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Investigation of Ecosystem Services for Management of Carbon Stock in Protected Areas:
The case of as Saleel Natural Park Reserve

ABSTRACT

Rabie Mohammed Said Al Rahbi

Thirty declared natural reserves of Sultanate of Oman covering approximately 15,000 km? are diversified
into terrestrial and marine reserves. However, there is no appropriate information known on the potential
environmental values of this protected areas. The main objective of the study is to generate information on
ecosystem services, particularly carbon sequestration service in as Saleel natural park reserve, to provide

the needed information for integrating them in management plans of natural reserves in Oman.

Understanding community perceptions of ecosystem services is crucial for effective conservation and
sustainable resource management. A structured questionnaire survey comprising 89 responses was
conducted to identify the community preferences for specific ecosystem services and awareness of protected
areas. The findings highlight significant patterns in awareness of the term protected area, with the majority
of respondents demonstrating a high level of awareness regarding protected areas (91.01%). In terms of
attitudes toward conservation, the majority of respondents (96.6%) agreed that it is important to preserve
plants and animals, while only 3.37% disagreed. This strong consensus reflects widespread support for
conservation efforts. The correlation analysis showed weak relationships among the ecosystem services,
with most values close to zero. However, a moderate positive correlation between direct benefits like food

for animals and timber services, and soil regulations and recreational services.

A limited number of biomass models for accurately predicting the biomass of dominant tree species limit
reliable estimates of carbon stocks in drylands. In this study a total of 45 Vachellia tortilis were measured
for biometric variables (diameter at stump height (DSH), tree height (H) and crown area diameter) inside
the reserve. Twenty trees from same species with a diameter at stump height (DSH) ranging from 18.5 cm
to 150 cm were selected for destructive sampling for biomass prediction and carbon stock estimation. Linear
multiple regression analysis was done using SPSS software between the 3 variables, DSH, H, CrA (x) and
the total dry biomass (y). Five models were developed and all of them tested for the best fit model based on
R-Square and Mean Square Error (MSE). Model 5 was the most accurate model including LOG of DSH
and LOG of CrA (R? =0.97, MSE=0.114). The models developed in this research fills critical gap in
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estimating AGB of terrestrial native species in dry lands in Oman and other countries with similar ecological

and climate condition.

In situ measurement of Vachellia tortilis was done to estimate the above and belowground biomass and
carbon stock in 0.980 km? in the reserve. The field measurement was carried out in three transects each with
a total of ten circular plots with a 15 m radius. A total of 314 trees were recorded and the circumference at
stump height was measured (at 0.3m above the ground), where the biomass was estimated using the
allometric equations. The total mean aboveground biomass and belowground biomass were estimated in
Transects 1,2 and 3 to be 21.6, 28, 46.6 kg/m?. respectively. The total carbon stock and CO, sequestered
were about 10.8,14 and 23.3 kg/m? respectively. The Total CO, sequestration equivalent in the study area
is about 0.177 tons.

Additionally, soil moisture and carbon content were measured to assess the environmental condition of the
study area. Soil samples were collected from 30 plots within 0.980 kmz, at a depth of 0-15 cm and a reference
sample was taken from outside the reserve. Most plots in the middle of the study area had the lowest soil
moisture content, indicating varying environmental conditions across the area. Soil carbon content was
determined using the Walkley-Black method by titration. Plots located on the edges of the study area in
Transects 1 and 3 had the lowest carbon contents, reflecting the variation in soil conditions across the study

area.

Lastly remote sensing technique was employed to assess the vegetation health in the reserve through
maximum likelihood object-based classification method. The Vachellia tortilis healthiness status were
identified using Normalized Difference Vegetation Index (NDVI). The results showed that the Vachellia
tortilis forest in the reserve area is ranging from moderate to good but majority of them are in moderate
condition. The results showed that, they are in moderate state giving NDVI values between 0.3 to 0.59,
where about 40% are in a good status giving NDVI values between 0.6 to 0.99. Therefore, the study
recommends that Al Saleel Natural Park as protected area should continue and conservation plans should

be strengthened to minimize the impact of human activities and environmental factors on the reserve.
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CHAPTER.1 INTRODUCTION

1.1 Background of the Study

Oman, characterized by its varied ecosystems that include deserts, mountains, coastal areas, and wetlands,
serves as a distinctive subject for the examination of ecosystem conservation and the provision of
ecosystem services. The country has created an extensive network of more than 31 protected areas by Royal
Decrees and Ministerial Decisions, designed to preserve its natural heritage. These areas encompass marine
reserves, desert parks, mountainous protected areas, and wetland conservation zones, each targeting the
distinct ecological issues of the area. In the past and the present the conservation efforts are targeted towards
popular species particularly animals such as the Arabian oryx, green sea turtles, and Arabian gazelles. In
addition to safeguarding these species, protected areas in Oman offer many ecological services that benefit
local residents, including food and water supplies, flood mitigation, and recreational opportunities.
Understanding the significance of these services and the perceptions of local communities towards them is
essential for effective conservation and management efforts. Effective management of protected areas in
Oman necessitates a balance between biodiversity conservation and the livelihoods of adjacent
communities.( Muscat Daily, 19" April,2025 )

This research investigates the significance of key species, including Vachellia tortilis (formerly Acacia
tortilis), recognized for its ecological roles in habitat provision, soil stabilization, and carbon sequestration.
These species are crucial in arid regions, characterized by little vegetation and a heightened susceptibility
to ecosystem instability. This research also seeks to quantify the impact of Vachellia tortilis in mitigating
climate change and sustaining ecosystem services in Oman's protected areas by constructing allometric

equations and evaluating its carbon sequestration potential.

The correlation between soil moisture and the health of vegetation, especially for species suited to arid
environments, offers significant insights into the resilience of ecosystems amid climate change. Remote
sensing technologies, including NDVI, provide a novel method for monitoring and evaluating vegetative
health and carbon sequestration in extensive protected areas, hence enhancing management and
conservation efforts (Al Mulla et al ., 2022)

This project seeks to integrate scientific information, conservation initiatives, and community perspectives

to improve the sustainable management of protected areas in Oman. Moreover, this research will enhance



the comprehensive understanding of how these sectors might promote environmental and socio-economic

sustainability in dry environments.
1.2 Protected areas in Oman

Protected areas are vital for conserving biodiversity, alleviating climate change, and sustaining critical
ecosystem services in terrestrial and marine ecosystems. These areas are acknowledged worldwide as
essential for conserving endangered species, preserving natural resources, and offering advantages
including water purification, soil stabilization, and carbon sequestration. In arid and semi-arid regions,

where ecosystems are especially susceptible to climate change and human activity (IUCN, 2021)

Oman had designated 30 protected places via Royal Decrees, which include natural reserves, national
parks, and protected landscapes. These locations function as essential sanctuaries for endangered species,
crucial habitats, and ecologically important regions. The creation and administration of these reserves are
regulated by the Law on Nature Reserves and Wildlife Conservation, enacted by Royal Decree No. 6/2003.
Oman’s protected areas are allocated over its many geographies, encompassing maritime, desert,

mountainous, and wetland habitats.

They are essential for safeguarding Oman’s natural legacy, facilitating the conservation of its abundant

biodiversity and delicate ecosystems. By December 2024,



i

il

avm

avm

avm

i

wm

o

et
i

e ALt A AR - Sganal
I:lgglared Na&t‘i{‘al reserve'smin the Sumate of Or'nwa!n

[ I Dnanwan Nature

[ Knawr Al Mughsay

I knawrTagan Rese

[ GhatTree Reseme

[] As Sl Natural Park

[ =03 samnan Reserve

Bl 4 Gumm Nature Reserve

| Aranian oryx Reserve

[ Al Jabal Al Akidar Scenic Reserve

[ A wusta wetana Ressrve

] =oa canwan Nature Reserve
Wiestem Haler Stars Lights Reserve

[ 1 Rustaq wiaire Reserve.

B Natonal Natural Pa

Bl oman Botanic Garden

Bl A Buraimi Gasts Nature Reserve

[] westem mountain Nature Reserve

] knor knarfout Archaeciogical Reserve

B knawr Al Baid Reserve

[ Khawr Ad Dahariz Reserve

[ KnawrAl Qurm AG Sagair Resarve

B Knhawr Al Qurm Al Kabir Reserve

B Knawr Rawi Reserve
[ Khawr Sawil Resarve

Bl Khawr Awgad Reserve

Bl «nawrSaman Reserve

B A Khwualr Nature Reserve
[ ] # Senen Nature Reserve
Bl Rs Al Shafar Nature Reserve

% —r A ) Al A pgeandl .
ISLAMIC REPUBLIC rE
y OF IRAN
=
il g sl 4 B

ARABIAN GULF ’.}9 ' LE
L]

g A

S,
¢=/> e £4 Op (:\H

'11,4“, le
Natural reserves mm :

[ Turiles Reserve - I _—

Ml Caymanyiat isiands Nature Reserve e AN

Reserve

rk Reserve In Musandam Governorate

Reserve

e

kilometer

[ e e
“This map is not an suthority on ir
e 1) g Srbdt 2 gaall Sl

a b fall o3 e 2l ¥ ot S atmgay 1020

Figure.l. Protected Areas in Oman ( EA ,GIS department ,2024 )

Prominent instances comprise: Al Jabal Al Gharbi Natural Reserve: Instituted by Royal Decree No.
23/2024, this reserve safeguards the distinctive flora and fauna of the Al Jabal Al Gharbi region. Al
Dhahirah Nature Reserve: Established by Royal Decree No. 24/2024, this reserve aims to conserve the
natural heritage of the Al Dhahirah governorate Wahat Al Buraimi Nature Reserve: Established by Royal
Decree No. 25/2024, it preserves the oasis ecosystems of the Buraimi region (EA, 2020).The Natural
National Park Reserve in Musandam was established by Royal Decree No. 54/2022 to safeguard the
distinctive biodiversity of the Musandam region. Additional notable reserves comprise the Daymaniyat

Islands Nature Reserve, Ras Al Jinz Turtle Reserve, and Jabal Samhan Nature Reserve. These areas not
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only safeguard wildlife but also promote sustainable tourism, environmental education, and scientific
researches. Oman's dedication to environmental conservation is demonstrated through these initiatives,
safeguarding its habitats nationally while conforming to global environmental objectives. These protected
areas are essential for conservation, sustainable tourism, and environmental research, safeguarding Oman’s

rich natural heritage for future generations.
1.3 Ecosystem Services and Their Significance

According to the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services
(IPBES) 2019 Global Assessment Report, the term "ecosystem services™ has been largely replaced by the
broader and more inclusive concept of "nature’s contributions to people (NCP)". The IPBES assessment
which was done on 2019 define Ecosystem services as "Nature’s contributions to people (NCP)" are all the
contributions, both positive and negative, of living nature (i.e., diversity of organisms, ecosystems, and

their associated ecological and evolutionary processes) to the quality of life for people. (IPBES,2019)

This includes what was traditionally referred to as ecosystem services, but also includes non-material
contributions (such as cultural identity and spiritual significance) and recognizes diverse worldviews,
including indigenous and local knowledge systems. (IPBES, 2019). In dry and semi-arid regions, protected
areas frequently include distinctive and delicate ecosystems essential for biodiversity preservation and
ecosystem stability. The understanding of ecosystem services by local communities is essential for
effective conservation and management efforts. Communities next to protected areas are directly
influenced by the health and functionality of these ecosystems. Comprehending community perceptions
and valuations of ecosystem services helps guide policies and management approaches that correspond
with local requirements. Prior research indicates that local attitudes might differ markedly according to
socioeconomic conditions, cultural values, and reliance on natural resources (Barton et al., 2012; Doxford
et al., 2020). Evaluating community perceptions facilitates the connection between conservation initiatives

and local circumstances, fostering sustainable management practices.



1.4 Vachellia tortilis in Arid Environments

Vachellia tortilis (formerly Acacia tortilis) is a crucial tree species in dry and semi-arid habitats, offering

significant ecological functions including wildlife habitat, soil stabilization, and nutrient cycling.

Allometric equations, which connect tree dimensions to biomass and other structural characteristics, are
crucial for evaluating the ecological function and carbon sequestration potential of Vachellia tortilis in
these ecosystems. Formulating precise allometric equations for this species is essential for enhancing
understanding of its role in ecosystem services and for guiding management strategies intended to

safeguard its ecological functions (Haggar et al., 2015).
1.5 The Role of Vachellia tortilis in Carbon Sequestration

Carbon sequestration is the process by which trees and other vegetation absorb and store atmospheric
carbon dioxide, thereby alleviating the impacts of climate change. In dry areas characterized by limited
vegetation and slow development rates, the contribution of trees such as Vachellia tortilis to carbon
sequestration is notably important. Comprehending the carbon sequestration capacity of Vachellia tortilis
aids in evaluating its role in global carbon cycles and formulating ways to augment carbon storage in dry
environments (Sommerville et al., 2016 , Al Ismaili et al ., 2024). This knowledge is crucial for

amalgamating conservation and climate change mitigation initiatives.
1.6 Dynamics of Soil Moisture in Arid Environments

Soil moisture is a vital determinant affecting the growth and vitality of vegetation, particularly in arid
regions where water resources are few. Vachellia tortilis, acclimated to arid environments, depends on soil
moisture for its sustenance and development. Investigating the correlation between soil moisture and
Vachellia tortilis can yield critical insights into the species' hydric needs, adaptive mechanisms, and
ecological significance. This knowledge is crucial for managing water resources, forecasting the effects of
climate change on vegetation, and formulating policies for sustainable land use in arid places (yadeta et al.,
2018).



1.7 Remote Sensing for Vegetation Monitoring

Remote sensing technologies provide effective instruments for monitoring and evaluating vegetation in
protected regions. Methods like satellite imaging and aerial surveys facilitate the assessment of vegetation
health, distribution, and temporal changes. The Normalized Difference Vegetation Index (NDVI) is a
widely utilized indicator in remote sensing that offers insights into vegetation coverage and productivity.
NDVI measurements serve to evaluate vegetation health, monitor land cover alterations, and guide
conservation initiatives. The application of remote sensing to monitor vegetation in protected areas, such

as Vachellia tortilis, improves the management and protection of these ecosystems (Huete et al., 2002).
2. Statement of Problem

Oman has presently designated more than 30 protected areas. There is a lack of scientific and precise data

regarding the types of ecosystem services and their status within the reserve. Furthermore, limited studies

have been conducted to evaluate the ecological values of those protected regions. There is no informational
database regarding the perceptions of resident communities on protected areas concerning ecosystem
services and their interrelationship with the system. There are Insufficient data regarding the carbon
sequestration potential of certain dominating species. Also, there are no attempt by researchers to develop
a specific allometric equations in Oman and the region for estimation of biomass and carbon sequestration
potential of dominant species such as Vachellia tortilis in conservation areas.

3. Justification and Research Contribution

This study seeks to amalgamate several elements of ecosystem services, community views, and ecological
evaluations within protected regions. This research tackles significant gaps in understanding the ecological
roles of Vachellia tortilis in arid environments by creating allometric equations, assessing its carbon
sequestration potential, and examining soil moisture dynamics. Furthermore, integrating community
opinions and employing remote sensing technologies offers a holistic strategy for conservation and
management. The results of this study are anticipated to improve conservation methods and national
conservations strategies, deepen our comprehension of ecosystem services, and bolster sustainable

management practices in protected areas.



4. Objectives of the Research
Main objective

To investigate ecosystem services in as Saleel Natural Park Reserve and assess their role in carbon
management, integrating community perceptions, ecological modeling, and remote sensing techniques to

enhance conservation strategies.
Specific objectives

1. To develop Site specific —species algometric equation (models) for biomass estimation of Vachellia

tortilis based on field measurement & statistical modelling.

2. To quantify carbon sequestration potential of Vachellia tortilis using field measurement & existing

allometeric equation.
3.To Estimate the soil carbon and moisture level in the study area.

4. To evaluate the effectiveness of NDVI and remote sensing techniques in monitoring vegetation health
of Vachellia tortilis in as Saleel Nature Park reserve

5. To identify key ecosystem services and assess community awareness & preferences using questionnaire
and statistical models analysis

5.Hypothesis

A hypothesis test was formulated to assess the significance of the relationships between biomass and the
variables with the strongest correlations. The null hypothesis (HO) posited that the regression coefficients
for biomass, DSH, and CA were equal to zero, while the alternative hypothesis (H1) posited that at least

one of these coefficients was not equal to zero.

We tested multiple models with different combinations of the predictor variables and transformations,

including:
. Model A: DSH, CA, with constant = 0

. Model B: DSH, CA, with constant # 0



. Model C: DSH only, with constant =0

. Model D: log-transformed DSH

. Model E: log-transformed DSH and log-transformed CA, with constant = 0
6. Significance of the research

This research study aims to identify and assess ecosystem services in Al Saleel Nature Park Reserve. It is
the first work to understand the value of an ecosystem of one of the important natural protected area in
Oman. Moreover, it will help to give the decision makers a clear and scientific information about the
importance of integrating ecosystem services concept into planning and conservation strategies of protected
areas. On the other hand, also helps to identify the relationship between the community and their
surrounding environment. Also, the study identified the factors the government must take into

consideration when preparing conservation and management plans for nature reserves.

In addition to that, specifically the study focused on the importance of the most dominant plant species in
the area (Vachellia tortilis) and its significance to climate regulation in the study area by estimating above
and below carbon and soil carbon stock and studying the one of the important environmental factors,
namely soil moisture in the reserve. The study developed a first allometric equation in Oman and the whole
region for estimating carbon sequestration in native species Vachellia tortilis in arid areas. Also, the study
will be an entry point for an effective management of the natural resources in protected areas to give
information for management purpose helping decision makers to give conservation priorities to ecosystem

services which is important for the society in the long run.
7. Limitations of the research

1- There were difficulties in accessing the study area, as obtaining the necessary permits took a significant

amount of time, and these permits required periodic renewal, which delayed the research process.

2- A limited number of destructive samples were harvested due to restrictions on cutting trees in and around
protected areas in Oman. This constraint hindered the collection of comprehensive data on tree biomass

and carbon sequestration.



3- The reserve covered an extensive area of approximately 220 km2, making it challenging to cover the
entire area comprehensively. Limited resources and manpower further constrained the ability to gather data

across the full extent of the reserve.

4- The study was conducted in a very dry and arid region, where temperatures often exceeded 50°C. These
extreme conditions made fieldwork difficult and physically demanding, limiting the amount of time that

could be spent collecting data in the study area.

5- There were not enough human resources available for the destructive sampling, which led to the decision
to limit the study to establishing aboveground biomass (AGB) models only. This limitation prevented a

more detailed assessment of other ecological parameters.

6- The communities residing inside the reserve are few in number, and most of them were not comfortable
participating in interviews. This limited the scope of gathering local perceptions and community-based data
for the study and factors affecting ESs strength or weakness was not expressed deeply in the study because

of limited data.
8. Structure of the Thesis

The thesis is structured as follows: Chapter 1: Introduction — Provides an overview of the background,
problem statement, justification & research contribution, objectives, significance of the research, limitation
of the research and structure of the thesis. Chapter 2: Literature Review - Reviews existing research and
theoretical frameworks related to research scope Chapter 3: Study Area & Methodologies: Describe the
study area and its climatic conditions and its features and describes the research design, data collection
methods, and analysis techniques used in the study. Chapter 4: Results & Discussions - Presents the
findings of the research, including data analysis and interpretation and discusses the implications of the
findings, compares them with existing literature, and explores their relevance to the research problem.
Chapter 5: Summary and Conclusion — Summarizes the key findings, provides recommendations for
practice and future research, and concludes the study. References - Lists all sources cited in the thesis.
Appendices - Includes supplementary materials such as raw data, questionnaires, and additional

documentation.



CHAPTER.2 LITRATURE REVIEW

The literature review chapter forms the foundation of my research by examining existing studies and
scientific advancements related to the key objectives of this thesis. It explores the development of site-
specific allometric equations, the estimation of carbon sequestration, the estimation of soil moisture, and
the mapping of environmental changes and NDVI calculations, with a specific focus on Vachellia tortilis
(formerly Acacia tortilis) in arid nature reserves. This chapter aims to synthesize current knowledge,
identify gaps, and highlight methodological approaches.

2.1. Introduction to allometric equations in biomass measurement

Allometric equations are fundamental tools in estimating tree biomass non-destructively by correlating
easily measurable parameters, like trunk diameter and height, with total biomass. These equations are
species-specific or ecosystem-specific due to variability in tree form, density, and growth patterns. For
Acacia species, especially in arid and semi-arid regions, several allometric models have been developed to
improve the accuracy of biomass and carbon stock assessments (Gibbs et al., 2007). The significance of
refining these equations lies in Acacia’s role in both ecosystem stability and carbon sequestration in

challenging climates, where environmental pressures make direct biomass measurement difficult.
2.2. Common Allometric Equations for Acacia Biomass estimation

Several allometric equations have been developed specifically for Acacia species, each designed to suit
distinct environmental conditions and forest structures. Most equations incorporate variables like diameter
at breast height (DBH), tree height, and sometimes wood density. These are calibrated for arid and semi-
arid ecosystems, which often contain sparse tree cover and low biomass per tree, compared to more humid

forests. Examples include:

Chidumayo (2013) developed equations for semi-arid African woodlands, using DBH and height as
primary predictor of aboveground biomass, which have been effectively applied to Acacia species in

African savannas. Sileshi (2014) compiled a comprehensive review of biomass equations specifically for

African tree species, providing species-specific models that account for wood density variations, which is

especially relevant for multi-stemmed Acacia trees common in dryland ecosystems. Recent studies on
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biomass measurement in Acacia species have focused on refining and validating allometric equations to
enhance accuracy. These studies are crucial for adapting models to specific Acacia populations, as biomass
allocation patterns can vary significantly among species and locations. Mokany et al., (2006) examined
root-to-shoot ratios in global dryland ecosystems and found that Acacia species allocate approximately 40-
50% of total biomass to roots. This research informs the design of allometric models that factor in

belowground biomass, which is often underrepresented in biomass assessments.

Lahive et al., (2021) studied the application of allometric equations for biomass estimation in mixed
savanna ecosystems, emphasizing the importance of calibration for multi-stemmed species like Vachellia
tortilis. This study found that models incorporating both stem number and DBH were more accurate in
estimating biomass than DBH alone. Colgan et al., (2013) utilized LiDAR technology to supplement
traditional allometric equations for Acacia species in southern African savannas. This approach enabled
more precise measurements by capturing complex canopy structures, an innovation especially useful for
multi-stemmed Acacia varieties. Muukkonen & Heiskanen (2007) provided an extensive review of
biomass equations for various African tree species, highlighting the challenges of applying generalized
equations to arid ecosystems where tree morphology deviates significantly from tropical species. This study

has implications for Acacia biomass estimation, as it underscores the need for localized calibration.
2.3. Mechanisms of Carbon Storage in Arid Ecosystems

In arid ecosystems, carbon storage mechanisms differ from those in temperate regions due to extreme
environmental factors like limited precipitation, high temperatures, and nutrient-scarce soils. Carbon is
often stored within soil organic matter and belowground biomass rather than aboveground biomass, as
water limitations restrict growth. Some species, however, is adapted to these conditions with specific traits
that allow for efficient water and nutrient use, which facilitates greater carbon sequestration capacity (Davis
& Chen, 2020). Its extensive root system plays a central role in this process, allowing the plant to access
deeper soil layers for water and to store carbon in subsoil regions where it remains protected from erosion

and decomposition.
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Martinez et al. (2022) observed that Vachellia tortilis contributes to soil organic carbon (SOC)
accumulation through leaf litter and root exudates, enriching the soil with organic matter. This process has

been particularly effective in nature reserves, where human impact is minimized, and natural growth

processes remain uninterrupted. Additionally, symbiotic nitrogen-fixing bacteria associated with Vachellia
tortilis roots further enhance soil fertility, creating a favorable environment for carbon sequestration by

promoting soil health and stability.
2.4. Carbon Sequestration Potential of Vachellia tortilis
2.4.1. Role of Acacia species in carbon sequestration: a focus on biomass and soil carbon.

The carbon sequestration potential of Vachellia tortilis lies in both its aboveground biomass and its
significant contribution to soil organic carbon (SOC). Several studies emphasize the species' role in
biomass accumulation due to its relatively fast growth rate compared to other arid-region flora, particularly
in regions with limited precipitation. For instance, Brown et al. (2023) found that in controlled conditions,
Vachellia tortilis can increase its biomass by up to 15% under optimal soil moisture conditions, making it

a viable species for arid-land reforestation and afforestation projects aimed at sequestering carbon.

2.4.2. Adaptations of Vachellia tortilis to arid climates, enhancing resilience and potential carbon

stock.

The species has a deep root system that not only supports survival in drought conditions but also enables
carbon storage in subsoil layers. This deep carbon sequestration is particularly valuable in arid
environments, where surface carbon is vulnerable to degradation and erosion. Lin and Shukla (2021),
highlighted that in African arid zones, Vachellia tortilis contributes significantly to carbon storage by
depositing organic matter deep within the soil, which has been shown to persist longer compared to surface

carbon deposits, which are often subject to disturbance.
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2.4.3. Importance of Vachellia tortilis in Biomass Measurement Studies

Acacia species, such as Vachellia tortilis, exhibit unique growth patterns adapted to arid and semi-arid
conditions, which influence their biomass distribution. Research indicates that these trees allocate
substantial biomass to roots, a key trait for survival in arid environments but one that complicates biomass
estimation. Given their ecological roles, accurate biomass measurements are critical for estimating carbon
stocks in arid and semi-arid ecosystems, particularly within protected areas, which are essential carbon

sinks in desert landscapes (Henry et al., 2011).
2.4.4. Potential benefits and roles Acacia species in ecosystem-based climate adaptation strategies

Vachellia tortilis plays an essential role in climate adaptation and mitigation, particularly in regions
susceptible to desertification. Its capacity to stabilize soil, reduce erosion, and provide shade contributes to
microclimate regulation within arid landscapes. By increasing vegetation cover, Vachellia tortilis also
supports biodiversity, which is essential for maintaining resilient ecosystems under climate stressors
(Nguyen & Lee, 2023). Additionally, the species is widely incorporated into ecosystem-based adaptation
projects aimed at creating sustainable landscapes that can withstand climate change impacts. In these
projects, Vachellia tortilis is used to rehabilitate degraded lands, increase soil organic carbon, and improve
water retention in soils. Santos et al. (2022) noted that the presence of Vachellia tortilis in protected areas
not only enhances carbon sequestration but also supports a range of ecological services critical for long-

term climate resilience.
2.5. Methodologies for Measuring Carbon Sequestration in Vachellia tortilis

Various methodologies are employed to measure carbon sequestration in Vachellia tortilis, ranging from
traditional biomass measurement techniques to advanced remote sensing technologies. Biomass estimation
is typically conducted through allometric equations, which relate tree diameter, height, and wood density
to calculate total biomass. These equations have been developed specifically for arid-adapted species like
Vachellia tortilis, where factors like trunk diameter can significantly influence the accuracy of carbon

stock assessments (Garcia & Thompson, 2020).

Roxburgh et al,. (2015) recommend collecting between 17 and 95 individuals to achieve biomass

predictions with a standard deviation. In this research we took 20 trees within a 25-meter buffer zone
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around the proposed gas pipeline route were identified and marked. The trees were categorized based on a

post-classification that was done, ensuring that only the designated trees were included in the study.

Soil sampling remains essential for belowground carbon measurement, as soil organic carbon represents a
major component of sequestration in arid regions. Stratified random sampling is often employed to capture
SOC variability across different depths and locations. Innovations in soil sampling methods, including core
sampling and isotope analysis, have improved the precision of SOC estimates, facilitating better

understanding of carbon dynamics at various soil depths. (Spertus,2021).
2.6. Impact of Environmental Factors on Carbon Storage of Vachellia tortilis in arid environment

Carbon sequestration potential in Vachellia tortilis is influenced by a range of environmental variables,
including soil type, water availability, temperature, and land management practices. In areas with higher
soil moisture, Vachellia tortilis shows increased biomass production, which directly correlates with greater
carbon storage (Li et al., 2023). However, in areas with extreme drought, biomass accumulation may be
limited, although belowground carbon storage remains relatively stable due to the species’ deep-rooting

nature.

Protected areas such as national parks and reserves generally offer more favorable conditions for carbon
sequestration compared to unprotected regions. Reduced soil erosion, minimal grazing, and restrictions on
human activity in these areas create a stable environment that fosters natural carbon storage processes. In
a study on the impact of protection on carbon stocks, Yusuf and Singh (2021) found that VVachellia tortilis
in fenced reserves showed 20% higher soil carbon levels than in adjacent unprotected areas. This disparity
is attributed to the conservation of soil structure and the presence of mature trees that contribute to long-

term carbon storage.
2.6.1. Determination of Soil Moisture and its dynamics with Vachellia tortilis

Soil moisture is a critical factor in arid environments, and Vachellia tortilis plays a role in modulating soil

moisture levels:

Water Use Efficiency: Vachellia tortilis is known for its water-use efficiency. Its deep root system enables
it to access groundwater, thereby impacting soil moisture dynamics. According to studies by Smit et al.
(2021), this species can reduce soil moisture evaporation due to its canopy cover, which may lead to more

stable soil moisture conditions beneath its canopy.
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Soil Moisture and SOC Interaction: The interaction between soil moisture and SOC is complex. In arid
environments, lower soil moisture can lead to reduced microbial activity and slower organic matter
decomposition. However, Vachellia tortilis can buffer these effects by providing a more consistent
microenvironment for soil microorganisms, thereby supporting higher SOC levels (Miller et al., 2020).

Impact on Soil Moisture Retention: Research by mureva et al. (2019) indicates that the presence of
Vachellia tortilis can improve soil moisture retention due to its organic matter inputs, which enhance soil
structure and porosity. This effect is particularly notable in protected areas where natural vegetation can

help maintain soil moisture levels.
2.7. Remote Sensing in Arid and Semi-Arid Regions

Arid and semi-arid regions are characterized by limited water availability, extreme temperature
fluctuations, and highly variable vegetation cover. These environmental challenges make ecological
monitoring in these regions particularly difficult. Remote sensing plays a pivotal role in overcoming these
challenges by offering a means to monitor vegetation dynamics, land cover changes, and soil conditions
over large and often inaccessible landscapes. The application of remote sensing is especially important in
detecting subtle changes in vegetation cover and degradation processes, which may otherwise go unnoticed
due to the vastness of these regions (Dandois & Ellis, 2018; Liu & He, 2020).

2.7.1. Remote Sensing Applications for Ecosystem Services and Carbon Sequestration

The potential of remote sensing to contribute to the monitoring of ecosystem services, particularly carbon
sequestration, has become increasingly important in the context of climate change mitigation. Carbon
sequestration in arid and semi-arid ecosystems can play a significant role in reducing atmospheric CO2
levels, making it essential to estimate carbon stocks accurately. As discussed by Liu and Wang (2019),
remote sensing can be used to estimate biomass and vegetation density, both of which are key parameters

in determining carbon storage potential in these ecosystems.

Vegetation indices like NDVI are instrumental in assessing the health and productivity of ecosystems,
which directly correlates with their capacity to sequester carbon. By tracking the growth and changes in
vegetation cover over time, remote sensing allows for the estimation of carbon stocks and the identification

of areas with high carbon sequestration potential (Zhang & Liu, 2019).
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2.7.2. Land Cover Classification and Degradation Mapping

Land cover classification and change detection are essential applications of remote sensing in monitoring
environmental degradation, especially in semi-arid and arid regions. Remote sensing provides high spatial
and temporal resolution data that allows for the classification of land into various categories, such as
vegetation, bare soil, and water bodies. Liu and Wang (2019) reviewed several methods for classifying
land cover types in arid and semi-arid regions using satellite data, including supervised and unsupervised
classification techniques. Supervised classification relies on known sample data (training data), whereas
unsupervised classification clusters pixels into groups based on similar characteristics, without the need
for predefined labels. These techniques are crucial for detecting changes in land cover over time, such as

deforestation, desertification, or the encroachment of human settlements.

Classifications are particularly important in arid regions, where vegetation cover is sparse, and changes in
land cover can be subtle yet significant. Satellite imagery with high spatial resolution, such as Landsat or
Sentinel-2, provides the necessary detail to classify land cover types accurately and to detect degradation
processes. Bastin et al., (2019) demonstrated how remote sensing classifications help monitor tree cover
and assess the extent of land degradation in semi-arid regions, which is vital for guiding conservation

efforts and land restoration projects.
2.7.3. Vegetation Dynamics and Remote Sensing

Vegetation dynamics in arid and semi-arid regions are influenced by various factors, including
precipitation, temperature fluctuations, and anthropogenic activities. Remote sensing enables the
monitoring of vegetation cover, health, and productivity across time, thus providing valuable data on
ecosystem responses to climate variability and land use changes (Tucker & Nicholson, 2020). One of the
most widely used vegetation indices in remote sensing is the Normalized Difference Vegetation Index
(NDVI), which quantifies vegetation density and health by analyzing the ratio between near-infrared (NIR)
and red-light reflectance (Fensholt et al., 2019). NDVI has proven to be effective in assessing vegetation
dynamics in arid and semi-arid regions, as it captures the seasonal growth patterns and overall vegetation
health (Liu & He, 2020).

NDVI values range from -1 to +1, with higher values indicating denser vegetation and lower values
indicating sparse or degraded vegetation. In arid ecosystems, NDVI is particularly useful for tracking

vegetation growth during the rainy season and detecting stress during drought periods (Zhang & Liu, 2019).
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As discussed by Fensholt et al., (2019), remote sensing techniques like NDVI calculations can help identify
areas of land degradation and vegetation stress, which are crucial for understanding the impacts of climate

change and land use on these fragile ecosystems.

classifications, researchers can differentiate between areas with significant vegetation biomass and those
with low productivity, thereby refining carbon sequestration estimates. Bastin et al. (2019) also emphasized
the importance of remote sensing in mapping tree cover extent in arid regions, which is vital for
understanding the role of these ecosystems in global carbon cycling. The ability to track vegetation changes
over large scales provides insights into the long-term trends in carbon storage, which is critical for making

informed decisions about land management and conservation.
2.8. Identification & assessment of the ecosystem services provided by natural reserve

One of the primary objectives of this research is to understand how local communities perceive and interact
with ecosystem services in the as Saleel natural park reserve. It aimed to identify and categorize the various
ecosystem services provided by the reserve; provisioning, regulating, cultural, and supporting services,
Examine the socio economic factors that affect the perception of the identified ecosystem within and the
surroundings of the reserve, with some socio-economic factors and the proximity factor the surrounding

community, employing both qualitative and quantitative methods (e.g., surveys, interviews, ).

Through this approach, the study seeks to contribute to the understanding of the dynamics between
biodiversity conservation, ecosystem service provision, and community well-being, offering policy-

relevant recommendations for improving the management and governance of protected areas.
2.8.1. Introduction to Ecosystem Services

Ecosystem services (ES) refer to the benefits humans obtain from ecosystems, including goods
(provisioning services) and services that support life and well-being (regulating, supporting, and cultural
services). The concept of ecosystem services emerged from the need to recognize the integral role of
ecosystems in supporting human societies (Daily, 1997). These services have been formalized in various
frameworks, including the Millennium Ecosystem Assessment (MEA, 2005) and the TEEB report (The

Economics of Ecosystems and Biodiversity, 2010).
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Millennium Ecosystem Assessment (MEA, 2005) emphasizes the classification of services into four
categories: provisioning, regulating, cultural, and supporting services. TEEB (2010) advocates for the
economic valuation of ecosystem services to influence policy-making and highlight their significance in
development. The MEA and other frameworks categorize ecosystem services into four major types:
Provisioning services include products such as food, water, timber, and medicinal resources. Regulating
services encompass climate regulation, water purification, and pollination. Cultural services involve non-
material benefits like recreation, aesthetic value, and spiritual enrichment. Supporting services include
processes like soil formation and nutrient cycling that underpin other services (Costanza et al., 1997). These

services are vital for the well-being of both human societies and biodiversity.
2.8.2. Ecosystem Services in Protected Areas and National Parks

Protected areas (PAs) such as national parks are critical for conserving biodiversity and ensuring the
continued flow of ecosystem services. These areas contribute to regulating services like climate regulation
(e.g., forests acting as carbon sinks), and provisioning services like water and food (Schulze et al., 2015).
PAs are considered a cornerstone of biodiversity conservation, serving as refuges for species and
maintaining vital ecological functions (Naughton-Treves et al., 2005).

The conservation of biodiversity in PAs directly influences ecosystem service provision. Species-rich
ecosystems often provide more stable and diverse services, particularly in areas such as pollination, water
purification, and pest control (Barton et al., 2015; TEEB, 2010). By conserving biodiversity, protected
areas enhance ecological resilience, which in turn ensures long-term service provision (Chazdon,
2008).Several studies have explored the provisioning and regulating services of protected areas. For
example: Karki et al. ,(2021) assessed the carbon sequestration potential of forested protected areas in
South Asia, demonstrating their critical role in offsetting regional carbon emissions and enhancing climate
resilience. Maes et al. ,(2012) highlighted the role of European Natura 2000 sites in water purification and
flood mitigation, showcasing the economic value of regulating services provided by these reserves.
Eldridge et al., (2020) studied arid rangelands and found that soil stabilization and erosion control were
significantly higher within protected areas, particularly where sustainable grazing practices were
implemented. Cultural and recreational services have also been studied in the national parks. For example;

Roux et al. (2020), examined the tourism and educational value of South African national parks, linking
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well-managed ecosystem services to increased visitor satisfaction and revenue generation for conservation
efforts. Also Chan et al.,(2016) emphasized the spiritual and cultural connections of indigenous
communities to protected areas, advocating for the integration of traditional ecological knowledge in

management practices.

However, significant gaps remain. Research is often limited to specific ecosystems, with a notable scarcity
of studies in arid and semi-arid regions. Additionally, methodologies for valuing ecosystem services lack
standardization, making cross-comparisons challenging. Studies like De Groot et al. (2012) have called
for more integrative approaches, combining biophysical, economic, and cultural dimensions to provide

holistic evaluations.
2.8.3. Management of Ecosystem Services in Protected Areas

The management of ecosystem services in PAs often requires integrating ecological science with social,
economic, and governance considerations. Ecosystem-based management (EBM) is one approach that
links the conservation of biodiversity with sustainable use of resources by local communities (McLeod et
al., 2005). Co-management models, where local communities are involved in the governance of PAs, can

increase the effectiveness of conservation efforts (Berkes, 2009).
2.8.4. Community Perceptions of Ecosystem Services

Community perceptions refer to how local populations understand and value ecosystem services, which
may vary depending on socio-cultural, economic, and environmental contexts. These perceptions influence
how communities interact with and manage natural resources (Teng0 et al., 2014). Understanding these

perceptions is essential for integrating local knowledge into conservation planning (Noble et al., 2007).

Many studies have explored the role of local communities in valuing and managing ecosystem services.
Martin-Lo6pez et al. (2019) emphasized the importance of understanding cultural and spiritual ecosystem
services in protected areas, noting that communities often value these intangible benefits more than
provisioning or regulating services. Shibia (2018) conducted a study in Kenya's Amboseli National Park,
revealing that communities living near the park recognized its contributions to water availability, livestock
grazing, and ecotourism income but expressed concerns about wildlife conflicts and restricted access to
resources. Similarly, Robalino et al., (2020) analyzed community perceptions in Latin America, showing
that positive perceptions of protected areas were often linked to economic benefits from tourism and
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sustainable resource use. On the other hand, studies like Chung et al., (2021) highlighted gaps in awareness
and negative perceptions stemming from exclusionary conservation policies, which limited access to

traditional livelihoods and exacerbated socio-economic inequalities.

Furthermore, few studies have systematically integrated community perceptions with scientific
assessments of ecosystem services. Castro et al. (2022) called for interdisciplinary approaches that merge
ecological modeling with community-based methods to better align conservation objectives with local
priorities. Additionally, research on arid and semi-arid regions remains sparse, despite the unique

challenges these areas face in balancing ecological sustainability with community needs.
2.8.4.1. Local Knowledge of community about ecosystem services

Indigenous and local knowledge systems play a crucial role in recognizing and managing ecosystem
services (Berkes et al., 2000). In many cases, traditional ecological knowledge (TEK) provides valuable
insights into sustainable resource use and ecosystem management (Folke et al., 2005). For instance,
communities in tropical forests often have detailed knowledge about plant species used for medicinal

purposes, which can be integrated into biodiversity conservation strategies (Rocheleau et al., 1995).
2.8.4.2. Impact of Ecosystem Services on Community Livelihoods

Communities living near protected areas often depend on ecosystem services for their livelihoods,
including access to resources like fuelwood, water, and medicinal plants. Studies show that communities
value provisioning services such as timber, food, and water, while also emphasizing the cultural
significance of cultural services like recreation and spiritual connections to the landscape (MacGregor et
al., 2015).

2.8.4.3. Factors Influencing Community Perceptions about ecosystem services
Several factors shape community perceptions of ecosystem services, they are:

1- Socio-economic status: Higher-income communities may have less direct reliance on provisioning

services but place more value on regulating and cultural services.

2- Education: Higher levels of education can correlate with greater awareness of the importance of

ecosystem services (Kumagai, 2012).
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3- Resource access: Communities with limited access to resources may place higher importance on

provisioning services (Cinner et al., 2009).
2.9. Methods for Studying Ecosystem Services and Community Perceptions
a- Quantitative Approaches

Quantitative methods for assessing ecosystem services include remote sensing and spatial modeling to
estimate service provision across large landscapes (Turner et al., 2007). Economic valuation techniques
such as contingent valuation and choice experiments are commonly used to quantify the monetary value of

ecosystem services (Bateman et al., 2002).
b-Qualitative Approaches

Qualitative methods like interviews, questionnaires and discussions allow for deeper insights into
community perceptions and social-cultural aspects of ecosystem service use. These methods are
particularly useful in understanding local knowledge and values (Tengd et al., 2014) which we used at this

study.
c-Mixed-Methods Approaches

A growing trend in ecosystem services research is the use of mixed-methods approaches, combining both
quantitative and qualitative data to capture the full range of ecosystem service values and community
perceptions (Kenter et al., 2016).

21



CHAPTER 3. STUDY AREA & METHODOLOGIES

3.1 Study Area

Al Saleel Nature Park Reserve is declared as National Reserve on 28 Junel997 by a Royal Decree No.
50/97. It has been designated with the aim of future development for educational purposes, wildlife
conservation, and tourism and bringing benefits to local people. It is the largest site in the Middle East,
which is considered as a habitat for the Arabian Gazalles. The Nature Park Reserve is located in the Wilayat
of Al Kamil W’al Wafi in the Governorate of South Al Sharqiyah at elevation vary from 175 -255 m above
sea level, at a distance of about 310 km from Muscat and 57 km from Sur (Figure.1). The park covers an

area of 220 kilometers square.170km? of it is dominated by Vachellia tortilis forests.

Map No. 2023072701

Aadal) Jalidd) dBas
As Silil Natural Park

\/

Figure.2. As Saleel Nature Park Reserve (source: EA, GIS department 2023)

The temperature is low during winter (Oct-Mar) while in summer the temperature reaches more than 40°C.

The average annual temperature according to nearest meteorological station in the area is vary between

23.8-30 °C. (Figure 2).
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Figure 3.: Show the annual average temperature at study area (Source: CAA, 2025)

It is located in the belt of arid and semi-arid areas where the amount of annual rainfall in some years is low.
(Figure .3).
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Figure .4. Shows the annual average rainfall (CAA,2025)

Al Saleel Nature Park Reserve (SNPR) is distinguished by a variety of physical and natural components
that give the reserve a unique importance. Eastern Al Hajar Mountains Range is located in the north part

of the park where there are fossil formations, an indication of the location of the area in shallow waters
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millions of years ago. The reserve has a unique biological diversity in the environmental unit of the Interior

Eastern Plain.

It is characterized by a wide spread of forests of Acacia trees, and more than 100 species of wild plants
and trees while there are more than 8 types of mammals, such as Arabian gazelle, Arabian fox, red fox,
Omani wild cat, and wild rabbit, as well as other types of small mammals, in addition to more than 30
species of wild birds. As for the reptiles, 8 types of reptiles were seen in the reserve and 166 species of
insects. Most predominant vegetation in the study area is Vachellia tortilis woodlands, while the most

dominant wildlife is the Arabian Gazelles (Protected areas of Oman ,2021, EA)

24



3.2 Methodologies

Ecosystem Services
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Community Perception
& Engagement
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Carbon Management &
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Remote sensing &
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Integrating Carbon Management Strategies

Figure.5. Diagram of Conceptual Framework for Ecosystem Services & Carbon Management

The above diagram illustrates the interlinked components that guide the identification of ecosystem
services and carbon management strategies in the study area. It begins with the identification of ecosystem
services and community perception and engagement, which provide critical insights into the socio-
ecological value of the landscape and the role of local knowledge and participation in environmental

management.

These inputs feed into the evaluation of one important ecosystem service which is carbon management and
sequestration potential, which serves as the central theme of the research. To quantify this potential, the
framework incorporates allometric equations and biomass estimation for aboveground carbon, alongside

soil carbon and moisture analysis to account for belowground and soil-based carbon stocks.
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Further, remote sensing and NDVI (Normalized Difference Vegetation Index) analysis are employed to
spatially assess vegetation health and land cover dynamics. The integration of these biophysical, social,
and technological components ultimately informs the development of context-specific carbon management
strategies that align with both ecological sustainability and community needs.

This framework ensures a holistic and interdisciplinary approach, linking field data, remote sensing, and
stakeholder perspectives to inform practical and scalable solutions for carbon management in arid or semi-

arid ecosystems.

3.2.1. Developing Site specific —species alometric equation (Models) to estimate carbon
sequestration

Preparation for the field work

Tree harvesting is prohibited by Environmental laws in Oman. So, Prior to start destructive sampling work,
We looked for a place where we can do the destructive sampling of Vachellia tortilis .Two Options was
discussed with the Environment Authority Staff. The first one is to find infrastructure or development
projects where Vachellia trees will be cut . The other option is to discuss with EA to do destructive inside
the reserve for the research purpose. Finally, we knew that OQ Company (Gas & petrochemicals) got an
environmental approval to lay a gas pipeline from Fahud to Sur and the pipeline will crosscut the reserve
for 15 km long and many Vachellia trees locate on the proposed line will be removed. Then the proposal
discussed with the company and EA which they give permission and support to do the work. The proposed
gas pipeline located towards the northern part of the reserve near to border (Figure.6)
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Prior the research work, three site visits during summer period (April -May2021) were done to the area,
two of them specifically to the proposed gas pipeline area to see the points where the pipelines will come
and to see the density of VVachellia trees along the proposed line. Also, to have an idea about the

environment there.

So for the next steps, preparatory work started to be done such as preparing the instruments to be used at
the field like GPS, measuring tapes, Camera, colored nails, clinometer, Gloves and plastic cards with

papers.

The plastic cards needed to number each tree for the classification and destructive sampling methodology

later on.

Figure.6 . Show an overview along 15km distance of the proposed gas pipeline
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Vachellia trees were seen healthy and not affected by grazing at this area (Figure.7)

Figure .7. Vachellia tortilis tree at destructive sampling area

By using GPS (Garmin), Coordinates at different location along the proposed line where taken during the
site visit and put them into google earth map. The availability of VVachellia trees along the line were

circled at the a google earth map.

One site visit for the whole day was done to draft a design the research experiment for the destructive

sampling and to try different variables measurements of the trees.

The field work started with primary data -inventory to have an idea about the trees sample in the area
since there was no inventory data before so, it was decided to establish circular plots (12.5m*12.5m ) at
the left side of the proposed line to be used for field work survey to prepare the destructive sampling at 8
different
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locations where Vachellia trees are available Because according to the regulation and permission, gas
pipelines projects must have 25 m as buffer zone from both sides and left side chosen because an existing

gas pipeline there.

The plots were laid in the areas along the line where there are Vachellia tortilis trees. Coordinates of each
plot were taken using Global Positioning System (GPS). For each tree inside the plot, Dimeter at stump
height (DSH), tree height (H) and crown area (CrA) were measured. Since most of the tree at the study

area were branches at 0.3 and below, the circumference of each tree was measured at 0.3 m.
A total of 40 trees were measured in all the 8 plots. (Figure.8.)

Measuring tape were used to measure Diameter at Stump Height (DSH) and Crown Area (CA) and the
tree height (H) were measured using clinometer. It was found that the reserve had different ecosystem
/environment. there is wadi, plain and hilly/rocky areas. There were no Vachellia tortilis found on the
wadi and less tree was found on the hilly and rocky environment .so, 8 plots were made along the

proposed gas pipelines, at plain area only.

1 2 3 4 5 6 7 8

plots numbers

Number of Trees/plot
= N w H (%, ] [<)}

o

Figure.8. Distribution of Vachellia tortilis in all 8 plots
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The work done at September 2021 winter time where temperature is low.it was started by located the plots
on a google earth map and the coordinates of the center of each plot were written on a datasheet for
inventory data collection. Then, the coordinates were put on the GPS for plot 1 to 8. Later, the work started
at the field with the help of the reserve staff there to find each plot so we started by plot number 1 .The
proposed gas pipeline sign was found and by using the measuring tape 12.5 meters were measured from
the proposed pipeline towards the north to locate the center of the plot .Then a 12.5 meter measured to
complete the hole plot and a dead stick was put to show the border of the plot. Then the measurement of
the trees inside the plot were done started from the north towards clockwise. the DSH was measured above

30 cm by using measuring tape (Figure .9).

Figure 9. Measurements of Diameter at Stump Height (DSH) in destructive sampling area

Then two persons measured the crown area (CA) of each tree and that was done by one person standing at
northern side (point A) where another one stands at southern side of the tree (point B) by using measuring
tape also (Figure.10)
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Figure .10. Measurements of Crown Area ( CrA)
Finally, the height of each tree was measured by using the clinometer.

Plastic cards with numbers were put on each tree started at number 1 for the first tree measured at the plot

for the classification and destructive sampling later on (Figure.11)

Same methodology was applied for the remaining 7% plots at line.

Figure.11. Placing Plastic Card with identification numbers on the tree
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The DSH measurements were classified into classes: young size including dimeter of tree below 40 cm ,
pole -size include dimeter range from 41-63 cm and the standard size include dimeter measurement

above 63 cm. (Figure.12)
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Figure.12. DSH Classes distribution among Vachellia tortilis in the destructive sampling area

Before we started the destructive sampling, site visit done to the field to have an idea about the area , the
way of collecting samples, , and where to put them and the the weighing process also .Moreover , it was
also important to know the period of time we put our sample inside oven for drying. Not only that but to
find any issue or challenges during running your experiment in order to avoid them later. And since the

study area is very far from the university labs, the idea was to decide these issues before going to the field.

So was decided to go to the botanic garden at college of science in university to look for any Vachellia

tortilis and get some small parts from it. So after approval from botanic garden staff, we went there .

Different DSH and height size-class were selected to take samples from and by using cutter we started to

cut small parts of branches, twigs and leaves but was not possible to cut the big stems.

The samples were collected in plastic tray, and leaves and twigs parts were put into tissue to avoid drying

or losing their parts.
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At the lab, different samples from different parts of two Vachellia tortilis trees were prepared and cut into

small parts suitable to put into the oven.

The fresh weight for each part of the samples were taking using two electronic balance for accuracy and

the value put into collecting data sheet prepared for the same purpose in the field.

first the oven temperature was fixed at 70 C° for twigs and leaves and 90 C° for branches and the weights
were taken every day to monitor the change in order to know if still there is any moisture or not .so we

took weight after 24 hours and after 48 hours. we got the results

Before destructive sampling work started, the inventory data were used for selecting the tress to be

harvested from each plot in the areas

The selection process was done based on the outcomes from the regression between the variables ( DSH,

H, so to make sure that we choose variety of trees among different DSH and H ( Figure.13.)
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The represented 20 Vachellia tortilis trees were selected based on DSH and H. The 20 trees were among

different classes.
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Figure.13. Relationship between DSH & H of the harvested Vachellia tortilis

Approvals were obtained from Environment Authority for starting the work and from As Saleel Nature
park reserve department for the entrance of the company to do the destructive sampling within the
affected area by the project inside the reserve. The guideline prepared for the destructive sampling were

send to the company before months.

Prior to the work, meeting at the field were held to discuss the guidelines again with workers to make sure
they understood each step and if any questions related to the work can be answered by the researcher.

The work team included: excavation machine driver, two workers, four-wheel car driver, two people for
HSE check during the work.

We preparedplastic bags, plastic containers, 300 kg spring balance, , two electronic balances, ropes, GPS

, permanent markers and stapler .
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The methodology for the tree removal and subsamples collection process for the destructive sampling is
as the following: (Figure 14.) (Eshete and Stahl , 1997) ,( FAO ,2001 and 2009 ) , (Bagnall-Oakley, S.
A, etal. 2019), (Farsi, M., et al. 2014) , ( Sebrala et al .,2022 ) , ( Roxburgh et al.,2006) , Picard et al .,
2012)

Three workers began the process by carefully removing the soil surrounding the roots of the marked
trees. This step was performed to prepare the trees for excavation, ensuring that the root systems were

exposed and ready for extraction.

The marked trees were extracted using an excavation machine, with the assistance of the workers. The
trees were carefully uprooted by cutting the base of the tree and lifting it out of the soil to minimize

damage to the root system.

Once extracted, each tree was weighed in its entirety using the excavation machine, rope, and a spring
balance. The tree was suspended by the rope, and the weight was recorded accurately. If needed, the tree

was divided into sections, with each part weighed separately.

Small samples, approximately 250 -300 grams in weight, were cut from each part (stems, branches,
twigs, and leaves) using a hand saw. These samples were then weighed using an electronic balance

The collected subsamples were transferred into plastic bags or plastic containers to ensure they were
preserved properly for laboratory analysis. These samples were carefully transported to the laboratory at

the University for further work.
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(b)Trees Identifcation

(g) Weighing them o (h) Packaging in containers (i)Transfer to Laboratory
Figure.14. Destructive Sampling Steps

Drying oven and electrical balance was needed to this work in the laboratory. The collected sub-samples

from the field were brought to dry at the oven at different temperatures as the following:

105 C (Stems), 85 C° (Branches) and 75 C° (Twigs & leaves) for 3 days. All sub-samples were
weighted every day at the electronic balance and the data were recorded. This process was repeated until

we reached a constant weight (Figure.15.) (Bayen et al ., 2020) ( Abebe et al ., 2024 )
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Figure.15. Subsamples Preparation and lab processing for weight determination

3.2.2. Quantification of carbon sequestration potential of Vachellia tortilis using field measurement

& existing allometeric equation.

3.2.2.1. Preparation of field work

Two primary site visits are needed to the area to identify possible sampling technique and measurements

and this helped in preparing proper sampling techniques. The plain area which is about 170km? is

purposely chosen for sampling for carbon sequestration but because of reserve is open more grazing at

some parts of the area and also there were human activities there. Moreover, some trees are died there

also.

Also because of limited of time and resources, approximately 0.980 km2 were chosen as sampling area.
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3.2.2.2. Sampling design

The topography of the reserve is varying between rocky, wadi and plain areas. As it was mention above,
the dominant plant species in the area is Vachellia tortilis .Based on satellite imagery of the area (the
pleadris ,2021 March ) a part of the plain area at the middle was chosen for this objective based on site

visits and

the classification done by ENV1 5.0. The area was almost rectangle in shape where forest of Acacia
species is distributed on it. It is located in the middle of the reserve. The coordinates of this sub-study

area were located on google earth first and then by using GPS in the field.

According to different site visits to the area and to satellite images , the elevation in the study area is vary
between 175 -208 m .so based on that the researcher would like to study the impact of elevation on
carbon stock value in the area so stratification sampling was applied .The area is divided into two main
sub-area ( low and high elevation) and a scale has been developed by the researcher to differentiate
between low and high elevation.0-190 m is set as low elevation whereas from 190 m and above treated as

high elevation.

Circular 30 plots ( 17m*17m ) distributed in 3 transects lines were laid starting from low south to north
of the study area.100 m distance set to be between each transect lines and the other and between centers

of each plot (Figure.16.).
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Figure.16. Sampling Design for biomass estimation in the study area

3.2.2.3.Aboveground Biomass (AGB) & Below Ground Biomass (BGB) Calculations
Aboveground biomass refers to the total mass of living vegetation (leaves, stems, branches) present
above the ground. It is a key indicator of forest productivity and plays a significant role in carbon

sequestration. AGB was estimated using an existing following formula:
In(TDW)=-3.514+2.827In(DSH)\In(TDW) = -3.514 + 2.827 \In(DSH)In(TDW)=-3.514+2.827In(DSH)
Where:

o TDW is the total dry weight of the tree (kg).

o DSH represents the diameter at breast height (DBH) in centimeters.
This formula, sourced from Giday et al. (2013), is a regression-based model that relates the tree's
diameter at breast height to the total aboveground biomass, accounting for tree species and local

environmental conditions.

Belowground biomass refers to the mass of roots and other subterranean parts of the tree. It is crucial
in understanding the total carbon storage of an ecosystem, as roots play an essential role in nutrient

cycling and carbon sequestration.
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Belowground biomass was estimated by using a common conversion factor based on the

aboveground biomass (AGB):
BGB=AGBx0.2

Here, AGB is the aboveground biomass (kg), and the multiplier 0.20 represents an approximation
commonly used in forest biomass studies, particularly in arid and semi-arid regions (Source: Siraj, 2019).
This implies that for each kilogram of aboveground biomass, approximately 20% of that weight is found

in the roots.

The biomass stored in both the aboveground and belowground parts of the tree is primarily composed of

carbon. To estimate the carbon stock in the biomass, a general conversion factor is used:
Carbon Stock=Biomassx0.5

The factor of 0.5 is based on the assumption that approximately half of the biomass is carbon by weight
(Source: Siraj, 2019). This conversion is crucial for estimating the carbon storage capacity of a forest or

ecosystem, as carbon sequestration is a key indicator of climate mitigation potential.

Once the carbon stock was estimated then it was converted to CO2 equivalent (CO.¢) to understand the
impact in terms of climate change mitigation. This conversion accounts for the fact that carbon dioxide
(CO) is the main greenhouse gas associated with climate change, and its equivalent is used to estimate

the global warming potential.
since:

e The molecular weight of carbon (C) is 12 g/mol.
e The molecular weight of CO: is 44 g/mol.
o 44/12=3.67

The formula simplifies to:
CO: equivalent (COze)= Cx3.67

Where:
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e C s the carbon stock in kilograms.
o 44/12 the molecular weight ratio of CO- to carbon (44 for CO2 and 12 for carbon).

e The factor 3.67 is used to convert the mass of carbon to the equivalent mass of CO..

Three hundred and fourteen (314) trees were measured in 30 plots in the study area. DSH Variable was
measured using measuring tape. The distribution of Vachellia tortilis measured in the study area is shown
in Figure.17 below:
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Figure.17. Vachellia tortilis distribution in the 30 plots study area
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Global position system (GPS ) were used to locate the center of each plots

Dimeter at sump height measured at 30 cm .and it is included because most trees at the ares have multi
stemming beyond 30 cm from ground surfaces. these plots were laid on google map with coordinates and

GPS used to locate them in the field by the help of the reserve staffs (Figure.18.)

Figure.18. GPS positioning of the plot in the study area

The DSH (Diameter of Stem Height) of tress within each plot measured using measuring tape and tree

will be marked by marker tape once finish the measurement. (Figure.19)

Figure.19. DSH Measurements for biomass determination

42



All Vachellia tortilis was classified based on DSH classification into 5 DSH classes ( 0-20 cm,20-40 cm,
40-60 cm ,60-80 cm and above 80 cm ) .Majority of Vachellia trotilis in the study area falls in 2"¢ DSH

class (20-40 cm) , ( Figure.20.)
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Figure.20. DSH —Classes Distributions of Vachellia tortilis in the study area
3.2.3. Soil Organic Carbon and soil moisture determination
3.2.3.1. Soil Organic Carbon determination

Soil Organic Carbon (SOC) is an essential component of soil, influencing soil fertility, structure, and
microbial activity. The Walkley-Black method is widely used to determine SOC in soils because it is
relatively simple and quick. Soil samples collected from the 30 plots in study area using a composite
sampling method.The 30 composite samples were collected from the 0-15 cm soil depth using soil aguar,

ensuring that the samples are representative of the entire area (Figure.21.)
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Figure.21. Soil Samples Collection for carbon and moisture determination

The Samples were collected from the center of each plot and from 4 points within the plot (north, south,
east and west). Samples were collected in airtight plastic bags with a written identification of plot number

and date of collection (Figure.22)
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Figure.22. Soil Samples Collected in Plastic Bags for laboratory analysis

Samples were air-dried and sieved through a 2-mm mesh to remove debris and large particles.1gm of air-
dried -sieved soil was weighted into a 250 mL conical flask and then 10 ml of 0.4 N potassium dichromate
solution was added to the flask. The solution was Swirled gently to mix the soil and reagent. 20 mL of
concentrated sulfuric acid added drop by drop while swirling continuously to avoid spillage. The flask was
allowed to sit for about 30 minutes, giving time for oxidation of organic matter. After the oxidation reaction,
200 mL of distilled water was added. The excess potassium dichromate Titrated with a 0.5 N ferrous sulfate
(FeSO.) solution using the indicator. The titration proceeded until the color changes from red to green,
indicating the end point. The volume of the titrant used for each sample was recorded (Figure.23.)
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Figure.23. Titration Procedures for SOC% determination (Source: FAO Manual Guideline,2019)

The amount of SOC is determined by comparing the amount of potassium dichromate that was reduced

by the organic matter in the soil with a standard calibration curve. The formula to calculate SOC is:
(V1-V2)xNx0.003x100

(SOC%)= ; (FAO Manual Guideline, 2019)

Where:

o V1 =Volume of potassium dichromate before reaction (mL).
o V2 =Volume of titrant used (mL).
o N= Normality of potassium dichromate.

o W =Weight of soil sample (g).

The factor 0.003 accounts for the molecular weight of organic carbon.
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3.2.3.2. Soil moisture determination using composite soil samples

Soil moisture is a vital factor in soil science, affecting plant development, soil structure, and nutrient
cycling. Assessing soil moisture yields information regarding soil water retention, availability, and

evapotranspiration dynamics.

Composite soil Samples collected for soil organic carbon assessment from a depth of 0-15 cm consisted
of 30 composite samples from 30 plots over 3 transects to account for heterogeneity. The fresh weight of
all 30 soil samples was recorded. A specified mass of the fresh soil sample (about 50-100 g) was placed
in the container. The weight of the sample was recorded in data sheet (W1). Soil samples were desiccated

in an oven at 105°C for 24 to 48 hours or until a consistent weight was achieved. ( Kisiksi, 2011 ).

The samples were reweighed post-drying (W-). The soil moisture content (%) is determined using the

formula:
Wet Weight — Dry Weight
Moisture Content (%) = x 100 (Source: ASTM, 2010)
Dry Weight
Where:

Wet Weight (W1 ) = Weight of the soil sample before drying.

Dry Weight (W>) = Weight of the soil sample after drying in an oven at 105°C until it reaches a constant
weight.
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3.2.4. Evaluation the effectiveness of NDVI and remote sensing techniques in monitoring vegetation
health

Two 50 cm resolutions satellite image were ordered in cooperation with remote sensing and GIS centre at
Sultan Qaboos University from Geocento company was captured by the Pleiades Satellite on 6 February

,2021. The remote sensing part at the research was started in 2021. (Table.1)

Table 1. The specification of the two satellite images

Product Date Ground sampling Coverage
distance (nadir)
The Pleiades 6/2/2021 50 cm 63.9 km2
6:48
The Pleiades 6/2/2021 50 cm 113.9 km2
6:46

The image of the As Saleel Nature Park Reserve became two parts, the first one covers 63.9 km2 of our

study area and the other one covers 113.9 km2.

For the analysis of the satellites images the ENV1 5.0 software were used. It is licensed by center of remote
sensing and GIS at Sultan Qaboos University. This software was used because it is available at RS&GIS
center at Sultan Qaboos University Also, it is a popular software and one of remote sensing tool in

environmental researches. It has been widely used.
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3.2.4.1. Preparation of the satellite images

Using ENVI 5.0 software, we started to prepare the satellite image for further analysis by doing
mosaicking. Mosaicking is a technique to combine multiple images to get one full image. It is used when

your geographical study area is too large and you want more coverage of it.

So first of all, we open the software and we went to open image file button so the images displayed.

Then, we went to basic tool button, then Mosaicking. The georeferenced mosaicking was chosen to

mosaicked our images. (Figure 24). then the location where the image will be saved was selected. The
bands for displaying the satellite image were band 3= RED, band 2=GREEN, band 1=BLUE. ( Jensen
,2007) .

Figure 24. The final satellite image after mosaicking for further analysis
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3.2.4.2. Classification of the study area

Before doing classification of the study area using remote sensing technique, Envi 5.0 software, the study
area was visited twice to know the topography and the features there .so according to the entrance license
I get from environment authority | went there after contacting the head of as Saleel Park department there
and his staff to facilitate the site visit. Meeting were held with staff to get an idea and information about
the Park. Since it is prohibited to use your own car, the conservation staff at the park were took me in
journey inside the park. Many notes were recorded for the further work at the field and there at they are:

the distribution of vegetation, the wadi flow, the accessibility of data collection, type of soil and so on.

Then, at the software, we started with supervised classification. This type of classification as mention at
literature is always run by giving the information by user to software by selecting small parts from the
whole study areas. Envi software 5.0 has many classification methods, they are: Parallelepiped,
Minimum Distance, Mahalanobis Distance, Maximum Likelihood, Spectral Angle Mapper, Binary

Encoding, and Neural Net.

Maximum likelihood was used to run the supervised classification. Before applying the steps of
supervised classification, the Region Of Interest (ROl ) were established .This was done by following the

steps below:

1- In the box of the original image (display 1 screen), button overly was selected.

2- ROl tools box appeared and zoom image was selected to work with.

3- Some represented parts of study area ( eg.vegetation,soil,roads, mountains ) were chosen by
clicking on the zoom image and making polygons

4- The area and its details chosen appeared at the ROI tool box , the color and ROI name can be
changed.

5- ROl were selected to be classify at the study area, they are : Vegetation, asphalt roads ,building ,
soil and Wadies .

6- New region button was selected to add the new region and change the color of the component, the

button color selected, the color at ROI tool box were in gradient (eg. green3 green2, greenl..etc)

(Richards et al ., 2006).
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Then supervised classification was done by following below steps

1- From the toolbar of the software, classification button was selected.

2- Then Maximum likelihood button was selected.

3- The classification input file box was appeared, ROI file was selected

4- Maximum likelihood box parameters appeared and the classes put before were all selected

5- The output button within the box were choose to save the output image file.

6- By clicking OK, the image was saved and directly it opened on the main box where the original
image was.

7- Then by clicking on image (saved in new name), Gray color button choose to display the image

8- By clicking on new display, another display appeared with the classification image.
(Congalton & Green , 2009).

After getting the final classification image, many classification colors were appeared and some colors
were closed to each other.so, in order to select clear color and easy to define, button overly were selected,
and the classification, an interactive class tool box is appeared._All classes and their selected color were

appeared.

For a purpose of choosing other colors for the classes, at class tool box the buttons option and the edit

class were selected.

Linkage had been done to link the original image and the classification image by clicking on the overlay

button.

So, the supervised classification run by trying different number of classes started with 3 classes and then
with 7 classes and later, 10 classes was tried. the results were not clear and it gave two color for both the

Vachellia tortilis trees and the main road there.

Several class ranges were chosen in several time but the results were the same .so the unsupervised
classification decided to be done to see how the results will be. 5 Classes were determined ( Vachellia

tortilis , low ground , high ground, small wadies & Gravels )
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3.2.4.3. NDVI Calculations
NDVI was calculated to determine the environmental health status of Vachellia tortilis.
( Knauer et al ., 2014), ( Brandet et al .,2014 ), ( Brandet et al ., 2017 )

The NDVI was calculated using the following formula :

(NIR — RED)

NDVI =
v (NIR+ RED)

Where:

¢ NIR is the Near-Infrared band value.
e RED is the Red band value.

This index ranges from -1 to +1:

o Values close to +1: Indicate dense, healthy vegetation.
e Values close to 0: Indicate barren or non-vegetated land.

o Negative values: Indicate water or snow.
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3.2.5. Identification of key ecosystem services and community awareness & preferences assessment

using questionnaire and statistical models analysis

A Survey was conducted over a three-month period from July to September 2022. The objective of this
survey is to identify the ecosystem services provided by the nature reserve and assess their significance to
the local community. The target population included individuals living in various proximity to the reserve,
specifically inside the reserve, those residing within 1 km, 3 km, and 10 km of the reserve, as well as

individuals living more than 10 km away.

By evaluating community perceptions and awareness, the survey aims to gather insights that can inform

suggestions for improving the reserve’s management and outreach efforts.
The Questionnaire is divided into three parts:
Part 1: General Information

This section collects demographic data, including gender, age, household income, and proximity to the
reserve. This information helps to contextualize the responses and understand how different community

segments relate to the reserve.
Part 2: Awareness and Knowledge

In this part, respondents share their awareness and understanding of the protected area. Questions are
designed to gauge how well the community knows about the reserve and the term protected areas and also

about the ecosystem services offered by the reserve and the importance of conservation efforts.
Part 3: Preferences for Ecosystem Services

The final section of the survey focuses on the community’s preferences regarding various ecosystem
services. Respondents are asked to indicate which services they value most and how they perceive these

services contributing to their quality of life.

The insights gathered from this survey will be instrumental in enhancing the management of the reserve

and fostering greater community engagement with its natural resources.

To ensure a comprehensive understanding of community perspectives, a multi-face approach was

employed for data collection. The primary method involved face-to-face interviews, which allowed for
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direct engagement with respondents and facilitated in-depth discussions about their perceptions of the
reserve allowing to see if the survey question is understandable by the community and it was a chance to
modify, delete and add new questions also. Additionally, the survey team included staff members from the
reserve who provided insights and assisted in reaching out to local residents.

To further broaden the reach of the survey, an online link as google form was created, enabling individuals
who were unable to participate in face-to-face interviews to contribute their views. This online approach
was particularly beneficial for engaging younger demographics, including school students. The survey was
distributed to local schools, encouraging student participation and fostering awareness of the reserve's
ecological importance among the youth as well as they were as they acted as a focal point to their families

in the areas around the reserves.

Overall, this methodology aimed to capture a diverse range of perspectives, ensuring that the findings

reflected the views of the broader community surrounding the national park reserve.
3.2.6. Statistical Analysis

To establish the model, we conducted an initial investigation using linear regression to evaluate the
relationships between the measured biomass and the predictor variables (DSH, CA, H), assessing their
correlations with each other and with biomass. Based on these correlations, DSH and CA were selected as
the primary variables for analysis. Consequently, all further analyses were focused on DSH and CA.

Multiple regression analyses were then performed to evaluate the relationship between observed biomass
and the predictor variables, generating regression statistics for each model. Variance analysis and P-values

were checked to assess model significance.

The best-fitting allometric models for estimating aboveground biomass (AGB) were selected based on the

highest Coefficient of Determination (R2), lowest Mean Square Error (MSE), and significant P-values.

Each models, A, B, C, D was subjected to multiple regression analysis to determine the best-fitting
allometric models for estimating biomass. Model performance was evaluated using three key statistical

tests:

R2 (Coefficient of Determination): Measures the proportion of variability in the biomass that can be
explained by the model. A higher R2 indicates a better model fit.
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MSE (Mean Squared Error): Quantifies the average squared difference between observed and predicted

biomass values.

A lower MSE suggests better predictive accuracy.

P-value: Assesses the statistical significance of the model coefficients.

A p-value less than 0.05 indicates that the relationships observed are statistically significant.
3.2.6.1. Correlation, factor and structural model analysis

Correlation analysis used to identify the relationship between two ESs and Factor analysis applied to

assessing ecosystem services (ESs) and how they well or weak explained by the factor.

Structural equation modeling has been used to examine dependencies among the selected ecosystem

services

To explore the relationships among ecosystem services, Structural Equation Modeling (SEM) was

employed as an analytical tool. The methodology consisted of the following steps:

1. Data Collection:
The survey responses were collected through a structured survey designed to capture community
perceptions of ecosystem services in the study area.

2. Preprocessing and Preliminary Analysis:
The data were initially preprocessed by examining the relationships among ecosystem services
using a correlation matrix. To determine the statistical significance of these relationships,
Pearson’s correlation test was applied at a 5% significance level.

3. Factor Analysis:
Following correlation analysis, Exploratory Factor Analysis (EFA) was conducted to identify
latent constructs underlying the observed variables. This step ensured that only well-loading
variables were retained for inclusion in the SEM model, thereby improving model fit and

interpretability.
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4. Structural Equation Modeling:
SEM was performed using the R programming language, specifically employing the 1avaan and
semPlot packages. The 1avaan package was used to specify and estimate the measurement and

structure

(Felipe-Lucia et al., 2015).
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CHAPTER.4. RESULTS & DISCUSSIONS

This section presents the findings of the study, addressing the key objectives of identification & assessment
of ecosystem services in the reserve and community perceptions towards them, developing site-specific
allometric equations, estimating carbon sequestration, estimation of soil moisture, and mapping

environmental changes using remote sensing technique and NDV1 calculations.

4.1. Model Development & Regression analysis

Table.2 shows five allometric equations which were developed and tested. We explored the relationships
between the biomass of the trees and the selected independent variables, that is, DSH, H, and CrA to
identify the nature of the relationships. The DSH and CrA, DSH and H showed a non-linear relationship.
The logarithmic transformation allowed controlling for significant variations in the data. The models were
built with different independent variables to provide a range of options that can be used by researchers

depending on the available information from tree inventories.

The multiple regression analysis, performed on different combinations of predictor variables, produced a
range of models, each with varying degrees of predictive power. The performance of each model was
assessed using three key statistical tests: Coefficient of Determination (R?), Mean Square Error (MSE),

and P-value.".

Table.2 Summary of Developed Allometric Equations

Model Code Model Form R? MSE P-value

A AGB=126.271*DSH+7.466*CrA 0.831 5252 1.81E-07
B AGB=25.698+1.664*DSH+7.279*CrA 1 0.645 5100 0.000151
C AGB=255.5*DSH (m) 0.783 6759 1.51E-07
D AGB=log DSH 0.98 1.32 6.32E-17
E ABG=1.278*logDSH+1.813*log CrA  0.97 0.114 5.48 E-14
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4.1.1. Model Performance Evaluation

Model A (AGB = 126.271 * DSH + 7.466 * CrA)

This model showed a strong R2 value of 0.831, meaning that DSH and CrA 83.1% of the variance in
AGB, with was highly significant (P-value of 1.81E-07). However, the MSE of 5252 suggests that there
is still room for improvement in the prediction accuracy of this model. It indicating that 83.1% of the
variance in AGB can be explained by DSH and CrA. While the model is significant, the moderate MSE

suggests room for improvement in prediction accuracy.

Model B (AGB = 25.698 + 1.664 * DSH + 7.279 * CrA)

With a P-value of 0.000151, this model is statistically significant. The MSE (5100) is slightly lower than
in Model A, suggesting marginally better prediction accuracy, yet its R? value (0.645) shows that only
64.5% of the variance in AGB is explained by DSH and CrA, making it less predictive overall than Model
A.

Model C (AGB = 255.5 * DSH)

Model C, using DSH as the sole predictor, yielded a significant P-value of 1.51E-07 and an R2 of 0.783,
explaining 78.3% of the variance in AGB. However, with an MSE of 6759, this model demonstrated the
highest prediction error among the linear models, indicating that DSH alone does not provide optimal

prediction accuracy for AGB.
Model D (AGB = log DSH)

This model was highly effective, with an extremely low P-value (6.32E-17), and an R? of 0.98, meaning
98% of the variability of AGB was explained by log transformed DSH. The MSE was also remarkably low
(2.32) highlighting model D as the best predictive for AGB among the option evaluated.

Model E (ABG = 1.278 * log DSH + 1.813 * log CrA)

Model E produced a highly significant P-value of 5.48E-14, an exceptionally low MSE (0.114), and an R?
of 0.97, capturing 97% of the variance in AGB. Although its predictive power is nearly as strong as Model
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D, Model E demonstrated the lowest MSE, suggesting that including both log-transformed DSH and CrA

in the model enhances precision.

Overall, Model D, with the highest R2 (0.98) and a low MSE (1.32), was identified as the most predictive
model for estimating AGB. Model E, with an Rz of 0.97 and the lowest MSE (0.114), also showed strong
predictive power, particularly in precision. These results indicate that models incorporating log-
transformed DSH (and in the case of Model E, log-transformed CrA) are the most effective for accurate

AGB estimation.

Compared to generic models, which often underestimate biomass in arid environments, the site-specific
equations provide more accurate estimates. Similar studies in arid regions, such as those by Brown et al.
(2023) and Chave et al. (2019), also emphasize the importance of localized equations for improved biomass
estimation. The strong correlation observed in this study aligns with findings by Smit and Prins (2020),

who reported R? values above 0.90 for site-specific models in semi-arid savannas.
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4.1.2. Comparison with existing models

Table .3. Comparsion between existing models and the developed models

Equation

Study Species/Scope Eorm R2 p-value MSE / RMSE
Model
— I 2
Chave et al. |Pantropical & | AGB =0.0673| yﬁi‘i’a‘ff;ed 59 5 0.93 E?éﬁf;eters RMSE_varies:
2 1110.976 ~U.75-U. -
(2014) dry forests *(p D*H) for dry forests significant 15
(p<0.05)
R2 > 0.70 for total <0.001 Em?iir?ecg Clearly
Giday et al. ||African Acacia ||AGB =0.034 |AGB; species factors ?mod.el hiahl emphasis on
(2013) A. abyssinica)  ||D*38 H0#° often non-significant |\ oce! IRy P
f . significant) strong
or some metrics S
significance
Power Regional reviews g;;%?;%i:ant (p- RMSE
Henry et al. ||African dryland %Gugt"_)r;sb b. |IShow R2 typically values for UQEE(::IT I?’;’, used
(2011) species Carboa ~— 7 " |>0.90 modelling regression generatty b
o trunk biomass generally In Major carbon
AGB x 0.47 20.05) assessments
Local dry arid- Lod models
This study |lspecies (M%del D& R2=0.98 (D), 0.97 |significant at Model D MSE=1.32
(Oman)2024|/(vachellia E) (E) p <0.05 Model EMSE=0.114
tortilis)

To validate the performance of the developed allometric equations for Vachellia tortilis, a comparison was

made with established models from the literature (Table .3) . The models developed in the study

demonstrated strong statistical performance, with R2? values of 0.98 and 0.97 for Models D and E,

respectively, and mean squared errors (MSE) of 1.32 and 0.114. In contrast, the widely used model by

Chave et al. (2014), developed for dry tropical forests, typically reports R2 values ranging from 0.95 to

0.98, but with relatively high variability in biomass estimates (£15-50%), making it less precise for

localized conditions. The species-specific models by Giday et al. (2013), focused on African Acacia

species, showed R? values above 0.70 with highly significant p-values (p < 0.001), indicating moderate

reliability but lacking detailed error metrics. Similarly, the carbon estimation models from Henry et al.

(2011), designed for dryland species, report R? values exceeding 0.90 and statistically significant

regressions, though they do not provide exact MSE values. Overall, the locally developed models in this
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study provided the most accurate and context-appropriate estimates for Vachellia tortilis in arid

environments, reinforcing their suitability for biomass and carbon stock assessments in Oman.
4.2. Biomass Estimation & Carbon Sequestration in the study area

The total mean biomass (kg/m?) was estimated across 30 plots within the study area in 3 transects, revealing
significant variation in biomass distribution (Figure .25). The biomass values ranged from 0 to
approximately 12 kg/m?, with notable peaks observed in plots 9 and 15, where the highest biomass was
recorded. In contrast, plots such as 12 and 19 exhibited minimal biomass, indicating areas of low vegetation

density or potential environmental degradation.

-

Total mean biomass (kg/m?

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Plot Number

Figure.25. Total Mean Biomass in the study area (Kg/m2)

The study analyzed the total mean biomass distribution across three distinct transects: Transect 1 (West),
Transect 2 (Middle), and Transect 3 (East). Each transect consisted of 10 sample plots, and the biomass

data revealed notable spatial variations.

In Transect 1, at the west part of the area, the mean biomass values ranged between 0.9 (plot 6) to 4.3
(plot 24) kg/m2. The biomass distribution exhibited moderate variability, with peak values recorded at
plots [insert specific plot numbers]. The observed trends in this transect could be attributed to localized soil
fertility and microclimatic conditions, which are characteristic of the western region of the study area.

Transect 2 in the middle of the area, displayed a wider range of biomass values, with a maximum of 7.4

kg/m? at plot 8 This transect exhibited the highest variability among the three, suggesting the influence
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of transitional ecological zones between the West and East transects. The lower biomass values in some

plots could indicate degradation or limited vegetation growth due to anthropogenic or natural factors.

Transect 3 in the east part of the area, recorded the highly biomass values, at maximum of 10.87 kg/m?2
found at plot 10. Unlike the other transects, the eastern plots demonstrated a more stable vegetation cover,
possibly due to favorable environmental conditions such as less grazing pressure or optimal soil moisture
availability and also maybe because it is a way from any anthropogenic activities and reserve guider car

movement.

The variability in biomass across the plots may reflect differences in environmental factors such as soil
quality, moisture availability, and microclimatic conditions, as well as anthropogenic influences like
grazing or land use practices. These findings underscore the heterogeneity of biomass distribution within
the nature reserve, highlighting the importance of localized ecological assessments for carbon sequestration

and land management strategies.

In terms of total carbon storage and CO> , The results indicate significant variation in biomass, carbon
storage, and CO: equivalents across the three transects within the study area. Transect 3 exhibited the
highest mean biomass at 46.69 kg/m?, resulting in a corresponding total carbon (C) value of 23.34 kg/m?
and a CO: equivalent of 85.7 kg/m?. This suggests that transect 3 has a higher carbon sequestration
potential, likely due to denser vegetation or more mature tree stands. Transect 2 recorded intermediate
values, with a mean biomass of 28.07 kg/m?, total carbon of 14.03 kg/m?, and a CO: equivalent of 51.5
kg/m2. In contrast, transect 1 displayed the lowest mean biomass of 21.65 kg/m?, with total carbon and
CO: equivalents at 10.82 kg/m*> and 39.7 kg/m? respectively. These findings highlight spatial
heterogeneity in carbon storage and sequestration capacity, potentially influenced by differences in
environmental factors such as soil moisture, vegetation density, or management practices. Understanding
these variations is essential for developing targeted conservation strategies and optimizing carbon

sequestration efforts in the nature reserve.
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Table.4. Total mean biomass among the 3 transect

Total mean biomass (kg/m?) Total C (kg/m?) | COz2Equivalent (kg/m?)
Vartables
Transects
Transect 1 21.65 10.82 39.7
Transect 2 28.07 14.03 51.5
Transect 3 46.69 23.34 85.7

The total organic carbon in the study area was estimated about 48 kg/m?which is equivalent to approximate
177 COz equivalent kg /m?

This range of carbon sequestration is comparable to findings by Grace et al. (2020), who reported similar
values for Acacia species in arid zones. However, the upper range in this study is slightly higher, possibly
due to differences in site conditions and tree management practices. Studies by Le Maitre et al. (2018) also
corroborate the significant role of Vachellia tortilis in carbon storage, particularly in degraded landscapes

undergoing restoration.
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4.3. Estimation of Soil Moisture

The provided graph below (Figure 26.) illustrates Soil Organic Carbon (SOC) percentage readings across
30 plots. Here’s an analysis of the graph:
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Figuare.26. Soil Organic Carbon (SOC) percentage readings across 30 plots

The SOC values fluctuate between approximately 0% and 0.3% across the plots, indicating variability in

soil carbon content within the study area.

Peak SOC values (~0.3%) are observed in plots like 5 and 23, suggesting localized conditions favoring
higher organic matter accumulation. Plots 1 to 10 show increasing SOC up to a peak at plot 5, followed by
a sharp decline in plots 8 and 9. In plots 11 to 20, there is a general dip in SOC values, with notable drops

in plot 18.

Plots 21 to 30 display alternating peaks and troughs, with a significant peak at plot 23 and a decline toward
plot 30.

High SOC in certain plots could result from better vegetation cover, reduced erosion, or accumulation of
organic debris. Low SOC values, especially in plots like 9 and 18, may indicate areas of soil degradation
or higher disturbance. The reference sample shows negligible SOC, which may serve as a baseline

comparison for the studied plots.
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Soil moisture values ranged from 5% to 20% across the sampled plots. The highest values were observed

in plots with denser vegetation, suggesting a positive relationship between vegetation cover and soil
moisture retention (Figure.27)
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Figure.27. Soil Moisture Contents (%)

The observed soil moisture patterns align with findings by Mufioz et al. (2021), who highlighted the role
of vegetation in enhancing soil moisture in arid ecosystems. Similarly, a study by Huxman et al. (2017)
reported that increased vegetation cover in arid lands can lead to higher soil moisture retention, supporting
the resilience of such ecosystems. This relationship is critical, as it reinforces the importance of maintaining
vegetation cover to sustain soil moisture levels.
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4.4. Land Cover Classification and NDVI Calculations

The classification image produced using unsupervised methods demonstrates a clear spatial distribution of

the five identified land cover classes within the study area (Figure.28.).

. Vachellia tortilis

[ High Ground
Low Ground
Water Channels

. Gravels

Figure 28. Land cover unsupervised classification in the study area

The distinct red clusters, representing Vachellia tortilis, indicate the primary locations of vegetation,
predominantly concentrated within areas with sufficient water availability, such as near wadis or low
ground. The dark blue regions, classified as high ground, are interspersed across the map, indicating
elevated areas that are likely less prone to water accumulation. The yellow areas, corresponding to low
ground, dominate the image and represent the regions with lower elevation where sediment deposition and
water flow are expected. Purple regions, mapped as gravels, appear scattered across the landscape, likely
signifying zones with limited vegetation growth and a rocky surface composition. Light blue areas,
classified as water channels, are distributed in a network pattern, reflecting natural watercourses and
contributing to the area's hydrological connectivity. These results provide valuable insight into the
environmental and geomorphological characteristics of the study area, enhancing our understanding of land

cover distribution and its ecological and hydrological dynamics.

These findings are consistent with studies by Thompson et al. (2019) and Reed et al. (2020), who
documented similar patterns of vegetation loss due to anthropogenic pressures in arid regions. The use of
remote sensing data in this study provided a detailed temporal analysis, comparable to the work of Bastin
et al. (2019), who emphasized the utility of satellite imagery in monitoring land degradation and informing
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conservation strategies. The NDVI analysis was performed to classify vegetation health and land cover

within the study area using ENVI 5 software. (Figure.29).

Figure.29. NDVI analysis outcome in the study area

The NDVI values were categorized into three defined ranges: 0.01-0.29 (Red), 0.30-0.59 (Greenl), and
0.60-0.99 (Green3d). The red category (0.01-0.29) represents areas with little to no vegetation, indicating
non-vegetated or barren land, dead vegetation, or surfaces such as soil and rock. These areas highlight

zones of severe vegetation degradation or absence of green biomass.

The Greenl category (0.30-0.59) corresponds to mid-range NDVI values, indicating moderate vegetation
cover. These areas may have sparse or less dense green vegetation, representing shrubs, degraded
grasslands, or sparsely vegetated regions. The Green3 category (0.60-0.99) indicates high NDVI values,

representing dense or healthy green vegetation, such as well-established tree canopies or lush vegetation.

This classification reveals the spatial distribution of vegetation health across the study area. The
predominance of red highlights regions of degraded or absent vegetation, while the presence of Greenl
indicates areas with lower-density green parts, possibly reflecting semi-arid vegetation or regenerating
areas. Green3 areas, though less widespread, reflect zones with thriving vegetation, potentially influenced
by favorable ecological or microclimatic conditions. These results above provide a valuable baseline for

monitoring vegetation health and assessing environmental change within the nature reserve.

67



4.5.Assessment of ecosystem services through community perception

A total Of 89 responses collected from the survey. The target was set to collect more than 200 responses
but due to the limited number of people living inside and around the reserve since it is a rural area and the
community culture also play a role of not getting enough responses since they are not accepting to give
answers. Although its small sample size but it gave a valuable insight.

The survey began by gathering demographic data to understand the respondent profile. In terms of gender,
62.2% of the participants identified as male, while 37.8% identified as female. Regarding age distribution,
the majority of respondents fell within the 40-59 years old age group represents 52.2%, followed by 25-

39 years old age group represents 37 percent.

Those outcomes align with studies conducted in rural or semi-urban communities, where men are often

more actively involved in land management and environmental matters (e.g., Nyong et al., 2007).

The survey also examined educational backgrounds, with Majority 52.2% holding diploma and Bachelor,
where 23.9 % of them completed their higher studies, and also 23.9% having completed their general
diploma at school.

The education profile resonates with reports indicating that educational attainment plays a significant role
in shaping environmental awareness. These findings suggest a community with moderate educational

backgrounds, which is crucial for designing targeted communication strategies.

In part 3 of the questionnaire, community were asked about their awareness of protected areas. The first
question was about their awareness of term “protected area “91% of them are aware, this means that the
majority of respondents are familiar with what protected areas are. This is a positive sign, indicating that
the concept is well understood in the community.

On the other hand, it was found that 8.99% were not aware which is a smaller percentage, but still notable,
did not recognize or know the term. This could suggest gaps in public knowledge or that the term might

not be as widely communicated in certain areas (figure 30.)
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Awareness of the term " protected area"
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Figure.30. Awareness of the term “protected area”

Those finding aligns with studies highlighting increasing global awareness of conservation areas (UNEP-
WCMC, 2020). However, the 8.99% of respondents who were unaware underscores potential outreach
gaps, as identified by Dudley et al., (2010), who noted that awareness levels often vary significantly
depending on socio-economic and geographic contexts. This awareness level in your study indicates
substantial progress but suggests room for improvement in reaching marginalized or less-engaged groups.

In the same part, community were asked about how they know about the reserve. The majority of
respondents (44.94%) are informed through community members, emphasizing the importance of local
networks in spreading awareness. Schools, colleges, and other institutions follow at 26.97%, reflecting the
significance of educational establishments in disseminating environmental and conservation-related
knowledge. Environment Authority staff contribute 14.61% of the outreach, suggesting their efforts play a
supportive but less dominant role. Media and researchers each account for 5.62%, indicating limited reach

in engaging broader audiences or specialized groups.

NGOs represent the smallest share, at only 2.25%, this is might be due to reason that environmental
protection may not be the primary target of the NGOs on the ground. This might signal the need for
increased efforts in advocacy and outreach by these organizations. This distribution underscores the vital
role of integrating community-driven initiatives and strengthening partnerships with non-governmental and

media sectors to enhance awareness and engagement with the reserve. (Figure.31.)

The finding that 44.94% of awareness stems from community members echoes the significance of social
networks in environmental education, as shown by Berkes et al., (2000). However, the low contribution of

NGOs (2.25%) and media (5.62%) contrasts with studies emphasizing the role of these entities in successful
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conservation outreach (Bennett et al., 2015). This disparity suggests a need to enhance NGO involvement

and leverage mass communication strategies to complement local networks.

How do you know about the reserve?

m Authority Staffs

m Schools ,Colleges & other
instituations
Media

mNGOs

u Resarchers

u Community members

J 5.62%
5.62% 1 2.25%

Figure.31. Sources of awareness about the reserve

In another question community were asked about their perceptions of having sufficient information about
the reserve. The majority of them, 74.16%, answered "No," indicating a significant gap in knowledge or

awareness. Only 25.84% responded "Yes," showing a minority feel adequately informed. (Figure.32.)

The notable percentage (74.16%) of respondents reporting insufficient information about the reserve is
consistent with studies in arid and rural regions where limited resources hinder effective communication

(Lopez et al., 2011). This finding suggests that despite high awareness, detailed knowledge about the

reserve's role, regulations, and benefits remains inadequate, aligning with trends observed in studies by
Becker et al., (2017).

Do you have enough information about the
reserve?

mYes

= No

Figure.32. Community perception of having enough information about the reserve
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These results underline the need for more effective communication strategies and informational outreach
to educate stakeholders and the community about the reserve, addressing the apparent lack of awareness

among a substantial portion of respondents.

The survey results reveal an overwhelming consensus among respondents regarding the importance of
preserving wildlife and biodiversity in the reserve. A significant 96.63% of participants emphasized the
necessity of conservation, while only 3.37% expressed a contrary opinion. (Figure.33) These findings
underscore a strong community awareness and appreciation for the ecological value of the reserve,
highlighting the public's support for initiatives aimed at safeguarding biodiversity and promoting

sustainable management practices.

The overwhelming agreement (96.63%) on the importance of preserving biodiversity is consistent with
global findings that communities residing near protected areas often recognize their ecological value (Roe
et al., 2013). However, the small percentage (3.37%) dissenting could indicate underlying socio-economic

conflicts or differing priorities, as highlighted by Redpath et al. (2013).

Is it important to preserve the wildlife and
biodiversity in the reserve?

3.37%

mYes

mNo

Figure.33. Community perspectives on the Importance of Preserving Wildlife and Biodiversity
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The preferences for ecosystem services among respondents, highlighting the most and least valued

services in the nature reserve. (Figure.34).

Preferences of Ecosystem Services
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Figure.34. Community Preferences of Ecosystem services
The following key insights are derived:
1. Dominant Preferences:

o Food for Animals: This ecosystem service is the most preferred, with approximately 30
responses. This indicates the significant role of the nature reserve in supporting livestock
and wildlife by providing grazing resources, reflecting the dependence of local communities

on this service.

o Recreational Activities: The second-highest preference, with around 20 responses,
suggests that the reserve is valued as a space for leisure and tourism. This underscores the

importance of maintaining its aesthetic and recreational appeal for visitors.

o Research and Educational Opportunities: About 15 responses indicate that the reserve is
also appreciated for its role in education and scientific research. This could point to the

potential for further investment in these activities.
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2. Least Preferred Services:

o Soil Regulation and Medicinal Plants: These services received moderate interest
(approximately 10-12 responses each), highlighting their relevance for sustainable

agriculture and traditional medicine practices.

o Honey, Timber, and Natural Hazard Regulation: These ecosystem services were among
the least preferred, receiving fewer than 5 responses each. This might suggest limited
awareness or use of these services by the local community or their relatively lower economic

or cultural significance in the area.

o Freshwater Availability: This service received some interest (around 5 responses),
reflecting the importance of water provisioning, though it may not be as critical as other

services, possibly due to alternate water sources.

o Air Purification and Other Services: These were minimally preferred, likely due to their

indirect benefits being less visible or less understood by the community.

Similar patterns have been observed in previous studies conducted in arid and semi-arid regions. Reid et
al. (2004) highlighted that grazing resources are among the most valued ecosystem services in such regions,
given the dependence of pastoral and agro-pastoral communities on livestock for their livelihoods. The
preference for recreational and educational opportunities aligns with findings from Newsome et al. (2013),
who identified the dual importance of reserves for tourism and academic research. However, as noted by
Costanza et al. (1997), indirect services like soil regulation and air purification are often undervalued, as
they are less immediately visible to communities. Studies like those of de Groot et al. (2010) emphasize
that ecosystem services such as timber and honey tend to be perceived as less significant when their
economic or cultural importance is minimal in the local context. Furthermore, the low preference for
freshwater provisioning in this study contrasts with findings from other arid regions, such as those by
Millennium Ecosystem Assessment (2005), where water scarcity elevates its priority. This divergence may
reflect localized factors, such as alternative water sources available in the area. For the communities in and
around As Saleel Nature Park Reserve, the domestic water use is provided by the government through
water tankers directly to individual houses. These comparisons highlight both shared and unique aspects
of ecosystem service valuation, providing a basis for targeted conservation and outreach strategies in the

study region.
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Other studies on ecosystem services (ESs) in nature reserves and national parks underscores the need of
comprehending local residents' opinions for efficient management. Studies indicate that people prioritize
supportive services and place significant importance on cultural services such as entertainment and tourism
(Ke et al., 2024; He et al., 2021). Factors affecting ecosystem service views encompass education, age,
livelihood, proximity to protected areas, and indigenous ecological knowledge (Ke et al., 2024; Liu et al.,
2021). Cultural services are notably acknowledged, with enhanced perceptions and augmented tourism
identified as primary advantages (Liu et al., 2021). Various occupational groups have diverse perceptions
of ecosystem services, shaped by their economic reliance on forest resources (Pour et al., 2023). To enhance
management, research recommends integrating residents' perceptions into planning, augmenting
educational programs, establishing community-based protective measures, and increasing accessibility to
cultural services (Ke et al., 2024; Liu et al., 2023; Pour et al., 2023). These findings underscore the
necessity for localized socio-cultural assessments to enhance comprehension of human-nature interactions

in protected areas.
4.5.1. Correlations and Relationship between ESs

The correlation analysis shows weak relationships among the ecosystem services, with most values close
to zero. However, a moderate positive correlation (r=0.213, p<0.05) between Food for animals and Timber
services. Similarly, Soil Regulations and Recreational activities services show a positive correlation
(r=0.263, p<0.05), indicating that regions prioritizing soil regulation may also promote recreational
activities services. On the other hand, a significant negative correlation (r=-0.270, p<0.05) between
Recreational Activities and Research & education suggests that areas with high recreational value tend to
have less research work interest. Additionally, a negative correlation (r=-0.224, p<0.05) between Medicinal

Plant and Food for Animals services was observed (Table.5.)
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Table 5: Correlation Analysis of Ecosystem Services

Variable

Freshwater

Timber

Food for Animals

Honey

Research & education

Medicinal plant

Recreational Activities

Soil Regulations

Air purification

Natural Hazards

Others

Freshwater

Timber

-0.044

Food for Animals

0.057

0.213*

Honey

-0.071

-0.037

0.032

Research & education

0.070

-0.074

0.016

0.006

Medicinal plant

-0.092

-0.048

-0.224*

-0.077

0.047

Recreational Activities

-0.064

-0.084

0.164

-0.021

-0.270**

0.010

Soil Regulations

-0.063

-0.033

0.075

0.183

-0.105

0.121

0.263*

Air purification

Natural Hazards

Others

-0.044

-0.023

-0.108

-0.037

0.119

-0.048

0.094

-0.033

Overall, these findings indicate that ecosystem services largely operate independently, with only a few

interdependencies. According to the above findings, people perceive food for animal service from the

reserve also show perception towards other direct benefits from timber provision service. The reserve

which was perceived more for recreational services by the community, on the other hand have lower

perception about the flora, fauna and its habitat for research and education services.

Some studies discovered predominant interactions among most pairs of ecosystem services, with synergies

frequently occurring between regulating and cultural services (Lee et al ., 2016, Pour et al ., 2023 ), which

also reflect in this study between soil regulation services and cultural service. However, trade-offs occur

between regulating and provisioning services (Lee et al ., 2016, Pour et al ., 2023 ).Another study done by

Wei et al 2020 in east Africa protected areas showed strong correlations and high overlaps between species

richness and regulating services, particularly for carbon storage, water yield and plants.
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Table.6: Factor Analysis of Ecosystem Services

Variable Factor Loadings (ML1) | Communality (h2) Specificity (u2)
Freshwater -0.060 0.004 0.996
Timber -0.080 0.007 0.993
Food for Animals 0.160 0.027 0.973
Honey -0.020 0.000 1.000
Research & education -0.270 0.073 0.927
Medicinal plant 0.010 0.000 1.000
Recreational Activities 1.000 0.995 0.005
Soil Regulations 0.260 0.069 0.931

Table. 6 shows the factor analysis results, which suggest that most variables are poorly explained by the
extracted factor, as indicated by their low communalities (h2 < 0.4). Variables such as Freshwater, Timber,
Honey, and Medicinal plant exhibit extremely low communalities, implying they are not well represented
by the factor. In contrast, Recreational Activities has a communality of 0.995, meaning it is almost entirely
explained by this factor, while Soil Regulations and Research & education show moderate levels of
explanation. However, the high uniqueness values (u2 > 0.9) for most variables suggest that they do not
share much variance with the factor, making the current factor structure weak. Our study is aligned with
Mengist et al ., 2022 in which they found that the factor analysis results show that most ecosystem service
variables are poorly explained by the extracted factor, with freshwater, timber, honey, and medicinal plants

exhibiting extremely low communalities.

Figure 35 further demonstrates the weak loadings of Freshwater (-0.060), Timber (-0.080), and Food for

animals (0.160), which indicate that they do not strongly associate with the extracted factor.

76



Factor Loadings Heatmap

Timber
SoilRegulations

ResDevelopment
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RecreartionalActivities l
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-0.25
Honey

FreshWater

FoodAnimals

Figure .35: Factor Loadings of the Ecosystem Services
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Figure .36: Structural Equation Model Analysis of Ecosystem Services

The figure above shows the path diagram, which represents a SEM analysing the relationships between
observed and latent variables. Green paths indicate positive effects, while red paths indicate negative
effects. Demographic (Dem), Awareness (Awarn) and Ecosystem (ESs) variables influence the derived
Ecosystem Factor (Fcl). Demographic factors positively contribute to Fc1 (1.31), while Awareness (-4.27)
and Ecosystem factors (-7.32) have strong negative effects. Observed variables such as Age, and gender
significantly impact their respective latent constructs. The model highlights the complex interactions
between these factors, showing both direct and indirect influences on the Ecosystem Factor (Fcl).

Age has a strong positive effect on people's background (Demographics). Awareness is negatively
influenced by demographics and also has a negative effect on the final influence (Fcl)..Ecosystem services
(ESs) are strongly affected negatively by Fcl..Overall, people’s awareness and their understanding of

ecosystem services affect their final choices or attitudes.

This model helps to understand how people’s background, their awareness, and their views about nature

(ecosystem services) are connected and how all these influence their final behaviors or opinions.

Mengist et al., 2022 found that Socio-demographic factors like education level, poverty, and proximity to
forests influence ES knowledge and perceived value. In another study factors such as engagement with
nature, socio-demographics, and rural-urban gradients influence ecological knowledge and perceptions of

ES (Cebrian-Piqueras et al., 2020).Leong et al,2020 used structural equation modeling to explore how
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awareness, knowledge, and nature relatedness influence perceptions of ecosystem services and disservices

attributed to urban birds and they found that perceptions of regulatory ecosystem services were positively

CHAPTER.5 SUMMARY & CONCLUSION
5.1. Summary

Protected areas, such as Saleel Nature Park Reserve, are crucial not only for biodiversity conservation but
also for providing a range of ecosystem services (ESs) that support environmental stability and mitigate
climate change. One of the most significant services provided by ecosystems is carbon sequestration, which
involves capturing and storing carbon from the atmosphere. However, the effectiveness of carbon
management strategies in protected areas is contingent upon a comprehensive understanding of the local

ecosystem and the socio-economic factors that influence these services.

The Study aims to “investigate ecosystem services in As Saleel Natural Park Reserve and assess their
role in carbon management, integrating community perceptions, ecological modeling, and remote
sensing techniques to enhance conservation strategies.” It investigates how ecosystem services,
particularly carbon sequestration, can be optimized in Saleel Nature Park through field-based data
collection and remote sensing techniques. The study primarily focuses on Vachellia tortilis, a key species
in the reserve, to assess its biomass and carbon storage capacity. The study also examines the community
awareness regarding ecosystem services and explores the potential of remote sensing to monitor the health

of vegetation in the reserve through the following objectives:

1. To identify key ecosystem services and assess community awareness & preferences using

questionnaire and statistical models analysis.

2. To develop Site specific —species algometric equation (models) for biomass estimation of

Vachellia tortilis based on field measurement & statistical modelling.

3. To quantify carbon sequestration potential of Vachellia tortilis using field measurement &

existing allometeric equation.

4. To Estimate the soil carbon and moisture level in the study area.
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5. To evaluate the effectiveness of NDVI and remote sensing techniques in monitoring vegetation

health of Vachellia tortilis in as Saleel Nature Park reserve.

As Saleel Nature Park Reserve was chosen to this study as it is a protected area declared on 28 June1997
by a Royal Decree No. 50/97 . It has been designated with the aim of future development for educational
purposes, wildlife conservation, and tourism and bringing benefits to local people. It is the largest site in
the Middle East, which is considered as a habitat for the Arabian Gazalles. The Nature Park Reserve is
located in the Wilayat of Al Kamil W’al Wafi in the Governorate of South Al Sharqiyah at elevation vary
from 175 -255 m above sea level, at a distance of about 310 km from Muscat and 57 km from. It covers an

area of 220 kilometers square.170km? of it is dominated by Vachellia tortilis forests.

5.2. Methodology

This study utilized a combination of a survey, field-based data collection, statistical analysis, and remote

sensing techniques to address the research objectives.
1. Identification of Key Ecosystem Services and Community Awareness Assessment

To assess the key ecosystem services provided by Saleel Nature Park Reserve, a questionnaire survey
focusing on three key aspects: general demographic and socioeconomic information, community
preferences for specific ecosystem services and awareness of protected areas was conducted among local

communities living inside and outside the nature park reserve. The survey aimed to:

o Identify the community’s awareness of the term protected areas and ecosystem services provided
by the nature park reserve.

o Assess the preferences of the community regarding the importance of these services,

The data collected from 89 responses was statistically analyzed using statistical analysis , Correlation
analysis to identify significant patterns and preferences related to ecosystem services, Factor analysis to
know how many factors representing this correlation. Also Structural Equation Model (SEM) was used to

identify the strength and nature of these relationships among socioeconomic factors and between ecosystem
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services ( ESs) and between socioeconomic factors and awareness and preferences of ecosystem services
(ESs)

2. Development of Site-Specific Allometric Models for Biomass Estimation

Biomass estimation is crucial for determining the carbon sequestration potential of vegetation. In this study,
allometric models were developed for estimating the biomass of Vachellia tortilis. It was done through the

following steps:

o Field measurements: A total of 45 trees of Vachellia tortilis were measured in the reserve. The

data of 3 main variables (diameter at stump height, height , and crown area) were recorded.

o Development of allometric equations: Using statistical analysis, regression modeling, five (5)
site-specific allometric equations were developed and tested based on three (3) main tests (P-value,
R- square and Mean Square Error (MSE) to check the accuracy of above-ground biomass estimation

of Vachellia tortilis
3. Quantification of Carbon Sequestration Potential

The carbon sequestration potential of Vachellia tortilis was quantified using an existing allomteric equation
developed for the same species. Dimeter at stump height was measured of 114 trees of Vachellia tortilis in
30 circular plots within an area of approximality 0.980km2 in the middle of the reserve.

Dry Biomass of each tree were calculated using the same equation and then it was multiplied e by a carbon
fraction coefficient (typically 0.5 for dry biomass) which gives the carbon stock. This calculation provided

the carbon stock stored in the above-ground biomass of Vachellia tortilis.
Carbon stock were converted into Carbon Dioxide (CO2) Equivalent by multiplying it by 3.69.
4. Estimation of Soil Carbon and Moisture Levels

To understand the role of soil carbon in the reserve, 30 soil samples were collected from the 30 plot in the

middle of the reserve. The following parameters were measured:

e Soil carbon content: soil carbon content was estimated using soil sampling at depth ranging 0-30
cm, across different locations within each circular plot. Soil organic carbon was measured in the

laboratory using Walkley-Black method.
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e Soil moisture content: It was measured using a gravimetric method to understand how moisture

affects carbon storage potential in the soil.

5. Evaluation of NDVI and Remote Sensing Techniques for Monitoring Vegetation Health

Satellite images of of 50 Cm resolution the reserve were bought through Remote sensing and GIS center

in Sultan Qaboos University, captured by The Pleiades satellite.
The satellite images were analyzed using ENVI 5.0 software.

First of all, classification of the study area was done. Supervised classification was initially attempted using
the Maximum Likelihood method in ENVI 5.0. Regions of Interest (ROIs) were created for vegetation,
roads, buildings, soil, and wadis. Several classification attempts were made with different class numbers
(3, 7, and 10), but results were unclear especially with similar colors used for roads and Vachellia tortilis

trees.

Due to these limitations, the process shifted to unsupervised classification, with five classes ultimately

defined: (Vachellia tortilis, low ground, high ground, small wadis, and gravels).

The health of Vachellia tortilis was assessed using NDVI (Normalized Difference Vegetation Index), a
commonly used index that measures plant health.
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5.3.Results and Discussion

1. Key Ecosystem Services and Community Awareness
The assessment of ecosystem services through community perception revealed high general awareness of

protected areas (91%), yet 74.16% of respondents felt they lacked sufficient detailed information. The most
valued services were food for animals, recreational opportunities, and education, while timber, honey, and
air purification were among the least appreciated. Community members were the primary source of
information (44.94%), underscoring the importance of local networks. A strong consensus (96.63%)
supported wildlife and biodiversity conservation. Correlation analysis showed mostly weak relationships
among services, with some positive links (e.g., between soil regulation and recreation). Factor analysis
revealed that most services were poorly explained by a single factor, except for recreation. Structural
Equation Modeling indicated that demographic variables positively influenced ecosystem service
perception, while knowledge and ecosystem-related factors had negative effects, highlighting the complex

dynamics between awareness, education, and valuation of ecosystem services.

2. Development of Site-Specific Allometric Models for Biomass Estimation

Model A (AGB = 126.271*DSH + 7.466*CrA) explained 83.1% of the variance in AGB with a moderate
MSE (5252), while Model B, though statistically significant, had a lower R? (0.645) and slightly improved
MSE (5100). Model C, using only DSH, showed a strong R2 (0.783) but the highest MSE (6759), indicating
limited prediction accuracy. Log-transformed models performed better, with Model D (AGB = log DSH)
showing the highest R? (0.98) and low MSE (1.32), making it the most predictive. Model E (AGB =
1.278log DSH + 1.813log CrA) also performed exceptionally, with an R? of 0.97 and the lowest MSE
(0.114), suggesting that combining log-transformed DSH and CrA enhances precision. Overall, Models D
and E outperformed others in predicting AGB, highlighting the effectiveness of log-transformed variables.
Compared to generic models which tend to underestimate biomass in arid regions, these site-specific
equations yielded more accurate estimates, consistent with findings from studies in similar ecosystems
(e.g., Brown et al., 2023; Chave et al., 2019; Smit & Prins, 2020) that underscore the value of localized

allometric models for biomass estimation in semi-arid savannas.
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3. Carbon Sequestration Potential

The total mean biomass in the study area, estimated across 30 plots within three transects, showed
considerable spatial variability, ranging from 0 to approximately 12 kg/mz2, with the highest biomass
recorded in plots 9, 10, and 15, and the lowest in plots 12 and 19, likely due to sparse vegetation or
environmental degradation. Transect-wise analysis revealed that Transect 3 (East) had the highest mean
biomass (46.69 kg/m?), carbon storage (23.34 kg/m?), and CO: equivalent (85.7 kg/m?), attributed to denser
vegetation, favorable environmental conditions, and minimal anthropogenic disturbances. Transect 2
(Middle) showed moderate values (28.07 kg/m? biomass, 14.03 kg/m? carbon, 51.5 kg/m? COz), reflecting
ecological transitions and possible impacts from natural or human-induced stressors. Transect 1 (West)
recorded the lowest values (21.65 kg/m? biomass, 10.82 kg/m? carbon, 39.7 kg/m? CO.), potentially due to
poorer soil fertility or more intense land use. The overall total organic carbon in the area was estimated at
approximately 48 kg/m?, equating to about 177 kg/m? of CO: equivalent. These patterns underscore the
heterogeneous nature of biomass and carbon distribution within the reserve and highlight the importance
of localized ecological assessments for targeted conservation and carbon sequestration strategies. The
carbon values obtained are consistent with findings from similar arid-zone studies (e.g., Grace et al., 2020;
Le Maitre et al., 2018), with slightly higher upper-range estimates possibly due to site-specific conditions

or tree management practices that favor the growth of carbon-sequestering species like Vachellia tortilis.
4. Estimation of Soil Carbon and Moisture Levels

The Soil Organic Carbon (SOC) percentage across 30 plots, revealing values ranging from approximately
0% to 0.3%, indicating spatial variability in soil carbon content within the study area. Higher SOC levels,
notably around 0.3%, were recorded in plots such as 5 and 23, likely due to better vegetation cover or
organic matter accumulation, while lower values in plots like 9 and 18 may reflect soil degradation or
disturbance. The SOC pattern shows a rise in plots 1 to 5 followed by sharp drops, a general dip in plots
11 to 20, and alternating peaks and troughs in plots 21 to 30. The reference sample displayed negligible
SOC, serving as a baseline for comparison. Soil moisture content ranged from 5% to 20%, with higher
moisture levels observed in plots with denser vegetation, indicating a positive correlation between

vegetation cover and soil moisture retention.

5. Evaluation of NDVI and Remote Sensing Techniques for Monitoring Vegetation Health

The NDVI analysis was performed to classify vegetation health and land cover within the study area using
ENVI 5 software.
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The NDVI values were categorized into three defined ranges: 0.01-0.29 (Red), 0.30-0.59 (Greenl), and
0.60-0.99 (Green3d). The red category (0.01-0.29) represents areas with little to no vegetation, indicating
non-vegetated or barren land, dead vegetation, or surfaces such as soil and rock. These areas highlight
zones of severe vegetation degradation or absence of green biomass.

The results showed that the Vachellia tortilis forest in the reserve area is ranging from moderate to good
but majority of them are in moderate condition. The results showed that, they are in moderate state giving
NDVI values between 0.3 to 0.59 in most of their parts, where about 40% are in a good status giving NDVI
values between 0.6 to 0.99. Thus, management in Al Saleel Natural Park protected area should continue
and conservation plans should be strengthened to minimize the impact of any environmental factors and

human activities on species inside the reserve.

5.4.. Conclusion

This study aimed to assess ecosystem services in as Saleel Natural Park Reserve (ASNPR) focusing on
carbon management and how it is important to integrate them into decision-making process to strength the
conservation strategies and management plans of natural reserves in Oman, developing the first of its kind
a species —specific allometric equation to estimate carbon sequestration of one of the native species in

Oman, Vachellia tortilis.

The study emphasizes the interaction between local community knowledge, species-specific ecological
functions, and monitoring methods in the preservation of protected areas. It underscores the imperative for
comprehensive, multidisciplinary strategies for biodiversity protection, climate mitigation, and sustainable

management of natural resources in dry regions.
The study key findings are outlined below.

A) Community Perception of ESs
The study findings highlight the local community's substantial understanding of the protected area's
significance and its direct ecological services, including food provision for animals. This acknowledgment
underscores the community's comprehension of the reserve's ecological and socio-economic benefits,
stressing the necessity of including local viewpoints into conservation initiatives and efforts when the

government is working on nature reserves management plan.
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Our research showed that community think highly about the direct ecosystem services that they get from
the nature reserve. The study found that the community’s preference is more for provisioning ecosystem
services such as food for animals and lower preference towards some of the indirect services which is
regulation services such as soil regulations. Other regulation services like air purification are hardly
recognized which clearly indicate that community has very good understanding and awareness of the direct
services from the reserve. General awareness programs by the reserve authority may be help in educating

the community particularly on indirect benefits of protecting the reserve.

B) Development of Specie-Specific Allometric Equation

Species-specific equations with the log of two measurable parameters (DSH and CrA) predict biomass
more precisely in most instances than a general model. Overall, Model D, with the highest R2 (0.98) and a
low MSE (1.32), was identified as the most predictive model for estimating AGB. Model E, with an R? of
0.97 and the lowest MSE (0.114), also showed strong predictive power, particularly in precision. These
results indicate that models incorporating log-transformed DSH (and in the case of Model E, log-
transformed CrA) are the most effective for accurate AGB estimation. The observed significance of log-
transformed models can be attributed to the relatively high variability within the data, which was partly

due to the arid climate of study area and differences within the sample categories.

The most accurate allometric equations developed in this study, especially models D and E, have
demonstrated their essentiality in calculating the biomass of Vachellia tortilis, a predominant and

ecologically significant species within the reserve.

The models developed in this research fill a critical gap in estimating AGB in dry land in Oman and other
countries with similar ecological and climate conditions. Effective and sustainable natural resource
management in protected areas needs to be done. The decision makers should take decision based on
reliable and scientific information about conservation priorities in nature reserves in Oman. The most
accurate equations originally developed from this work will help in carbon trade discussions and in terms
of developing climate change mitigation strategies and CO2 emission reduction and achieving a net zero

plan in the Sultanate of Oman

C) Carbon storage estimation and soil moisture in the area

The findings indicate that Vachellia tortilis in the reserve contribute significantly for carbon sequestration,
exhibiting a total carbon stock of 48.1 kg/m?, which corresponds to 176.38 kg CO.e/m2. These findings
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underscore the significance of preserving protected areas, both for their biodiversity and their function in

climate regulation and the abatement of greenhouse gas emissions.

As the study indicates that there is variation on biomass and carbon sequestration potential among the three
(3) transects, transect 3 at the east part of the reserve has the higher carbon sequestration potential compared
to Transect one and two which is probably due to many factors such as grazing, plant and soil health and

proximity to people and disturbance of activity.

Furthermore, the detected low soil moisture levels within the reserve indicate the natural adaptation of
Vachellia tortilis and the wider ecosystem to arid conditions. This resilience underscores the biological

importance of arid ecosystems and their potential roles in climate adaptation.

D) Unsupervised classification & NDVI calculations using remote sensing technique
The study highlights the effectiveness of remote sensing techniques, especially NDVI, as economical and
scalable methods for monitoring vegetation cover, plant health, and overall ecosystem alterations. These
tools allow for the proactive detection of ecological degradation and support the formulation of specific

restoration strategies.

The mild NDVI values for Vachellia tortilis indicate that plant health is not severely compromised, but
may necessitate more assessment. This finding will inform the authorities to reevaluate and maybe improve

existing conservation and management practices to guarantee long-term sustainability.
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5.5. Recommendations

1.

Public Awareness and Engagement: The awareness of the reserve’s value demonstrated by the
community should be leveraged to enhance public engagement in conservation efforts, and when
preparing the conservation plans of the protected areas in Oman, fostering a collaborative approach

to protecting the reserve’s ecosystem services.

Strengthen education in schools & universities: The lack of awareness about the indirect
ecosystem services such as regulating ecosystem services (climate, air purification ....etc ) is an
indicator for the government to think on introducing environmental benefits of protected areas in

relevant context in the curriculum.

Enhance Conservation Efforts: It is crucial to strengthen management and conservation initiatives
within the protected area to ensure the sustainability of Vachellia tortilis and its ecosystem services,
as indicated by the biomass and carbon stock findings.

Update an inventory of the trees: The government has to maintain a database of tree species inside
and outside protected areas, its ecological health including the carbon storage values for

development decisions.

Focus on Soil Moisture Conservation: Given the lower soil moisture levels at some areas in the
reserve, it is recommended that strategies for soil moisture conservation be explored, possibly
through the introduction of water retention techniques or other adaptive strategies that align with

the species' natural adaptations.

Utilize Remote Sensing for Monitoring: Oman is having national initiatives of planting millions
of native species according to EA Plans up to 2040 that is aligned with the national vision 2040.
Government should integrate remote sensing techniques, into regular monitoring practices to track
the distribution and the health of vegetation and make informed decisions about the management
of protected areas. To make the conservation very effective, it is important to put recent technology
in their plan for conservation of protected areas since the reserves are larger in size and limitation

of human resources to cover their operation.
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7. Further Research on other dominant native Species: This study focused on one dominant
species in the area, so further studies are needed to explore other species in the other protected areas

to understand the carbon sequestration potential and their ecological status.

8. Developing National regulation on Carbon Trade and Updating Climate change mitigation
strategies: The specific equations originally developed from this work will help in carbon trade,
climate change mitigation strategies, CO2 emission reduction and achieving a net zero plan in the
Sultanate of Oman. This will help the government to integrate carbon management into the national

strategies and drafting national laws and regulations.
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Appendices

Appendix. (1) Questionnaire Survey of the Community
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Any ecosystem provides several benefits to the society and these benefits are known as
ecosystem services (ESs). This concept become very prominent these days and it gains
wider attention among academics, researchers and policy makers. Moreover, the
importance and the value of these services become the basis of decision-making
process inconservation of biodiversity. Many studies address the provision services of
certain types of ecosystems and their abilities to provides ESs. Only fewer studies
addressed the social preferences of ESs. The value to each ecosystem services provided
by nature is inferred by how people perceive and use them.

This survey is a part of the research at -the national level - will address the link between
people perception and the socio -economic factors and the land use in and around as
Saleel nature park reserve Since this is first study in Oman on ecosystem services and
community perception.

Cn international and regional level, it will address the importance and the role of arid
areas in term of benefits it provides to communities in rural areas.
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101022, 10:02 PM Sureey on ldentfication & Assessment of Ecosystem Sendces In and around As Salee) Matural Park Resarve Lasshl LU

2 | i . |
Part One: General (Gender L=l Age sl .Edl!*::i&!‘tlﬂnal_leﬁi_'eliﬂ;'ﬂ'usﬁ—d

] Household Income s _~3 Jadl Proximity to the Reserve
Infarmation | ;._]=_-J| sl a3 _etc)
e il gha s il

1. Gender =il *

Mark only one oval.

I Maled=,

) Female s s

2. Age edl*

Mark only one oval.

) 18-24 yearsiie ;s ey ) Sl i 4l e
() 2539 years i oA, des  Jdi. rp e piaes e
() AD-59 years i gsees yfad Jin o )l o

) =60 years du o au o

3. Educational level ol s gl *

Mark only one oval.

) Primary and under 423 il s i
() secondary sl g gl

| general diploma desi 4 gell) sl 2 Lol
(") Diploma & Bachelor =z sIEdi 5 a sl
() Graduate and aboveldsl will i
Read and Write s, i

) Not Read nor Write —=ss ¥ | gy
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1810022, 10:02 PM Survey on Igentfication & Assessment of Ecosystem Senvices In and around As Salesl Matural Park Reserve Lasd Ll &
4. Head of household ¥ Y 5 el onall el Ju
Mark only one oval.

Yes s
MNo ¥

5. Household size (Family Members) s i 3 # 2=

Mark only one oval.

one 2!y

24 pdaditns ) I pmasd
57 ootad dne s
810 palatis e Jada

210 padatis o o gl

6. Monthly Income (RO) w5 sl Jadh
Mark only one oval.

<350 RO
351-500 RO
501-700 RO
701-900 RO
901-1100 RO
>1100 RO
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122, 10:02 PM Survey on ldentification & Assessment of Ecosystem Sendcas In and around As Sales| Matural Park Resarve Lokl LUV

7. Duration of residency oSl 2 Sl sxa *

Mark only one oval.

<6 YeArs ol go e 8

T-12 years i poo ol Jlod e
13-18 years aw s yoo dold  Jdo s pio 3050
19-24 years d cp pie g oyl Haras e dan

25years and more &l g qp e g e

8. Ownership of house *

Mark only one oval.

Yours <l

Rent sl

9. Are you originally from this placejSdl bs gewal Jat
Mark only one oval.

Yes a2

Moy
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10022, 10102 PM Surdey on ldentfication & Assessment of Ecosystem Senvices In and around As Sales| Matural Park Resanye Lassl LN,

100 Tl R AVa gl ad Le what is the name of the place where you live 7 *

Mark only one oval.

Skip to question 12

Part Two - the person must choose 5 ecosystem services and then rank

Preferences of f[hem frqm 1}}5 according to their |mpf:|rtance tothem 5 g
A oo _,ﬂ‘]"}ildl ! I-__'..._-..T".'i:..‘i'.ﬁ__ﬁ_;._; H_'Ml;.aLt;.t-L.ILILAJL;_.ﬁ‘_‘I_;!.

Ecosystem ’ ’ ’

services Juxi

() Ll ol s
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10122, 10:02 PM Sureey on ldentfcation & Assessment of Ecosystem Senices 0 and around As Salesl Matural Park Resarve Lapsd LLNIL

11.  What are the most five benefits you get from the reserve as ecosystem .
services? il Akl cdasa domall o lgnas ol 8 e aal | sl
agall | I an'l e ol S Ly 5 ola

Check all that apply.

[ ] Fresh Water s oLl

[] Timber wduali

[ ] Food for Animals wid yell =
[ ] Honey =l

[ | Education & Research —olall cia il 5 adwl)

[ ] Medicinal plants st 5 dudl wida

[ | Recreational and ecotourism . aaLod y 44 4

[ ] Soil regulation g J jl dsedi 4 5 5 2

[ ] Air purification <! s s.as

[] Natural Hazards regulation il s yuale ¥l s tual @l dmulll o) e =l 3ol
[ ] other please write it s <3 5 al

Awareness of determine the awareness and knowledge of the

protected areas and its person about protected area in Oman & e e Ca gl
importance <k ze s e el e

Lamalall cdsaall e

12.  Are you aware about the meaning of " protected area " by legislation ? <=/ J»  *
o e il e Bl e
Mark only one oval.

) Yes a
T Mo
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10122, 10:02 PM

13.

14.

15.

16.

Sureey on Identfication & Assessment of Ecosystem Semvic2s In and around As Salesl Natural Park Resenve dauml LLN

How to do you know for the first time that this is a reserve 7 s el e wd 2wl .

dramall i e g9
Mark only one oval.

() from Staff of the Authority augh ik s

() from any government institutions including schools & colleges duw Sal ol bl
il g e gl
) Media wimadll y 5 g ikl 5 Ao \FIS A
() NGOS s shall cimanll
) Researchers / educators cpastal 5 sl

e

_community members foitizens geabsl gall 5 pataall 3 8

Do you think you have enough information about the reserve ? <l o s Ja .
T ﬁ___un..nl'l o= -ﬁf;"n'i dnjl-.n

Mark enly one oval.

__J¥Yes
7 Mo
Do you think is important to conserve and protect the habitats inside the .

reserve 7¢ :ﬁl___'l.l.:._plm L!i-l_\&}ﬁl"j. _J'I_-_.._ca‘h"|_5..;L1I,;u_'l| ___J.:- J:.l'-;.ﬁ_all __.,_-uq_w-r_;-a‘.‘.d._:n

Mark only one oval.

) Yes a=
(I NoY¥
Do you know that the animals and plants is mentioned in Quran to protect .

them ? a8 f a8l ohdd p e cal Ja
€ al o gagn pall cddoll g ol gaa e B0 pcn asle __'L...;.'.‘p'-__,L g

Mark enly one oval.

) Yes ae

i

_ Mo d
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Appendix. (2) Dataset coding of the survey responses

Respondent | Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13 Ql4 Qils
1 2 2 5 1 2 5 2 1 1 2 2 6 2 1 1
2 1 2 5 1 3 3 2 1 1 1 1 4 2 1 1
3 1 3 5 1 3 6 5 1 1 12 1 6 2 1 1
4 2 3 4 2 3 5 1 1 1 12 1 2 1 1 1
5 1 2 4 1 3 5 1 1 1 12 2 6 2 1 1
6 1 2 3 1 3 2 2 1 1 12 1 6 2 1 1
7 1 3 3 1 4 3 5 1 1 13 1 3 1 1 1
8 1 3 3 1 2 1 1 2 2 12 1 5 2 1 2
9 2 2 4 1 2 5 2 2 1 12 1 6 2 1 1

10 1 2 4 1 4 1 5 1 1 12 1 2 2 1 1
11 2 3 3 2 4 3 4 1 1 13 1 3 1 1 1
12 1 2 3 1 3 2 5 1 1 13 1 1 1 1 1
13 1 2 3 2 4 3 2 2 1 6 1 3 2 1 1
14 1 3 3 1 3 3 5 1 1 2 1 1 1 1 1
15 1 1 3 2 2 1 1 2 1 13 1 1 2 1 1
16 1 3 5 1 3 6 2 1 1 4 1 6 1 1 1
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17

18

12

19

20

12

21

13

22

13

23

24

12

25

12

26

12

27

12

28

13

29

12

30

12

31

12

32

10

33

13

34

12

35

12
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36

12

37

12

38

12

39

13

40

12

41

42

12

43

13

44

45

13

46

47

12

48

49

12

50

13

51

52

53

54
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55

56

57

58

59

12

60

12

61

13

62

63

64

65

66

10

67

13

68

10

69

70

71

72

73
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74

75

76

77

78

79

12

80

13

81

82

83

84

85

86

13

87

12

88

12

89

13
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Appendix. (3) Table of fresh-dry weight ratio measurement

Total Stems (g) Branches (g) Twigs & leaves (g)
Tree fresh
Number weight kg

1" (g) 3" (g) 1" (g) 5" (g) 1" (g) 6" (g)
2 125 kg 161.6 161 157.1 146.2 150 142.62
6 369 kg 163.5 162.7 193 143.02 150 145.1
7 692 kg 180.8 177.9 180 159.03 200 158.3
8 205 kg 203.5 198.7 177 154 150 135.8
11 120 kg 150.7 149.6 224 165.2 150 126.03
16 575 kg 217.6 216.7 158 151.9 150 145.88
18 120 kg 156.7 155.6 150.7 146.03 200 150.43
19 130 kg 191.5 190.6 168.4 158.03 150 144.02
21 95 kg 176.3 175.9 197.9 145.4 150 155.6
22 227 kg 176 174.6 222 156.03 150 142.35
24 135 kg 153.9 153.27 195.9 139.22 150 142.64
26 350 kg 102.4 101.9 173 155.2 150 143.37
28 50 kg 156.2 154.1 190 133.17 150 119.33
31 330 kg 139.2 138.7 134 132.95 100 119.29
32 200 kg 166.9 166.1 155 152 200 170.92
34 17 kg 148.8 148.1 157.2 1249 200 144.2
36 870 kg 191.3 190.66 155 148.81 200 162.6
41 195 kg 207.8 206.9 157.2 135.8 200 149.62
43 125 kg 168.2 164.2 213.5 190.55 200 145
45 93 kg 174 173.4 187.8 135.8 150 120.7
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Appendix. (4) Summary of Carbon measurements in the study area

PLOT NUMBER OF TREES | MIN DSH (cm) MAX DSH (cm) MIN H (m) MAX H (m) MIN CrA (cm) MAX CrA(cm)
1 9 33 81 2.3 4.4 8 33
2 16 15 80 2 5.6 3.6 38
3 9 17.5 76.4 1.8 4.6 3.1 18.7
4 2 42.6 55.7 2.6 4.2 9.8 10.7
5 8 26.1 76.1 2.6 3.4 4.2 8.9
6 10 5 50.9 2.1 3.8 5 13.5
7 15 21.6 59.2 2 3.4 4.3 13.1
8 4 34.3 102.8 2.7 3.9 5.1 7.8
9 7 28.3 94.5 2.3 3.4 4.2 16
10 8 23.8 154.1 2.6 5 11.8 119.7
11 8 26 .4 60.8 2.5 4.2 7.5 37.8
12 10 17.1 61.1 1.9 3.3 4.6 23.6
13 16 18.1 79.6 1.9 3.7 3.9 41.8
14 25 7.9 62.1 2 4.2 2.1 26.3
15 8 35.6 121 2.2 4.7 10.3 42.9
16 11 5.7 127.3 1.8 6 0.9 38.4
17 16 7 66.5 1.9 4 1.2 19.6
18 6 30.8 67.5 1.8 3.8 1.1 29.2
19 13 19.1 64.3 1.3 3.3 1 12.8
20 11 9.2 98 2 4.7 0.8 26.8
21 11 17.1 71 1.8 5.7 1.2 216
22 8 22.2 107.9 2 5.7 1.8 27.3
23 12 23.2 60.8 1.9 4.7 1.5 14.1
24 6 14.3 87.8 2.2 4.6 0.9 13.8
25 13 12.7 47.1 1.8 3.2 3.2 9
26 12 14.3 59.5 1.6 4 2.4 26.8
27 8 17.1 68.4 1.8 3.9 4.7 20.8
28 6 4.7 66.2 1.5 3 1.7 20.4
29 18 11.1 55 1.8 4.5 3.7 23.1
30 8 17.1 45.2 1.4 2.8 4.1 20.4

115




Appendix. (5) Destructive sampling locations in the study area

Plots Plot coordinates Plot location Elevation Number of trees
number /plot

1 E: 729978 , N:2474267 East 513 m 6

2 E:729512, N:2474379 East 224 m 6

3 E:728074, N:2474708 middle 216 m 6

4 E: 727956, N:2474736 middle 214 m 6

5 E: 726892 , N:2474984 middle 225m 7

6 E: 726266, N:2475136 middle 238 m 5

7 E:724786, N:2475491 west 231m 5

8 E:723067, N:2475885 west 251m 4
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Appendix. (6) Table of the 3 transects in the study area

Transect 1 (west) Transect 2 (Middle) Transect 3 (East)
30 29 28
25 26 27
24 23 22
19 20 21
18 17 16
13 14 15
12 11 10
7 8 9
6 5 4
1 2 3
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Appendix. (7) Numbers of branches measured in 30 plots

Number of branches measured/plot

1 2 3 4567 8 91011121314151617 1819202122 2324252627 282930
Plot Number

120

100

80

b

L]

4

]

2

Mumber of measurments
L]

L]
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Appendix. (8) Classification of Vachellia tortilis for destructive sampling based on DSH

DSH Number  of | Number of harvested

classes | individuals trees Tree sample numbers
young below 40 | 15 6 11,22,28,34,41,43
pole size | 41-63 17 9 6,8,18,19,21,24,31,32,45
standard | above 63 | 13 5 2,7,16,26,36
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