 91-
100.
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Figure 1: Map of Swat valley

2.2 Study design

A reconnaissance survey of the study area was conducted in September 2023 to identify potential causes of deforestation and
degradation. The information was collected from local people, Provincial Forest departments staff through discussions.
During the survey, tourism, hotel construction, road development, local utilization, grazing, timber mafia, Poor management
and other minor factors were identified. A structural questionnaire was formulated and ranked from one to nine with nine as
highest rank and vice versa. Inquiries were made to 100 local inhabitants through the structured questionnaires to ascertain
the range and magnitude of these factors responsible for deforestation and degradation and the data was subjected to a
prioritization process, yielding a hierarchy of factors on a scale of 1 to 7. The survey was conducted in various regions of Swat
having economically important forest of conifers (Table 1). For ensuring gender participation, females participants were also
interviewed (Kouassi et al., 2021)18,

Table 1: Detail of samples and sampling sites (n=100)

Region Tehsil Coordinates Forest types Participants
Gabin Jabba Matta 35.1706° N, 72.3711° E Moist temperate 20
Marghuzar Babuzai 34.6678° N, 72.3431° E chir pine forest 20
Malam Jabba Charbagh 34.7999° N, 72.5722° E, Moist temperate 20
Kalam Bahrain 35.4902° N, 72.5796° E Dry temperate 20
Miandam Khwaza Khela 35.0541° N, 72.5648° E Moist temperate 20

2.3 Data analysis
Due to non-satisfaction of the normality assumption of the data, non-parametric independent Kruskal—Wallis test was applied
to test significant variation among these factors (Fan et al., 2011)!° to compare mean score of these factors for prioritization

18 Kouassi, Jean-Luc, Amos Gyau, Lucien Diby, Yeboi Bene, and Christophe Kouamé. "Assessing land use and land cover
change and farmers’ perceptions of deforestation and land degradation in South-West Cote d’Ivoire, West Africa." Land 10,
no. 4 (2021): 429.
19 Fan, Chunpeng, Donghui Zhang, and Cun-Hui Zhang. "On sample size of the Kruskal-Wallis test with application to a
mouse peritoneal cavity study." Biometrics 67, no. 1 (2011): 213-224.
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process. Following the initial assessment with the Kruskal-Wallis test, we applied for the post Hoc test, for multiple
comparison among all pairs of these factors. This step was crucial for identifying specific pairs of treatments that showed
significant differences in burn severity. In terms of quantifying the effect size, partial eta squared was used. Partial eta squared
was calculated to measure the effect size of the Kruskal-Wallis test, providing insights into the proportion of variance explained
by group differences. Post hoc test provided a more granular understanding of the pairwise differences that the Kruskal-Wallis
test indicated.

3. Results

This study examined the equality of means scores across various treatments through independent Samples Kruskal-Wallis test.
The null hypothesis suggested the same distribution of mean scores across all these treatments. However, the calculated p-
value of 0.00 resulting in rejection of null hypothesis suggesting significant difference among distribution of mean score across
treatment categories (Figure 2). This finding underscores the importance of further exploration and consideration of potential
factors influencing the observed variations in mean scores.

Study Area Activities

]

Values
Y
I

grazing Hotels Mafia poor mgt Roads Tourism Utilization
Activities
Figure 2 Distribution of mean scores across various treatments

For quantification of effect size and the association between mean scores and treatment in the study was assessed by eta
squared. The results indicate a strong association, with an Eta value of 0.847 and an Eta Squared value of 0.717. These findings
suggest that a substantial proportion (71.7%) of the variability in mean scores can be attributed to the treatment variable. This
strong association stresses the importance of treatment in influencing the observed mean scores. The statistical analysis
presents a comprehensive overview of different factors. The average values for each factor (hotel construction, tourism, access
road, grazing, mafia, local utilization, poor management) are 6.12, 5.67, 4.55, 2.44, 5.96, 2.85 and 1.32 respectively. To assess
the accuracy of these averages, the standard error of the mean was also calculated and ranges from .047 to .153, indicating
variability within each group's sample. Additionally, confidence intervals along with etror bars were computed at a confidence
level of 95%, providing a range where the actual mean values for each factor are expected to fall. The lower limits range from
1.23 to 5.95 while the upper limits range 1.41 to 6.29 Table 2.

Table 2: Statistical Summary of Mean Values Across Different Vegetation Strata.

Factors Mean Count ['[SEM #CI95 Low 2CI95 High
Hotel Construction 6.12 100 .087 5.95 6.29
[Tourism 5.67 100 .101 5.47 5.87
Access road 4.55 100 .153 4.25 4.85
Grazing 2.44 100 .092 2.26 2.62
Mafia 5.96 100 .134 5.69 6.23
Local Utilization 2.85 100 137 2.58 3.12
Poor management 1.32 100 .047 1.23 1.41
Total 4.13 100 .080 3.97 4.29

'SEM standard error of the mean, *CI95 Low- lower bound of the 95% confidence interval, >CI95 -High-upper bound of the 95% confidence
interval.
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Post hoc analysis resulted in the adjusted p- value to assess the significant differences between pairs. Results revealed
significant differences (adjusted p < 0.05) in mean scores between Poor Management and each of Grazing, Local Ultilization,
Access Road, Tourism, Mafia, and Hotel Construction. However, no significant differences were observed in mean scores
between Grazing and Local Utilization, Grazing and Tourism, Tourism and Mafia, as well as Tourism and Hotel Construction
(adjusted p > 0.05). Additionally, Access Road showed significant differences in mean scores when compared to Tourism,
Mafia, and Hotel Construction (Table 3). These findings provide insights into the nuanced variations in the impact of different
factors on strata pairs, emphasizing the need for designed management strategies. The study investigated the distribution of
impacts across various factors in a specified context. The highest frequency of mean score was recorded for hotels (612)
followed by tourism (567) while the lowest was for poor management (132) (Figure 3). These findings provide an overview
of the prevalence of different elements, indicating the relative significance of each factor within the studied context.

Table 3 Detail of pair wise comparison among factors at (p = 0.05) and (n=100)

Pairs of strata Adjusted p-value Remarks
Poor Management vs Grazing 0.002 Significant
Poor Management vs Local Utilization 0.000 Significant
Poor Management vs Access Road 0.000 Significant
Poor Management vs Tourism 0.000 Significant
Poor management vs Mafia 0.000 Significant
Poor Management vs Hotel construction 0.000 Significant
Grazing vs local utilization 1.000 Non-Significant
Grazing vs Access Road 0.000 Significant
Grazing vs Tourism 0.000 Significant
Grazing vs Mafia 0.000 Significant
Grazing vs Hotel construction 0.000 Significant
Local Utilization vs Access Road 0.000 Significant
Local Utilization vs Tourism 0.000 Significant
Local utilization vs Mafia 0.000 Significant
Local utilization vs Hotel construction 0.000 Significant
Access road vs tourism 0.011 Significant
Access road vs Mafia 0.000 Significant
Access road vs Hotel construction 0.000 Significant
Tourism vs Mafia 1.000 Non-Significant
Tourism vs Hotel construction 1.000 Non-Significant
Mafia Hotel Construction 1.000 Non-Significant
o T
- L
. .
T
S T
@+
C
1]
O
=
-
—
2—
Y T T T T
Hotel Tourism Access_road Grazing Mafia Local _ Poor_
Consturction UWilization Management

Figure 3 Detail of mean score with standard error at 95% confidence interval
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4. Discussion

The aim of the study was to explore the driving forces behind deforestation and degradation in northern temperate region of
Pakistan. This study examines the factors leading to forest decline by utilizing a validated survey alongside in-depth interviews
with 100 residents. The rate and causes of deforestation have been the subject of several studies from different areas globally
(Nagendra 2008 20; Phua et al., 2008 2!; Htun et al., 2010 %% Lung and Schaab 2010%%) and various elements have also been
explored based on changes in forest cover. The current research was catried out to investigate the elements influencing
deforestation and degradation in the Northern temperate regions forest of the Swat region. The Northern temperate forest in
Pakistan, primarily characterized by coniferous trees along with broad-leaved species, plays a vital role in conserving
watersheds within hilly areas. Nevertheless, these forests face indiscriminate logging for various purposes, resulting in
deforestation and depletion of these valuable forest resources. Qasim et al., (2011)?* reported that several research and statistics
from throughout the world indicate that Pakistan has seen tremendous deforestation. The precious coniferous forest in Swat
has drastically diminished, usually resulting in land degradation. Despite the environmental and other setvices, they provide,
forest resources are destroyed at an alarming rate despite (Bennett, 2017)%. This study specifically investigated the causes
behind deforestation and degradation, revealing that the primary driver is the construction of hotels driven by a surge in
unplanned tourism. Several studies have reported agriculture and population growth as the main cause of deforestation
(Alexander, 2018 2% Hosonuma et al., 2012 27; Casse et al., 2004 28; Allen and Barnes, 1985 2%; Walker, 198730). As Pakistan is
harboring immense tourism potential due to a unique geographical setup, scenic landscapes, biological and cultural diversity,
and hospitable people (Altaf et al., 2021)3!. Therefore, in our situation, the main factor is the construction of hotels as a
response to the rise in poorly planned tourism activities, coupled with the unsuitable hilly terrain of the study area for
agriculture. Consequently, trees are systematically removed to initiate small-scale hotel construction, which later expands to
cover larger areas. Ahmed et al., (1998)32 have similarly noted that a significant portion of deforestation in Pakistan involves
incremental loss, signifying the gradual removal of individual trees. The increase in tourism activities as pointed out by Sohail
et al., (2023)3 has been linked to negative impacts on the health of forest ecosystems, patticulatly due to practices such as
girdling, and the expansion of hotels and other enterprises related to tourism. Due to dependency of local population as
reported by Ali and khan, (2015), rural people of the Swat district for jobs, wood, medicinal plants, grazing land for cattle
and house construction are the main causes of deforestation in Swat valley. In our situation, although grazing and local
utilization for fuel wood, medicinal and other purposes also contribute toward degradation and deforestation but is ranked
after the hotel, tourism, and access road. The reason for this is the heavy dependency of the local population on these resources
in the study area. As reported by Khan and Khan (2009)%, the situation of deforestation further deteriorated after

20Nagendra, Harini. "Do patks work? Impact of protected areas on land cover clearing." AMBIO: A Journal of the Human
Environment 37, no. 5 (2008): 330-337.
2l Phua, Mui-How, Satoshi Tsuyuki, Naoyuki Furuya, and Jung Soo Lee. "Detecting deforestation with a spectral change
detection approach using multitemporal Landsat data: A case study of Kinabalu Park, Sabah, Malaysia." Journal of
Environmental Management 88, no. 4 (2008): 784-795.
22 Htun, Naing Zaw, Nobuya Mizoue, Tsuyoshi Kajisa, and Shigejiro Yoshida. "Deforestation and forest degradation as
measures of Popa Mountain Park (Myanmar) effectiveness." Environmental Conservation 36, no. 3 (2009): 218-224.
2 Lung, Tobias, and Gertrud Schaab. "A comparative assessment of land cover dynamics of three protected forest areas in
tropical eastern Aftrica." Envitonmental monitoring and assessment 161 (2010): 531-548.
2 Qasim, Muhammad, Klaus Hubacek, Mette Termansen, and Ahmad Khan. "Spatial and temporal dynamics of land use
pattern in District Swat, Hindu Kush Himalayan region of Pakistan." Applied Geography 31, no. 2 (2011): 820-828.
% Bennett, Lauren. "Deforestation and climate change." A publication of climate institute 1400 (2017).
26 Alexander, Sasha. "Reducing emissions from deforestation and forest degradation." In The Wetland Book: I: Structure and
Function, Management, and Methods, pp. 615-619. Springer, Dordrecht, Netherlands, 2018.
27 Hosonuma, Noriko, Martin Herold, Veronique De Sy, Ruth S. De Fries, Maria Brockhaus, Louis Verchot, Arild Angelsen,
and Erika Romijn. "An assessment of deforestation and forest degradation drivers in developing countries." Environmental
research letters 7, no. 4 (2012): 044009
28 Casse, Thorkil, Anders Milhej, Socrate Ranaivoson, and Jean Romuald Randriamanarivo. "Causes of deforestation in
southwestern Madagascar: what do we know?" Forest Policy and Economics 6, no. 1 (2004): 33-48..
29 Allen, Julia C., and Douglas F. Barnes. "The causes of deforestation in developing countries." Annals of the association of
American Geographers 75, no. 2 (1985): 163-184
30 Walker, Robert T. "Land use transition and deforestation in developing countries." Geographical Analysis 19, no. 1 (1987):
18-30.
31 Altaf, Muhammad, and Tanveer Hussain. "An overview of Pakistan Tourism Impact of COV." Journal of Wildlife and
Ecology 5, no. 4 (2021): 186-201.
32 Ahmed, Javed, Fawad Mahmood, and James Mayers. Changing perspectives on forest policy. London, UK: International
Institute for Environment and Development, 1998.
3 Sohail, M., S. Muhammad, K. Mehmood, S. A. Anees, F. Rabbi, M. Tayyab, K. Hussain, M. Hayat, and U. Khan. "Tourism,
threat, and opportunities for the Forest resources: A case study of Gabin Jabaa, district swat, Khyber-Pakhtunkhwa, Pakistan."
International Journal of Forest Sciences 3, no. 3 (2023): 194-203.
3 Ali, S. F., and Khan, N. “Causes of Deforestation and Its Effects on Different Factors in Rural Community of District Swat-
Pakistan”. Journal of Resources Development and Management. 2015. Vol.44.
% Khan, Shaheen Rafi, and Shahrukh Rafi Khan. "Assessing poverty—deforestation links: Evidence from Swat, Pakistan."
Ecological Economics 68, no. 10 (2009): 2607-2618.
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proclamation for forest land as protected land which led to conflicts between statutory law and customary law due to their
dependency on these resources. Although Ali and Benjaminsen, (2004)3¢ reported that root dtivers of the estimated 30%
deforestation over the last thirty years are commercial extraction of timber and weak governmental administration. However,
in our situation this factor has been ranked lowest indicating least or almost no contribution toward degradation corresponding
to best management. As outlined in the research conducted by Tariq and Aziz, (2015)%, substantial deforestation occurred in
Khyber Pakhtunkhwa to fulfill household needs like cooking, furniture, heating, and income generation. Another notable
factor influencing these forests is the influence of black markets and stakeholders. This aligns with our study, where the timber
mafia and local utilization have been identified and ranked as significant contributors to forest degradation. The construction
of linkages and access roads is typically viewed as beneficial for the optimal management of forest resources. However, in our
specific scenario, this factor was ranked third in terms of contributing to degradation. This result aligns with findings from
Ali et al., (2005)%, supporting the idea that the expansion of forests due to access road development may not be universally
applicable. In conclusion, the results highlight hotel construction and tourism as the primary drivers of forest degradation,
while poor forest management has the least impact.

5. Conclusion

This study establishes that the primary drivers of forest degradation in Swat's Northern temperate forests are hotel
construction and the associated surge in tourism. The development of new access roads exacerbates this impact. These factors
are identified as the most significant in harming the local forest ecosystem. Secondary contributors include mafia activities,
grazing, local resource use, and inadequate management, each playing a moderate role in degradation. The findings highlight
the urgent need for comprehensive management and sustainable tourism practices to mitigate these adverse effects. While
poor forest management is noted, it ranks lower in impact compared to other factors. These insights offer critical guidance
for policymakers and conservationists in developing effective strategies for the forest's preservation and sustainable
management.
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