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is one of many traditional industries with a long history of production and
a growing economic value. Despite its authenticity and high value, this
industry and its facilities, such as quarries, crushers, cutting firms and stone
workshops, are spreading randomly throughout the West Bank-Palestine,
thus posing a threat to both natural and built environments and nega-
tively impacting human health. This paper assessed these negative impacts
on the environment caused by the stone industry’s facilities in the West
Bank by developing a Reality Assessment Model using Geographic
Information Systems (GIS) which take into consideration stone industry
endemism. The model was also used to categorize the stone industry’s
facilities based on a comprehensive criteria. As a conclusion, a categoriza-
tion of four levels (Level 1 to 4) based on their environmental impact and
land suitability. It is found that half of the various types of stone industry’s
facilities have a negative environmental impact that causes damage rang-
ing from medium to very high, while the other half do not cause signifi-
cant damage. Thus, the first-class facilities must be closed, second-class
facilities may be closed or remain if their negative impacts are reduced,
while both third-class and fourth-class facilities may be kept in their cur-
rent state by minimizing their major negative impact.

Introduction

Stone -also referred to locally as “white gold’- is one of the most important natural resources and
one of the main extractive industries in Palestine. It is one of many traditional industries that
spread out in places where high-quality stone is available in abundance. The stone industry plays
a major role in the Palestinian national economy, with Palestine ranking 12™ globally in terms of
stone production. Quarries produce about 22 million square meters of stone products annually;
worker productivity in this sector being 5 times that of other sectors. The contribution of the
stone production sector to the Palestinian GDP is approximately 4.8%, while the productivity of
this sector is estimated at about 600 million dollars annually, with 1361 facilities and 25,000
workers working directly in this industrial sector (PIPA (Palestinian Investment Promotion
Agency) 2020). The local market consumes 20% of overall stone produced. The regional and
international market, and direct export consume the remaining 80% (USMIP (Union of Stone
and Marble Industry in Palestine) 2019).
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Nevertheless, despite the economic value and revenues of this industry, it is considered a glo-
bal phenomenon that has been the cause of concern wherever it exists, even in developed coun-
tries. This industry is strongly linked to negative environmental impacts, and many researchers
have studied these impacts on both built and natural environments, in terms of biodiversity, dust,
noise and human health. The following part of this paper will present an overview of the research
conducted on this regard.

Literature

Most researchers who studied the stone industry facilities’ environmental impacts on biodiversity,
natural and built environments, geomorphology, water, and health focused on the impacts of the
dust emitted from the extraction process, the energy used in this industry, the facilities’ solid and
liquid waste, noise, vibration and the visual aspect.

The effect quarrying activities have on biodiversity was the topic of research of Lameed and
Ayodele (2010). Their study of the site of Ogberein-Nigeria showed the vast damage to biodiver-
sity through the complete removal of vegetation, and thus, the full destruction of habitats and
species. Furthermore, air pollution caused by quarrying causes a direct threat to the survival of
plants and is responsible of vegetation injury and crop yield loss. Pollutants such as dust, gaseous
emissions and air-borne particulates effect the physiological activities of plants, such as photosyn-
thesis and respiration.

Titi, Dweirj, and Tarawneh (2015) studied the impact of dust emitted from open cast mining.
Mining activities emit air pollutants such as particulate matter (PM) into the air. Airborne par-
ticulate matter is cause of great concern to public health, as these particles are small enough to
be inhaled into the deepest parts of the lungs of miners, as well as residents living in urban areas
near quarries. Moreover, they focused on the impact of dust on vegetation and human health,
such as stone dust disposition in surrounding rivers. Its impact on the water quality was further
studied by Pal and Mandal (2017). Furthermore, studies show that dust is visible, invasive, and a
potentially irritating product associated with quarrying (Umana 2018).

Noise as well was studied among the negative impacts of the stone industry, though it was not
a great focus despite its substantiality (Capitano et al. 2017). Energy consumption was also high-
lighted in the research, especially during the extraction, transportation, squaring and cutting of
raw blocks into slabs, as well as edging and polishing tile. Researchers also paid attention to the
impact of vibrations resulting from the removal of quarry blocks using explosive or detonating
cord, in addition to vibrations generated inside the industrial processing plants and those caused
by machinery operations and vehicle traffic.

Vandana et al. (2020) analyzed how mining and quarrying activities can have a negative envir-
onmental impact on built and land environments in terms of geomorphology and landscape, and
negative impacts on air and water quality. Moreover, he highlights that dust emissions are the
major environmental concern of mining activity. Additionally, noise also has a negative impact,
its primary source being blasting, crushing, drilling and vehicular movements.

Langer (2001) relates the environmental disturbance created by quarrying to be caused directly
by engineering activities that take place during extraction and processing. These activities’ impacts
are changing the geomorphology and conversion of land use -especially the geomorphic impact-,
resulting in the change of the visual scene. This major impact may be accompanied by loss of
habitat, noise, dust, vibrations, chemical spills, erosion, sedimentation, and dereliction of the
mined site.

Palestinian researchers also tackled the stone industry’s environmental impacts. Sayara (2016)
explains how the stone industry creates several problems with the environment and the people
living in surrounding areas. This is evident in its impact on air quality, water pollution, human
health, vibration and noise. After the measurement of air quality in Jammain, Nablus, Sayara
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found that it showed high concentrations of different particulate matter (dust). The study also
demonstrated that there is a high prevalent rate of diseases caused by the stone industry, particu-
larly due to air pollution, such as cough and cold, dyspnea, nasal inflammation, asthma and hear-
ing impairment due to noise pollution. Stress, human discomfort and the effect on the structural
stability of houses in that area are also amongst those negative impacts.

Masri (2017); Abu Hanieh, AbdElall, and Hasan (2014) explained that the rock extraction pro-
cess is accompanied by dust polluting the air and large excavations that leave a severe effect on
the landscape and soil. Annually, this industry produces 190,789 m3 of dry, powdery waste, in
addition to harmful gasses like CO2 and other exhaust fumes emitted by machinery and different
forms of transportation used to distribute products. In addition to the former, noise produced by
machinery is also a harmful biproduct of these facilities and a source of auditory illnesses. Gases
emitted by machinery and forms of transportation have a role in the spread of the diseases previ-
ously mentioned, as well.

Sayara, Hamdan, and Basheer-Salimia (2016) studied the impact of air pollution from quarrying and
stone cutting industries on agriculture and plant biodiversity. Both focused on how dust negatively
impacts the ecosystem by settling on surface water in addition to land, plants and trees. Furthermore, fer-
tile soil is dislocated and interrupted and after excavation, pits are left unfilled or abandoned, leaving a
gap-filled landscape. This poses as a threat to people, livestock and wildlife alike.

Salem (2021) investigates, analyses, and evaluates the status of the Stone and Marble Industry
(SMI) in Palestine from different perspectives including geology, culture, socioeconomics, the
environment, health, and legislation, with respect to SMI’s sustainable development. The SMI’s
activities have negative impacts on green cover (trees and vegetation), thus producing large
amounts of waste generated from its operation, including limestone waste and its impact on soil,
water, public health and the environment in terms of air quality and green cover.

Abu Hanieh, AbdElall, and Hasan (2014) in their paper focused on the sustainable develop-
ment of the stone and marble sector in Palestine, they talked about the challenges and problems
encountered by this industry on the economic, social and environmental aspects. They discussed
the use of water in the cutting process, which reduces air pollution but causes water pollution.
Water in Palestine is a scare commodity and should be used efficiently.

Al-Halaiqa (2010) argues that protection areas, including areas of biodiversity, natural reserves,
landscapes, and areas with high agricultural value are affected by the stone industry in Hebron
Governorate.

Nevertheless, this paper develops a comprehensive geo-spatial-analysis model of the stone
industry sector that assesses both the facilities’ endemism and its environmental impacts on the
built and natural environments in the West Bank by using GIS. This comprehensive model can
be applied, especially in developing countries, to bridge the economic and environmental factors
by means of a comprehensive set of spatial criteria.

Stone industry in the West Bank

The stone-industry’s facilities are distributed in various parts of 11 governorates in the West
Bank, concentrated in the western part of the West Bank in mountainous areas, including about
53 stone dumpsites distributed across the area. Most of the stone-industry’s facilities (40.3%) are
located in the Hebron Governorate, then comes the Nablus Governorate in second place with
13.6%, followed by Bethlehem Governorate with 12.9% (Figure 1). These governorates are distin-
guished by the availability of the ingredients and components of the industry, such as abundance
of stone, its quality, and the appropriate topography (Research based on geographic information
systems data from MoLG (Ministry of Local Government) 2020). Stone-industry’s facilities
located in the West Bank can be classified into 4 main facilities: Quarry, Crusher, Cutting Firm
and Stone Waste Dumpsites.
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Figure 1. Stone-industry facilities location in the study area (Researchers).

Stone industry endemism

The site where the stone facility is located determines its value, quality of its end product, as well
as the availability of the basic elements and components in the site that contribute to its develop-
ment and ensure its continuity in the future. The stone endemism was diagnosed through an
integrated system of factors, including natural factors and infrastructure (Sababhi 2012).

There are essential natural factors that support and influence the stone industry, which include
topography, elevation soil, rock type and geology (Szczepaniska 2017). In terms of topography and
land elevation, it can be noticed that about 95% of stone quarries in the West Bank are located at
heights greater than 400 meters above sea level (Figure 2). This is due to the potential of extract-
ing large, adequate quantities of stone of high quality, as the amount of extracted stone increases
as the height increases. Crushers, cutting firms and stone workshops are usually distributed in the
surrounding areas (Ananza 2003).

It is noted that about 67% of the Palestinian stone-industry’s facilities are located in areas of rock
originating from rendzina soil, especially Terra Rossas, Brown Rendzinas and Pale Rendzinas. This
type of rock is characterized as being covered by a shallow layer of infertile soil. It is also considered
to be of a strong species known for its solidity and high quality. In terms of availability, this type is
concentrated in the north of the West Bank (IUSS Working Group WRB 2015). In addition to this,
about 31% of the Palestinian stone-industry’s facilities are located in areas of the Brown Lithosols and
Loessial Arid Brown rocks. Soil of this category is considered to be thicker and more fertile. In terms
of availability, this type of rock is largely concentrated in the southern region.

Most of the areas where stone-industry’s facilities are located contain rocks dating back to the
Turonian and Cenomanian periods, which are considered relatively late periods (Research based
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Figure 2. Stone-industry facilities location in term of topography and land elevations in the study area (Researchers).

on geographic information systems data from MoLG (Ministry of Local Government) 2020).
Moreover, the stone industry needs good infrastructure, including water and a proper road net-
work in order to function adequately (USMIP (Union of Stone and Marble Industry in
Palestine) 2011).

Stone industry environmental impacts in the West Bank

Stone-industry facilities impact both natural and built environments, as well as human health
causing different forms of pollution, (solid waste, dust, and noise) in addition to permanent
changes to the natural and cultural landscape at the production site.
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Figure 3. Stone-industry facilities location in term of their impact on sensitive areas (Researchers).

As for the Palestinian stone industry’s impact on the natural environment, it is noted that 13%
of the stone industry’s facilities are located within protection and natural areas, covering about
31647 dunums of areas of natural reserves, 31625 dunums of biodiversity areas and 80154
dunums of natural landscape areas (Figure 3). This causes both air and environmental pollution,
negatively impacting the natural environment. It also affects plant diversity and wildlife, thus dis-
torting the esthetic aspect of the land. Quarrying especially carries the potential of destroying
habitats and the species they support. Even if the habitats are not directly removed by excavation,
they can be indirectly affected and damaged by environmental impacts (Lameed and Ayodele
2010). Moreover, about 5% of the stone industry’s facilities are on lands with high agricultural
value, destroying about 63783 dunums of high agricultural value, while 29% of these facilities are
located in areas of medium agricultural value (Figure 4). It should be noted that the Palestinian
Environmental Law (No. 7, 1999, Article 16) permits the establishment of stone industry facilities
in areas of medium value if there is no negative impact on the land (Researchers based on geo-
graphic information systems data from MoLG (Ministry of Local Government) 2020).

Furthermore, the stone industry has different negative impacts on various types of water sour-
ces, such as the pollution of both ground and surface water sources (Masri 2017). It is noted that
40% of stone facilities are causing direct water pollution by dumping gray water (600,498 m3 of
slurry water per year) from facilities into valleys and across land layers, eventually reaching
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Figure 4. Stone-industry facilities location in term of agricultural value of land in the study area (Researchers).

groundwater. This includes areas with high sensitivity to water pollution and areas of under-
ground wells and springs. It should also be noted that the stone industry consumes 1,006,525 m3
of water annually (USMIP (Union of Stone and Marble Industry in Palestine) 2019; Makhool and
Abu-Alrob 1999; Researchers based on geographic information systems data from MoLG
(Ministry of Local Government) 2020).

As for the Palestinian stone industry’s impact on the built environment, it is noted that the
distribution of these facilities and their impact has been studied in urban areas, including built
areas in cities and villages where about 69% of stone facilities are found and negatively affect
varjous human activities (Figure 3). These facilities cause air pollution in the region, thus affect-
ing public health, as well as causing noise (Naik, Ushamalini, and Somashekar 2007; Khan et al.
2016). It is noted that most of these facilities are cutting firms and workshops, where the percent-
age of cutting firms and workshops within the built area reaches about 80%, followed by quarries
at 36%, and crushers at 27%. It is additionally noted that 38% of stone industry facilities are
located within master plan boundaries, compared to 69% within built-up areas, which extend
beyond the master plan’s boundary. This urban expansion must also be addressed during the
planning process. In the event of an urban expansion on the following ranges of 250 m, 500 m,
and 1000 m outside the boundaries of the current master plans, about 58%, 68%, and 79% of the
current facilities will be within the boundaries of the proposed or future master plans, the main
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reason for that is the absence of a national spatial plan that controls urban expansion
(Researchers based on geographic information systems data from MoLG (Ministry of Local
Government) 2020).

Most of these negative impacts are a result of the existence of unlicensed stone facilities and
their random distribution across the West Bank, the lack of law enforcement, lack of national
planning, and the insufficiency of legal regulations for this important sector. This has led to an
overlap of mandate and responsibilities between the relevant authorities, resulting in the failure
to conduct a field inspection of licensed and unlicensed stone industry facilities. The stone indus-
try’s facilities play a major role in building and upgrading the economy, therefore rendering it
essential to better exploit all resources available to this sector and to develop and implement tar-
geted policies that enhance its role in the national economy. Taking into account the environ-
mental impacts associated with this industry is also of high importance.

This paper focuses on how the stone industry in Palestine can continue to contribute to the
economic development as a production sector with good economic potential, while minimizing
its environmental impact to an acceptable standard. To be able to draw clear guidance in this
regard, the impact of the stone industry’s facilities on the natural and built environment, cultural
landscape, infrastructure and society will be assessed by developing a methodological model. The
land/location suitability for the stone industry’s facilities will be evaluated as well, and these facili-
ties will be categorized based on their impact on the environment, in addition to other factors.

In the attempt to provide answers on how to assess the impact of stone industry on the built
and natural environment while maintaining its contribution to the national economic develop-
ment. The developed comprehensive model can be applied to bridge the gap between the eco-
nomic feasibility and the environmental conditions by means of comprehensive set of spatial
criteria. The model and the paper also try to provide answers on how to assess the facilities
endemism and to provide solutions for the future uses of the stone industry’s facilities that are
closed due to their severe environmental impact.

Materials and methods

In the previous section, we reviewed the stone industry endemism and stone industry negative
impacts on the environment as a diagnosis for the current situation. However, in order to assess
the potentials and negative impacts of the stone industry on both natural and built environments
and their land suitability and to ensure economic viability, this paper developed a methodological
framework to evaluate stone industry endemism and stone industry impacts based on the descrip-
tive, analytical and deductive approaches through quantitative and qualitative evaluation and clas-
sification of different types of stone-industry facilities. This was accomplished using Geographic
Information Systems (GIS) and by preparing a Reality Assessment Model (GIS Model). The
developed methodological model- GIS modeling system (Reality Assessment Model) follows four
successive steps that begin with defining the categories, then defining the criteria with scores for
each category, and giving a weight to each of the criteria. The final model result can be found in
the following (Figures 5 and 6):

Defining the parameters and establish analytical categories

The point of departure in building the methodology is the identification of the main parameters
that guide the modeling process. In this case, the parameters are the economic viability of the
industry and creating a sort of balance with the environmental sustainability requirements of
stone industry facilities. The methodology suggests 3 categories to classify the stone industry
facilities; the first being the availability of the factors supporting the stone industry, which is the
stone industry endemism that represents the economic factor. The remaining two categories study
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Figure 6. The detailed research methodology (Researchers).

the impact of this industry on the natural and built environments in the study area, respectively
(Figure 6).

Defining the criteria

The second step in the modeling process is defining the criteria for each of the three categories.
These criteria will bridge the gap between economy and environmental sustainability by minimiz-
ing the negative impact of the stone industry’s facilities on both the built and natural environ-
ments, while simultaneously ensuring that the stone industry facilities are located in areas that
have the basic elements and components -also known as stone industry endemism- that guarantee
their development and continuity.

Stone industry endemism criteria focus on the impact of the site on the industry. This com-
prises an integrated system of factors that supports the stone industry, including criteria for rocks
and their quality. The local topography, rock type and outcrop are all factors to be taken into
consideration, as they affect the quality of the extracted stone. Criteria to measure the availability
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of good infrastructure, including a viable road network, water availability from different sources,
the geographical distribution of the stone industry facilities and the areas where the facilities are
clustered are also of significance. And lastly, criteria to identify the geopolitical condition repre-
sented by the political classification of land in Palestine, Israeli military sites, settlements, and the
apartheid wall (Figure 6), (Table 1a).

Each one of these criteria affects and reflects the economic factor. For example, the availability
of stone of good quality in abundance in a specific area will render it more valuable economically,
while areas with little amount of stone or stone of lower quality will be of a lesser economic
value. Moreover, the availability of good infrastructure reduces the cost for the industry and
increases the productivity. A stable political condition will also have the same effect.

The impact of the stone industry facilities on the natural environment and its various elements
is very important for the achievement of environmental sustainability. The impact of the stone
industry on many natural elements has been studied and evaluated based on the facilities’ loca-
tions, as well as their presence inside or near natural and protection areas. This includes areas of
biodiversity, natural reserves and natural landscape areas. Furthermore, the impact on other ele-
ments of the natural environment such as water resources, including wells, springs, and catch-
ments has also been studied. In addition, natural vulnerability, which includes the solid waste
running through valleys, natural hazards, as well as seismic vulnerability and the stone industry’s
impact on them has been studied, as well (Figure 6 and Table 1b).

The last category of criteria focuses on the impact of the stone industry’s facilities on the built
environment inhabited by people. This includes the presence of stone facilities inside or near built
areas, areas rich in cultural elements, urban areas, infrastructure and services, as well as examin-
ing the impact of these facilities on agriculture, which is a human activity of great significance,
and the presence of stone facilities inside or near areas of high agricultural value. Various weather
conditions including climate and wind severity also contribute to the transfer of pollutants and
dust to built-up areas, thus negatively affecting people’s health (Figure 6 and Table 1b).

It is worth noting that each criterion was assigned a score ranging between 0 and 10 based on
its situation and degree of suitability, as the score of 0 means absolutely inappropriate, while the
score of 10 represents the highest fit and best possible score (Tables 1a and 1b).

Giving a weight for each evaluation criteria

After the criteria were set, a weight was given for each criterion, depending on the type of facility
and the limit of its environmental impact, in addition to stone industry endemism criteria
(Tables 1a and 1b).

Stone is extracted from quarries, so it must be from sites that meet the stone industry endem-
ism criteria, such as being rich in high-quality stone, originating from a topography of high alti-
tudes and the abundance of stone in these sites. The availability of appropriate elements of
infrastructure and other factors supporting this particular stone industry facility is vital due to
the reliance of quarries on the extraction of stones from specific locations and sites.

Therefore, it can be noted that the total weight of stone industry endemism criteria for quar-
ries are approximately 50%, highlighting their importance. There is a large number of cutting
firms and stone workshops that represent a source of income for many local residents and there-
fore, are given a weight of 45%, while crushers are given a weight of 39% (Table 1a). These
weights are given to ensure the presence of stone industry facilities next to each other in appro-
priate areas for this industry to flourish, while simultaneously reducing the geographical area over
which these facilities spread, thus reducing their environmental impact. But as for stone industry
dumpsites, it was found that it was not necessary to have them in close vicinity with other stone
industry facilities, thus a weight of 20% was given to ensure their relative proximity to other sites,
reducing the area of geographical pollution and the resulting environmental impact.
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The environmental impact of each facility is also of high importance. As for quarries, a weight
of 50% has been given to their impact on the environment, 20% of which was given to their
impact on the built environment, and 30% to their impact on the natural environment, as its
preservation is vital. While crushers, cutting firms and stone workshops are given more weight in
terms of environmental impact, ensuring that it is minimized. As for dumpsites, it was found
that they have a large effect on the environment in general, and on the natural environment in
particular. Therefore, weights of 44% and 36% were assigned to each of their effects on the nat-
ural and built environment, respectively (Table 1b).

The scores and weights that were given to each criterion reflect the goal of the paper to reduce
the gap between the economic factor and the different environmental impacts. For example, and
in support of the previously mentioned concept, the weight of quarries represents 50% of indus-
trial endemism, which in turn reflects their economic strength, and 50% of the environmen-
tal impact.

Then the score of each criterion was multiplied by its weight and the resulting values were
added to obtain the total sum (out of 1000) for each facility. There are 29 criteria, each of which
have a maximum score of 10. When multiplied by their weights, the maximum total sum will be
1000, which represents the final model result. The stone facilities classification equation provides
an estimation for the stone facility total sum (out of 1000) for each facility, and can be described
as follows:

Yy =X1w + oWy + X3ws3 + ....... —+ Xp9Wo9 (1)

where:y is Stone facility total sum;x; ; — 1, | 29 - Score of the criterion;w; ; — 1, | 29 - Weight of
the criterion.

Model results (total sums)

After the criteria were applied according to the weight that was set for each type of facility, the
results were obtained, with 1000 being the total sum and highest possible value. Accordingly, a
classification was reached for each type of facility that will be reviewed in turn.

Stone quarries

The assessment was performed on all 200 quarries in the West Bank. The lowest total sum was
667 (out of 1000), while the maximum total sum was 859 (out of 1000). The average total sum
for quarries was 756 (out of 1000), with a standard deviation of 42.7 (Figure 7).

Stone crushers

The evaluation was performed on all 60 crushers in the West Bank. The lowest total sum was
602 (out of 1000), while the maximum total sum was 891 (out of 1000). The average total sum
for crushers was 751.2 (out of 1000), with a standard deviation of 61.2 (Figure 7).

Cutting firms and stone workshops

The evaluation was conducted on all 1101 cutting firms and workshops in the West Bank. The
lowest total sum obtained was 499 (out of 1000), while the maximum total sum was 874 (out of
1000). The average total sum was 719 (out 0f1000), which was the lowest average sum compared
to the sums of quarries and crushers, with a standard deviation of 65.7 (Figure 7).
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Quarries total sums - frequency distribution Crushers total sums - frequency distribution

30 200 7 15 700 760
25
20 10
15
10 5
5
0 - |0

667 697 727 757 787 817 847

The frequency distribution of total sum values | The frequency distribution of total sum value

obtained by quarries in the West Bank obtained by crushers in the West Bank
Source: Researcher using GIS Source: Researcher using GIS

Cutting firms and workshops total sums - frequency distribution Dumpsites total sums - frequency distribution

150 640 | 720 15 640 720

100 10
50 5
0 : 0

499 544 589 634 679 724 769 814 859

The frequency distribution of total sum values | The frequency distribution of total sum value
obtained by cutting firms and stone workshops | obtained by dumpsites in the West Bank

in the West Bank Source: Researcher using GIS

Source: Researcher using GIS

602 662 722 782 842

572 632 692 752 812

Figure 7. The frequency distribution of total sum values obtained by stone-industry facilities (Researchers).

Stone dumpsites

The evaluation was conducted on all 50 stone dumpsites in the West Bank. The lowest total sum
obtained was 572 (out of 1000), while the maximum total sum was 846 (out of 1000). The aver-
age total sum was 716.8 (out of 1000), which was the lowest average sum among all types of
facilities, with a standard deviation of 71.4 (Figure 7).

Establishing a four-class classification mechanism for the facilities

After the total sum values were calculated for all facilities, a mechanism was established for evalu-
ation and classification, which consists of 4 main levels, illustrated in (Figure 8).

First-class facilities have been identified in sensitive areas and the total sum is not taken into consider-
ation for them because of the unacceptable damage resulting from them, while the grading process affects
second, third and fourth-class facilities where the resulting damage is less and can be minimized or
accepted. Nevertheless, the process of grading and halting the damage inflicted on the environment relied
greatly on studying the local political and economic situations in Palestine through interviews with
experts and those interested in this field for each type of facility, while taking into account the frequency
of the distribution of the total sum results obtained by each facility. This was in order to reduce the envir-
onmental impact to the minimum without compromising the economic factor.

Results and discussion

The previous mechanism has been applied to all facilities, obtaining a suitable classification for
different types of facilities on the four developed levels. The results for each facility are
listed below.
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They cause very great damage to the natural and built environments and cannot be dealt with them and with the problems
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They cause moderate to large damages to the natural and built environments that can be dealt with and resolved, but at
relatively large costs and are often found in the less sensitive areas and thus they fulfill condition number 2or have relatively
low total sums.
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facilities that fulfill condition (2): A facility located in:
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2

They cause a little to moderate damages to the natural and built environments that can be dealt with and resolved relatively easily and
includes all facilities that have moderate total sums.

Third class 4+ Quarries and crushers that have a relatively moderate total sum (between 700 and 760) and do not meet conditions 1 and 2.
facilities
4+  Cutting firms, Stone workshops and Stone waste dumpsites with a relatively moderate total sum (between 640 and 720) and do not meet
conditions 1 and 2

They cause very little damages to the natural and built environments and includes all facilities that have relatively high total sums.
4+ Quarries and crushers that have a relatively high total sum (more than 760) and do not meet conditions 1 and 2.

4  Cutting firms, Stone workshops and Stone waste dumpsites with a relatively high total sum (more than 720) and do not meet conditions 1
and 2

Figure 8. The four-class classification mechanism for stone facilities (Researchers).

Quarries results

About 29% of quarries are classified as first class (Level 1), which cause great damage to natural
and built environments, a lot of which are concentrated in the south of the West Bank. The clas-
sification of quarries in the north varies in different classes, most of which appear sporadically,
contrary to those in the south in Bethlehem and Hebron that appear in the form of clusters.
Quarries that are classified as being of the first class were found to be located in the south-east of
the West Bank, especially in Bethlehem and Hebron, while quarries of the fourth class, which
cause little damage, are located in the western part (Figure 9).

The percentage of second-class quarries reaches 22% and third-class 13%, while the percentage
of fourth-class quarries in good condition reaches 36%, meaning that they can be kept in their
existing condition.

The results indicate that first-class quarries tend to affect and destroy the natural environment.
There are 34 out of 57 within natural reserves, 2 within areas of biological diversity, 3 within
areas of high agricultural value and 7 within the scope of water wells. They also affect the built
environment, though not as significantly, for it can be noticed that there are 19 quarries within
built-up areas (Figure 10a). On the other hand, second-class quarries tend to affect the built
environment more prominently, as there are 28 out of 44 quarries inside built-up areas, in add-
ition to 8 quarries within a 250 m buffer around these areas.

Crushers results

Only 10% of crushers are classified as first class (Level 1) in terms of damage caused to natural
and built environments, which is a small and good percentage compared to the situation of other
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Figure 9. Stone-industry facilities classification results in the study area (Researchers).

facilities distributed over different parts of the study area. It is noted that 62% of crushers are
classified as being of the third and fourth class, which indicates that the situation of crushers is
the best and that their negative environmental impacts in the West Bank are minimal (Figure 9).
This is perhaps due to their small number and concentration in specific areas. However, the 28%
of crushers of the second class cause serious problems that need to be addressed. It is not a small
percentage and should be reduced, thus improving the current situation.

The results indicate that first-class crushers tend to affect the natural environment as 6 out of
6 of them are within areas of high agricultural value, 2 of them within the scope of water wells.
Contrastingly, they have little effect on the built environment, as there are only 3 crushers within
built-up areas (Figure 10b). It is also noted that second-class quarries have a more prominent
effect on the built environment, with 7 out of 17 crushers existing inside built-up areas, in add-
ition to 6 existing within a 250 m buffer around the built-up area.

Cutting firms and stone workshops results

About 35% of cutting firms and stone workshops are classified as being of the first class (Level
1), as they cause great damage to both natural and built environments. These facilities are mostly
concentrated in the north of the West Bank -especially the Jenin governorate- and the in south of
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Figure 10. First class Stone-industry facilities locations & effects (Researchers).

the West Bank, and in the Hebron governorate in particular. The central area of the West Bank
is characterized by diversity and variation in the degrees of classification of damage caused by
them, which is often due to random distribution of the facilities. While fourth class cutting firms
and stone workshops, which do not cause damage, are found in the southern governorates of the
West Bank in both Bethlehem and Hebron (Figure 9). The percentage of second-class cutting
firms and stone workshops reaches 18%, and third-class 14%, while the percentage of fourth-class
cutting firms and stone workshops in good condition reaches 34%, meaning they can be kept in
their existing condition.

The results indicate that first-class cutting firms and stone workshops tend to affect the built
environment by impacting people’s health and quality of life. There are 260 out of 386 within
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Figure 11. Percentage and Number of different classes of stone-industry facilities (Researchers).

built-up areas, with a lesser impact on the natural environment -especially water resources-, for
there are 110 cutting firms and stone workshops within the scope of water wells, 8 within the
scope of water springs, 41 within the scope of valleys, in addition to 31 within areas of biological
diversity and 65 within areas of high agricultural value (Figure 10c). While second-class cutting
firms and stone workshops tend to affect the built environment as well, for 91 out of 194 cutting
firms and stone workshops exist within built-up areas, in addition to 61 within a 250 m buffer
around the built-up area.

Stone waste dumpsites results

About 42% of stone waste dumpsites are classified as being of the first class (Level 1), which
cause great damage to natural and built environments. It is noticed that they are mainly concen-
trated in the Hebron Governorate south of the West Bank, and are distributed in various parts in
the north- especially in southern Nablus (Figure 9). There are a few stone waste dumpsites classi-
fied as being of the second and third class, while there are also 42% classified as being of the
fourth class, meaning they do not cause significant damage. It can be observed that dumpsites in
the southern region tend to be concentrated in specific areas and less randomly, while there is
randomness in the distribution of dumpsites on a large geographical area in the northern and
central parts of the West Bank, multiplying their negative impact by various classes. It is also
noted that the percentage of second-class dumpsites reaches 2%, and third-class 14%.

The results indicate that first-class stone waste dumpsites tend to destroy and pollute the nat-
ural environment. It is noted that 11 out of 21 exist within natural reserves, 7 within areas of bio-
logical diversity and 4 within the scope of valleys (Figure 10d).

All stone industry facilities results

Half of the various types of stone industry facilities have negative environmental impacts and
cause damage ranging from medium to very high, for it is noted that 51% of the facilities are
classified as first and second class (Figures 11 and 12). These facilities need to minimize the nega-
tive impacts they cause, while the other half of facilities which do not cause significant damage
due to their locations, for they are far from urban areas, and natural and cultural landscapes, can
be built upon in future plans.

In general, it can be observed that the situation in the north of the West Bank is more diffi-
cult, as there is a random distribution of facilities over large areas, while there is a concentration
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Figure 12. Number of different classes of the different types of stone-industry facilities (Researchers).

of facilities in the south of the West Bank, regardless of whether these facilities are classified as
being of the fourth or first class (Figure 9).

Finally, the strength of the classification mechanism that has been developed comes from its
flexibility, rapid and easy acceptance of changes, ease of implementation of feedback, in addition
to inclusiveness in the classification process. For example, there are many lands classified as nat-
ural reserves or forests on maps but not on the ground, causing the owner of the facility to sub-
mit an application to remove the protection from the land. The classification process took these
cases into consideration by taking the total sum into account, the large sum meaning a small
negative impact and a suitable location. For example, the stone industry facility which obtained a
good total sum, but due to its presence in a natural reserve, it was classified as being of the first
class, and if it is proven that there is no protected area within the site, then it can be
exploited well.

Recommendations

Actions for the four classified stone industry facilities:

o First-class facilities must be closed, due to the fact that they cause very high negative environ-
mental impacts and great damage that cannot be reduced, minimized, or eradicated, and will
affect highly sensitive areas if they are kept.

e Second- class facilities can be either closed or have the negative impact eradicated. This
depends on the status of each facility and if its negative impact on the natural and built envi-
ronments are moderate or large. These negative impacts can be eradicated or reduced; how-
ever, the cost will be relatively high.

e Third class facilities can be kept in their current state by resolving their major negative
impacts, depending on the extent of the negative impact (low or moderate) on natural and
built environments.

e Fourth class facilities can be kept in their current state by solving their minor negative
impacts, as most of these facilities have very little impact on natural and built environments.

The stone industry needs to be regulated in order to promote its growth. By operating within
a framework of greater awareness and consideration of the industry’s potentially negative impacts,
a wide network of cooperative support can be garnered. This network consists of local
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governmental authorities and community stakeholders. By implementing the former, the stone
industry can contribute to a sustainable and more prosperous future for Palestine as a whole.

The Preparation of a National Plan for the various facilities of the stone industry should be
prepared, while taking into consideration both land use and environmental issues. This can be
achieved by pointing out areas that can be used for stone industry in the future, and if they
require mitigation and control of the environmental, urban, social or economic impacts through
this planning system.

A land suitability study for potential stone industry facilities should be conducted after closing
first-class facilities (470 facilities), thus, an area of 17.7 million m2 is needed. The sites of good-
quality stone industry facility clusters (fourth and third class) should be planned and developed
as stone industrial zones on land use plans or regional plans to regulate them. These areas could
be of economic support and do not adversely affect natural and built environments.

Licensing the unlicensed stone industry: facilities that don’t have major environmental impacts:
The presence of unlicensed facilities that have the most negative environmental impacts is the
main problem with the stone industry. However, only facilities that have minimum impacts will
be licensed by the Ministry of National Economy (MNE), which is the authorized ministry to
license the stone industry facilities as in the Natural Resources Law 1/1999: “No natural or legal
person can survey or excavate or extract or exploit any natural source or a metal out of the
ground within the Palestinian territories and territorial waters and exclusive economic zone of its
subsidiaries except after obtaining a license from the ministry for a fee determined by the minis-
try under a special regime issued by the ministry”.

MNE also determines the quantity of material that can be extracted. Thus, it is the MNE’s
responsibility to monitor stone industry sites throughout the country to ensure that the oper-
ational limitations and obligations set within the terms of the license are being followed, as well
as identifying and taking action against sites that are operating without a license. (DAAR
(Decolonizing Architecture Art Residency) 2015).

The ministry of Environment (ME) is responsible for the protection of both the environment
and natural resources from pollution inflicted upon them by the stone industry according to the
Environment Law, No. 7 1999. Due to this, it is considered the duty of the ME to correlate with
all other agencies, thus bringing them into a harmonious relationship and setting proper environ-
mental regulations for the various operations of the stone industry facilities. Moreover, it is
amongst the ME’s rights to demonstrate and confirm compliance of stone industry operations
with the previously set environmental regulations, while involving other ministries and authorities
in this process. However, and as a result of the truancy of legal regulations, and executive deci-
sions in particular, there is a problem with the determination of the assignment of duties and
responsibilities to the competent authorities in the stone industry. Nonetheless, the major issue in
this case is that local councils and communities are excluded from this process. Thus, duties and
responsibilities of each affiliation relating to the regulation of the stone industry should be dis-
tinctly defined. The establishment of a guide for the laws and regulations that are to be applied is
needed prior to granting licenses to quarries and crushers. Lastly, it can be noted that the com-
prehensive licensing of stone industry facilities can aid in the enforcement of environmental regu-
lations (DAAR (Decolonizing Architecture Art Residency) 2015).

Closing Stone Industry Facilities of Major Environmental Impacts: As was mentioned prior,
the major issue with the stone industry is the considerable negative environmental impacts the
industry’s facilities inflict, due to the fact that most of them are established without being
licensed. Therefore, the MNE should close all facilities which inflict major negative environmental
effects. Ministerial Resolution No. 1 of 2000, Article 9 of the decision imposes a legal provision
on anyone who violates the provision of the license, for it is vital to work on activating the provi-
sions of the article and its text “everyone who obtains a license for any type of quarry must com-
ply with the licensing terms and instructions attached to the license. The quarry until all
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conditions are implemented, and in the event of repeated violation, and the Ministry of National
Economy has the right to withdraw the license and close the quarry” (PSAACB (Palestinian State
Audit and Administrative Control Bureau) 2013).

Rehabilitation of the closed quarries: Rehabilitation should be mandated before licensing stone
industry facilities. The formal submission of plans for post-operational site rehabilitation should
be made when obtaining a license for all stone quarries. Plans for utilizing quarries in an eco-
nomically productive and socially functional way should be given priority, as well. Alternative
uses should be proposed for the closed facilities in order to use the land efficiently and stop their
negative environmental impacts on natural and built environments, thus converting them to sites
that provide services to the population. Unfortunately, the provisions of the judicial undertaking
signed “in favor of the Ministry of Agriculture” by the owner of the quarry or the crusher to
rehabilitate the sites are not enforced.

To start rehabilitation for closed sites, first a preliminary qualification process for the facility
must take place. Quarries are the most difficult to qualify and the most expensive, as the rehabili-
tation of finished quarries is achieved by burying the unfit and poor-quality stone resulting from
the quarries in the floor of the finished quarry. In contrast, the qualification process of the rest of
the facilities is limited to the cleaning and arrangement of the site. Secondly, a diagnostic study
for each facility is prepared, followed by the proposal of new uses that take into account the priv-
acy of the site and its surroundings.

Some of the proposed uses include reclaiming the site for cultivation, gardens, parks and
entertainment areas. This in addition to qualifying and converting the site in order to be used for
other industries in general, or for a different type of stone industry establishments. That is not
all; sites can be converted into agricultural, residential and rural housing areas. Deduction of the
site for roads are also possible, in addition to converting these sites into public use areas or loca-
tions for water tanks.

However, the easiest and least expensive use in comparison to others proposed, is converting
the closed stone industry facility into a craft and light industrial area.

Conclusions

The approach in this paper is not a mere study of the negative environmental impact of the stone
industry in Palestine. However, it proposes an alternative trajectory of analysis than previous
researches by focusing on the reconciliation between two necessities, which are environmental
protection, and economic and developmental benefits of the stone industry. This reconciliation is
built to ensure sustainability through the development-driven utilization of unrenewable resour-
ces. The Reality Assessment Model developed in this paper seeks to deal with the concept of
“finding land suitability” as a pivotal parameter in building the intended compromise. The
Reality Assessment Model is a comprehensive spatial model that is the first of its kind to be
implemented on a complex context like that of Palestine, where there is an absence of legislative
framework, weak law enforcement entities, an absence of state structures and state sovereignty,
and the existence of various systems of control on the ground that govern a long-term conflict
on land and resources. This context puts more value on the economic benefit than on that of the
environment. The model was developed to perform a comprehensive spatial (GIS) diagnosis and
analysis and to produce evidence-based results. The model in itself is quite unique due to the fact
that it builds specific criteria which is applicable on the Palestinian context to create a sense of
balance between the negative impact of the stone industry facilities and their economic benefits.
Any industrial facility can be placed under the lens of this model to check and determine if this
site is suitable for the built and natural environment located in its vicinity, while ensuring that
the economic benefit that sustains an economic return is achieved. That having been said, this
Model can be adapted and used on other contexts that are similar to that of Palestine. This model
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will be an alternative system/model that helps the related ministries and institutions to manage
and protect both built and natural environments, while keeping the means of economic develop-
ment. Applying the model on the stone industry’s facilities in Palestine produces a four-level cat-
egorization (levels one through four) based on their environmental impact. It is found that 51%
of facilities are classified in the first and second level, meaning they have negative environmental
impacts, causing damage ranging from medium to very high which must be minimized. The
remaining 49% are classified in the third and fourth level, meaning they have a less significant
impact and cause minor damage to the built environment due to their location, therefore can
continue working. The results indicate that the most significant impact of quarries, crushers, and
dumpsites is on the natural environment, while cutting firms and stone workshops have a larger
impact on the built environment. Driven by a problem-solving oriented research, the model leads
to the identification of the elements of strength, opportunities, weaknesses and threats that exist
and contribute to supporting and/or weakening the industry from an economic perspective. The
methodology/model presented in this paper can also be applied as an analytical tool for stone
industry’s facilities in contexts other than Palestine, especially in developing countries where the
stone industry plays an important role in the national economy, despite the lacking policies to
regulate this industry which are not effectively crafted, nor implemented. This model assists in
the managing of the stone industry, while aiming to attain the highest economic returns with the
least environmental impact.
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