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The aims of this study are to examine and clarify the general trends in minimum
temperature, number of frost days, and severity of frost in the north-eastern Badia
region of Jordan between 1980 and 2010. Representative meteorological stations
were selected to analyze the climatic factors in the study area, using statistical
analysis approaches such as CUSUM charts, moving averages, linear regression,
and t-tests. Linear regression trends showed a slight increase in minimum
temperature in both locations during the study period. The t-tests show increases 
in the average values of the tested climatic variables, with a significant trend for
Safawi station at the 95 % confidence level. The study also found a remarkable
decrease in the number of frost days and an increase in the severity of frost at both
stations, but these findings are not statistically significant at the 95 % confidence
level. 
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Les objectifs de cette étude visent à examiner et à clarifier les tendances générales
de la température minimale, du nombre de jours de gel, et de l’intensité du gel dans
la région de la Badia dans le nord-est de la Jordanie entre 1980 et 2010. Les
stations météorologiques représentatives ont été sélectionnées pour analyser les
facteurs climatiques dans la zone d’étude, en utilisant des approches d’analyse
statistique telles que les graphiques CUSUM, les moyennes mobiles, les régres-
sions linéaires et les tests t. Pour la période sous étude, les régressions linéaires ont
montré une légère augmentation de la température minimale dans les deux stations
représentatives. Les tests-t montrent une augmentation des valeurs moyennes des
variables climatiques testées, avec une tendance significative pour la station
Safawi avec un niveau de confiance de 95%. L’étude a également constaté une
diminution remarquable du nombre de jours de gel et une augmentation de l’inten-
sité du gel dans les deux stations, mais ces résultats ne sont pas statistiquement
significatifs au niveau de confiance de 95%.

Mots-clés: changement climatique, gel, écart cumulatif, régression linéaire, test-t
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Introduction

Many studies show that global climate variables have changed rapidly,
represented by an increase of 0.74°C in the global mean temperature
within the past century (IPCC 2007). Rates of climate change vary by
geographical region (Deka, Mahantaa, and Nath 2003). The aim of this
research is to highlight the changes in the average minimum temperature
during the period when there is a possibility of frost events. This study
also aims to measure the number of frost days, and their severity, in
Jordan’s north-eastern desert region. Many studies discuss climate-
change parameters, particularly change in temperature, frequency of
frost occurrences, and the destructive effects of frost. These studies cover
different parts of the world to detect the trends and magnitude of climate
change. Some of these studies have shown significant upward trends in
minimum temperature during the past four decades (Türke� and Sarı�
2007; Smadi 2006; Skinner and Gullett 1993). In Jordan, many studies
discuss the climate-change phenomena, and some of them deal with
temperature parameters (Harrison 2009; Cohen and Stahill 1996;
Moshrik, Abu-Allaban, and Al-Shayeb 2009). The results of these studies
show that there is no clear trend for either an increase or decrease in
temperature, while there is a clear increase in average minimum
temperature and a decrease in average annual temperature. In the Arab
Gulf region, the results show that there is a significant increase in temper-
ature for all studied regions (Alhusban 2013a, 2013b; Almazroui et al.
2012). In Kuwait, studies show an increase in nighttime temperature that
is more than double the increase in daytime temperature (Ramadan
2008). In Saudi Arabia studies show an increase in temperature (Al-
Zawad 2008), as well as an increase in frost severity (Alhusban 2013a).
Other studies were concerned with world climate change, and have
concluded that there is a decrease in the number of frost days in the
western and north-western United States and a decrease in the number of
frost days in the spring (Meehl and Tebaldi 2004). The impact of climate
change on the number of frost events and their severity in the United
States has also been studied (Woldendorp et al. 2008; Gu et al. 2008).

Study Objectives

The main object of this study is to investigate the nature and magnitude
of climatic changes in the north-eastern part of Jordan. The specific
objectives of this research are to analyze the changes in the trends of the
average minimum temperatures of the Badia region from 1980 to 2010
and to analyze the pattern of changes in the number and severity of frost
events during the study period. The importance of this research lies
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particularly in the economic value of the agricultural crops in the study
area. It is estimated that the study area contains about 10% of the
irrigated agriculture in Jordan, and its production represents high value
in Jordan’s economy.

Methodology

Study Area

Jordan has an area of 89  350  km² and is classified as medium-sized
country. Figure 1 shows the extent of the study area, which is in the north-
eastern Badia region of Jordan; the main cities in the study area are
Safawi and Ruwaished. The study area borders Jordan and Syria in the
north, Iraq in the east, and Saudi Arabia in the south-east. The geograph-
ical location of the country, which is south-east of the Mediterranean Sea,
characterizes it as a transitional zone between the Mediterranean climate
to the north and west and the hyper-arid climate to the south and east.
Jordan’s average annual precipitation ranges from less than 50 mm
yearly in the desert regions to about 600 mm yearly in the Mediterranean
regions. The Safawi climatic station is located at 32°2’ N and 37°13’ E at
an altitude of 668 m (ASL), and the Ruwaished climatic station is located
at 32°55’ N and 39°15’ E at an altitude of 686 m (ASL). The
geomorphological structure of the study area can be divided into two
parts. The first structure is the Al-Hurra, or black, desert in north-eastern
Jordan, with an area of 11 278 km² (Edgell 2006). The second structure is
the Al-Hammad desert, which represents part of the Arab Hammad
desert between Jordan, Syria, and Iraq. As part of Jordanian Badia, the
study area is characterized by hot and dry climates, poor vegetation
cover, and a surface landscape covered by basalt pavement. Table 1
shows the locations of the meteorological stations.

TABLE 1
Locations of the Meteorological Stations in the Study Area
Station                       Latitude                     Longitude             Elevation (m) ASL
Safawi                          32°2’                           37°13’                           668
Ruwaished                  32°55’                          39°15’                           686

Data Sources

The data sources for this study are the historical climatic data for the two
stations from the Jordan Meteorological Department and the Web site
http://www.tutiempo.net/clima/. The study covers the time period from
1980 to 2010, which includes the available data for the study area. The
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climatic data for the two stations in the study area (Safawi and
Ruwaished) were collected and analyzed based on standard analysis
methods. The main interest of this research is to study the pattern of
minimum air temperature during the time when frost can occur, which is
primarily between the months of December and March. The data were
analyzed to detect the occurrences of frost phenomena and to investigate
the number of days of frost occurrences and the severity of the frost. Then
the study was divided into two parts, the first from 1980 to 1995 and the
second from 1996 to 2010. This division was used to compare the average
calculations between the two periods, and this division was determined
according to the beginning of the global warming phenomenon in the
mid-1990s.

Null Hypotheses

The main hypotheses of this study are as follows: (a) there are no trends
in the minimum temperature at both stations (increase/decrease); (b)
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FIGURE 1
Extent of the study area in Jordan



there are no clear trends in the amount of frost and its severity at both
stations (increase/decrease); (c) there are no statistically significant differ-
ences at the 0.05 level between the two averages of minimum temperature
and the number of frost events and their severity for the two study periods
1980–95 and 1996–2010. 

Methods of Analysis

The trend parameters of the studied variables were calculated using four
statistical measurements: linear regression, ccumulative sum (CUSUM)
charts, moving averages, and t-tests. Simple linear regression was used to
model the relationship between the two variables by fitting a least-square
linear equation to the observed data to determine the general trends of the
studied climatic element. The CUSUM charts were used to detect
changes related to time series; CUSUM is based on a graphic curve that
represents a gathering accumulation of deviations from the mean. The
moving averages method is one of the main methods used in time-series
analysis to smooth out short-term fluctuations and highlight the trend
line and long-term fluctuations (Shehadeh and Ananbeh 2013). Finally,
t-tests were used to test the significance of the differences between the two
means with a level of significance <0.05.

Results and Analysis

Cumulative Deviation

Cumulative deviation was used to detect any systematic changes that
occurred in the time series of daily minimum temperature for each month
of the study period (1980-2010) and frost temperature. The analysis
shows that the differences in accumulated curves reached in the mid-
1990s witnessed a significant change in the average minimum
temperature and the frost temperature in the study area, as shown in the
following section.

CUSUM Charts for Average Minimum Temperature

Figures 2 and 3 show the CUSUM results for average minimum temper-
ature at both stations analyzed on a monthly basis. It is clear from the
cumulative curves for the differences in temperature that there has been
a rise in average minimum temperature. The minimum temperature
increased from the mid-1990s until the end of the study period. Thus, the
mid-1990s can be considered a change point in the cumulative curves of
the differences in temperature. But despite this increase in the minimum
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temperature, there was a large fluctuation in these curves. The Safawi
station, for instance, witnessed a decrease in average minimum tempera-
ture in January 1992 (-0.2 °C) and December 2006 (-0.6 °C). The average
minimum temperature also decreased at the Ruwaished station in both
December (-0.2°C) and January (-0.9°C) 2006 (see Figure 2). These
changes are representative of extreme climatic events occurring in many
parts of the world (Woldendorp et al. 2008; Augspurger 2009). Some
Arab studies showed an increase in the average temperature of the winter
months (Alhusban 2013a; Ramadan 2008). 

Figure 3 shows a severe drop in minimum temperature in December
for the Safawi station during the study period. For example the average
temperature for December was -0.6°C, which was registered in 2006.
However, the temperature increased between 2000 and 2004, and the
minimum temperature was -0.9°C for December 2006. The minimum
temperature declined to -11°C, was registered in January 1993; then there
was a clear rise in minimum temperature during 1990–2005. After that
time the temperature increased during the rest of the study period. These
results are comparable with global trends. Globally, temperatures have
increased an average of 0.3–0.4°C in the past 100 years (Nicholls and
Alexander 2007), but temperatures have become more dangerous and
extreme in different parts of the world (Gu et al. 2008).

In February there was a clear drop in minimum temperature for the
two stations from the beginning of the study period to 2004; after that,
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FIGURE 2
CUSUM for average minimum temperature for Ruwaished station by month



temperature increased during the final five years of the study period
(2005–10). Finally, in March both stations showed a rise in minimum
temperature during the study period (see Figures 2 and 3). Despite the rise
in minimum temperature, both in Jordan and the world, the frost
phenomenon is still happening and has become more severe (Kramer
1994; Cannell and Smith 1989).

Changes in the Number of Frost Events

Figures 4 and 5 show that at the end of the 20th century the number of
frost events decreased at both stations. At Safawi station, the total
number of frost events decreased from 13.69 to 13.07 during the final 15
years of the study period. Some extreme frost events have occurred; for
example, 30 cases of frost were recorded in 2008. At Ruwaished station,
the total number of frost events decreased from 11.25 to 9.93 during the
final 15 years of the study period. Many studies indicate that occurrence
of frost has decreased since the 1990s (Kramer 1994), but despite the
decrease in frost events worldwide, the severity of frost has increased in
many places (Meehl and Tebaldi 2004).

CUSUM of Daily Frost Temperature Associated with 
the Occurrence of Frost

The temperature associated with the occurrence of frost indicates the
severity and destructive power of frost in the event of extremely low
temperatures. The curves for cumulative differences in temperature show
a rise in minimum temperature, especially at Safawi station, during 1993–
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FIGURE 3
CUSUM for average minimum temperature for Safawi station by month



2007, and it shows a decrease at Ruwaished station during the same
period, as shown in Figures 6 and 7. Several studies confirmed that the
world has witnessed extreme climatic conditions, including what
happened in 1992 and 1995, despite a decline of 50% in the total number
of cold days (see Figures 6 and 7; Nicholls and Alexander 2007; Cannell
and Smith 1986; Woldendorp et al. 2008; Klimov et al. 2006; Lavalle et
al. 2009; Skinner and Gullett 1993; Jain and Kumar 2012).
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FIGURE 4
Number of frost events at Safawi station by month

FIGURE 5 
Number of frost events at Ruwaished station by month.



Moving Averages for Minimum Temperatures at the Study Stations

Moving averages are considered one of the best statistical methods to
determine the general direction of temperature and for their ability to
ignore short-range fluctuations and highlight the trend line and long-
term fluctuations (Shehadeh and Ananbeh 2013). Seven years of moving
averages were used to define the general trend of minimum temperature
for the months that witnessed frost at the two selected stations. Both
Figures 8 and 9 show an increase in minimum temperature for the two
selected stations. At Safawi station, the months of January and March
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FIGURE 6
Average frost temperature for Safawi and Ruwaished stations

FIGURE 7 
Cumulative frost temperature for the two stations.



showed the highest increase in moving averages for temperature, and
there was fluctuation during the months of November and December.
Moving averages also showed an increase in temperature during the
months of January and March at Ruwaished station, and there were
some fluctuations during the months of December and February.
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FIGURE 8
Seven years of moving averages for minimum temperature at Safawi station.

FIGURE 9 
Seven years of moving averages for minimum temperature at Ruwaished station.



Simple Linear Regression Model

Simple linear regression, which studies the relationship between a
response variable y (meteorological variable) and a predictor variable x
(year), is essentially a trend test. Linear trend means that the rate of
change over time is constant. The results of the analysis show that the
gradient of trend is positive for both stations, which indicates a rise in the
average minimum temperature in the study area, as shown in Table 2.
There is an increase in the average minimum temperature during the
winter months, and the value of the regression coefficient (b) is 0.056 at
Safawi and 0.037 at Ruwaished. The positive values indicate an increase
in the minimum temperature for both stations, with a significance value
of <0.018 for Safawi and 0.021 for Ruwaished. The proportion of
variance explained (R²) values is 0.1795 for Safawi and 0.383 for
Ruwaished, as shown in Figure 10. Finally, because the null hypothesis is
that there is no significant trend in either increases or decreases of the
studied parameters within the timeline, the null hypothesis was rejected.

Regression Coefficient for the Minimum Temperature

The regression line in Figure 11 represents the rate of increase or decrease
in temperature, and the regression line was calculated for the average
annual temperature for each station. 
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FIGURE 10
Linear regression results for the average minimum temperature for Safawi and
Ruwaished



TABLE 2 
Results of Linear Regression Analysis 
Sig.                        b                   t value                      R²                           Station
0.018                  0.056                2.510                    0.178                        Safawi 
0.021                  0.037                1.450                    0.068                     Ruwaished
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FIGURE 11
The general trend of frost temperatures during 1980–2010 for Safawi station

FIGURE 12
The general trend of frost temperature for Ruwaished station



Regression Coefficient of Frost Temperature

Table 3 shows the general trend of frost temperature for Safawi and
Ruwaished stations. The result of the analysis indicates the existence of a
negative value for the coefficient of variation (b) and there is an increase
in average temperatures associated with the occurrence of frost at both
stations. However, the result is not significant, where the percentage of
interpreter R² is 0.006 for the Safawi station and 0.058 for the Ruwaished
station, as shown in figure 11 and 12.

TABLE 3 
Results of the Regression Trend for Frost Temperature
Sig.                       b                  t value                        R ²                      Station
0.677                 -0.006              -0.490                     0.006                    Safawi
0.261                 -0.017              -1.268                     0.058                Ruwaished

t-Test

A t-test was used to compare the significance of difference between two
independent variables by using the means and standard deviations of two
samples. The results indicate that there are differences in the average
minimum temperature during the winter season for Safawi station in the
second test period. This difference is statistically significant at a 0.006
level of confidence. The remaining dependent variables do not show
statistical differences between the two periods, which is an indication of
the stability of direction. Table 4 [on pg. 346] shows clear significance of
the difference between the studied variables for the two periods 1980–95
and 1996–2010. This result supports the third hypothesis, which states
that there are differences between average means. 

Conclusion

This study attempted to detect and quantify evidence of climatic change
in north-eastern Jordan. Meteorological data from two stations,
Ruwaished and Safawi, were analyzed using several statistical tests in
order to investigate the trends of changes in minimum temperature, the
number of frost events, and the severity of frost during the past three
decades. The main findings of this research are that minimum tempera-
ture has increased at both stations, but this increase is not significant
enough to conclude the existence of a climate-change pattern. Also, the
linear regression trends showed a slight increase in minimum temperature
at both stations. Moreover, the t-test clearly showed significant results
regarding the differences among means for all of the studied variables for
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the two periods 1980–95 and 1996–2010 at a 0.05 level of confidence.
However, all mean values are negative, which supports the hypothesis of
decreasing temperature trends. There is a decrease in frost events and an
increase in the severity of frost for both stations, but these items are not
significant.
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TABLE 4
t-Test Results

Station               Dependent Variables            Time Period      Number   Average       t Value      df       Sig
                                                                                                of Years

Safawi              “Minimum temperature,             1980–95             16          2.19           -0.62       29     0.54
                                    January                       1996–2010           15          2.53                                       
                        “Minimum temperature,             1980–95             16          3.25           -2.24       29     0.03
                                   February                       1996–2010           15           4.7                                        
                        “Minimum temperature”             1980–95             16           6.1            -0.98       29     0.34
                                     March                        1996–2010           15          6.79                                       
                       “Minimum temperature, ”            1980–95             16          3.33           -1.42       29     0.17
                                  December                     1996–2010           15          4.43                                       
                  Minimum average temperature       1980–95             16          2.94              -2         29     0.06
                            of studied months
                                                                        1996–2010           15          3.76                                       
                    Total number of frost events          1980–95             16         13.69           0.22       29     0.83
                                                                        1996–2010           15         13.07                                      
                      Average frost temperature           1980–95             16          -1.52           -0.42       28     0.68
                                                                        1996–2010           14          -1.41                                      

Ruwaished       “Minimum temperature              1980–95             16           2.11           -1.49       29     0.15
                                    January                       1996–2010           15          2.82                                       
                        “Minimum temperature              1980–95             16          4.13           -0.09       29     0.93
                                   February                      1996–2010           15          4.19                                       
                        “Minimum temperature              1980–95             16          6.98           -0.53       29      0.6
                                     March                         1996–2010           15          7.37                                       
                        “Minimum temperature              1980–95             16          4.17           -0.35       29     0.73
                                  December                     1996–2010           15          4.37                                       
                  Minimum average temperature       1980–95             16          3.68           -0.72       29     0.48
                            of studied months
                                                                        1996–2010           15          4.02                                       
                    Total number of frost events          1980–95             16          11.25            0.5        29     0.62
                                                                        1996–2010           15          9.93                                       
                      Average frost temperature          1980–95             14          -1.36           0.75       22     0.46
                                                                        1996–2010           14          -1.54                                      
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