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Abstract 
During periods of global warming (GW), expected increases in urban temperatures 
can have adverse impacts on city climate and thermal discomfort due to combined 
urban and global warming effects. The different climates in four cities in Israel are 
studied for the purpose of differentiating global vs. urban warming. Trends in urban 
and nearby rural areas were compared in order to estimate the urbanization effect on 
the local climate zones. Daily 06:00 and 15:00 Local Time (LT) temperatures for July 
1980-2014 were investigated. The linear relationship between the urban warming and 
population growth observed in present climate data is assumed to continue into the 
near future. The Regional Climate Model (RegCM) temperature trends into the 21st 
century are assumed to represent primarily the GW because of the relatively coarse 
grid interval of 25 km. Hence, this study first differentiates between global and local 
warming past trends, and then uses this past result to make future projections that 
consider both factors. A unique feature of this study is the large climatic variety over 
Israel—a small country that encompasses no less than 5 different Köppen climatic 
zones. The urban minus rural temperature (1980-2014) changes, ΔTu-r, show more 
intense warming in the afternoon in all 4 cities. For instance, in Jerusalem and Eilat, 
the ΔTu-r has increased by ~1.2˚C. Following the RegCM predictions, by 2060 with 
“No population growth”, this temperature increase is expected to continue, by 
1.114˚C and 1.119˚C, respectively. If, however, these cities grow rapidly, air temper-
ature will increase by 2.937˚C - 4.129˚C and 2.778˚C - 3.939˚C, respectively. 
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1. Introduction 

Cities, towns and settlements contain more than 50% of the Earth’s population [1]. 
From an environmental standpoint, cities are viewed as an efficient way to concentrate 
intensive human impacts on the one hand; while on the other, they embody a plethora 
of negative environmental impacts that cross scale and municipal boundaries [2]. Fur-
thermore, human activity and resource consumption can create warmer local condi-
tions in cities as compared with surrounding areas. Given the fact that urban areas and 
their populations will continue to grow in size and number, it is expected that urba-
nized growth will have global consequences [3].  

The main reasons for intensified heating in cities, otherwise known as Urban Heat 
Islands (UHI), are differences in solar heat storage, anthropogenic heat release and 
evaporation differences between urban and rural areas [4]. In rural areas, plants take 
moisture from deeper ground, which enhances evaporation [5]. Due to the differences 
in evaporation, the larger proportion of the heat in urban areas is in sensible form [6]. 
Given the main urbanization characteristics such as land use change, street geometry 
and albedo effects, the urban climate (as compared to rural area nearby) is often cha-
racterized by amplified air temperature, lower humidity and moderated wind velocities 
[5] [7].  

Cities are also emerging as an important source of uncertainty in regional-to-global 
scale biogeophysical processes [8]. Urban land use can influence local as well as region-
al climates through the UHIs [9] [10]. 

Hence, urban populations are exposed to both urban climate modifications on a local 
scale, and to the effect of regional and global climate changes on a larger scale. This 
combination of local and global warming tends to be exacerbated during summer 
months [11]. For example, in the US, it is estimated that changes in land cover over 
agricultural and urban areas are inducing surface warming of 0.27˚C per century [12]. 
In China, the average temperature increase was ~0.05˚C/dec; in Southeastern China the 
warming has been attributed to urban sprawl [13].  

Recent studies, based on the rate of observed urban warming, predict that the com-
bined impact of global warming (GW) and urban warming on human thermal sensa-
tion will significantly increase in the coming years [14]. Of these, only a few climate 
model studies have focused on subtropical climates, and even fewer have dealt with arid 
climates [15] [16] [17]. Furthermore, considerable uncertainty exists regarding the 
magnitude of warming according to any given scenario due to the effect of changes in 
atmospheric composition and changing regional land uses. Most climate models have 
used recent observations. Because they incorporate large-scale patterns of past climate 
change but not the magnitude of change by region, efforts to reduce model-related un-
certainty of climate prediction, based on the parameter limitations, have been initiated 
[18]. We should note that the complex physical processes often make it impossible to 
trace these effects in GCMs [16]. In addition, the available climate models generally 
have insufficient spatial resolution when applied to small countries like Israel. Because 
our method compensates for some of these limitations, the air temperature changes 
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described in the current study can be employed as a tool to emulate and better under-
stand the climate change in the selected Israeli and, by implication, other cities. 

The observed linearity exhibited by our results was found to be strong (see Figure 2 
and Figure 3), implying that non-linear transformations would not produce represent-
ative results (personal communication with statistician). Hence, it was assumed that the 
correlation between population and local warming is linear for the three population 
scenarios we simulated. This outcome provides a gross assessment for different levels of 
urban development, including strength of urban design, local climate, population 
growth and other selected variables. Current (1980-2014) local increases in the temper-
ature change rates could thus be estimated with the urban and rural data at the four 
different sites selected. The main goals of the present study were: 
 To examine the change in air temperatures in four Israeli cities located in different 

climatic zones as compared to nearby rural stations. 
 To predict the urban warming based on proxies for urbanization, such as popula-

tion growth and regional climate model predictions. 
Israel’s climate is unique due to the variety of its climatic regions (five different 

Köppen zones), spread over a relatively small area (Figure 1): coastal Mediterranean 
climate, mountain Mediterranean climate, semi-arid climate, arid climate and hyper- 
arid climate. Previous studies have quantified the warming due to those local climatic 
changes associated with GW [19] [20] [21]. The authors of these studies [22] analyzed 
the minimum and the maximum summer air temperature from 40 stations (during 
1964-1994) and found minimum and maximum air temperature decadal increases of 
0.26˚C and 0.21˚C. Others [23] analyzed air temperature data from 16 stations in Israel 
between the years 1975 and 2008 and found that the average air temperature signifi-
cantly increased by 0.4˚C - 1.1˚C per decade. Recent studies using climate models sug-
gest average temperature increases by 1.5˚C - 2.5˚C by 2060 [24], and that the rise in 
extreme temperatures and heat waves will be even more intense [21]. One focal issue 
arising here with respect to urban warming is the quantification of GW versus urban 
warming as distinct trends. 

2. Materials and Methods 
2.1. Data Sets 

Observed data: Observed data were obtained from the Israel Meteorological Service 
(IMS) for stations in both urban and rural areas, for July 1980-2014. These measure-
ments are available 4 - 8 times a day, depending on the station. For reasons of compa-
rability, the focus here was on the morning (06:00) and the afternoon (15:00) air tem-
peratures at local time (LT). 

The Regional Climate Model (RegCM): Future climate data are based on results from 
the model simulation run in Tel-Aviv University. This model applied was the RegCM3, 
developed by the Abdus Salam International Centre for Theoretical Physics (ICTP), as 
determined from the lateral boundaries by the results of ECHAM5—Max Planck Insti-
tute Ocean Model 1 [25]. The model simulated the period 1961-2060 under Special  
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Figure 1. Map of Köppen climatic classification of Israel and the four chosen cities in this study, 
i.e. Tel-Aviv, Jerusalem, Beer-Sheva and Eilat. 
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Report on Emissions Scenarios (SRES) A1B, where a balance between fossil fuel and 
energy sources was used (further details about the simulation can be found in [21] [24]. 
Here, the model was run with a grid interval of 25 km.  

Population data: Population data for the years 1980-2014 was provided by the Israeli 
Central Bureau of Statistics (CBS) [26] and from the Population, Immigration and 
Border Authority (PIBA) [27]. During the 35 years in question (i.e., 1980-2014), the 
number of inhabitants in Jerusalem increased to 205.2% (+417.909 p/35y), in Beer- 
Sheva to 198% (+101.788 p/35y) and in Eilat to 278% (+30.840 p/35y) (Table 1). 

According to PIBA and Human Rights Watch [27] [28] the number of illegal immi-
grants in Israel includes more than 55,000 people, who are concentrated in two centers; 
Tel-Aviv (60% or 6600 people) and Eilat (more than 20% or 11,000 people) [29]. Note, 
that the population in Tel-Aviv was just 404,400 inhabitants in 2014. However, we used 
the Tel-Aviv district population data, indicating a population of 1.331 million in Tel- 
Aviv proper and its 11 neighboring cities, known as “Gush Dan” (the area of Greater 
Tel-Aviv) [26]. In order to evaluate the anthropogenic contribution to climate change, 
population growth was used as a proxy, as often found in UHI measures [5] [30]. 
However, contemporary research suggests that population is not a reliable proxy for 
urbanization [31] [32] [33] with other measures, such as: urban structure, urban cover, 
urban fabric, and urban metabolism, perhaps more relevant [33] [34]. The reasons, for 
employing the population data proxy here were as follows. First, population growth 
data is readily available [35] and has already been widely used as the common indicator 
by urban climatologists [5] [11] [23] [30] [36]. In addition, we find similarities in the 
characteristics (construction methods, materials and colors) of the built-up areas in 
Israel’s urban locations, particularly in the four chosen cities. Second, similarities in 
building types, mainly compact mid-rise and high-rise, enabled us to compare Land 
Cover Types in the different climate zones of the four cities. The third reason for doing 
so was that the Israeli authorities publish future predictions for population growth (e.g., 
until 2059). According to these forecasts, Israel’s population is expected to grow by a 
factor of 1.7 [37]. Use of population variable as a proxy thus allowed us to include the 
urban impact on future climate.  
 
Table 1. Study area and population growth information for the four chosen cities. 

Name of  
the city 

Location 
Population 

(1000’s)  
n 1980 

Population 
(1000’s) 
in 2014 

Population 
growth % 

Köppen  
climatic  

classification 

Location  
Description 

Greater 
Tel-Aviv 

32˚06'N 
34˚47'E 

969.2 1331.3 +37.4% 
Csa:  

Mediterranean  
climate 

Central Israel; 
Mediterranean 

coast 

Jerusalem 
31˚46'N 
35˚13'E 

397.391 815.300 +105.2% 
Csa:  

Mediterranean  
climate 

Judean  
Mountains 

Beer-Sheva 
31˚15'N 
34˚48'E 

103.8 205.588 +98% 
BSh/ BWh: 

Hot semi-arid/arid 
climate 

Northern edge  
of the  

Negev desert 

Eilat 
29˚55'N 
34˚95'E 

17.3 48.140 +178% 
BWh: 

Hot arid climate 
Northern tip  

of the Red Sea 
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2.2. Study Area 

The case studies were chosen to represent four of the different climatic regions found in 
Israel (see Figure 1 for the climatic zones and the cities’ locations). Since 1950s, the lo-
cations of the four respective urban stations have not changed; however, massive urban 
growth developed around these stations, especially in the cities of Jerusalem and Beer- 
Sheva, both of which were characterized by vast open areas enabling expansion. They 
thus differed from the Tel-Aviv area, which was limited in space and therefore became 
characterized by high-rise construction. For each city, a nearby rural station was chosen 
as a reference point so long as it had the same Köppen climatic classification (Table 2). 
Some technical problems with the stations’ data, their respective availability throughout 
the period studied, the specific hours of operation as well as their data quality and loca-
tions are described in detail in the Appendix. 

Local climate zones (LCZ) as defined by Stewart and Oke: [32] [33] examined the 
urban climate and UHIs worldwide through standardized description sites, characte-
rized by uniform surface cover, buildings, materials and human activity. For example, 
according to Stewart and Oke, the built areas in the four cities are of types 1 and 2 or 
their subtypes, (Tel-Aviv type B1, 2; Jerusalem type A 1, 2; Beer-Sheva F 2 and Eilat 
type F 5, 2), characterized by a dense mix of tall and midrise buildings to tens of stories; 
the construction materials: concrete, stone, and glass. The streets are covered with few 
or no trees, and tend to be paved, i.e., the Land Cover Type (LCT) is different in each 
city (see Table 2(b)). 

2.3. Methodology 

For each set of locations (Table 1; Figure 1), we examined the observed data in order 
to determine the differences in the rates of change in air temperature. More specifically, 
we compared the rates of change between the urban and rural data points in each loca-
tion. It should be noted that the current study focuses on trends rather than on aver-
ages. Since climate models incorporate large-scale anthropogenic changes in the form 
of greenhouse gas scenarios, but not local impacts such as built urban environment, our 
assumption was that the slopes from the model simulations would be more representa-
tive of the rural region.  

By applying this approach, the regional effect of climate change could be separated 
from the local urban impact. For each location we compared the rates of change in ur-
ban vs. rural station areas by analyzing the observed data and determining the differ-
ences in the rates of change. In addition to studying the effects of urban development, 
the method described here may provide a potential methodology for estimate of future 
urban temperature trends. 

In order to determine the future urban warming of the chosen cities, the calculated 
urban component was added to the future projections as realized in the regional climate 
model (RegCM). By adding population growth trends as determined though analysis of 
the data, the expected increases could be calculated up to 2060 within the framework of 
the various population growth scenarios. 
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Table 2. Study area of the 4 rural stations (a) and 4 nearby urban stations (b) in the 4 climate re-
gions. According to the constructed area and the LCZ classification. Altitude (m) above Mean Sea 
Level (MSL) is indicated. 

(a) 

Location 
The rural station according to 
Aerial Photo (Google Earth) 

The rural station description 

Greater  
Tel-Aviv 

31 MSL 

 

Available data: 1962-Today. 
Location: openenvironment seven  

kilometers SE of the city center. 

Jerusalem 

950 MSL 

 

Available data: 1970-Today. 
Location: open high environment  
40 kilometers SW of city center. 

Beer-Sheva 

195 MSL 

 

Available data: 1967-Today. 
Location: open desert environment  

5 kilometers Wof city center. 

Eilat 

70 MSL 

 

Available data: 1975-Today. 
Location: open desert environment  

40 kilometers N of city center. 

(b) 

Location 
Location of urban station 

(Google Earth) 
Constructed 

area (%) 
LCZ Classification 

Greater Tel-Aviv 
For locations  

of all  
stations-see  

Figure 4. 

Urban Total Area 172 (km2) 

 

Urban built  
area 56.7 

 
Urban open 

area 5.9 
 

Urban  
forests 3.7 

B1, 2 
Built type: 

Dense mix of midrise  
and tall building.  

Land covers mostly  
concrete, glass and  

construction materials. 
Land cover: scattered  

trees: land cover mostly 
pervious: lightly wooded 
landscape of deciduous 
trees. Zone function is 
natural tree cultivation,  

or urban park. 
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Location 
Location of urban meteorological  

station (Google Earth) 
Constructed 

area (%) 
LCZ Classification 

Jerusalem 

Urban Total Area 125.156 (km2) 
810 MSL 

 

Urban  
built area 34.3 

 
Urban open 

area 3.3 
 

Urbanforests 
20.1 

A1,2 
Built type: 

Dense mix of midrise  
and tall building.  

Land covers mostly  
concrete, stone and  

construction materials. 
Land cover: dense trees: 

land cover mostly 
pervious; heavily  

wooded landscape of  
deciduous trees:  

forest or urban park. 

 

Beer-Sheva 

Urban Total Area 59.903 (km2) 
279 MSL 

 

Urban built 
area 47.3 

 
Urban open 

area 2.3 
 

Urban forests 
6.9 

 

F2 
Built type: Mix building  

of 3 - 9 floor, few  
tresses. Land covers  

mostly stone,  
concrete and  

construction materials. 
Land covers type: Bare 
sand of natural desert. 

 

Eilat 

Urban Total Area 84.789 (km2) 22 MSL 

 

Urban built 
area 11.5 

 
Urban open 

area 1.1 
 

Urban forests 
0.1 

F 5,2 
Built type: open  

arrangement of midrise 
building of 3 - 9 floor,  
few tress. Land covers 

mostly stone, glass,  
concrete and construction 

materials. 
Land cover: Bare soil  

or sand of natural desert. 
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Three growth scenarios were chosen: 
1) No population growth; 
2) Constant population growth; 
3) Rapid (constant ∗ 1.7) population growth. 
The following linear equation was used to calculate air temperature increases based 

on projected population growth until the year 2060;  

( ) ( ) ( )
( ) ( )

T C 2060 POP2060 TUobs TRobs POP2015 46 35

TM2060 TM2015 T C 2015

= ∗ ∆ − ∆ ∗

+ − +





        (1) 

where the 2015-2060 temperature change is composed of the first two terms on the 
right-hand side (RHS) of Equation (1). The first is an anthropogenic factor that is li-
nearly estimated, based on the population growth, while the second term is the GW 
contribution, based on RegCM model temperatures (TM).  

The variables in Equation (1) are defines as follows: POP year—the population for a 
given year (according to the three growth scenarios); ∆TUobs—the 35y observed 
change in air temperatures in the urban data; and ∆TRobs—the 35y observed change in 
air temperatures in the rural data.  

Taken together these form the first term of the equation, which represents the local 
warming effect for the 46y from 2015 to 2060. The second term of Equation (1) pro-
vides the global warming model temperature change value, i.e., TM2060-TM2015. It is 
important to note that the data were recorded according to the original decimal num-
ber, a step essential for the next step of the data calculations since any rounding could 
significantly influence the final T results. The next Section 3, presents the results, which 
is followed by the Discussion (Section 4). 

3. Results  
3.1. The Urbanization Implication 

Here, the correlation between population and local warming is assumed to be linear. 
The linearity exhibited by our results is clear for in both hours as shown in Figure 2 
and Figure 3. The relation between urban air temperature and population growth is il-
lustrated by the scatter plots for the chosen periods in the four cities as found in Figure 
2. According to Figure 2, Tel-Aviv shows some small warming at 06:00 LT and a cool-
ing at 15:00 LT, as compared to the other three cities. The highest correlation values 
were found at 06:00 LT, in the semi-arid city of Eilat (R2 = 0.626) and in the arid city of 
Beer-Shava (0.6896). According to Figure 3, both urban and rural observed air temper-
ature changes showed strong linearity in both hours and for all four cities (see also Ta-
ble 3). The statistically significant results found in Table 3 show the air temperature 
change (˚C/y), for 06:00 LT and 15:00 LT in addition to the decadal change (˚C/decade) 
and the normalized change for populations of 100,000 p.  

Equation (2) normalizes the “urban minus rural” (i.e., u-r) T change for 100,000 p, 
based on the estimated linear trend in population;  
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(a) 

 
(b) 

Figure 2. Scatter plots of annual urban air temperatures at 06:00 (a) and 15:00 LT (b), against the 
population growth during 1980-2014 (for Tel-Aviv represented by the urban station Holon, the 
period is 1998-2011). 
 

( ) ( )( ) ( )( )
Tu-r Change 100000 p

TuObs C y TrObs C y Pop change 1000 p y 100= − ∗ 

        (2) 

Note that only Eilat, the hyper-arid city in the study area, has a population of less 
than 50,000, a number that yields an artificially high normalized warming for 100,000 
p. Hence, the results for the normalized urban warming for cities with populations be-
low 100,000, at both hours, may be exaggerated. Table 3(a) presents the results for Je-
rusalem, Beer-Sheva and Eilat during 1980-2014, whereas Table 3(b) presents the re-
sults for the five different stations within Greater Tel-Aviv.  

According to Table 3(a), the rural and urban slopes from the model are as expected, 
quite close to the rural observed value for the three cities, but the observed urban tem-
peratures exhibit higher slopes especially at 15:00 LT (for instance, in Jerusalem the  
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Table 3. Temperature linear slopes in (˚C/y) during 1980-2014 are indicated for the three cities 
of Jerusalem, Beer-Sheva and Eilat (a), while in (b) the 5 meteorological stations within Greater 
Tel-Aviv are shown. Statistically significant slopes at a 95% (i.e., P < 0.05) are in bold. In 
parentheses, the (R2; P-value) are also indicated. 

(a) 

 
Jerusalem Beer-Sheva Eilat 

06:00 15:00 06:00 15:00 06:00 15:00 

T Rural Mod (˚C/y) NA 0.0288 0.0276 0.0276 0.0310 0.0310 

T Urban Mod (˚C/y) NA 0.0290 0.0299 0.0299 0.0342 0.0342 

T Rural Obs (˚C/y) NA 0.0371 0.0690 0.0610 0.0764 0.0095 

T Urban Obs (˚C/y) NA 
0.0742 

(0.4; 0.001) 
0.0699  

(0.52; 0.001) 
0.0760 

(0.41; 0.001) 
0.0944 

(0.72; 0.001) 
0.0460 

(0.30; 0.001) 

ΔTu-r (˚C/dec) NA 0.3709 0.0090 0.1497 0.1802 0.3657 

Pop change  
(in 1000 p/y units) 

12.9060 3.1717 1.0295 

ΔTu-r normalized  
(˚C /100,000p) 

NA 0.2874 0.0285 0.4720 1.7506 3.5517 

(b) 

 

Remez Irony-D 
Tel-Aviv Bus 

Station 
Ramat-HaSharon Holon 

2001-2012 2001-2012 2001-2014 1995-2008 1998-2011 

06:00 15:00 06:00 15:00 06:00 15:00 06:00 15:00 06:00 15:00 

T Rural  
Mod (˚C/y) 

0.022 0.022 0.022 0.022 −0.023 −0.023 −0.036 −0.036 0.0146 0.0146 

T Urban  
Mod (˚C/y) 

0.014 0.014 0.014 0.014 −0.025 −0.025 −0.036 −0.036 0.0118 0.0118 

T Rural  
Obs (˚C/y) 

0.1858 0.1068 0.1858 0.1068 0.1337 0.0437 0.0262 0.0303 0.0936 0.0405 

T Urban  
Obs (˚C/y) 

0.0917 
(0.369; 
0.047) 

0.0519 
(0.176; 
0.19) 

0807 
(0.221; 
0.123) 

0.0893 
(0.2561; 
0.054) 

0.0918 
(0.4738; 
0.009) 

−0.0003 
(0.0004; 
0.995) 

−0.0018 
(0.0005; 

0.94) 

−0.0122 
(0.0038 ; 
0.848) 

0.0315 
(0.899; 
0.3197) 

−0.0113 
(0.017; 
0.6698) 

Tu−r  
(˚C/dec) 

−0.9413 −0.5484 −0.0506 −0.1748 −0.4187 −0.4400 −0.28 −0.42 −0.6211 −0.5185 

ΔTu−r  
normalized 

(˚C/100,000p) 
−0.69 −0.40 −0.7720 −0.1285 −0.3087 −0.3245 −0.2793 −0.4243 −0.6089 −0.5083 

 
observed urban slope is 0.0742˚C/y compared to 0.0371˚C/y for the observed rural 
while in the model the corresponding slopes are 0.0290 and 0.0288˚C/y). In addition, 
the table shows that at 15:00 LT, all the decadal slopes are significant with high correla-
tion values; i.e. ΔTu-r (˚C/dec) values reach 0.3709 in Jerusalem, 0.1497 in Beer-Sheva, 
and 0.3657˚C/dec in Eilat.  
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(b) 

Figure 3. Scatter plots of urban and rural observed air temperatures, at 06:00 (a) and 15:00 LT; (b) during 1980-2014 (1998-2011 for 
Tel-Aviv). 
 

In Greater Tel-Aviv (Table 3(b)), the slopes from the model simulations are not as 
close to those of the rural region, probably due to the short periods of time that data 
were collected while the retrieved data from the 5 urban meteorological stations showed 
inconsistent results, at both hours. For all stations, the decadal slopes and the norma-
lized urban change for 100,000 p showed decreases over time. Due to the relatively 
longer period (14y) and its location in the main center city, we focus on the Holon sta-
tion (see Figure 4 for the geographical locations of the stations). For instance, during 
1998-2011, population change Greater Tel-Aviv is 9.472 (in units of 1000 p/y), i.e. the 
area’s population increased by 132,608. 

In Jerusalem, the increase in urban air temperature due to the population growth was 
0.0742˚C/y and 0.3709˚C/dec at 15:00 LT. Hence, the normalized urban change for 
100,000 p showed an increase of 0.2874˚C. In Beer-Sheva, the observed urban air tem-
perature showed no significant difference between 06:00 (0.0699˚C/y) and 15:00 LT  
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Figure 4. The locations of the relevant meteorological stations in the Greater Tel-Aviv (Gush 
Dan). The blue line represents the cities’ boundaries which together consist of the Greater 
Tel-Aviv urban area. 
 
(0.0760˚C/y). However, the ΔTu-r exhibit a higher slope at 15:00 LT than at 06:00 LT. 
Hence, the decadal change (0.1497; 0.0090˚C/dec, respectively) and the normalized ur-
ban change for 100,000 p showed an increase of 0.4720 and 0.0285˚C/100,000p, respec-
tively. In addition, the highest decadal change was found at 15:00 LT in Jerusalem and 
Eilat. 

3.2. Past Air Temperature Trends and Future Projections  

We calculated the 06:00 and 15:00 LT observed past and simulated future temperatures 
until 2060 for various population scenarios for the cities of Jerusalem, Beer-Sheva and 
Eilat. This was performed by adding the population growth temperature trends to the 
RegCM model as presented in Figure 5 and Table 4. The y-axis of Figure 5 shows the 
air temperatures changes relative to the 1980 value over the past decades (left of the 
black vertical bar) and as projected for 2015-2060 (the right-hand bar); that is, the thick  
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(a) 

 
(b) 

 
(c) 

Figure 5. Air temperature changes at 15:00 LT relative to the year 1980 value: past observations 
changes (urban and rural, 1980-2014) and future (2015-2060) changes. Three different scenarios 
for population are considered, no population growth (light blue); constant population (green) 
and rapid population growth (blue). The vertical black bar at end of 2014 separates the observed 
period (to the left) from future predictions (to the right). The Köppen geographic climatic 
classification of Israel is in Figure 1. Populations of the two cities by end of 2014, is indicated. 
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Table 4. Observed urban minus rural air temperature changes (ΔTu−r) by 2014 (build up since 
1980) at 06:00 (a) and 15:00 LT (b) and the ΔTu−r increases for three future scenarios for 2060. 
The scenarios are no population growth, constant growth and rapid growth. 

Location 
Tu−r changes  
until the year  

2014 (˚C) 

The three different scenarios until the year 2060 (˚C) 

No  
population growth 

Constant  
population growth 

Rapid (*1.7)  
population growth 

(a) 06:00 LT 

Jerusalem NA NA NA NA 

Bear Sheva 0.0315 0.030 0.071 0.100 

Eilat 0.648 0.573 1.424 2.020 

(b) 15:00 LT 

Jerusalem 1.3 1.114 2.937 4.129 

Bear Sheva 0.525 0.495 1.183 1.664 

Eilat 1.2775 1.119 2.778 3.939 

 
vertical bar separates data observed in the past from predictions for the future. The fig-
ure in the title of each graph denotes the Köppen climatic classification and population 
size at the time indicated on the thick vertical line (2014). For instance, in Beer-Sheva, 
this is indicated by (Bsh, 205,588 pop).   

Table 4 shows total air temperature changes in the observed data until the year 2014 
and for the three scenarios until 2060. Note that no future prediction is given for 
Tel-Aviv, due to the limited and problematic database (as discussed in Section 3.1). As 
shown in Table 4, in Jerusalem, the ΔTu-r increased by 1.3˚C at 15:00 LT over the last 35 
years. According to the projection, under “No population growth”, this temperature 
increase is expected to continue, by 1.114˚C, until 2060. If, however, the city grows ra-
pidly, air temperature will increase by 2.937˚C and 4.129˚C, by 2015 and 2060, respec-
tively.  

In Beer-Sheva, the ΔTu-r at 06:00 LT is small (0.0315˚C) when compared to the in-
crease (by 0.525˚C) at 15:00 LT over the last 35 years. According to projections, under 
“No population growth”, the trend in temperature increase is expected to continue, by 
0.495˚C. If, however, the city should grow rapidly, air temperature will increase by 
1.183˚C and 1.664˚C at 15:00 LT during 2015-2060.  

In Eilat, the ΔTu-r increased by 0.648˚C at 06:00 LT and by 1.2775˚C at 15:00 LT over 
the last 35 years. According to the prediction, under “No population growth”, this 
temperature increase is expected to continue, by 0.573 at 06:00 LT and by 1.119˚C at 
15:00 LT until 2060. If, however, the city grows rapidly, the air temperature will in-
crease by 1.424˚C and by 2.02˚C at 06:00 LT and 2.778˚C and 3.939˚C at 15:00 LT dur-
ing 2015-2060. It should be noticed that urban temperature changes ΔTu-r, at both 
hours during 1980-2014, show the highest increases in the hyper arid zone, that is, Eilat, 
in comparison to Beer-Sheva. This finding is repeated for the future predictions for the 
three scenarios even though Eilat is the smallest city in our study. That is, past and fu-
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ture temperature change in Eilat (48,140 people) shows similar trends to those in Jeru-
salem (815,300 people) at 15:00 LT despite the difference in population size.  

4. Discussion 

This study estimates projected temperature increases caused by urban warming in an 
era of global warming in four Israeli cities, each having its own unique sub-tropical 
climatic characteristics. Urban population was used as a gauge for the investigation of 
urban warming due to the availability of the data, the similarity of building types in the 
four cities and the Israeli government’s long-term practice of predicting future popula-
tion (details in Section 2.1). Based on a review of numerous cities [30], it was concluded 
that due to the limited range of urban morphologies, the role of building density and 
materials, for example, could not be explored in detail. Further study is therefore re-
quired to delve into additional parameters, such as city density, energy consumption, 
and transportation volume, which may also influence urban warming. Some studies did 
investigate the relationship between UHI intensity and population size; they found that 
the data indicate some degree of relationship with population, and that Tu-r maximum 
values can be somewhat associated with climatic regions [4] [30] [38].  

Urban growth in Israel can be characterized as follows. Since the 1950s, there has 
been rapid growth in urban population as well as expansion of the built area. By the end 
of 2013, 43% of Israel’s population (3.4 million) resided in urban areas. This trend is 
projected to significantly increase in the future [39].  

With respect to temperature trends, [40] found that summer UHI intensity in the 
Greater Tel-Aviv area can reach 2.2˚C during the day and 0.8˚C at night. In addition, 
Israeli government data [27] place the cities of Tel-Aviv and Jerusalem among Israel’s 
three largest and most populated urban centers. Following the LCZ classification [33], 
one would expect urban temperature change to be more intense in Tel-Aviv as com-
pared with the other three cities selected for study. The current results nonetheless 
show that urban warming trends in the other three cities, i.e., Jerusalem, Beer-Sheva 
and Eilat, are higher than in Greater Tel-Aviv. 

In Jerusalem, the relatively large increases may be attributed to the Mountain Medi-
terranean climate (hot dry summer). Regarding Beer-Sheva, the long-term and signifi-
cant rise in temperature, identified in earlier studies [23] [41], suggest that the temper-
ature changes are associated with considerable and rapid population growth. In the hy-
per-arid city of Eilat, despite its relatively small population (less than 50,000), our find-
ings show steeply rising trends that fit previous findings [42] indicating development of 
nighttime and daytime urban heat island intensities. One unique feature of this study is 
the large climatic variety over Israel—a small country that encompasses no less than 
five different Köppen zones [43].  

5. Summary and Conclusion 

Future urban air temperatures are expected to increase as a result of land use modifica-
tions, changes in the characteristics of urban structures as well as urban sprawl [4] [5]. 
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Recent studies applying the RCM [44], together with the Coupled Model Intercompa-
rison Project (CMIP5) [45], have found that by the end of this century, parts of Asia 
will be uninhabitable. 

This is expected to be especially true during the hot season in hot climates and in the 
Middle East, which is characterized by extreme temperatures [19] [20] [21] [46]. Fujibe 
[11] has claimed that global and regional warming can aggravate urban warming dur-
ing summer months, and consequently increase the frequency and duration of air tem-
perature extremes in urban areas, events that are more pronounced in arid regions [47]. 
The UHI has become the best-documented instance of inadvertent human climate 
modification [5], with the understanding of urban warming intensity playing an im-
portant role in policy decisions [48].  

Most UHI studies have focused on cities at mid and high latitudes, which show 
strong seasonal variation; it was thus assumed that in subtropical cities of similar pop-
ulation size, UHI intensity would be relatively lower [30]. In addition, most climate 
models incorporate large-scale patterns, making it impossible to accurately simulate 
sub-grid-scale physical processes [16] [18] that are particularly noticeable in small 
countries such as Israel. Therefore, the present methodology can be employed as a tool 
to study and better understand climate change in urban localities such as Israeli cities. 
The simple methodology suggested involves obtaining a preliminary estimate for the 
effects of urbanization on air temperature increases over different subtropical climatic 
zones by means of a regional climate model that incorporates the potential effect of 
population growth. More specifically, the study reported here attempted, first, to diffe-
rentiate between global and local warming past trends. It then used this historical in-
formation to create a more realistic future projection by taking into consideration both 
aspects, i.e., the GW and the urban heat effect. While this research provides a “first es-
timate” of the expected urban changes, it is possible to extend the methodology global-
ly, to cities located in different climatic and geographic regions for the purpose of better 
understanding the urbanization effect on trends in temperature change.  

The current results suggest that given the impact of UHIs on temperature, specifical-
ly in cities in hot and dry summer regions, planners and architects should pay special 
attention to the possible consequences of urban development and population growth 
on air temperature.  
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Appendix 

Technical problems in data collection from the IMS or other sources are described in 
more detail. The main reason for these problems is the study’s requirement for long 
term-meteorological data in different urban and rural areas, which could not be consis-
tently provided. Limitations of the meteorological station data: 

Tel-Aviv: 
No good urban meteorological station capable of representing the entire urban area 

could be found in Greater Tel-Aviv (the Tel-Aviv center or surrounding cities). We 
therefore tried to put together an accurate picture based on data collected from five dif-
ferent urban stations. The three stations located in the Tel-Aviv city center (Remez, 
Irony-D and the Tel-Aviv central bus station on Petach Tikva Road) were available only 
from 2001. The two other stations used were located outside the Tel-Aviv center, but 
within the Greater Tel-Aviv area. The station in Ramat-HaSharon was found to be 
problematic due to its location outside the city center; whereas the Holon station had 
operated for only a short period of time (1998-2011). Note that the Holon station was 
eventually chosen due to its location in the city center (see Figure 4 for the geographi-
cal locations of all these stations).  

The optimal location for a rural meteorological station was found to be Beit-Dagan, 
which has been operating since the 1960s in an open area southeast of the Greater 
Tel-Aviv  

Jerusalem: 
The meteorological station in Israel’s capital, Jerusalem, is located right at the city 

center. The climate data for 1980-1995 was measured manually; in subsequent years, 
(1996-2014), the data was collected automatically. Furthermore, until 1996, the manual 
station in the rural zone was located at 956 meters above MSL; in 1996, the automatic 
station was transferred to 930 meters above MSL. The changes in altitude could clearly 
influence the minimum temperature changes measured. In this study, however, only 
temperatures from the afternoon hour (15:00 LT) are presented because the rural sta-
tion took measurements only during the day (09:00, 15:00 and 21:00 LT).  

Beer-Sheva: 
Beer-Sheva’s urban station is located inside the city center. The climate data were 

measured manually until 1995; the data was collected automatically during 1996-2014. 
The rural meteorological station, located west of Beer-Sheva, is situated in an open 
desert environment. However, no urban data were available 1992-1996 and no rural 
data for 2005-2010. 

Eilat: 
The urban station for Eilat is located in the city center, 1 km north of the Red Sea 

coast. No rural meteorological station capable of representing the hyper arid zone was 
situated nearby; we therefore used the rural station located 40 km north of Eilat. 
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