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Abstract

The present paper provides a recent study of the climatic variability over the
Kingdom of Saudi Arabia (KSA) for the period 1948-2018. Moreover, for that
period, the relationship of this climatic variability over KSA with the climatic in-
dices is studied. The NCEP/NCAR Reanalysis monthly data sets of the meteoro-
logical and climatic parameters over the KSA for the period from the year 1948
to the year 2018 are used. The parameters are (air temperature at levels of 1000
hpa and 500 hpa, mean sea level pressure, geopotential height at 500 hpa level,
surface relative humidity, precipitation rate, and outgoing longwave radiation).
In addition, the monthly data of climatic indices (North Atlantic Oscillation in-
dex (NAO), Arctic Oscillation (AO), Southern Oscillation Index (SOI), Nino 3.4,
Global Mean Surface Air Temperature (GMST)) are used. The time series trend,
anomaly method, and correlation coefficient techniques are used for data analy-
sis. The results revealed that the annual meteorological and climatic parameters
vary dramatically from year to year through the period of study (1948-2018).
The trend of this variation is a positive trend for the temperature, pressure
and outgoing longwave radiation parameters over KSA. Meanwhile, it is a
negative trend of the annual values of surface humidity and precipitation over
KSA. The climatic indices influence and control the distribution of annual
meteorological and climatic parameters over KSA. The highest significant
correlation recorded is between the mean annual of climatic parameters over
KSA and the climatic index of global mean surface air temperature (GMST).
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1. Introduction

The Kingdom of Saudi Arabia (KSA) suffered from abnormal variability of cli-
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mate Athar (2015). The climate variability is a phenomenon occurring world-
wide, which has caused major changes in climate variables such as precipitation,
air temperature, relative humidity, and solar radiation (Tirkey et al., 2018). The
KSA climate is exactly dry. However, the distribution and the values of meteo-
rological and climatic parameters vary distinctly over KSA (Abdullah &
Al-Mazroui, 1998; Kwarteng et al., 2009; El-Nesr et al., 2010; Hasanean & Alma-
zroui, 2015; Hag-elsafi & El-Tayib, 2016; Hafez, 2016; Saeed & Almazroui, 2019).
For precipitation, the KSA recorded large amounts of rainfall in the northern,
central-north, and southwest regions. Whereas the southeast region is dry.
Moreover, the southwest region of the country receives rainfall in almost all
months (Almazroui et al., 2012). Recently, Saeed and Almazroui (2019) found a
link between mid-latitude circumglobal wave train (CGT) and winter precipita-
tion over the Arabian Peninsula. For the temperature, distribution over KSA
Almazroui (2012) found that the strong variability in surface air temperature
over Saudi Arabia is close with the North Atlantic Oscillation (NAO) index for
all seasons except the autumn season. Moreover, this connection is most promi-
nent during winter. The study shows that winter temperature is influenced by
the Arctic Oscillation (AO) index, whereas the El Nino Southern Oscillation
(ENSO) influences spring temperature. However, the KSA climate varies greatly
significantly depending on the geographic position. The KSA climate varies from
season to season and is instructed by the atmospheric circulation (Donat et al.,
2013; Hasanean & Almasroui, 2015; Kang et al., 2015; Hafez, 2016, 2018). In fact,
the horizontal distribution pattern of rainfall during autumn over the KSA is
somewhat similar to that during spring (Mashat & Abdel Basset, 2011). Howev-
er, there are several worldwide scientific works of literature that challenge the
teleconnection between the climatic variability of weather and climatic condi-
tions and the climatic indices (e.g., Barriendos & Llasat, 2003; Hafez, 2008; Hafez
& Robaa, 2008; Iona et al., 2015). However, in Ghana, the Southern Oscillation
Index (SOI) is used for enhancing rainfall prediction and agricultural water
management (Adiku & Stone, 1995). The ability to forecast rainfall over Aus-
tralian based on the (SOI) phase system was examined for Australian rainfall
Cobon and Toomb (2013). From the earlier studies of Lorenz (1950) and Kutz-
bach (1970), Thompson and Wallace (1998), Thompson et al. (2000) it is found
that impressive evidence for the importance of the weather and climate pattern
of variability of the climatic index of the Arctic Oscillation (AO). In addition to
that, the weather and climatic patterns are highly correlated with the North At-
lantic oscillation (NAO) pattern (Wallace & Gutzler 1981; Hurrell, 1995; Wal-
lace, 2000; Hafez, 2008). The patterns of AO and NAO distinction could play a
guiding role in how to understand the physical mechanisms in the Northern
Hemisphere variability (Ambaum et al., 2001). The AO inference of the weather
and climate for several regions over the northern hemisphere (Gong & Wang,
1999; Thompson et al., 2000; Hines & Bromwich, 2002; Gong & Ho, 2003; Over-
land & Wang, 2005; Sun & Huijun, 2006; Choi & Byun, 2010). Almazroui (2012)
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found that the interannual variability of the mean air temperature of KSA indi-
cates a warming phase that started in the late 1990s following global warming
indications. Moreover, the strong variability in temperature over KSA is closely
associated with the NAO index mainly through the winter season. El Nino
Southern Oscillation Index (ENSO), AO and NAO indices play a great role in
the temperature increase over the country. Analyses of the global mean surface
air temperature (GMST) change carried out by several groups, including the
NASA Goddard Institute for Space Studies. It has become clear that global
warming is continuing unabated. Hafez (2008) found that there is a significant
teleconnection between the global mean surface air temperature and precipita-
tion over Europe. Goddard and Dilley (2005) found that the ENSO phenomenon
generates a significant proportion of short-term climate variability globally in
general. It is found that the SOI and rainfall can be predicted in short terms us-
ing time series analysis methods Tularam (2010). Hafez (2016) found that KSA
climate parameters, temperature and precipitation rates controlled by the Ocea-
nic Nino Index (ONI). Tarawneh and Chowdhury (2018) found that, in most
regions of KSA, for the climatic scenario, the representative concentration path-
way RCP6, for the period 2045-206. It appears that a decrease in rainfall from the
reference period (1986 to 2005). The present work aims to study the annual cli-
mate variability over the kingdom, Saudi Arabia for the period (1948-2018).
Moreover, to that, the relationship between the annual variability of climatic
meteorological parameters over KSA and the climatic indices [North Atlantic
Oscillation index (NAO), Arctic Oscillation (AO), Southern Oscillation Index
(SOI), Nino 3.4, global mean surface air temperature (GMST)] through the pe-
riod (1948-2018) has studied.

2. Data and Methodology
2.1. Data

The National Centers for Environmental Prediction/National Center for At-
mospheric Research (NCEP/NCAR) Reanalysis project is using a state-of-the-art
analysis/forecast system to perform data assimilation, within resolution of 2.5° x
2.5° degree lat/long grid, using past data from 1948 to 2018. Monthly data sets of
air temperature at levels of 1000 hpa and 500 hpa, mean sea level pressure, geo-
potential height at 500 hpa level, relative humidity, precipitation rate and out-
going longwave radiation over KSA for the period from the year of 1948 to the
year of 2018 is used. In addition, the monthly data of climatic indices [north At-
lantic oscillation index (NAQO), arctic oscillation (AO), southern oscillation in-
dex (SOI), Nino 3.4, global mean surface air temperature (GMST)] through the
period (1948-2018) are used. In fact, the data of AO are available for the period
(1950-2018) only. These data sets provided by the NOAA/OAR/ESRL PSD,
Boulder, Colorado, USA and (Kalnay et al., 1996). These data sets obtained from
the website through the internet of the Climate Prediction Centre at

http://www.cpc.ncep.noaa.gov/products/monitoring_data/. However, NCEP da-
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ta sets of weather and climatic parameters domain considered in the present
work extended to 12°N - 32°N, 33°E - 60°E for KSA, see Figure 1.

2.2. Methodology

The methods used in the present work for data analysis are the time series,
Anomaly method, and linear correlation coefficient techniques. The climatic
mean values of the weather and climatic parameters taken through the period
(1981-2010). Whereas, the period of climatic mean must be a 30-year mean.
Moreover, the climatic mean through the period (1981-2010) is the recent
worldwide use of climatic mean for climatological studies. The linear correlation
coefficient techniques used to obtain the relationship between the climatic varia-
bility of the meteorological parameters over KSA through the period (1948-2018)

and the climatic indices.

2.2.1. Calculation of Annual Averages

The calculations of annual averages of the weather and climatic parameters for
each grid point in the domain of KSA, [9 x 12-degree lat/long grids] done. The
annual averages of these parameters over the KSA are calculated. Using the
NCEP/NCAR reanalysis monthly data sets for each month through the year
from January to December (12 months/12). The climatic mean of the meteoro-
logical parameters taken for the period (1981-2010). The monthly data of cli-
matic indices [NAO, AO, SOI, NINO3.4, and GMST] through the period
(1948-2018) for the annual calculated in the same manner. However, the inter-
active plotting and analysis NCEP/NCAR software program is the use of these

analyses.

2.2.2. Linear Correlation Method

In fact, for the purpose of the present study, a linear correlation analysis of the
climatic parameters and the climatic indices through the period 1948-2018 used
for the present analysis. The methodology of Monte-Carlo has been used, (Live-
zey & Chen 1983). Statistically, based on this methodology, a correlation of 0.2

- ¥ Syrial
Lebanon

Figure 1. The study area of KSA region [12°N - 32°N, 33°E - 60°E].
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would be significant for degrees of freedom 66. In addition to that, the linear
correlation method according to Livezey and Chen (1983) and Diaconis and
Efron (1983) is used. The statistical significance was determined using the Ken-
dall-tau test. According to that test, a trend deemed to “statistically significant” if

it has at least 90% significance.

2.2.3. Local Significance and Calculation of Correlation Patterns

For given annual means of the meteorological parameter at each grid point cor-
related with the previous annual mean of the climatic indices. Each grid point
correlation was t-tested for local significance using (Philips, 1996) allowing for
temporal autocorrelation according to (Livezey & Chen, 1983) method. We use
the Monte-Carlo methodology to estimate the correlation. However, the field
significance statistic is the area-weighted average absolute correlation of a given
correlation map. Whereas, the field-significance threshold is the 95th percentile

of a 1000-member Monte-Carlo population.

3. Results and Discussion

3.1. The Annual Variability of Climatic Parameters over KSA
through the Period (1948-2018)

The NCEP/NCAR Reanalysis monthly data sets of air temperature at levels of
1000 hpa and 500 hpa, mean sea level pressure, geopotential height at 500 hpa
level, relative humidity, precipitation rate and outgoing longwave radiation over
KSA for the period (1948-2018) for annual values are analyzed using of the
anomaly method and the linear trend techniques. The results revealed that:

1) The time series analysis of temperature anomaly at level 500 hpa shows that
through the period (1948-1997) the temperature varies almost less than its nor-
mal values. Meanwhile, it has a value more than its normal values from the year
of 1998 to the year of 2018. The trend of the temperature anomaly is a positive
trend through the study period (1948-2018). As shown in Figure 2(a).

2) Analysis of temperature anomaly at level 500 hpa appears that the values of
temperature anomaly fluctuate sharply from year to year through the study pe-
riod and it is becoming more than its normal values mainly through the period
(1998-2018). The trend of the temperature anomaly is a positive trend through
the period of study (1948-2018). The trend of temperature is a positive trend as
shown in Figure 2(b).

3) Time series analysis of sea level pressure anomaly revealed that its values
are less than its normal values for the period (1948-1975). Meanwhile, for the
period (1977-1997) it becomes more than its normal in general. Almost of the
period (1998-2018) has mean sea level pressure less than its normal values.
There is a positive trend of mean sea level pressure through the period of study
(1948-2018), as illustrated in Figure 3(a).

4) The time series analysis of the geopotential height at 500 hpa level unco-
vered that there are two distinct periods. The first one (1948-1977) has a nega-
tive anomaly of geopotential height. Second one (1979-2018) period has a
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Figure 2. The time series of the annual anomaly variation in temperature (°C) over KSA

(a) at pressure level of 1000 hpa; (b) at pressure level of 500 hpa through the period
(1948-2018).
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Figure 3. The time series of the annual anomaly variation in pressure over KSA. (a) Mean
sea level pressure (hpa); (b) Geopotential height at pressure level of 500 hpa through the
period (1948-2018).

positive anomaly of geopotential height in general, as shown in Figure 3(b). The
trend of geopotential height variability is a positive trend.

5) The time series analysis of relative humidity anomaly illustrates that there
is a sharp decrease of relative humidity through the study period (1948-2018).
The trend of relative humidity is a negative trend through the period of study see
Figure 4(a).

6) Time series analysis of annual precipitation amounts appears that there is a
sharp decrease of it within a sharp negative trend during the period of study
(1948-2018), as illustrated in Figure 4(b).

7) Analysis of the annual outgoing longwave radiation anomaly shows that
there is a sharp increase of it through the study period (1948-2018). The trend of

its variation with time is a sharp positive trend, as clear from Figure 5.

3.2. Study the Relationship between the Annual Climatic
Parameters over KSA and Climatic Indices through the Period
(1948-2018)

The composite mean of the correlation coefficient of reanalysis monthly data
sets of the [air temperature at levels of 1000 hpa and 500 hpa, the mean sea level
pressure, geopotential height at 500 hpa level, relative humidity, precipitation
rate and outgoing longwave radiation] over KSA for the period (1948-2018) has
been done. This correlation with the climatic indices (NAO, AO, SOI, NINO3.4,
and GMST) for the years of the present study (1948-2018). The composite mean
of the correlation coefficient of the climatic parameters over KSA and climatic
indices for annual variations has analyzed for the period of study. The results

revealed that:

3.2.1. The Relationship between the Climatic Parameters over KSA and
the NAO Index

For the annual mean of air temperature at 1000 hpa level, it is clear that there is

negative significant correlation coefficient exist between the 1000 hpa level air
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Figure 4. The time series of the annual anomaly variation over KSA of: (a) relative hu-
midity (%); (b) precipitation rate (mm/day) through the period (1948-2018).

y =0.193x - 387.8
R?=0.629

g —

48 1953 1958 1963 1968 1973 1

i

8 2003 200259»1‘3\4(*13

3

—e—anomaly in out going long wave radiation

Linear(anomaly in out going long wave radiation)

10
E 5
=
2 0
z-
;g 19,
z3
oz -5
00
23
°a
zg 10
>
-
<
=
o -5
P-4
<

-20

YEARS

Figure 5. The time series of the annual anomaly variation in outgoing long wave radia-
tion (W/M?) over KSA through the period (1948-2018).

DOI: 10.4236/gep.2019.78020

275 Journal of Geoscience and Environment Protection


https://doi.org/10.4236/gep.2019.78020

Y. Hafez

temperature (—0.3) over the norther part of KSA and the North Atlantic Oscilla-
tion index NAO. See Figure 6(a) and Table 1. In addition to that there is a sig-
nificant negative correlation of (-0.3) between the annual mean temperature at
500 hpa level and the NAO over the northern part of KSA through the study pe-
riod (1948-2018) as clear from Figure 6(b) and Table 1.

1) The value of correlation coefficient between the mean annual of mean sea
level pressure is (+0.4) with the climatic index NAO over the KSA through the
period (1948-2018). As it shown from, Figure 6(c) and Table 1.

2) There is a positive correlation of (+0.2) between the mean annual values of
geopotential height at level of 500 hpa and the climatic index NAO over the
southern part of KSA as clear from Figure 6(d) and Table 1.

3) It is found that there is a negative correlation coefficient (-0.2) between the
annual mean of the relative humidity and the climatic index NAO over the
southwestern part of KSA. As illustrated in Figure 6(e) and Table 1.

4) For the precipitation rate it is found that there is a significant negative cor-
relation coefficient (—0.3) between the annual mean of the precipitation rate and
the climatic index NAO over the northern part of KSA. As illustrated in Figure
6(f) and Table 1.

5) It is found that a notably positive correlation coefficient (+0.2) between the
outgoing longwave radiation over the south of KSA and the climatic index NAO.
As shown in Figure 6(g) and Table 1.

3.2.2. The Relationship between the Climatic Parameters over KSA and
the AO Index

1) For the annual mean of air temperature at 1000 hpa level, it is clear that
there is negative significant correlation coefficient exist between the 1000 hpa
level air temperature (—0.4) over the north of KSA and the Arctic Oscillation in-
dex AO. See Figure 7(a) and Table 1. Moreover, there is an outstanding nega-
tive correlation of (—0.3) between the annual mean temperature at 500 hpa level
and the AO over the west and north part of KSA as clear from Figure 7(b) and
Table 1.

Table 1. The correlation coefficient matrix between the annual climatic parameters over KSA and the climatic indices through the

period (1948-2018).

Correlation coefficient
Climatic parameters

Climatic indices

Over KSA NAO AO $OI NINO3.4 GMST
TEMPERATURE AT 1000HPA LEVEL —0.3%* —0.4%%* -0.1 +0.3%%* +0.8*
TEMPERATURE AT 500 HPA LEVEL —0.30* —0.3%** -0.2 +0.2 +0.5%*
SEA LEVEL PRESSURE +0.4%* +0.5%* -0.6** +0.5%* +0.5%*
GEOPOTENTIAL HEIGHT AT GPH500 HPA LEVEL +0.2 +0.2 —0.3%%* +0.4%%* +0.8*
RELATIVE HUMIDITY -0.2 —0.3%** -0.2 +0.2 —-0.5%*
PRECIPITATION RATE —0.30** —0.3%** -0.2 +0.3* —0.3%**
OUTGOING LONGWAVE RADIATION +0.2 +0.3%* +0.1 0.0 +0.7*

*Significant level > 99%; **Significant level > 97%; ***Significant level > 95%.
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Figure 6. The composite of correlation coefficient between the annual distribution of climatic parameters (TEMP1000 HPA,
TEMP500 HPA, MSLP, GPH500 HPA, RH, PRECIP and OLR) over KSA and the climatic index NAO through the period

(1948-2018).

2) There is a high significant positive correlation coefficient between the mean
annual of mean sea level pressure is (+0.5) with the climatic index AO over the
northern part of KSA. As it shown from, Figure 7(c) and Table 1.

3) It is clear that, there is a significant positive correlation of (+0.3) between
the mean annual values of geopotential height at level of 500 hpa and the climat-
ic index AO over the southern and central part of KSA as clear from Figure 7(d)
and Table 1.

4) It is found that there is a negative correlation coefficient (-0.3) between the
annual mean of the relative humidity and the climatic index AO over almost of
KSA. As illustrated in Figure 7(e) and Table 1.

5) For the precipitation rate it is noticed that there is a high significant nega-
tive correlation coefficient (-0.4) between the annual mean of the precipitation
rate and the climatic index AO over the western part of KSA. As illustrated in
Figure 7(f) and Table 1.

6) It is clear that a notably positive correlation coefficient (+0.3) between the
outgoing longwave radiation mainly over the central part of KSA and the cli-
matic index AO. As shown in Figure 7(g) and Table 1.

3.2.3. The Relationship between the Climatic Parameters over KSA and
the SOI Index

1) For the annual mean of air temperature at 1000 hpa level, it is clear that
there is a nun significant negative correlation coefficient exist between the 1000

hpa level air temperature (-0.1) over the southern part of KSA and the Southern
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Figure 7. The composite of correlation coefficient between the annual distribution of climatic parameters (TEMP1000 HPA,
TEMP500 HPA, MSLP, GPH500 HPA, RH, PRECIP and OLR) over KSA and the climatic index AO through the period

(1950-2018).

Oscillation Index SOI. See Figure 8(a) and Table 1. In addition to that there is a
nun significant negative correlation of (-0.2) between the annual mean temper-
ature at 500 hpa level and the NAO over the northern part of KSA through the
study period (1948-2018) as clear from Figure 8(b) and Table 1.

2) The value of correlation coefficient between the mean annual of mean sea
level pressure is a strong significant negative correlation (—0.6) with the climatic
index SOI over the eastern part of KSA. As it shown from, Figure 8(c) and Ta-
ble 1.

3) There is a significant negative correlation of (-0.3) between the mean an-
nual values of geopotential height at level of 500 hpa and the climatic index SOI
over the southern part of KSA as clear from Figure 8(d) and Table 1.

4) It is found that there is a negative nun significant correlation coefficient
(—0.2) between the annual mean of the relative humidity and the climatic index
SOI over the western part of KSA. As illustrated in Figure 8(e) and Table 1.

5) For the precipitation rate it is found that there is a nun significant negative
correlation coefficient (—0.2) between the annual mean of the precipitation rate
and the climatic index SOI over the western central part of KSA. As illustrated in
Figure 8(f) and Table 1.

6) It is found that a nun significant correlation coefficient (+0.1) between the
outgoing longwave radiation over the south of KSA and the climatic index SOI

mainly over the northern part of KSA. As shown in Figure 8(g) and Table 1.
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Figure 8. The composite of correlation coefficient between the annual distribution of climatic parameters (TEMP1000 HPA,
TEMP500 HPA, MSLP, GPH500 HPA, RH, PRECIP and OLR) over KSA and the climatic index SOI through the period

(1948-2018).

3.2.4. The Relationship between the Climatic Parameters over KSA and
the NINO3.4 Index

1) For the annual mean of air temperature at 1000 hpa level, it is clear that
there is a positive significant correlation coefficient exist between the 1000 hpa
level air temperature (+0.3) over the southern part of KSA and the nino3.4 in-
dex. See Figure 9(a) and Table 1. Meanwhile, there is a nun significant positive
correlation of (+0.2) between the annual mean temperature at 500 hpa level and
the nino3.4 index over the KSA through the study period (1948-2018) as clear
from Figure 9(b) and Table 1.

2) The value of correlation coefficient between the mean annual of mean sea
level pressure is a strong value (+0.5) with the nino3.4 index over the KSA
through the period (1948-2018). As it shown from, Figure 9(c) and Table 1.

3) There is a positive outstanding correlation of (+0.4) between the mean an-
nual values of geopotential height at level of 500 hpa and the nino3.4 index over
the central part of KSA as clear from Figure 9(d) and Table 1.

4) It found that there is a nun significant positive correlation coefficient (+0.2)
between the annual mean of the relative humidity and the nino3.4 index over the
KSA. As illustrated in Figure 9(e) and Table 1.

5) For the precipitation rate, it is noticed that there is a significant positive
correlation coefficient (+0.3) between the annual mean of the precipitation rate
and the nino3.4 index over the western central part of the KSA. As illustrated in
Figure 9(f) and Table 1.

DOI: 10.4236/gep.2019.78020

282 Journal of Geoscience and Environment Protection


https://doi.org/10.4236/gep.2019.78020

Y. Hafez

08
0.6
0.4
0.2
0
-0.2
-0.4
-06
39E 42E 45E 48E 51E 54E 39E 42E 45E 48E 51E 54E 0.8
Jan to Dec: 1948 to 2018: 1000mb Air Temperature Jan to Dec: 1948 to 2018: 500mb Air Temperature
Seasonal Correlation w/Jan to Dec Nino3.4 Seasonal Correlation w/Jan to Dec Nino3.4
NCEP/NCAR Reanalysis NCEP/NCAR Reanalysis
NOAA/ESRL Physical Sciences Division NOAA/ESRL Physical Sciences Division
(a) (b)
0.9
0.7
0.5
0.3
0.1
-0.1
-0.3
-0.5
-0.7
< (N
48E 51E 54E 57E 60E -0.9 12'& E 36E 39E 42E 45E 48E 51E 54E 57E
Jan to Dec: 1948 to 2018: Surface Sea Level Pressure Jan to Dec: 1948 to 2018: 500mb Geopotential Height
Seasonal Correlation w/Jan to Dec Nino3.4 Seasonal Correlation w/Jan to Dec Nino3.4
NCEP/NCAR Reanalysis NCEP/NCAR Reanalysis
NOAA/ESRL Physical Sciences Division NOAA/ESRL Physical Sciences Division
() (d)
0.7
0.5
0.3
0.1
-0.1
-0.3
-0.5
42E 45E 51E 54E 57E 60E : J 39 42E 45E 48E 51E 5+ 57 ) 07
Jan to Dec: 1948 to 2018: Surface Relation Humidity (to 300mb only) Jan to Dec: 1948 to 2018: Surface Precipiation Rate
Seasonal Correlation w/Jan to Dec Nino3.4 Seasonal Correlation w/Jan to Dec Nino3.4
NCEP/NCAR Reanalysis NCEP/NCAR Reanalysis
NOAA/ESRL Physical Sciences Division NOAA/ESRL Physical Sciences Division
(e) ®

DOI: 10.4236/gep.2019.78020 283 Journal of Geoscience and Environment Protection


https://doi.org/10.4236/gep.2019.78020

Y. Hafez

32N

0.9

0.7

—0.5

V7
42E 45E 48E 51E 54E 57E 0.9
Jan to Dec: 1948 to 2018: Surface OLR
Seasonal Correlation w/Jan to Dec Nino3.4
NCEP/NCAR Reanalysis
NOAA/ESRL Physical Sciences Division

(g)

Figure 9. The composite of correlation coefficient between the annual distribution of climatic parameters (TEMP1000 HPA,
TEMP500 HPA, MSLP, GPH500 HPA, RH, PRECIP and OLR) over KSA and the climatic index NINO3.4 through the period
(1948-2018).

6) It is clear that there is no any correlation found between the outgoing
longwave radiation over the KSA and the nino3.4 index. As shown in Figure
9(g) and Table 1.

3.2.5. The Relationship between the Climatic Parameters over KSA and
the GMST Index

1) For the annual mean of air temperature at 1000 hpa level, it is clear that
there is a very high positive significant correlation coefficient exist between the
1000 hpa level air temperature (+0.8) mainly over the southwest part of KSA and
the Global Mean of Surface Temperature (GMST). See Figure 10(a) and Table
1. In addition to that there is a significant positive correlation of (+0.5) between
the annual mean temperature at 500 hpa level and the GMST over the eastern
part of KSA through the study period (1948-2018) as clear from Figure 10(b)
and Table 1.

2) The value of correlation coefficient between the mean annual of mean sea
level pressure is (+0.5) with the GMST over the northern part of the KSA
through the period (1948-2018). As it shown from, Figure 10(c) and Table 1.

3) There is a very high positive significant correlation of (+0.8) between the
mean annual values of geopotential height at level of 500 hpa and the GMST
over the KSA as clear from Figure 10(d) and Table 1.

4) It is found that there is a negative significant correlation coefficient (-0.5)
between the annual mean of the relative humidity and the GMST over the cen-
tral part of KSA. As illustrated in Figure 10(e) and Table 1.
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Figure 10. The composite of correlation coefficient between the annual distribution of climatic parameters (TEMP1000 HPA,
TEMP500 HPA, MSLP, GPH500 HPA, RH, PRECIP and OLR) over KSA and the climatic index GTEMP through the period

(1948-2018)

5) For the precipitation rate it is found that there is a significant negative cor-
relation coefficient (—0.3) between the annual mean of the precipitation rate and
the GMST over the northern part of KSA. As illustrated in Figure 10(f) and Ta-
ble 1.

6) It is found that a notably very high positive significant correlation coeffi-
cient (+0.8) between the outgoing longwave radiation over the northern and
eastern part of KSA and the GMST. As shown in Figure 10(g) and Table 1.

From the above results, it becomes clear that the annual weather and climatic
parameters over KSA vary from year to year dramatically. The notable increase
in temperature and pressure and outgoing longwave radiation trend recorded
through the study period (1948-2018). In contradicting to that, there is an an-
nual decrease of surface humidity and precipitation rate through the study pe-
riod. It found that the annual mean air temperature at level 1000 hpa is highly
correlated to climatic indices NAO, AO, NINO3.4 and GMST through the study
period. The annual mean air temperature at level 500 hpa is high correlate to
climatic indices NAO, AO and GMST. The results uncovered that the annual
mean sea level pressure over KSA is highly significant influenced by all studied
climatic indices. Meanwhile, it is clear that the annual geopotential height values
at level 500 hpa affected by SOI, NINO3.4 and GMST. The annual values of sur-
face relative humidity over KSA have correlated more significant with AO and
GMST through the study period. For precipitation rate it found that, there is a

significant correlation coefficient between the precipitation over KSA and NAO,
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AOQ, NINO3.4 and GMST through the study period. The mean annual values of
outgoing longwave radiation over KSA have a significant correlation with AO
and GMST. One can conclude that the KSA climate varies according to the
northern and southern hemisphere interactions. Moreover, the highest recorded
significant correlation was between the mean annual of climatic parameters over
KSA and the global mean of surface air temperature through the period of study
(1948-2018).
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