


   
Fig.6: Tripoli Landfill LF1(left) and buffer zone measurement (right). Source: Google Maps, The author 

 

As shown as Fig.7, Bourj Hammoud landfill (LF2) is sitting close to Bourj Hammoud 

residential area and by applying a buffer zone between LF2 and this area, the distance is found is 

about (700 m). 

 

  
Fig.7: Bourj Hammoud Landfill LF2(left) and buffer zone measurement (right).  

Source: Google Maps, The author 
 

As shown as Fig.8, Costa Brava landfill (LF3) is locating close to Chouaifat El-Qoubeh 

residential area, and by applying a buffer zone between LF3 and this area, it is found that the distance 

is about (1.3 km). 

  
Fig.8: Costa Brava Landfill LF3(left) and buffer zone measurement (right). 

Source: Google Maps, The author 
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As shown as Fig.9, Zahle landfill (LF4) is locating close to the Haouch El Oumaraa residential 

area, and by applying a buffer zone between LF4 and this area, it is found that the distance is about 

(500 m). 

   

Fig.9: Zahle Landfill LF4(left) and buffer zone measurement (right). Source: Google Maps, The author 

 

The drawing of the buffer zone for each selected case study helps in the first step of assessing 

the affected residential area by the landfill pollution and define the distance between the landfill 

boundary and the nearest residential zone boundary. 

5.2. Meteorology Conditions Assessment 

It is mentioned previously that the different meteorological conditions affect the level of 

pollution caused by landfill, as the increase in the temperature and humidity increase the gases 

and odour released from landfill. So, in this study, the various weather conditions (temperature, 

humidity, and wind speed and direction) will be assessed relatively at the same time on the hottest 

day in summer in Lebanon, which is in August, to evaluate the worst conditions that increase the 

landfill pollution which negatively affect the residential areas. The rainfall factor is not 

considered in this study, as the negative impact of this factor is essential in the winter. This study 

is focused on the negative effect of the weather conditions in the summer, specifically in August 

when the temperature, humidity, and wind play a significant role in increasing the pollution in 

the landfills, which increase the negative pollution impact on the inhabitants close to these areas, 

except the rainfall in this month that is almost none. 

The data collected in this part is based on (Weather Spark, 2020), this website provides 

weather graphs and climate forecasts for any required area. 

       As shown as Fig.10, the highest temperature in Tripoli city in August is 30c degree, 

and the relative average humidity level at this time is 91%, and wind speed 13km/h with average 

wind direction throughout August predominantly from the west with a peak percentage of 61% 

on August 29.   

   
(a) Average high temperature.    (b) Average humidity level.        (c) Average wind speed. 
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(d) Average wind direction. 
 

Fig.10: Tripoli weather. (Weather Spark, 2020) 

 

As the coastal area of Bourj Hammoud and Costa Brava areas has similar weather 

conditions to Beirut city, the weather study for these areas will depend on Beirut weather data. 

As shown as Fig.11, the highest temperature in Beirut city in August is 30c degree, and the 

relative average humidity level at this time is 92%, and wind speed 10km/h with average wind 

direction throughout August predominantly from the west with a peak percentage of 57% on 

August 22.     

   

(a) Average high temperature.       (b) Average humidity level.        (c) Average wind speed. 

 

 
 

(d) Average wind direction. 
Fig.11: Beirut weather. (Weather Spark, 2020) 

As shown as Fig.12, the highest temperature in Zahle city in August is 28c degree, and the 

relative average humidity level at this time is 9%, and wind speed 8km/h with average wind 

direction throughout August predominantly from the west with a peak percentage of 71% on 

August 3.       

   

(a) Average high temperature.      (b) Average humidity level.         (c) Average wind speed. 
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(d) Average wind direction. 
     Fig.12: Zahle weather. (Weather Spark, 2020) 

The assessment of the meteorological conditions in the selected case study areas will 

benefit the study when combining it with the buffer zone's assessment, to be analyzed using the 

overlay analysis method to achieve the final assessment results. 

6. OVERLAY ANALYSIS METHOD AND RESULTS 
Overlay analysis is a gathering of techniques used to select the optimum site or select the 

appropriate modelling. It is a strategy for applying a standard scale of values to assorted and disparate 

contributions to incorporate analysis. The suitable models distinguish the best or most favored areas 

for a particular phenomenon (Understanding overlay analysis, 2016). 

Map algebra is a cover term for looking at or examining the values inside the cells using 

algebraic functions, for example, addition, subtraction, multiplication, division, accurate estimations, 

for example, mean, middle, and standard deviation, relationship tasks, for example, more noteworthy 

than, not precisely, or equivalent to, and Boolean activities, for example, NOT, AND as well. By 

inspecting the numerical arrangement of contrasting two raster esteems, connections between the two 

layers can be determined ( Overlay analysis, 2020). 
 

The data collected about the landfill sites and the criteria used to assess the distance between 

the landfill site and nearest residential area and the meteorological factors that increase the pollution 

caused by landfill and affect the residential area, all of these data are gathered as indicated in Table 

1. 

 
Table 1: Data collected. Source: The author 

         

Landfill 

Location Area Buffer 

zone 

Temperature Humidity Wind S/D Wind 

proportion 

LF1 Tripoli 60.000 

m2 

1 Km 30c 91 % 13 Km/h 

west 

61% 

LF2 Bourj 

Hammoud 

280.000 

m2 

0.7 Km 30c 92 % 10 Km/h 

west 

57% 

LF3 Costa Brava 150.000 

m2 

1.3 Km 30c 92 % 10 Km/h 

west 

57% 

LF4 Zahle 150.000 

m2 

0.5 Km 28c 9 % 8 Km/h 

west 

71% 

 

Depending on the provided data, as indicated in Table1, the overlay analysis method is applied as 

follow: 

1. Consider each of (the buffer zone, temperature, humidity, wind speed and proportion) as an 

independent criterion that affect the assessment of pollution in residential area caused by landfill.  

Criteria 1: indicates the buffer zone data, Criteria 2: indicates the temperature data, Criteria 3: 

indicates the humidity data, and Criteria 4: indicates the wind speed data. Criteria 5: indicates 

the wind proportion data. 
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2. Suggest a scale value measurement, the set of values is from 0 to 4, the measure of these values 

is on the scale from: no risk (for value 0), low risk (for value 1), risk (for value 2), moderate risk 

(for value 3), and high risk (for value 4). The scale value measurement of the landfill pollution 

is put up precisely to make this study's assessment. As shown as Fig.13 

All the values are considered on the risk scale, as none of the selected case study areas are located 

out of the landfill buffer zone constrained in five kilometres in some studies to consider the 

nearest residential area safe. However, numerous studies determine the buffer zone between two 

to five kilometers to consider the inhabited area safe. 

Also, to make the assessment valid, the meteorological conditions are studied considering the 

temperature, humidity, and wind at the high level in summer as factors negatively increase 

pollution from the landfill sites and find out the most risk residential area in this study. For this 

reason, the assessment is done on the risk scale measurement. 

3. The assumption of the value for each criterion is considered as follow:  

       Criteria1 (The buffer zone): As the previous studies define, the buffer zone distance between 

the landfill site and the closest residential area varies from 500 meters to five kilometers as a 

minimum distance (as mentioned in the literature review part), in addition to the interview 

conducted in this study that clarifies this distance according to Lebanon regulation to be at least 

one kilometer. According to the mentioned previously, and as all the selected case studies are in 

the range that considered in too close distance (in the range of one kilometer and less), the value 

will be given to this criterion for each selected area as considering the acceptable distance is 

between one to five kilometers. The value of 4 will be given to the nearest distance (buffer zone) 

and descending to the furthest.  

In criteria 1: the buffer zone distance assessment shows that the closest landfill to residential 

area is LF4 for this reason, the value of 4 is given to the high-risk area, LF2 is given the value 

of 3 as the distance is less than the previous site, LF1 is given the value of 2 as the distance is 

further than the last and at the least acceptable range, and LF3 is given the value of 1 as the 

distance is the furthest from the nearest residential zone. As indicated in Table2. 

      Criteria 2 (Temperature): As Lebanon has mild temperatures, the hottest summer days (in 

August) have the highest temperature in these days, it is considered risky as the gas release from 

landfill in these days is the worst. The value given to this criterion will be 2 for the highest 

temperature as Lebanon has an average (mild) temperature level, followed by the value of 1 for 

the least temperature degree. 

In criteria 2: As the temperature does not exceed the 30c degree, LF1, LF2, and LF3 (as they are 

in the same geographical area and has a similar meteorology condition) are given the value of 2, 

LF4 is given the value of 1 as the temperature in the hot summer days does not exceed the 28c 

degree. As indicated in Table2. 

       Criteria 3 (Humidity): as Lebanon has a high humidity level in summer days, the value of 4 

will be given for the highest humidity level, followed by the less humidity level as a value of 3, 

and the value of 0 will be given to the acceptable humidity level that is not considered risky. 

In criteria 3: the relative humidity level in the same summer days is considered high. LF2 and 

LF3 are given 4 as these two areas have the same highest humidity level. LF1 is given the value 

of 3 as it is slightly lower than the previous, LF4 has given zero as the humidity in the hot 

summer day does not exceed 9%. As indicated in Table2. 

       Criteria 4 (Wind speed): As the highest wind speed in Lebanon is between 25 to 30 kph, and 

the relatively high wind speed in the same conducted summer days in this study does not exceed 

13 kph, the value of 3 will be given to the highest average wind speed in the summer as this 

wind speed does not considered at the high-risk value, followed by the less descending values.  

In criteria 4, the relative wind speed in the summer is not considered high, as shown previously. 

LF1 is given the value of 3as the wind speed in this site is higher than the other sites. LF2 and 

LF3 are given the value of 2. LF4 is given the value of 1. As indicated in Table2. 

     Criteria 5 (Wind proportion): depending on the percentage of the wind proportion as indicated 

in Table1, the highest value of 4 will be given to the highest rate, followed by the less descending 

values. 

As shown previously, in criteria 5: as the relative wind percentage in the summer is considered 

high. LF4 is given the value of 4as the wind proportion in this site is higher than the other sites. 

LF1 is given the value of 3. LF2 and LF3 are given the value of 2. As indicated in Table2. 
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Table 2: Overlay analysis. Source: The author 

Landfill Criteria 

1(buffer 

zone) 

Criteria 2 

(temperat

ure) 

Criteria 3 

(humidity) 

Criteria 

4 (wind 

speed) 

 Criteria 

 5 (wind 

proportion) 

Results 

LF1 2 2 3 3 3 13 = 4 

LF2 3 2 4 2 2 13 = 4 

LF3 1 2 4 2 2 11 = 3 

LF4 4 1 0 1 4 10 = 2 

 

 

Fig.13: Scale Value Measurement of landfill pollution. Source: The author 
 

The scientific mechanism (as explained at the first of this part) in evaluating the pollution in 

the selected areas on the risk scale value measurement depends on the overlay analysis method, which 

combines the results of the applicable criteria for each site to get the final result. The final results are 

compared to give each final result a value on the scale value measurement as follow: the highest final 

result value is considered equal to the highest value on the scale value measurement, followed by the 

less descending numerical values on the same value scale.  

As indicated in Table 2, the results show that by combining each criterion's value score for 

each selected area and making it equal to the amount on the scale value measurement to find out the 

final results. LF2, LF1 have a high rating as the sum of values is 13 that is the greatest between all 

the areas. LF2, LF1 have a value of 4 on the scale value measurement, indicating that the landfills 

sited in Bourj Hammoud and Tripoli are the most pollution source for their nearest residential areas 

as they have the greatest value rating. The value of 13 is considered like (equal to) the 4 value on the 

scale value measurement as it is the highest rate. Bourj Hammoud landfill assessment shows that LF2 

is a highly risky area. 

LF1 has a rating of 13 which means that the Tripoli landfill site is also considered at the high-

risk level; the value of 13 is considered equal to the value of 4 on the scale value measurement. Tripoli 

landfill assessment shows that LF1 is a highly risky area. 

LF3 has a rating of 11 which means that the Costa Brava landfill site is also considered risky; 

it is less risky to Chouaifat El-Qoubeh residential area than the LF2 and LF1 sites. The value of 11 is 

considered equal to the value of 3 on the scale value measurement. Costa Brava landfill assessment 

shows that LF3 is a moderate risky area. 

LF4 has a rating of 10 which means that the Zahle landfill site is also considered risky; it is a 

minor risk pollution source to Haouch El Oumaraa residential area than the other selected sites. The 

value of 10 is considered equal to the value of 2 on the scale value measurement as it is the lowest 

value rate. Zahle landfill assessment shows that LF4 is a risky area. 

The final results show that Lebanon's coastal areas are riskier to the nearest residential zones 

than the inward site, with less pollution in the nearest residential zone. This proves that the climatic 

conditions play a significant role in increasing the pollution level, despite that the landfill in zahle 

(the inward area) is the closest to the residential zone than the other three coastal locations. 
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7. CONCLUSION 
The location of landfill sites in the city is a significant matter that numerous criteria should be 

considered in selecting this spot, which helps prevent the pollution caused by landfill sites and affect 

the surrounded areas. This research aims to provide an assessment for the pollution in residential areas 

produced by landfills located close to these zones. Four selected landfill locations in Lebanon have 

been analyzed as these landfills are sited near residential areas to make this assessment. The criteria 

applicated is the distance between each of the selected landfill and the near inhabited zone; this is 

done using google maps to help determine the locations then providing a buffer zone to measure this 

distance's suitability. The factors of the meteorological conditions (temperature, humidity, and wind) 

are studied as well as they affect the pollution in the residential zones; the selection of the different 

geographical settings in the case study help in assessing the variation in the weather conditions and 

how this could increase the pollution in the residential spaces. The assessment is done in the four 

selected areas considering the previous criteria and factors in applying an overlay analysis method to 

determine the worst affected inhabited area by landfill pollution. According to the results, Bourj 

Hammoud landfill has the worst effects on Bourj Hammoud residential area, as this area suffers from 

the close location of the landfill combined with the high-risk weather conditions in the summer, which 

make this area is the most polluted in addition to the landfill site in Tripoli city as the results show 

that it has the same degree of pollution, then Costa Brava landfill site, and the less polluted residential 

area is Haouch El Oumaraa near Zahle landfill site as the results shown in the assessment. This 

assessment helped to determine the most affected residential area by landfill pollution and the degree 

of contamination in each of the selected regions and help to conduct the degree of pollution in each 

area depending on the final results' values that show that the meteorological conditions play a 

significant role in increasing the pollution effects on the nearest residential areas. According to this 

study, the pollution degree is higher in the coastal region than the inward area as the climatic 

conditions (as temperature and humidity) are worst in the coastal zone in the summer than the inward 

area, which increase the pollution by landfills that affect the nearest zones. 

Recommendation 
This research intended to benefit from the regulations that control the establishment of a new 

landfill site in the city in specific the criteria related to the residential zones to help finding out the 

degree of contamination in the surrounded area, especially the residential areas. This step could help 

in future the urban planner of the city when deciding to plan a new residential zone, by depending on 

this study as adopting a new method to evaluate the pollution degree in a new suggested planned 

region in case of the existence of a landfill site close to the new planned residential zone. This work 

should be combined with the environmental and geological, and meteorological professionals to 

achieve the best and adequate results. In this research, the studied factors include the distance between 

the locations of the landfill site and the residential area is considered as a significant factor that 

influences the people in the regions surrounded that the much the area is close to the landfill location 

the much the people will be affected by the landfill pollution. In addition to the climatic factors that 

play a significant role in increasing the pollution forms in the landfill as the increase of the 

temperature degrees in summer, the high humidity level, the wind speed, and direction that is 

considered an essential factor in transforming the odours and gas releases from the landfill. From this 

point of view, future studies could benefit from the method adopted in this research and improve it 

by combining it with other professions participations to reach the optimum results in evaluating the 

degree of pollution caused by landfill in any new planned area.    
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