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Abstract 
 
Improper waste management can have large impacts on the environment and the 
population. Spreading of deceases, degradation of groundwater and air pollution may 
cause major problems and give rise to a number of different secondary problems such 
as economic losses and loss of aesthetic values. In Palestine these problems have been 
acknowledged in the Palestinian Environmental Strategy, and the work for developing 
waste management systems have been initialized. 
 
When deciding upon new policies regarding waste management (or any other policy 
for that matter), the most reasonable way of doing this should be to compare different 
alternatives on a scientific basis using transparent methods. If the alternatives are 
evaluated using “gut feeling” or if different methods are employed for different 
alternatives, how can the comparison be considered fair? Therefore a number of 
analysis tools have been developed. Cost/Benefit Analysis (CBA) is one of them. 
 
CBA can be summarized as a method where the impacts of a system are somehow 
quantified, and those quantities are monetarized, i.e. a price is put on them per unit. 
This method has a number of difficulties and questionable aspects to it, but at least it 
is based on transparent information. The aim of this work is to quantify and, where 
possible, monetarize the impacts of the current waste management system and the one 
proposed in the Palestinian Environmental Strategy. Four environmental indicators 
have been identified and quantified; Water Pollution, Air Pollution, Loss of 
Recreational and Aesthetic Values and Landscape degradation. Only one of these 
indicators have been monetarized though - Air Pollution. The results somewhat shows 
the difference between a centralized and a decentralized system; a large difference in 
air pollution due to increased transports for the centralized scenario and a large 
difference in local impacts such as loss of recreational and aesthetic values for the 
decentralized scenario. When put in a context of impacts in other areas, such as 
economical, health and social impacts, the results may very well contribute to the 
decision making process.  
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Chapter 1. Introduction 
 
In 1999 the Palestinian Ministry of Environmental Affairs (MEnA) developed a 
Palestinian Environmental Strategy (PES), in cooperation with the Netherlands 
Development Agency (NEDA). In the PES, a number of environmental issues, 
objectives and measures were identified. The strategy, which has a time span of ten 
years (2000-2010), identified nine environmental themes that need to be addressed, 
namely (MEnA I, 2000): 
 

• Depletion of Water Resources 
• Deterioration of Water Quality 
• Depletion of Natural Resources 
• Land Degradation 
• Air and Noise Pollution 
• Shoreline and Marine Pollution 
• Deterioration of Nature and Biodiversity 
• Landscape and Aesthetic distortion 
• Threats to the Cultural Heritage 

 
In order to improve the environmental situation, MEnA developed a National 
Environmental Action Plan, NEAP. In the NEAP a number of strategy elements were 
formulated in order to focus on the most important measures to improve the situation 
regarding the above mentioned themes. They were, in order of importance (MEnA II, 
2000): 
 

1. Wastewater management 
2. Water resources management 
3. Solid waste management 
4. Agricultural and irrigation management 
5. Industrial pollution control 
6. Land use planning 
7. Public information and awareness 
8. Monitoring and database management 
9. Environmental standards 
10. Land degradation (soil erosion and soil pollution) 
11. Air pollution and noise control 
12. Nature and biodiversity 
13. Landscape and cultural heritage 
14. Natural resources 
15. Marine pollution 

 
These were the elements that were considered to be the most important to tend to in 
order to improve the environmental situation. The list of the most important strategy 
elements were a development of the elements stated in the PES which were mostly the 
same (the first nine items) with the addition of items 10-15 and the disregard of an 
item named “international political issues”. The priority of the listing in the PES was 
based on the following criteria (MEnA, 2000): 
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• impacts on public health 
• impacts on ecological systems 
• impacts on economical systems 
• impacts on culture and social well-being 
• risk and uncertainties 
• irreversibility 

 
Even though these criteria were stated as basis for the priority of the strategy 
elements, no evaluation of the social impacts was made using any established analysis 
tools. 
 
The third item on the strategy elements list was solid waste management. In the PES, 
the only feasible treatment method for solid waste in a short term perspective was 
considered to be sanitary land filling (MEnA I, 2000). A project for localizing suitable 
locations for these sanitary landfills has been conducted, and two sites were definitely 
selected. One of the sites is the Zaharat Finjan landfill site, situated 11 km south-west 
of Jenin (World Bank I, 1998) and the other site is the Hebron/Yatta landfill site, 
situated 10 km south-east of Al Khalil (World Bank II, 1998). The objective of a 
centralized system of sanitary landfilling has not been achieved though, mainly due to 
the deteriorated political situation, which was not considered in the development of 
the PES. 
 
Due to the constantly reoccurring curfews, Israeli checkpoints and Israeli military 
interference in Palestine, the freedom of movement have been seriously reduced. 
Since the population of an area often is more or less confined to that area, centralized 
municipal solid waste (MSW) management systems are hard or even impossible to 
implement. This situation has resulted in the establishment of a much decentralized 

system of MSW management, with a 
large number of open dumping sites 
where the main (only) waste treatment 
method is uncontrolled burning. There 
are some more permanent dumping sites, 
but none of them meet the demands of a 
sanitary landfill. The collection system, 
which only covers approximately 67 % 
of the Palestinian households in the West 
Bank, consists mainly of collection bins 
at the curbs which are served by trucks 
and other collection vehicles. Inadequacy 
in the number and distribution of 

Picture 1. Waste burning in a collection bin  community containers and non- 
      functionality of the collection system can 
turn the collection sites into small dumping sites where waste is burned in the 
containers or right next to them to reduce volume and odour (MEnA I, 2000). 
 
As of today, there is a large number of dumping sites in the West Bank, the largest of 
which is situated in Abu Dees, managed by the Municipality of Jerusalem (Israeli) 
and run by the private sector. These dumping sites are unlined and pose a great threat 
to the environment and the health of the population through impacts such as water 
quality degradation, air pollution and impacts on wildlife. Cases of diseases (Hepatitis 
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A) spreading due to scavenging have been reported in Abu Dees and there have been 
reports of increased numbers of lung diseases from the village of Beit Dajan situated 
downwind of a large dumping site in the Nablus district (MEnA I, 2000). 
 
In order to come to terms with this problem there is a need for a waste management 
policy including waste standards and regulations, prevention of uncontrolled waste 
burning, cleanup of randomly dumped waste and prevention of random dumping of 
waste in the West Bank and Gaza Strip (MEnA II, 2000). In any policy or strategy the 
objective should be to maximize the social welfare or gain. This can be done by 
maximizing positive output while minimizing input and negative output. If the 
alternatives investigated during policy making are not found to give rise to a 
significant improvement in social welfare compared to the current situation, then 
other alternatives should be identified and evaluated (Nas, 1996). 
 
The largest fraction of domestic waste is organic, but patterns of consumption are 
changing. More and more of single serving and pre prepared food are being sold 
which may change the composition of the typical domestic waste (MEnA I, 2000). As 
the population of Palestine grows, the Palestinian society also faces an increase in the 
generated amount of municipal solid waste (PES, 1999). If left unattended this 
tendency will add to the problems associated with MSW management, especially if 
there is no or little improvement in the political situation. 
 
Apart from domestic waste, the solid waste sector also includes industrial waste, 
medical waste, agricultural waste and construction and demolition debris. These 
fractions might be both hazardous and non hazardous. Since there is basically no 
source separation taking place, except for separation of medical waste in Ariha and 
Nablus, hazardous and non hazardous waste is mixed and burned together without any 
security measures what so ever (MEnA I, 2000). 
 
This work will test whether there are environmental benefits to be gained from 
implementing the objectives stated in the PES compared to the current scenario of 
MSW management. The current scenario is mainly characterized by a large number of 
open dumping sites utilizing uncontrolled burning as main treatment method. This 
current scenario will be compared to the scenario suggested in the PES, i.e. 
centralized MSW management scenario utilizing the main treatment method of 
sanitary land filling. The environmental impacts of the current MSW scenario will be 
investigated and expressed in monetary terms where possible, as will the impacts of 
the scenario proposed in the PES. Where monetarization is not possible, the impacts 
will be quantified for the different scenarios for easier comparison. 
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Chapter 2. Decision making and Cost/Benefit Analysis 
 
Introduction of new environmental regulations and policies and updating of existing 
ones, can impact society on many levels. These impacts may affect economical 
growth, environmental quality, general health situation and a range of social issues (S. 
Virani, 1998). In many cases intuition and common sense guide decision makers in 
the right direction, but to ensure efficiency in resource allocation and maximum gain 
in social welfare, the decision making process needs evaluation tools to properly 
investigate the proposed scenarios/options. These tools should be based on systematic 
and thorough investigation of all options under consideration (Nas, 1996). They are 
either qualitative, dealing with descriptions of the impacts, or quantitative, which 
attempt to provide details about the nature, magnitude and significance of impacts. 
The Cost/Benefit analysis (CBA) is one of the latter (S. Virani, 1998). 
 
2.1. Cost/Benefit Analysis 
 
CBA is an economic evaluation tool used to compare the costs and benefits associated 
with different activities. Within the scope of the analysis, CBA is used to quantify the 
total costs and benefits of a project in order to see weather the project is worth 
implementing. The project in question is evaluated from a social welfare perspective 
and the project is considered feasible if the total social benefits outweigh the total 
social costs (RDC- Environment & Pira International, 2001). 
 
CBA has been around since the beginning of the 20th century and has evolved during 
the years. With time it has gained acceptance. The CBA methodology first became 
part of the Flood Control Act of 1936 in the U.S. and in 1950 it gained a status as a 
standard guide for water resources planners. During the 50s and 60s CBA became a 
useful analysis tool used systematically by the U.S. Department of Defense, and has 
since become an extensively used tool for the federal government to assist decision-
making. CBA differs somehow from other decision making tools and its most unique 
features are that (Nas, 1996): 
 

• the costs and benefits from a project are identified and evaluated from 
society’s point of view 

• both costs and benefits are expressed in monetary terms 
• that the future benefits and costs are recalculated using appropriate discount 

rates to a once occurring incident 
• that the selection of projects are based on maximizing social net benefits  

 
Some criticism has been raised against CBA on an ethical level: Is monetarizing 
environmental effects and goods ethically defendable? How can one value a destroyed 
environment in money? These questions are indeed relevant. Unlike other evaluation 
tools, however, utilizing CBA bases the decisions on transparent information which is 
worth stressing (RDC- Environment & Pira International, 2001). 
 
2.2. Using CBA 
 
Conducting CBA raises questions that are crucial for a well evaluated result. Some of 
the questions that can occur and need to be addressed are (Nas, 1996): 
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• Which economic and policy environment should be used in CBA? 
In theory CBA is developed for a situation where the public sector coexists 
with a competitive free market. Policymakers use different methods of raising 
money for a given project, for example taking a lump sum tax to raise the 
funds for the project. In real world applications, however, this situation serves 
mainly as a theoretical framework and the existing environment must be 
evaluated and adjustments made in accordance with factual conditions.  

 
• Is CBA used to evaluate moves toward, on or beyond the frontier? 

CBA is a relevant tool to use for projects intended to move the frontier of 
social welfare outward, but it is also possible to use CBA for projects moving 
towards or along the frontier as long as the welfare level improves. 

 
• Should secondary benefits and costs be considered? 

Effects from the project of a secondary nature should be considered as long as 
they are non pecuniary (non transfer payments). Technical external costs and 
benefits should be carefully identified and measured. 

 
• Should the analyst rely on market prices or shadow prices? 

In theory, shadow prices must be calculated if there is a significant price 
distortion, i.e. if there is a significant difference between the production price 
and the market price. This market price is adjusted in order to represent the 
‘true’ cost in order to get the shadow price. For small-scale projects, however, 
use of existing market prices may be justified. Since calculating shadow prices 
is costly and time consuming it may not be justified to calculate them. 

 
• Is the income distribution important? 

The main concern of welfare economics projects is not to estimate its impact 
on society’s income distribution. For the results of the analysis however, it is 
probably of significance. Project outcomes will most likely affect the 
population unevenly, and therefore it is always preferred to include as much 
information as possible on the impact of the project. This information should 
include efficiency and distributional aspects.   
 

• Which decision rule should be chosen? 
For most analyses, the net present value is the standard recommendation for 
project selection. There is a point though, to use the other criteria such as 
benefit-cost ratios in order to assess the project thoroughly.  

 
2.3. Analysis tools criteria 
 
Social cost benefit analysis is one tool available for evaluating different alternatives 
for adopting new policies and projects. This analysis is not, however, sufficient as the 
sole basis of the decision. Other criteria such as distributional concerns (i.e. impacts to 
socio-economic class and region), macroeconomic issues (competition and 
employment effects) and administrative feasibility should be considered. Upon 
choosing a tool for conducting policy analyses a number of criteria have to be met. 
However, subjecting analysis tools to too many criteria can quickly render any 
analysis tool to fail. There is also no clear way of determining which criteria that is 
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the most important. Pearce et al, 2000, therefore suggest five groups of criteria for 
choosing a policy analysis tool. These are: 
 

• Causal. Does the policy instrument address the underlying problem? If it 
doesn’t the risk of failure is high. 

 
• Efficiency. How does the instrument address economic efficiency, i.e. the 

benefits, benefit/cost ratios and cost/effectiveness ratios? 
 

• Equity. What are the impacts to socio- economic class, economic sector and 
region? 

 
• Macro-economic. What are the impacts on employment, GNP and 

competition? 
 

• Jurisdictional. On what level is the policy most efficiently located? National 
or local level? 
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Chapter 3. Description of the Problem 
 
Since the transition of responsibility over environmental legislation, environmental 
strategies’ development and environmental planning in parts of the West Bank and the 
Gaza Strip into the hands of the Palestinian Authority, the Palestinian Ministry of 
Environmental Affairs (MEnA) has been formed. MEnA has drafted the Palestinian 
Environmental Law no. 7 (1999), which aims to protect the Palestinian environment 
from pollution as well as to protect the public health and social welfare (MEnA, 
1999). Chapters one and three, section two of the Palestinian Environmental Law no. 
7 addresses issues related to solid waste in articles seven, eight and nine (MEnA, 
1999): 
 

• Article 7. The ministry has to set up a comprehensive plan for the solid waste 
management on the national level, leaving the responsibilities for the 
implementation of solid waste management operational services to the local 
authorities. 

• Article 8. The different specialized agencies have the right to take the proper 
requirements to minimize solid waste generation and encourage solid waste 
reuse and recycling. 

• Article 9. The ministry in cooperation with other specialized agencies has to 
develop standards for the solid waste disposal sites. 

 
Restriction of movement 
for the Palestinian people 
affects many parts of the 
society, and the waste 
collection system is one of 
them. The occupation and 
closure of the West Bank 
has resulted in a significant 
decrease in the ability to 
move and travel which 
makes traditional, 
centralized waste 
management systems, such 
as the one suggested in the 
PES, hard to implement. 
Waste management, as of 
today, consists with few 
exceptions of hundreds of 
open dumping sites. Since 
having a heap of garbage in 
the backyard or in the 
streets is not a good option 
some sort of action had to 
be taken. To solve the 
problem in a short term 
perspective, a large number 

                of open dumping sites have 
Figure 1. Road network and checkpoints.                           been established. These 
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dumping sites are often located in connection to populated areas due to the lack of 
access to other areas, which often narrows the possible area of operation down to a 
city or a couple of villages. When the generated waste becomes too voluminous 
and/or to malodorous it is burned to reduce the volume and the odor (MEnA I, 2000). 
This current solid waste situation gives rise to a number of negative effects in the 
economic, environmental, health and social area. In the environmental area impacts 
are, among other things: 
 

• water pollution. Leachate from dumping sites contains a large number of 
different pollutants and some of them in high concentrations. The leachate 
can, even though it takes a long time, penetrate into the aquifers and pollute 
the groundwater. In some cases the pollution might get so extensive that the 
water becomes unpotable without treatment.  

 
• air pollution. Emissions of gases from degrading organic waste and 

uncontrolled burning of waste cause emissions of greenhouse gases and 
acidifying gases. Transports needed to transport waste from one place to 
another can also add to these emissions. 

  
• loss of recreational and aesthetic values. Use of land for recreational activities 

can be compromised if the area that has been used for recreation becomes the 
site of an open dumping site/sanitary landfill or is in close proximity to it. 

 
• landscape degradation. Establishing unnatural elements such as open 

dumping sites/sanitary landfills in the landscape can disturb wildlife in their 
natural behavior. In severe cases this can lead to extinction and loss of 
biodiversity. 

 
These environmental effects can also, to some extent, be considered as health effects 
when they cause effects such as increased cancer rates, diarrhea, other morbidity and 
mortality impacts and loss of employment. The health impacts and other impacts may 
in turn give rise to social problems and economic impacts (ARIJ I, 2002).  
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Chapter 4. Description of the study area 
 
The study area is situated south of Al Quds City and is bounded by the armistice 
Green Line (ARIJ II, 1995) to the west and south, the Al Quds district to the north and 
by the Dead Sea to the east. It is subdivided into two districts; the Al Khalil district 
and the Bethlehem district (see figure 2 below). 
 

 
 
Figure 2. The study area (in dark gray). 
 
4.1. Al Khalil district 
 
The district of Al Khalil is situated 36 kilometers south of Al Quds City. It is bounded 
by the Bethlehem district from the north and by the armistice Green Line from the 
other directions. The district covers a total of approximately 1,050 km2 (PCBS, 1999) 
and the population count reaches 390,272 people (ARIJ II, 2002). There are four 
major municipalities in the Al Khalil district; Al Khalil, Halhul, Yatta and Dura. In 
addition to this there are 150 towns and villages and two refugee camps. 
Approximately 42 % of the population in Al Khalil district lives in rural areas, 5 % 
live in refugee camps and 53 % live in communities under municipality 
administration (ARIJ II, 1995). Colony activity in the area is concentrated to 40 
Israeli colonies which covers an area of 11.9 km2 and are inhabited by 15,312 
colonists (ARIJ II, 2001). 
 
There are eight hospitals in the district with a concurrent capacity of 399 patients and 
an addition of 46 medical clinics. The schools in the area number 385 with a total 
capacity of 161,056 students, and there are 6 colleges and universities with a capacity 
of 5,968 students (ARIJ II, 2002). 
 
The district is characterized by a great variation in altitude and topography, from 
approximately 1,011 m above sea level (a.s.l). in the Halhul area in the north, to 
approximately 100 m a.s.l. in the east area. Due to these variations in altitude, there is 
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also a great variation in precipitation in the different parts of the district. The northern 
parts receive about 640 mm of rainfall per annum, and the southern parts receive 
about 380 mm annum, while as the eastern boundaries receive an annual average of 
about 200 mm. Consequently the annual mean precipitation reaches 601.8 mm. 
Evaporation rates during the winter season average 80 mm/month and 230 mm/month 
in the summer season. The rainy season starts in the middle of October and ends in 
the end of April. Most of the rain, however, falls during December to February (ARIJ 
II, 1995). 
 
Al Khalil district is one of the areas where a proposed sanitary landfill site will be 
situated. This landfill is planned to be located adjacent to the existing Yatta dumping 
site and will cover an area of approximately 0.175 km2 (World Bank II, 1998). As for 
the current situation, 16 open dumping sites have been identified. These dumping sites 
cover an area of approximately 0.146 km2 (ARIJ II, 2002).  
 
4.2. Bethlehem district 
 
The district of Bethlehem is situated eight kilometers south of Al Quds City. It is 
bounded by the Al Khalil district from the south and south west, the Dead Sea from 
the east and the Armistice Green Line from the west. In total, the district covers about 
575 km2 (PCBS, 1999) and the population count reaches 134,929 people. There are 
three major municipalities in the Bethlehem district; Beit Jala, Bethlehem and Beit 
Sahour. In addition there are 66 towns and villages and three refugee camps. 
Approximately 47 % of the population in the Bethlehem district lives in rural areas, 
10 % live in refugee camps and 43 % live in communities under municipality 
administration (ARIJ, 1995). Colony activity in the area is concentrated to 21 Israeli 
colonies which covers an area of 15.2 km2 and are inhabited by 63,787 colonists 
(ARIJ II, 2001). 
 
There are nine hospitals in the district with a concurrent capacity of 698 patients and 
an addition of 10 medical clinics. The schools in the area number 113 with a total 
capacity of 44,008 students, and there are 2 universities with a capacity of 3,548 
students (ARIJ II, 2002). 
 
The altitude and topography varies greatly throughout the district, from approximately 
900 m a.s.l. in the Beit Jala area in the west, to approximately 400 m below sea level 
(b.s.l.) in the Dead Sea area. Due to these variations in altitude, there is also a great 
variation in precipitation in the different parts of the district. The western parts receive 
about 700 mm of rainfall per annum while the eastern parts receive an annual average 
of less than 100 mm. There is quite a large evaporation rate, 1400 – 2600 mm/annum, 
which make the climate in the district semi-arid to arid. The variation in altitude also 
gives rise to another problem; soil erosion. Lack of rain water harvesting facilities 
combined with the steepness of most of the area contributes largely to the degradation 
of the agricultural areas and loss of rich top soil layer. The rainy season starts in the 
middle of October and ends in the end of April, however most of the rain falls during 
November to February. This inconsistency of rainfall in the area creates a need for 
agricultural irrigation supplement to insure normal growth (ARIJ, 1995). As for the 
current situation, 22 open dumping sites have been identified in the Bethlehem 
district. These dumping sites cover an area of approximately 0.518 km2 (ARIJ II, 
2002) 
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Chapter 5. Methodology 
 
To make recommendation for solid waste treatment alternatives, the possibility of 
reasonable comparison between the different options is of great importance. One way 
to make such a comparison is to conduct a comprehensive CBA. The object of this is 
to quantify and measure as many impacts of the different scenarios as possible in 
order to be able to make rational decisions about which alternative that render the 
most benefits and the least costs for society (ARIJ I, 2002). 
 
5.1. Assigning monetary values 
 
In order to assign monetary values to the effects of a scenario some classifications 
have been developed. There are two categories of values and by using the technique 
of benefit assessment the total economic value (TEV), can be calculated. The two 
categories are; Use Values (UVs) and Non-use Values (NUVs). NUVs are sometimes 
called Passive Use Values (PUV) (Pearce et al, 2000).  
 
5.1.1. Use Values 
 
The UVs can be divided into three groups, namely; 
 

• Direct Use Values (DUV); these are commercial or recreational values that 
gives immediate profit. 

 
• Indirect Use Values (IUV); these values are indirect societal goods that come 

from ecosystem functions, such as natural purification of water, etc. 
 
• Option Values (OV); these are a measure of people’s willingness to pay for 

options of using a resource in the future. 
 
5.1.2. Non-use Values 
 
The NUVs can be divided into two groups, namely; 
 

• Existence Values (EV); these are moral or altruistic reasons for valuing a 
resource, unrelated to the current or future use. 

 
• Bequest Values (BV); these are representing people’s willingness to pay for 

their heirs to be able to use a resource in the future. 
 
To calculate the TEV the above mentioned are summarized according to equation 1: 

 
1 Eq.                                    BVEVOVIUVDUVNUVUVTEV ++++=+=

 
5.2. Evaluation Techniques 
 
To evaluate UVs and NUVs a number of techniques have been developed. These 
techniques are classified into two categories; Revealed Preference Techniques and 
Stated Preference Techniques. Evaluation techniques in the category Revealed 
Preference Techniques deal with the actual observed behavior of stakeholders whilst 
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techniques in the Stated Preference Techniques category are characterized by dealing 
with stakeholders stated willingness to pay for a benefit or to accept a cost. 
 
5.2.1. Revealed Preference Techniques 
 

• Averting Behavior. The investment(s) made by households to avoid or 
decrease environmental effects. Purchase of water filters or sound insulation 
can for example represent the household’s willingness to pay to avoid or 
decrease the environmental problem in question. Sometimes the investments 
give rise to secondary goods, for example heat loss reduction from sound 
insulation. 

 
• Hedonic Pricing. The difference in land prices between two properties, one 

affected and one unaffected but otherwise equal, are considered to represent 
peoples willingness to pay for avoiding an environmental effect. 

 
• Travel Cost Method. Using a natural resource for recreational purposes may 

require paying for traveling to get to the site, paying entry fees and putting in 
time. These payments represent the willingness to pay for keeping an area fit 
for recreational purposes. 

 
• Random Utility or Discrete Choice Models. For more specific use of an 

environmental good the difference in prices between different alternatives can 
be considered to represent the value of the good. If, for example, the two 
alternatives for using drinking water are tap water and bottled water, then the 
difference in price can be considered to represent the willingness to pay for 
avoiding a possible source of illness (tap water). 

 
• Replacement Costs. Calculating the cost of replacing or restoring a damaged 

asset to its original state as a measurement of the value of the site. 
 
All these methods are dependent on subjective evaluation of the interviewees. The 
interviewee’s willingness to pay (WTP) can for example be different depending on 
average income and social class (Göken et al, 2001). WTP can be extrapolated using 
formulas including average income or gross national product per capita (GNP/cap) 
and the income elasticity of demand. 
 
5.2.2. Stated Preference Techniques 
 

• Contingent Valuation. People are asked directly what they are willing to pay 
to get a benefit or to avoid a cost. Alternatively, people are asked what they 
are willing to accept in terms of economic compensation, to not get a benefit 
or to tolerate a cost. This generally requires the interviewer to create a scenario 
with certain criteria to get a useful answer. 

 
• Conjoint Analysis. People are asked to rank alternatives rather than to express 

willingness to pay or a willingness to accept. Some of the alternatives should 
include prices so that conversions to monetary values can be made. 
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5.3. Indicators 
 
Table 1. Environmental Indicators for impacts of  
waste management systems. 

Since the aim of a 
comprehensive CBA is to 
maximize social welfare, 
indicators of impacts are 
needed. In an earlier (first) 
stage a number of 
indicators were identified in 
the synthesis report of the 
waste management project 
(ARIJ I, 2002). A 
comprehensive CBA 
requires a large amount of 
data to give a good analysis 
of the investigated scenario. 
If data is not available or 
unreliable, estimations will 
have to be made. The 
method of monetarizing the 
impact of a scenario using 
these indicators demands 
certain data and sets the 
format of these data. 
Presented in table 1 are the 

environmental indicators identified in the synthesis report in a modified form (ARIJ I, 
2002).  
 
In order to evaluate the identified indicators a large amount of data is needed. 
However, the timeframe of the project and data availability restricts the investigated 
indicators to direct impacts. Data will be retrieved from data bases, extrapolation of 
existing data, field studies, literature studies and semi-structured interviews. 
 
Some of the identified indicators will be dependant on the quantity and quality of 
MSW in order to be quantified. Data regarding the total amount of waste generated in 
the localities will be obtained by using data on average generation rate per capita and 
the waste generation rates will be projected by using projected population counts from 
the PCBS, the Palestinian Central Bureau of Statistics (PCBS, 1999). Projections for 
waste generation will be made for two scenarios; the first scenario without economic 
growth (i.e. the Israeli occupation continues as it is) and the second with economic 
growth (the Israeli occupation ends immediately and after five years conditions start 
to improve). For the first scenario estimated waste generation rates of 0.5 kg/capita 
and day in rural areas and 1 kg/capita and day in urban areas will be used. The second 
scenario will use estimated waste generation rates of 0.51 kg/capita and day for rural 
areas and 1.02 kg/capita and day in urban areas, an increase of 2 % (UM, 2000). 
 
 

Indicator Impacts 
  
Water 
pollution. 
 

Leachate from the open dumping 
sites/sanitary landfills can 
contaminate groundwater. 

  
Air pollution. Emissions of acidifying gases can 

damage the surrounding biotope. 
Emissions of GFX gases add to 
global warming. 

  
Loss of 
recreational 
and aesthetic 
values 

Open dumping sites/sanitary 
landfills can affect the way people 
perceive the landscape and their use 
of it for recreational purposes. 

  
Landscape 
degradation. 
 

The spatial extent of the dumping 
sites/sanitary landfills can cause 
fragmentation of natural and 
agricultural areas and affect 
biodiversity and wildlife. 
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5.4. Methodology for water pollution 
 
Since there is very little surface water in the study area, the source of water pollution 
due to uncontrolled burning and land filling will be considered to be leachate (ARIJ, 
2001). Air emissions pollution of surface water will therefore be neglected. 
 
In the area, the eastern mountain basin together with the western mountain basin 
constitutes the West Bank aquifer system. The aquifers consist of two layers, and the 
assumption that there is no hydraulic connection between the two layers is used 
(Guttman, 2000). To evaluate the impact on groundwater quality from leachate, 
ModFlow simulations will be made utilizing two ModFlow models; one for the 
eastern mountain basin and one for the western mountain basin, each with a grid size 
of 5 by 5 kilometers. For the western mountain aquifer, an existing model developed 
1999 by the Hebrew University in Jersusalem in cooperation with the Palestinian 
Consultancy Group will be utilized and for the eastern mountain aquifer a model will 
be built by the ARIJ research team. Sources of leachate generation will be considered 
to be two; precipitation and water content of the waste. Since one of the parameters 
that will define the model is recharge (i.e. the amount of water that penetrates into the 
aquifer) the precipitation part of the leachate will already have been accounted for. If 
there is an open dumping site/sanitary landfill at a certain location, the recharge rate 
on that location will be considered to be the calculated recharge rate plus the leachate 
generation rate due to water content of biodegradable waste, LD. The generation of LD 
can then be quantified using equation 2: 
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Values of groundwater concentrations will be extracted for each year (over a time 
period of twenty years) from the simulations for the different cells and compared to 
the standards set by the EPA for drinking water (EPA, 2003). If and when the 
concentration of contaminants exceeds the set criteria in a cell, the amount of water 
being withdrawn from wells in that cell will be considered to be a lost potable water 
resource. The corresponding amount of tanker water is assumed to have to be bought 
and the cost of that amount will then represent the cost of the contamination of 
drinking water. Tanker water cost in Al Khalil district is 3.49 US$/m3 and 4.72 
US$/m3 in the Bethlehem district (PHG I, 2003). 
 
5.5. Methodology for air pollution 
 
Two categories of air emissions will be considered; acidifying gases and GFX gases. 
Considered acidifying gases will be SOX and NOX. Considered emitted GFX gases 
will be CO2, CH4 and N2O (European Commission, 2000). 
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5.5.1. Transports 
 
Both the open dumping scenario and the sanitary landfill scenario will involve 
transport of the waste. Emissions of acidifying and GFX gases will be calculated 
using emission factors for vehicles and distance traveled by vehicles. The quantities 
of air emissions can be calculated by using equation 3: 
 

[km/year]  traveleddistance total
[kg/km]  species of emissionsort for transpfactor emission 

[kg/year]  spieces of rate generation
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Emission factors will be obtained through literature review, except for the emission 
factor for SO2, which will be calculated using equation 4: 
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with values of ρf = 846 kg/m3 (Environment Canada, 2003), a = 0.3 % = 0.003 kg/kg 
(Thompson, 2002), MSO2 = 64.06 kg/kmole, MS = 32.07 kg/kmole, L = 2.8 x 10-4 
m3/km (He et al, 2002) and assuming that there is no exhaust fume catalyst used in the 
vehicles (EPA, 2000) and that all sulphur is oxidized to SO2 according to the 
equimolar reaction 
 

2s22 SOnnSOOS =⇒→+  
 
5.5.2. Acidifying gases 
 
Emissions of acidifying gases will be converted into SO2e. In order to do this the 
acidifying potentials (AP) of the considered species must be calculated (equation 5) 
(Ecobalance, 2000): 
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Assuming that (Ecobalance 2000): 
 

•  the acidifying species SOX and NOX will consist only of SO2 and nitrogen 
dioxide (NO2) respectively 

•  the only formed acidifying compounds will be sulfuric acid (H2SO4) and nitric 
acid (HNO3) respectively 

•  one mole of H2SO4 and HNO3 can release 2 moles and 1 mole of H+ 
respectively 

 
Inserting the values MH+ = 1 kg/kmole, MSO2 = 64.06 kg/kmole, MNO2 = 46.01 
kg/kmole gives APSO2 = 0.0312 g hydrogen ion equivalents (H+e)/g and APNO2 = 
0.0217 g H+e/g. The quota APNO2 /APSO2 = 0.6955 will represent the conversion 
factor (by weight) for NO2 to SO2e. Using this in equation 6 will give the amount of 
emitted SO2e: 
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5.5.3 GFX gas generation 
 
Biological degradation of organic waste generates gas. Under conditions of oxygen 
deficiency this gas consists mainly of CH4 and CO2 produced following the general 
reaction formula (vanLoon et al, 2000): 
 
 242 }{2 COCHOCH +→  
 
where CH2O represents a general formula for organic material. Since the CO2 comes 
from microbial digestion of organic waste and not from a fossil origin, it will not add 
to the greenhouse effect. For this reasons only the produced methane will be 
considered to add to the greenhouse effect. Methane emission can be calculated with 
equation 7, with projections of generated waste used as input in order to calculate the 
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total methane generation for the dumping site/landfill during its lifetime (UCC, 2001): 
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Recommended default values include k = 0.04 year-1 and L0 = 100 m3/ton·year for 
areas receiving more rainfall than 635 mm/year, and k = 0.02 year-1 for areas 
receiving less than 635 mm/year (EPA, 1997). Density for CH4 = 1.819 kg/m3 (Air 
Liquide, 2003). The model assumes that there will be no significant air intrusion at the 
site (UCC, 2001). 
 
The amount of emitted fossil CO2 from 1 ton of MSW burned can be calculated by 
using equation 8 (Environmental Protection Service, 1999): 
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For the uncontrolled burning scenario there will also be an addition to the emissions 
of GFX gases, besides from the burning itself, from degradation of organic waste. 
Assuming 90 % efficiency in the burning (Environmental Protection Service, 1999), 
only 10 % of the biodegradable waste adds to these emissions. This assumes that the 
waste will not be exposed to oxygen intrusion and that the water content of the 
remaining biodegradable waste will be the same after the burning as it was before. 
 
Factors have the unit of kg of the species/ton of waste and the emissions may be 
calculated by using equation 9: 
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The emitted amounts of different GFX gases will be converted into CO2-equivalents 
(CO2e) by using equation 10 (Ecobalance, 2000): 
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The Intergovernmental Panel on Climate Change’s (IPCC) provides GWP’s for the 
considered species (table 2) (IPCC, 2001): 
 
Table 2. Global Warming Potentials. 

The GWP assumes that the considered gases 
are uniformly distributed in the atmosphere. 
Consequently, aerosols, which are typically 
unevenly distributed but may be important, are 
not included in the GWP index calculation. 
Indirect GWP effects (i.e. where the emission 
of one GFX gas can lead to the formation of 
another GFX gas) are not considered due to 
insufficient knowledge of atmospheric 

processes. However, the indirect effects of CH4 are accounted for in its GWP 
(Ecobalance, 2000). 
 
5.6. Methodology for loss of recreational and aesthetic values 
 
Certain areas are appriciated by humans for their aestethic features and may hence be 
used as recreational areas where people go to relax and socialize. Doing so in an area 
with a open dumping site/sanitary landfill will be considered unlikely due to 
appearance, odour, pests and heavy transports. In order to quantify the impacts on 
recreational and aesthetic values a buffer zone will be created around the dumping 
sites using GIS. If such a recreational area is situated in proximity to an open dumping 
site/sanitary landfill, and the buffer zone for that dumping site/sanitary landfill 
overlaps a land patch with the considered classification, the recreational and aesthetic 
values of that patch will be considered lost. Results will be presented as number of 
recreational sites lost. 

Gas GWP 
  
Carbon Dioxide 1 
  
Methane 23 
  
Nitrous Oxide 296 
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5.7. Methodology for landscape degradation 
 
Landscapes have an ability to support wildlife, which may be affected by changes in 
the landscape. Environmental patterns can strongly influence ecological processes. 
The habitats, in which organisms live, are spatially structured at a number of scales 
and these patterns interact with organism perception and behavior to drive the higher 
level processes of population dynamics and community structure. Anthropogenic 
activities (in this case establishment of open dumping sites/sanitary landfill) can 
disrupt the structural integrity of landscapes and is expected to impede, or in some 
cases facilitate, ecological flows (i.e. movement of organisms) across the landscape. 
A disruption in a landscape’s patterns may therefore compromise its function by 
interfering with critical ecological processes necessary for population persistence, 
maintenance of biodiversity and ecosystem health. The connection between what can 
be mapped and measured and what is ecologically relevant is however not always 
clear (McGarigal et al, 2002). 
 
In order to investigate these possible impacts on the landscape GIS will be used to 
analyze images from the IKONOS and LANDSAT TM satellites. The maps will be 
analyzed without the open dumping sites/sanitary landfill and with them in order to 
give data about the status of the landscape in the different scenarios. Data obtained 
from the map analysis will be further analyzed using FRAGSTATS, a program 
designed to evaluate landscape fragmentation (McGarigal et al, 2002), in order to 
determine whether or not there is any fragmentation of the landscape. Since the 
analysis will be comparative, it will only be relevant if there is a notable change from 
one scenario to the other. In order to do this, there is a need to: 
 

•  produce an accurate LULC map of the study area using the very high 
resolution1 satellite data from IKONOS 

•  quantify the percentage vegetation cover in the areas classified as natural area 
from the previous step using a recent LANDSAT TM image 

•  associate the percentage vegetation cover obtained from the previous step with 
the dominant vegetation associations (i.e. pine forests, open woodlands, sparse 
annual grasses, etc) in the study area 

•  assess the impacts of the dumping sites on the landscape as well as on the 
different land cover classes using several landscape and class matrices (such 
as Class Area, Adjacency Index and more) 

•  assess the impact on key indicator species of the dumping sites using the 
matrices mentioned above (if there is a notable change of the matrices with 
and without the open dumping sites/sanitary landfill).  

 
5.7.1. Data pre-processing 
 
Prior to the mapping of the LULC types and the assessment of percentage vegetation 
cover, the satellite images will be pre-processed in order to provide Atmospheric and 
Geometric Correction. The LANDSAT image will then be further corrected for 
topographic slope and aspect effects (Topographic Normalization). Theses corrections 
are briefly described below: 
 

                                                 
1 4 x 4 meters, equivalent to a 1:25,000 scale aerial photo. 



  27

•  The objective of Atmospheric Correction is to reduce pixel Brightness Value 
(BV) variation caused by atmospheric attenuation so that variation in pixel 
BVs between images can be related to actual changes in surface conditions.  

 
•  Geometric Correction is essential in order to render the images and the 

auxiliary data sets geographically comparable. An accurately geo-coded 
Digital Elevation Model (DEM) from ARIJ databases utilizing a 1:50,000 
topographic map is used to geometrically correct the satellite images. 

 
•  Topographic Normalization is used to remove topographically induced 

illumination variation so that two objects having the same reflectance 
properties show the same brightness value in the image despite their different 
orientation to the sun’s position. This is necessary since several studies 
concerned with vegetation fraction mapping using LANDSAT TM have 
reported confusion between forests and topographically shadowed areas 
(Caetano et al, 1994, Chuvieco et al, 1988, Lombrana, 1995, Milne, 1986, 
Parnot, 1988, Pereira, 1992, Pereira et al, 1997, Tanaka et al, 1983). 

 
5.7.2. LULC mapping using IKONOS data 
 
The IKONOS images will be utilized in a manual on screen digitization classification 
that attempts to identify the following classes: 
 

•  Agricultural areas. Areas used for growing of crops, rain fed or irrigated. 
•  Natural areas. Areas that have not been anthropogenically exploited. 
•  Palestinian and Israeli Built-up areas. Urban areas. 
•  Transport. Road and rail network. 
•  Agricultural plastic houses. 

 
5.7.3. Vegetation cover mapping using LANDSAT TM data 
 
Since on screen digitization of IKONOS images cannot (in this case) distinguish 
between the vegetation associations and consequently the land cover types occupying 
natural areas such as forests, phrygana, open woodlands and sparse grasses, 
quantitative classification of the LANDSAT images will be utilized to derive the 
percentage vegetation cover of the natural areas identified using IKONOS images. 
The image chosen is from the early spring season (5th of March 2001) when natural 
vegetation is photosynthetically active. Photosynthetically active vegetation absorbs 
light in the red and blue spectra and has very high reflectance values in the near infra 
red (NIR) part of the spectrum. A large contrast between absorption in the visible part 
of the spectrum and reflection in the NIR part of the spectrum corresponds to a high 
fraction of photosynthetically active vegetation in the observed area. 
 
5.7.4. Associating percentage of vegetation cover with land cover types 
 
In the study area, vegetation is distributed along a longitudinal climatic gradient (east-
west) with precipitation values below 100 mm/year in the eastern regions and around 
700 mm/year in the western areas. The percentage of photosynthetically active 
vegetation identified using the LANDSAT TM images will then be associated with 
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the natural vegetation classes. Depending on the percentage of photosynthetically 
active vegetation the areas will be classified according to the following classification: 
 

•  non vegetated areas. 0 % vegetation. 
•  annual sparse grasses and fallow land. 0-5 % vegetation 
•  phrygana (dwarf shrubs) and open woodlands. 5-15 % vegetation 
•  Maquis woodlands. 15-35 % vegetation. 
•  forests and orchards. 35-60 % vegetation. 

 
5.7.5. Landscape analysis 
 
Analysis results obtained from IKONOS and LANDSAT images will be combined to 
produce a Land Use Land Cover (LULC) map, which will be compared to a second 
LULC where the dumping sites have been added. The LULC maps (with and without 
open dumping sites) will then be fed into FRAGSTATS in order to characterize the 
landscape. A number of class and landscape matrices will be utilized to estimate the 
impacts of the dumping sites on the landscape and the different land cover classes.  
 
5.7.5.1. Class Area 
 
The matrix Class Area (CA) measures the landscape composition by determining the 
area of a particular patch type, i.e. CA gives the total class area (in hectares). CA is 
used in the calculations of many other class matrices. Values of CA range from 0 and 
up without limit and approaches zero as the patch type becomes increasingly rare in 
the landscape. CA equals TA (see below) when the entire landscape consists of a 
single patch type, i.e. when the entire image is comprised of a single patch. Equation 
11 shows the algorithm for CA (McGarigal et al, 2002): 
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5.7.5.2. Percentage of Landscape 
 
The Matrix Percentage of Landscape (PLAND) quantifies the proportional abundance 
of each patch type in the landscape. PLAND measures landscape composition (in 
percentage), which is important for many ecological applications. Since PLAND is a 
relative measure it is more suitable for measuring landscape composition for 
comparing landscapes of varying sizes than measuring class area. Values of PLAND 
ranges between 0 and 100 % and approaches zero as the measured patch type (class) 
becomes increasingly rare in the landscape. PLAND equals 100 when the entire 
landscape consists of a single patch type, i.e. when the entire image is comprised of a 
single patch. Equation 12 shows the algorithm for PLAND (McGarigal et al, 2002): 
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5.7.5.3. Number of Patches 
 
The matrix Number of Patches (NP) of a particular patch type measures the extent of 
subdivision or fragmentation of the patch type. NP often has a limited interpretive 
value by itself because it reveals nothing about area, distribution or density of patches. 
Number of patches is probably most valuable as the basis for computing other, more 
interpretable, metrics. Values of NP range from 1 and up. NP equals 1 when the 
landscape contains only 1 patch of the corresponding patch type, i.e. when the 
class/landscape consists of a single patch. Equation 13 shows the algorithm for NP on 
a class level (McGarigal et al, 2002): 
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and equation 14 on a landscape level (McGarigal et al, 2002): 
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5.7.5.4. Patch Density 
 
The matrix Patch Density (PD) has the same basic utility as NP as an index, except 
that it expresses the number of patches per unit area (100 hectares). This facilitates 
comparisons among landscapes of varying size. Like NP, patch density often has a 
limited interpretive value by itself since it says nothing about the sizes and spatial 
distribution of patches. Values of PD range from zero and up. PD is ultimately 
constrained by the grain size of the raster image, because the maximum PD is attained 
when every cell is a separate patch. Therefore the cell size will determine the 
maximum number of patches per unit area. The maximum PD of a single class is 
obtained when every other cell is of that focal class (i.e. in a chess board pattern since 
adjacent cells of the same class would be in the same patch). Equation 15 shows the 
algorithm for PD on a class level (McGarigal et al, 2002): 
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and equation 16 on a landscape level (McGarigal et al, 2002): 
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5.7.5.5. Total Edge 
 
At class level the matrix Total Edge (TE) gives an absolute measurement of the total 
length of the edge (in meters) of a particular patch type. TE is most useful in 
comparing landscapes of the same size. Upon comparing landscapes of different sizes 
Edge Density (ED) (see below) is probably more useful. When comparing landscapes 
of identical size though, total edge and edge density are completely redundant. Values 
of TE range from zero and up. TE equals 0 when there is no class edge in the 
landscape, i.e. when the entire landscape and landscape border, if present, consists of 
the corresponding patch type. 
  
On a landscape level TE gives the total length of all edges in the landscape. Equation 
17 shows the algorithm for TE on a class level (McGarigal et al, 2002): 
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and equation 18 on a landscape level (McGarigal et al, 2002): 
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5.7.5.6. Aggregation Index 
 
The matrix Aggregation Index (AI) is calculated using an adjacency matrix, which 
shows the frequency with which different pairs of patch types (including like 
adjacencies between the same patch types) appear side-by-side on the map. AI 
considers only the adjacencies involving the focal class, not adjacencies with other 
patch types. In contrast to other metrics based on adjacencies, the AI is based on 
adjacencies calculated using the single-count method, in which each cell side is 
counted only once. The AI is scaled to account for the maximum possible number of 
like adjacencies given any PLAND. Values of AI range from 0 to 100 %. Given any 
PLAND, AI equals zero when the focal patch type is maximally disaggregated (i.e. 
when there are no adjacencies). AI increases as the focal patch type is increasingly 
aggregated and equals 100 when the patch type is maximally aggregated into a single, 
compact patch, which is not necessarily a square patch. 
 
On a landscape level AI is computed as an area-weighted mean class aggregation 
index, where each class is weighted by its proportional area in the landscape. AI 
designed to account for the maximum possible number of adjacencies given any 
landscape composition. Values range from 0 to 100 %. Given any PLAND, AI equals 
zero when the patch types are maximally disaggregated (i.e. when there are no 
adjacencies). AI increases as the landscape is increasingly aggregated and equals 100 
when the landscape consists of a single patch. Equation 19 shows the algorithm for AI 
on a class level (McGarigal et al, 2002): 
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and equation 20 on a landscape level (McGarigal et al, 2002) 
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In order to calculate max gii, ai is assigned as the area of class i (number of cells), n as 
the side of the largest integer square smaller than ai (n = int(√ai)) and m = ai - n2. The 
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largest number of shared edges for class i (max gii) will then take one of the three 
forms: 
 

max gii = 2n(n-1) , when m = 0, or 
max gii = 2n(n-1) + 2m -1, when m ≤ n, or 
max gii = 2n(n-1) + 2m -2, when m > n. 

 
5.7.5.7. Landscape Shape Index 
 
The matrix Landscape Shape Index (LSI) measures class aggregation or clumpiness 
and is therefore very similar to the Aggregation index (AI). The difference from AI is 
that LSI measures aggregation by means of class edge or perimeter unlike AI that 
utilizes internal adjacencies. These measures are however inversely related to each 
other which mean that they more or less measure the same thing. Values of LSI range 
from one and up. LSI equals 1 when the landscape consists of a single square or 
maximally compact (i.e. almost square) patch of the corresponding type. LSI 
increases without limit as the patch type becomes more disaggregated (i.e. the length 
of edge within the landscape of the corresponding patch type increases). 
 
On a landscape level LSI provides a standardized measure of total edge or edge 
density that adjusts for the size of the landscape. Because it is standardized, it has a 
direct interpretation, in contrast to for example TE that is meaningful only relative to 
the size of the landscape. LSI can also be interpreted as a measure of patch 
aggregation or disaggregation, similar to the class-level interpretation. LSI = 1 when 
the landscape consists of a single square (or almost square) patch and increases 
without limit as landscape shape becomes more irregular and/or as the length of edge 
within the landscape increases. Equation 21 shows the algorithm for LSI on a class 
level (McGarigal et al, 2002): 
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and equation 22 on a landscape level (McGarigal et al, 2002): 
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In order to calculate min ei, ai is assigned as the area of class i (number of cells), n as 
the side of the largest integer square smaller than ai (n = int(√ai)) and m = ai - n2. The 
minimum edge or perimeter of class i (min ei) will then take one of the three forms: 
 

min ei = 4n, when m = 0, or 
min ei = 4n + 2, when n2 < ai ≤ n(1+n), or 
min ei = 4n + 4, when ai > n(1+n). 

 
In order to calculate min E, A is assigned as the landscape area (number of cells), n as 
the side of the largest integer square smaller than A (n = int(√A)) and m = A - n2. The 
minimum edge or perimeter of the landscape (min-E) will then take one of the three 
forms: 
 

min E = 4n, when m = 0, or 
min E = 4n + 2, when n2 < A ≤ n(1+n), or 
min E = 4n + 4, when A > n(1+n). 

 
5.7.5.8. Interspersion and Juxtaposition Index 
 
The matrix Interspersion and Juxtaposition Index (IJI) determines the interspersion or 
intermixing (in percentage) of patch types. IJI is based on patch adjacencies, not cell 
adjacencies. Values of IJI range from 0 to 100 %. IJI approaches zero when the 
corresponding patch type is adjacent to only 1 other patch type and the number of 
patch types increases. IJI equals 100 when the corresponding patch type is equally 
adjacent to all other patch types (i.e., maximally interspersed and juxtaposed to other 
patch types). Equation 23 shows the algorithm for IJI on a class level (McGarigal et 
al, 2002):  
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and equation 24 on a landscape level (McGarigal et al, 2002): 
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5.7.5.9. Patch Cohesion Index 
 
The matrix Patch Cohesion Index (COHESION) measures the physical connectedness 
of the corresponding patch type (in percentage). Patch cohesion increases as the patch 
type becomes more clumped or aggregated in its distribution and therefore more 
physically connected. Values of COHESION range from 0 to 100 %. COHESION 
approaches 0 as the proportion of the landscape comprised of the focal class decreases 
and becomes increasingly subdivided and less physically connected. COHESION 
increases as the proportion of the landscape comprised of the focal class increases. 
COHESION is 0 if the landscape consists of a single non-background cell. Equation 
25 shows the algorithm for COHESION on a class level (McGarigal et al, 2002): 
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On a landscape level the behavior of COHESION has not yet been evaluated. 
Equation 26 shows the algorithm for COHESION on a landscape level (McGarigal et 
al, 2002): 
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5.8. Indicators and data requirements 
 
Presented below are the indicators and the data needed to quantify them (table 3) 
(ARIJ I, 2002): 
 
Table 3. Data requirements for evaluating environmental indicators. 
Indicator Required data 
  
Water pollution. Monthly precipitation data, monthly evaporation data, amount 

of biodegradable waste and water content of it, leachate 
generation rates and chloride (Cl-) concentrations. 

  
Air pollution. Emissions of greenhouse effect (GFX) gases: distance of 

transport to dumping sites, emission factors for methane 
(CH4), carbon dioxide (CO2) and nitrous oxide (N2O) from 
transports, emission factors for CH4 and CO2 from 
uncontrolled burning, landfill gas generation rate and global 
warming potential (GWP) of CH4, CO2 and N2O. 
 
Emissions of acidifying gases: emission factors for sulfur 
oxides (SOx) and nitrogen oxides (NOx) for transports, 
emission factors for SOx and NOx from uncontrolled burning, 
conversion factors for converting NOX into SO2e. 

  
Loss of recreational 
and aesthetic values. 

Land classification in proximity to the open dumping 
sites/sanitary landfill. 

  
Landscape 
degradation. 

IKONOS and LANDSAT TM images, locations of dumping 
sites. 

  
 
5.9. Net Present Values 
 
In order to present the impacts of a system in monetary terms as a one-time event, the 
cost of the impacts will be converted into net present values (NPV) which allows for 
the time value of money to be accounted for by expressing future cash flow in terms 
of their current value. This will be done using equation 27 (Nas, 1996): 
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To determine the appropriate discount rate there are two approaches. One is to use the 
rate of return to investment which is argued for by saying that the return to public 
projects cannot be lower than the rate of return to a private project. The other 
approach is to use the consumption rate of interest which is argued for by saying that 
the consumer’s evaluation should be the main criterion for allocating resources over 
time. Statistics for the rate of return to investments and consumption rate of interest 
are however unavailable and therefore the discount rates of 4, 6 and 8 % will be used 
(Nas, 1996).  
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Chapter 6. Analysis of indicators 
 
Analysis of some of the indicators requires data on the composition of the MSW, 
which is obtained from previous measurements by ARIJ. The composition is 
presented in table 4 below (ARIJ, 1997): 
 
Table 4. Composition of MSW in Al Khalil and Bethlehem districts. 

District Plastics Metal 
Rubber 

& 
Leather 

Glass 
Wet 

Organic 
Material 

Paper & 
Cardboard Other 

        
Al Khalil 11.1 % 4.1 % 4.1 % 2.7 % 55 % 19.7 % 3.3 % 
        
Bethlehem 8 % 3 % 1 % 4 % 65 % 15 % 4 % 
        
 
6.1. Water pollution 
 
The simulations only consider the upper layer of the aquifer since there is no 
hydraulic connection between the layers. The composition of the leachate is 
determined by analysis of leachate collected from the Dura landfill in Al Khalil 
district (the only available landfill in the area). Analysis shows that the Cl- 

concentration is 35 g/dm3, which is a very high value. Therefore Cl- is used as the 
model substance. This composition is used for both the open dumping scenario and 
the landfill scenario, even though there ought to be differences between the two. For 
example, for the open dumping alternative, the contents of BOD should be lower than 
from land filling since most of the organic matter will already have been oxidized. 
The open dumping sites/sanitary landfills is considered to be point sources. The upper 
limit for concentrations of Cl- in drinking water is 250 mg/l as set by the EPA (EPA, 
2003). 
 
Equation 2 is used to quantify LD with the assumptions that only the organic fraction 
of the waste contributes to LD generation. The water content of the organic waste is 70 
% (Kepp et al, 2001). There is no evaporation of this water and its density is assumed 
to be constant at ρH2O = 0.997 ton/m3 (eFunda, 2003). This gives the LD generation. 
 
6.1.1. Water pollution from uncontrolled burning 
 
Leachate generated from open dumping sites with uncontrolled burning is considered 
to consist of LD only. 90 % efficiency in the burning is assumed (Environmental 
Protection Service, 1999) and therefore only 10 % of the organic waste is still in 
biodegradable form contributing to LD generation. 
 
6.1.2. Water pollution from land filling 
 
Establishing a sanitary landfill includes the construction of a leachate collection 
system. This system does most likely not have an efficiency of 100 % due to leakage. 
Barlaz et al suggests a lower limit of efficiency for the collection system of 90 % 
(Barlaz et al, 2002). An efficiency of 90 % is assumed. This means that the leachate 
flow used as input for the ModFlow model is only 10 % of the actual generated 



  38

amount of leachate. This includes both precipitation leachate (LP) and LD. In the 
landfill all of the organic waste is in biodegradable form and therefore all of it 
contributes to LD generation. 
 
6.2. Air pollution 
 
Since there is no available data on the age of the dumping sites all the dumping sites 
are estimated to have been established in 2002 and that they will be closed in the year 
2020. 
 
6.2.1. Transports 
 
Air emissions from transports are quantified using the assumptions that all vehicles 
used are heavy duty diesel vehicles (HDDV) and that the average carrying capacity of 
the vehicles are 3 ton/vehicle (He et al, 2002). Thus the total distance traveled per 
locality is calculated using equation 28: 
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Roundtrip distances for the open dumping sites scenario are obtained from ARIJ 
databases on average distance traveled. These roundtrip distances are only available 
for localities that use dumping sites situated outside the locality. If the dumping site is 
situated within the locality, emissions from transports are neglected. 
 
For the land filling scenario the roundtrip distances between the landfill and the 
localities are calculated using distance matrices in GIS. The output of these matrices 
is the distances between the localities and the landfill as the crow flies. Since the real 
distance traveled is generally as long as or longer than the distance as the crow flies, 
adjustments to the calculated distances are made. The real distance traveled is 
therefore assumed to be 25 % longer than the distance as the crow flies (Reneland, 
2000). The logistics of transporting the waste is simplified into using the landfill site 
that is closest to the locality under investigation. Since the closest planned landfill to 
all the localities in the study area is the Yatta landfill, all waste is considered to be 
transported there. Since the landfill scenario is supposed to be the feasible alternative 
a collection service of 100 % is assumed. 
 
6.2.2. Emissions of acidifying gases 
 
The price of one ton of emitted SO2e is represented by the clearing (lowest) prize on 
the existing U.S. market of tradable emission rights. Since there is no linearity in the 
clearing price changes, the average clearing prize over the period 1993-2003 is used 
(see figure 3 below). This average amounts to $146.5 per ton of SO2e (EPA I, 2002). 
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Figure 3. Clearing prices for the EPA U.S. SO2  

emission rights auction.  
 
However, there is a difference in market levels between the U.S. and Palestine which 
is corrected for with regards to difference in GDP between Palestine and U.S. 
according to equation 29 (Pearce et al, 2000): 
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Figure 4 shows the GDP of the Palestinian territories over the time period 1994-2000 
with the base year 1997:  
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Figure 4. GDP by Expenditure in Palestinian Territory 

1994-2000 Constant Prices: base year 1997(in US$ million). 
 
The GDP for 1997 (4,011.90 million US$) (PCBS, 2003) divided by the population 
the same year (2,895,683 people) (PCBS, 1998) gives a value of YPal = 1,385.5 
$/capita for 1997. Values of YUS = 30,276.0 US$/capita (1997) (APEC, 2000), e = 0.3 
(Pearce et al, 2000) and PSO2eUS = 146.5 US$/ton SO2e is used for the calculation 
which gives a value of PSO2ePal = 58.1 US$/ton SO2e. This value is used for calculating 
the total cost of acidifying gases emissions. 
 
6.2.3. Emissions of GFX gases 
 
Due to the complexity and diffuseness of the global problem of an increasing GFX, 
the price of one ton of emitted CO2e is not specified. The results from the different 
alternatives are presented in weight units per time unit (ton/year). The alternatives are 
then compared on an emission level. 
 
6.2.3.1. GFX emissions from uncontrolled burning 
 
The emissions from open waste burning are estimated by the use of emission factors. 
These factors are calculated assuming that the efficiency of the combustion is 90 %, 
and that the only fractions of the waste that contain fossil carbon are the “plastics” 
fraction and the “rubber & leather” fraction. Emissions from the “other” fraction may 
also contain fossil carbon to some extent, but that is neglected. This calculation also 
assumes that the “plastics” fraction constitutes of on average 78 % carbon and that the 
“rubber & leather” fraction constitutes of on average 85 % carbon (EPA II, 2002). 
 
Assuming a value of k = 0.5= 50 % (Environmental Protection Service, 1999) and a 
difference in composition of the MSW in the different districts, calls for correction in 
the parameter C according to equation 30 and 31: 
 

30 Eq.                      %1.12 ton/ton121.085.0041.078.0111.0 ==⋅+⋅=AlKhalilC
  

31 Eq.                          %1.7 ton/ton071.085.001.078.008.0 ==⋅+⋅=BethlehemC
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6.2.3.2. GFX emissions from landfill 
 
After closure of a landfill, the composition of the generated landfill gas stabilizes and 
is typically 47 % CO2, 47.4 % CH4, up to 3.7 % nitrogen (N2), 0.8 % oxygen (O2) and 
1.1 % others including 0.01 % hydrogen sulfide (H2S) (O’Leary et al, 2002). Since the 
amount of H2S is small, the acidification effects of air emissions from the landfill 
itself are considered to be negligible. The generated landfill gas is assumed to be 
exploited, and therefore only 25 % of the calculated generated amounts adds to the 
GFX due to leakage and inefficiencies in the collection system and design of the 
landfill (ICF Consulting, 2002) 
 
6.3. Loss of recreational and aesthetic values 
 
The landscape classifications considered as possible to have recreational values are 
Forests & Orchards and Maquis Woodlands. Each open dumping site/sanitary landfill 
is treated as a point and buffer zones with a radius of 500 meters are created for each 
dumping site. Since the sanitary landfill has a much larger spatial extent, the radius is 
expanded to 1000 meters. The dumping sites with buffer zones are presented in figure 
5 below: 
 

 
 
Figure 5. The dumping sites with buffer zones. 
 
6.4. Landscape degradation 
 
The data extracted from the LANDSAT TM images are used to calculate the 
FRAGSTATS matrices with and without the open dumping sites/sanitary landfill. The 
land cover classification used is agricultural land (AG), annual sparse grasses and 
fallow land (AS), no vegetation (NV), transport (TR), urban areas (UA), shrubs and 
open woodland (SW), woodland (WL) and forests & orchards (FO). 
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The corrections of the IKONOS and LANDSAT TM images are made using different 
techniques. 
 
6.4.1. Atmospheric Correction 
 
Atmospheric Correction is made using an absolute atmospheric correction method 
developed by R. Richter (Richter, 1997) for sensors with a small swath angle. The 
method, which uses the MORTRAN radiation propagation model, first measures the 
optical depth (ground visibility) and then proceeds in the calculation of the ground 
reflectance for each pixel. This results in a reduction in the variation of pixel BVs 
caused by atmospheric attenuation. 
 
6.4.2. Geometric Correction 
 
Since transformation accuracy for Geometric Correction is dependant on an even 
distribution of ground control points across the image, the points are spaced as widely 
as possible across the study area. Characteristic features on the images such as 
coastlines and road intersections provide excellent locations for the selection of data 
file coordinates. The LANDSAT TM image was orthorectified using a LANDSAT 
TM polynomial model that accounts for relief displacements such as terrain elevation, 
local earth curvature, distance from nadir and flying height above datum to get a 
polynomial transformation between the image and ground coordinates. This gives 
registration accuracy higher than that obtained using a simple polynomial 
transformation. 
 
6.4.3. Topographic Normalization 
 
Topographic Normalization is made using equation 32 (Minnaert, 1941): 
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Chapter 7. Results 

 
7.1. Uncertainty 
 
The main sources of uncertainty in the CBA are: 
 

•  scientific uncertainty about the impacts of given pressures on the state of the 
environment. 

•  economic uncertainty about the willingness to pay to avoid the impact of the 
relevant population. 

 
These uncertainties are unavoidable, and a relevant approach is to try to estimate 
tendencies and intervals of confidence around those tendencies. Uncertainties at 
various stages of the analysis will not tend to change the tendencies though, only 
increase the dispersion about the mean (Pearce et al, 2000). However, WTP is not 
used in this analysis. 
 
The amount of waste that goes into the dumping sites is associated with an uncertainty 
that was difficult to appraise. Since the amounts of waste used were based on the 
Palestinian population of the localities in the study area, the addition of waste 
generated by Israelis and waste generated in the Israeli colonies and dumped on 
Palestinian land or dumping sites was not considered (ARIJ I, 2001). It would have 
been preferable to include these amounts into the analysis but the political situation, 
the lack of transparency in the Israeli waste management system and Israeli reluctance 
to give out information about waste management practices to Palestinian 
organizations, called for the above mentioned assumption to be made. 
 
7.2. Results for water pollution 
 
Using simulations, pollution of the water sources in the different localities were 
determined for the different scenarios. The results for the eastern mountain aquifer 
were not available however, since the building and calibrating of the model is not yet 
complete. From the simulations of contamination of the western mountain aquifer, 
there is not much to present either. The concentrations of Cl- exceeded the EPA set 
limit in none of the cells. 
 
7.3. Results for air pollution 
 
Results that are common for both scenarios are presented under one headline and 
scenario specific results are presented by scenario. 
 
7.3.1. Results for transports 
 
The emission factor for SO2 per m3 of fuel was 5.178 kg which corresponded to 
1.450·10-3 kg SO2/km with the assumptions mentioned in 6.2.1. 
 
Gas emission factors for transports with diesel vehicles are presented in table 5 (He et 
al, 2002):  
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Table 5. Emission factors from HDDV ( > 3.8 ton). 
Emitted 
Species CH4

* CO2
* N2O* NOX

** SOX
*** 

      
kg/km 4.200·10-5 7.644·10-1 2.240·10-5 1.073·10-2 1.450·10-3 

      
* Environment Canada, 2001 
** EPA, 2000 
*** Thompson, 2002 
 
The more centralized character of the land filling scenario led to an increase in the 
amount of transports needed, to be more accurate an increase of 106 %. 
 
7.3.2. Results from uncontrolled burning 
 
The calculated emission factors for CO2 emissions from uncontrolled burning are 
presented in table 6 below. Due to the difference in MSW composition between the 
two districts there was a difference in the magnitude of the factors.  
 
Table 6. Emission factors for uncontrolled burning of MSW (EPA, 1998; EPA II, 
2002; Environmental Protection Service, 1999). 

Source CO2 
[kg/ton] 

CH4 
[kg/ton] 

NOX 
[kg/ton] 

SOX 
[kg/ton] 

     
Municipal Refuse Al Khalil 199.7   6.5 3 0.5 
     
Municipal Refuse Bethlehem   117.2    
     
 
The emissions calculated using the emission factors from table 5 and 6 and using 
equation 7 and 8 are presented in table 7 below: 
 
Table 7. Results for air pollution for the uncontrolled burning scenario 

 
 
 
 
 
 
 

 
Using a price of 58.1 US$/ton SO2e, generated costs are presented in table 8 below 
together with the results for emissions of CO2e: 
 
 
 
 
 
 
 
 

 No growth scenario Economic growth scenario 
   
CO2e (ton) 1,838,572 ton 1,895,712 ton 
   
SO2e (ton) 16,721 ton 17,239 ton 
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Table 8. Cost of air pollution for the uncontrolled burning scenario 
 Discount 

rate 
No growth 
scenario 

Economic growth 
scenario 

    
NPV SO2e (58.1 US$/ton) 4 % 639,723 US$ 658,013 US$ 
    
NPV SO2e (58.1 US$/ton) 6 % 530,937 US$ 545,454 US$ 
    
NPV SO2e (58.1 US$/ton) 8 % 446,841 US$ 458,501 US$ 
    

 
7.3.3. Results from land filling 
 
The emissions calculated using the emission factors from table 5 and the emissions 
calculated using equation 7 are presented in table 9 below: 
 
Table 9. Results for air pollution for the land filling scenario 
 No growth scenario Economic growth scenario 
   
CO2e (ton) 168,051 ton 173,390 ton 
   
SO2e (ton) 128,510 ton 132,500 ton 
   
 
Using a price of 58.1 US$/ton SO2e, generated costs are presented in table 10 below: 
 
Table 10. Cost of air pollution for the uncontrolled burning scenario 
 Discount 

rate 
No growth 
scenario 

Economic growth 
scenario 

    
NPV SO2e (58.1 US$/ton) 4 % 4,913,697 US$ 5,054,347 US$ 
    
NPV SO2e (58.1 US$/ton) 6 % 4,076,889 US$ 4,188,498 US$ 
    
NPV SO2e (58.1 US$/ton) 8 % 3,430,149 US$ 3,519,774 US$ 
    
 
7.4. Results for loss of recreational and aesthetic values 
 
Analysis of the land classification in proximity to the open dumping sites/sanitary 
landfills showed that there are 11 open dumping sites situated close to Maquis 
woodlands and forests & orchards. The sanitary landfill, however was not. 
 
7.5. Results for landscape degradation 
 
The LULC map produced is presented in appendix 1 and results from the landscape 
degradation analysis are presented below in table 11: 
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Table 11. Percentage change of results from FRAGSTATS matrices. 
Class CA PLAND NP PD TE LSI IJI COHESION AI 
          
AG1 -0.667 -0.673 1.321 1.307 -0.450 -0.070 -5.704 -0.000 -0.036 
          
AS2 -0.851 -0.857 -0.209 -0.210 -0.828 -0.366 -4.945 -0.004 -0.002 
          
NV3 -0.002 -0.008 -0.000 -0.000 -0.027 -0.025 -6.075 -0.000 -0.000 
          
TR4 -0.582 -0.586 -0.183 -0.189 -0.536 -0.264 -6.235 -0.018 -0.063 
          
UA5 -0.764 -0.770 0.039 0.033 -0.321 0.064 -5.663 -0.037 -0.127 
          
SW6 -1.373 -1.379 -0.402 -0.404 -0.947 -0.256 -5.042 -0.040 -0.084 
          
WL7 -0.614 -0.620 -0.943 -0.955 -0.576 -0.308 -5.708 -0.000 -0.005 
          
FO8 -0.451 -0.458 -0.973 -0.978 -0.683 -0.439 -5.846 0.033 0.064 
          

1. Agricultural land 2. Annual sparse grasses and fallow land 3. No vegetation 4. Transport 5. Urban 
areas 6. Shrubs and open woodland 7. Woodland 8. Forests & orchards 
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Chapter 8. Concluding comments 
 
This work is a specific part of a larger waste management project and has different 
system boundaries than the large project. The large project considers not only MSW, 
but also waste water, industrial waste and hazardous waste. Therefore it may seem as 
the impact of the scenarios isn’t so extensive or what one expects, but it is important 
to remember that this work is severely restricted. It may also seem strange that the 
land filling scenario causes so much more air pollution than the uncontrolled burning 
scenario and that the cost of the air pollution is so much higher than for the open 
burning scenario. This is largely due to the increase in transports that comes with a 
centralized alternative. 
 
Economic, health and social aspects were not considered. Since the aim of making a 
comprehensive CBA is to analyze the different alternatives in “all” aspects, i.e 
economic, environmental, health and social aspects, this work can by no means be 
considered a comprehensive CBA. When the results from this work is put together 
with the results for other analyzed indicators (economic, health and social indicators), 
the alternative that is considered the most preferable one might be different from what 
can be concluded from this work. Here the indicators are not put in a context of total 
costs/benefits. 
 
8.1. Water pollution 
 
As for the Water pollution there was a number of factors that could have contributed 
to errors in the results from the calculations in this work. The fact that this work only 
considered the effects of MSW and not those of industrial waste, hazardous waste and 
waste water was one of those factors. It didn’t consider any kind of waste generated in 
the Israeli colonies either. Adding those factors might change the result of ground 
water pollution simulations. It is quite possible that the effects of the total waste 
management system can have a severe impact on groundwater quality when all the 
factors are added up. The complexity of the nature of the problem makes it difficult to 
say anything about this issue without doing extensive studies that are well outside the 
scope of this work. 
 
8.2. Air pollution 
 
Air pollution was the indicator that was the most straightforward to quantify. 
Estimations and calculations were easy and it was more or less a matter of estimating 
the amount of transports and generated waste and using that as input for the 
calculations. The increase in transports for the land filling scenario (total distance 
traveled per lifetime) amounts to 106 %, which can be considered a substantial 
increase. 
 
8.3. Loss of recreational and aesthetic values 
 
The loss of recreational and aesthetic values was an indicator that generated a lot of 
troubles, as for how to quantify it. Monetarizing it seemed impossible and no 
satisfying method was found. A method of simply quantifying it to be able to compare 
the different scenarios was chosen instead. The method used mostly considers 
recreational values and most of the aesthetic values have been considered economic 
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losses, such as decrease in land prices in proximity to the dumping sites/sanitary 
landfills. 
 
8.4. Landscape degradation 
 
This indicator was a bit of an experiment. There were not a lot of references to be 
found on this area and even less so on the topic of monetarizing landscape 
degradation. The methodology used was largely dependent on the utilization of GIS, 
and the construction of a LULC map. Results from the FRAGSTATS analysis show 
that there is no notable difference between the matrices with and without the open 
dumping sites/sanitary landfill except for the IJI. This reveals that the disturbance 
from establishing open dumping sites/sanitary landfill results in a more uneven 
distribution of adjacencies in the landscape configuration which is also consistent 
with a study performed at the Taiwan Forestry Research Institute (Cheng et al, 2000). 
 
8.5. Utilizing the results 
 
The calculations and quantifications were performed using Microsoft Excel sheets 
which were designed so that they can be used for the rest of Palestine and for other 
scenarios as well. 
 
The indicators analyzed should have a good potential for comparing the scenarios 
when it comes to environmental impacts. Together with the analysis of economical, 
health and social impacts, the methodology used here should constitute a usable 
model for comparing other scenarios to each other, which is the plan for the next stage 
in the waste management project. 
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Appendix 1. LULC map 

 


