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GIS regression analysis of temperature increase in high populated density areas: West Bank as a case study
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Abstract

Climate changes are becoming real challenges. Highly populated developing countries will be the most affected victims. West Bank has limited space and suffers from a notable temperature increase. This paper studies the relationship between the restricted but rapid urbanization within limited spaces in some West Bank communities and the temperature changes between 1997-2019. Geographic Information System (GIS) has been used in this study to conduct spatial analysis between urban areas and temperature. The process involves five steps: First, define the limitations on Palestinian cities expansions spatially. Second, define the urban factors that may affect atmospheric temperature. Third, define the temperature changes during the study period. Fourth, use spatial statistical tool (Ordinary Least Squares (OLS)). Finally, analyse the results. The used data are: Spatial data about limited urban spaces for Palestinians in West Bank, spatial data about Palestinian urban population within the study period, spatial data about the urban factors and temperature changes during the study period. The results show that about 48% of the changes in mean atmospheric temperature in West Bank may be interpreted by the studied urban factors. The high density increases together with the economic and administrative activities factors have the strongest effects on atmospheric temperature increases. 
Keywords: Mean temperature increase, GIS, Ordinary least squares, Urban factors. 

1 introduction

The climate changes over time. However, this change has been accelerated as the globe has been warmed by an increase of 1.1 Celsius since 1880 [1]. The Earth`s atmospheric temperature has significantly increased since the industrial revolution from about 1760. Burning fossil fuels, deforestation, urbanization and industrial activities are the main human activities that cause the greenhouse gas emissions into the atmosphere and so make our planet warmer [2, 3]. Global warming presents challenges such as the loss of sea ice, heat waves and accelerated sea level rise [3].

 The Occupied Palestinian territories have been significantly affected by the global increase in atmospheric temperature as main cities have had several extreme weather events and droughts. Compared to the global mean increase in temperature (1.1 ºC), the average increase in temperature in West Bank cities has increased by 1.4 ºC during the period 1950-2017 [4].  According to the national adaptation plan to climate change, 2016, there have been serious problems on three main aspects for Palestinians in West Bank resulting from the temperature increase including: Agriculture, water resources and human health. Agriculture has been affected by the increased temperature because it affected the annual rainfall and so decreased the agricultural productivity of West Bankers. Water resources have also been affected by the temperature increase in West Bank as it has reduced the groundwater recharge rates and decreased access to safe drinking water by reducing the annual rainfall rates. As for Human health, the change in temperature has heightened food insecurity and resulted in damages to health care infrastructures  [5, 6].
Since 1994, West Bank lands have been classified into three classifications, A, B and C. A and B lands (only 39% of West Bank area) are where Palestinians can live, build and work [7]. This means that Palestinians in West Bank have to inhabit in 2035.2 Km2 for the rest of their lives despite their natural annual growth. C lands are places where Palestinians are not allowed to expand within, leaving these spaces for Israeli colonies to be built on. The increase in population requires annual expansion areas for both urban and rural land-uses. However, Palestinians in many cities are not allowed to have natural human built-up expansion areas as other places in the world. Figure (1) shows the lands under Palestinian authority control in West Bank. 
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Figure 1 Political classifications of land in West Bank according to Oslo accord [8]
Geographic information system (GIS) is a multidisciplinary program that can help in studying different aspects of climate change and global warming. Several studies have been prepared using GIS analysis tools to track environmental problems and investigate the causes behind them. Some of the uses of GIS in climate change studies can be formed in studying the locations of extremely hot temperatures compared to the global warming in various places [9]. Alternatively, it can be used in studying how ecology and economy change in different regions due to global or local warming. Al-Zuhairi and Al-Kubaisi 2014, used GIS tools along with Landsat-8 TIRS to map surface temperature for Al Habbaniyah Lake in Iraq [10]. Many other studies used a combination between GIS and Landsat publications to study the changes of air and surface temperature over a specific period. 

This study aims at studying the relationship between the increase of mean atmospheric temperature of high-density places in West Bank with some potential factors of this increase. The goal is to find out the main factors behind the notable increase of temperature in main communities in West Bank. GIS is used here to apply spatial regression analysis between the changes in air temperature and the studied factors. Regression analysis is a method that studies the relationship between two kinds of variables, namely the dependent variable that can be explained by changes in the explanatory (independent) variables [11]. There are several tools of spatial statistical analysis in GIS. 

In this study, Ordinary Least Squares (OLS) tool has been used to perform spatial analysis on a set of data with attributes containing one dependent variable and a group of explanatory variables. The dependent variable in this case is the change of mean air temperature from 1997 to 2019. The explanatory variables are the urban factors including: population density, industrial areas, apartheid wall, economic and administrative activities, agricultural value of land and quarries. The applied methodology here can be used for future studies to help decision makers in policy making processes. Decision makers can use it to study the main reasons behind several catastrophes or environmental problems based on spatial relationships between dependent and independent variables. To our knowledge, no previous studies have used this tool to study the relationship between temperature changes and urbanization. 
2 methodology 
To present the relationship between atmospheric temperature and the studied urban factors, this study goes through the following steps as Figure (2) shows 
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Figure 2 methodology for this study
The first step here is to define the limited urban space for highly populated communities in West Bank. The spatial limitations on Palestinian city expansions can be outlined mainly by the political determinant which is Oslo accord`s classification of land. Area C in this study is considered as the only limitation despite other natural limitations. The natural annual population growth for Palestinians in West Bank is about 2.2% [12]. This increase in population has to settle within the same limited space of 2035.2 Km2 [13]. Intersect tool in GIS has been used in this step to define the Palestinian spaces for each community from the study area. 

Table (1) shows a sample of the attributes for some of the urban communities used in this study. The attributes here are information about urban communities in specific area including: The administrative area for some of the studied communities (these are the boundaries of communities that have been defined by the Palestinian authority to cover all lands in West Bank to be administered by municipalities, local authorities or local governments), the area of places under Palestinian authority control, population in 1997, population in 2019, population density in 1997 and population density in 2019. From this table, it can be seen that population density has increased significantly in some communities such as Hebron, Tulkarem, Ramallah and Albeirah and others. 

Table 1 sample of the studied urban communities with their attributes (data has been taken from the Palestinian Central Bureau of Statistics: https://www.pcbs.gov.ps/pcbs_2012/Publications.aspx)
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Administrative area/ Km2 172.05 46.16 5.894224 39.5 17.6708 20.4861 32.4

Allowed area/ Km2 34.556 10.709 5.894224 30.2 14.239 12.3227 26.39

Population of 1997/ person 14.674 119.4 21.947 26.7 45.873 33.949 100.2

population of 2019/ person 21.496 210.08 29.593 51.6 87.974 66.299 161.6

Density of 1997/ person/km2 424.64 11150 3723.476 884 3221.66 2755 3799

Density of 2019/ person/km2 622.06 19618 5020.678 1709 6178.4 5380.25 6126


The second step is to define the urban factors that may affect temperature increase of West Bank communities. According to the experience of the researcher and some literature information, the main factors affecting atmospheric temperature in West Bank, other than global factors, can be summarized as follows: 

High population density:  Main cities in West Bank are the main urban places where rural-urban immigration continues. They have limited spaces but continuous rates of growth, making them highly dense areas. Moreover, some of the rural communities have become urban areas due to the limited spaces for agriculture and farming such as Assira Al-Shamaleyyah and Beit Wazan. 

Industrial areas: The number of industrial uses surrounding each community have been studied to find if the large number of industrial buildings have relationship with temperature increase.

Apartheid wall: the apartheid wall is a separation wall built by Israeli Authority in 2002 as a physical barrier to control the West Bank and seize lands. This wall may affect mean atmospheric temperature for Palestinian cities because it stops air circulation in different places. 

Economic and administrative activities: administrative activities in West Bank are semi-centralized in Ramallah city mainly and main cities. This centralization creates high day-densities in main cities with large numbers of vehicles and high emission of carbon dioxide. 

Agricultural value of land: lands in Palestine are divided into four categories in terms of agricultural value: high value, medium value, low value and forests. High value lands and forests can help decrease the air temperature. 
Quarries: quarries are places where private owners of land cut the mountains to extract different types of stone to cover houses for beauty reasons. 

Table (2) shows the attributes for each urban factor within a sample of urban communities in West Bank. And figure (3) shows the spatial relationship between some of the urban factors and West Bank communities. 

Table 2 urban factors attributes for a sample of urban communities in West Bank (data has been taken from Geomolg website: https://geoMoLG.ps/).
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Figure 3 Urban factors used in this study
The third step is to define the changes in mean air temperature for each community over the study period. These changes are shown in figure (4). It can be seen that urban communities in Nablus, Tulkarm and Qalqilya governorates have faced high increases in the mean atmospheric temperature. Their temperatures have increased with about 3 to 3.4 degrees. Jenin`s communities’ temperature has decreased with about 0.2 degree from 1997 to 2019. 
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Figure 4 Temperature increase in West Bank Governorates [14, 15]
The fourth step is to apply regression analyses to study the relationship between the changes of temperature during the study period and the defined urban factors using Ordinary Least Squares (OLS) tool in GIS. 

OLS is a spatial statistic tool in GIS that performs linear regression to analyse the relationship between two sets of variables (dependent and explanatory variables) [16]. This tool performs an equation of x (the dependent variable) and y (the explanatory variable). It provides an expected linear relationship depending on expected random explanatory values and compares the observed explanatory variables to them as shown in figure (5).
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Figure 5 methodology of OLS tool in GIS [17]
After studying the expected and observed values of explanatory variables with the dependent variable, it provides an output report to explain the relationship between the dependent and the explanatory variables [17]. The main outputs of this report are [17]: 

· Adjusted R-squared: This value indicates the percentage of which the explanatory variables explain the variation in the dependent variable. The higher the value means the stronger the effects of explanatory variables as a whole. 

· Coefficient: the tool provides a coefficient value for each explanatory variable to reflect both types of relationship and the strength that each explanatory variable has on the dependent variable. The value of coefficient for each explanatory variable reflects the expected change in the dependent variable for every 1-unit change in the associated explanatory variable

· Histograms and scatterplot: the tool provide histograms and scatterplots for each explanatory variable to show the relationships between the two sets of studied variables. The histograms show the distribution of each studied factor. The scatterplot shows if the relationship between the dependent value and each explanatory value is linear, nonlinear or if there is no relationship. 

For this study, the increase in mean atmospheric temperature for each community is used as the dependent variable. The urban factors mentioned above are the explanatory variables used here. 

The fifth step is to analyse the results of OLS tool. This is to find which factors have stronger effects on the increase of mean atmospheric temperature for West Bank communities. 
3 results

Atmospheric temperature of West Bank has been significantly increasing during the last few years. The results of this study indicate that there is a relationship between the increase in atmospheric temperature and the studied urban factors in West Bank. The applied OLS tool on the dependent variable (increase in temperature between the year 1997 and 2019) and the explanatory variables (urban factors: density increase, industrial buildings, apartheid, economic and administrative activities, high agricultural land and quarries) provided the following readings: 

· The adjusted R squared has a value of 0.4828. This high value out of 1 indicates that the explanatory variables explain the variations in mean atmospheric temperature with around 48%. This means that about 50% of the increase in temperatures in urban spaces in West Bank could have been resulted from local urban factors. 

· Coefficient: the applied tool provided a coefficient value for each of the used urban factors. The values shown in table (3) shows that the economic and administrative activities factor has more effects than other factors. The value 0.02054 of this factor means that each 1 unit change in the economic and administrative activities causes 0.02054-unit change in atmospheric temperature. The weakest effect comes from quarries and apartheid wall with a value of around 0.005. This is the direct effect; however, the apartheid wall has indirect effects on temperature as it affects all other studied urban factors in this study. Only the high agricultural value lands have negative impact on the temperature increase. The value of -0.00623 means that each I unit increase in this factor decreases the temperature with a value of 0.00623 unit. 

Table 3 coefficient value resulted from OLS tool for each urban factor
	Urban Factor
	Coefficient

	Density increase 
	0.02025

	Industrial buildings
	0.01048

	Apartheid
	0.00578

	Economic and administrative activities 
	0.02054

	High agricultural land
	-0.00623

	Quarries 
	0.00564


· Scatterplot: the resulted scatterplots of this study are shown in Figure (6). It can be seen that the relationships between mean temperature and most of the urban factors are positive. Only the high agricultural value lands factor has a negative relationship with the temperature increase.  
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Figure 6 scatterplots resulted from OLS tool for urban factors.
4 recommendations 

Based on the results of this study, planning and building regulations in West Bank have to be reviewed to minimize urban problems. As the main problem is the continuous population growth with limited spaces for cities, municipalities and local governments should start working on a sustainable way of thinking to study the future needs of land. Some ideas about how to help minimize urban problems are: 

· Study the available spaces and future growth for more than 50 years to find the required spaces and apply sustainable planning techniques.

· Conduct awareness campaigns to engineering associations, municipalities and the public about the benefits of small-houses rather than the traditional large houses. In this way, the built-up area can be limited and more spaces be available for future generations. 

· Encourage agricultural activities, afforestation projects and green roofs inside the city boundaries and in the surroundings. 

· Stop the quarries and any projects that change the topography of Palestinian communities. 

· Decentralize economic and administrative activities between different communities to reduce urban congestion in main cities. 

· Increase the areas of natural reserves and protect the biodiversity places.

· Reduce activities that increase the atmospheric temperature and reduce the number of private vehicles inside cities by providing public transportation.  
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