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Abstract

The present paper investigates the relationship between the global radiative forcing (GRF) and
global annual climatic variability. The relation between the GRF and global annual changes in the
operational weather and climatic parameters is uncovered. There are several datasets which have
been used to challenge this goal. The NCEP/NCAR Reanalysis dataset of several meteorological ele-
ments, such as air temperature, wind, surface pressure, outgoing long wave radiation, precipita-
tion rate and geopotential height at level 500 hPa, etc. for the globe for the period (1948-2012),
has been used. Furthermore, the GRF data for greenhouse gases through the period (1979-2010)
has been used. Also, datasets of climatic indices NAO, SO], El Nino 3.4 and SST during the period
(1948-2012) have been used through this study. Time series analysis, anomaly and correlation co-
efficient technique methods have been used to analyze the datasets. The results reveal that there
is an outstanding positive correlation coefficient (more than +0.80) between GRF and the global
annual weather elements of surface air temperature, temperature and geopotential height at level
500 hPa, precipitation rate and sea surface temperature. CO; has a significant correlation coeffi-
cient (+0.89) with the outcomes longwave radiation and sea surface temperature. There is a sig-
nificant relationship between the global annual variability of weather and climatic elements and
GHGs, global warming and climatic indices, NAO, SO], El Nino 3.4 and SST.
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1. Introduction

Worldwide, increasing attention is given to the present and the potential future impacts of climate change. In-
tergovernmental Panel on Climate Change predicts that it is very likely that extreme weather events will occur
more frequently in the future [1]. Climate change is therefore defined as “long-term weather patterns and trends
becoming different over an extended period of time” [2]. Global warming is commonly referred to as an in-
crease in the temperature of the lowest layers of Earth’s atmosphere [3]. However, global warming has occurred
in the distant past as the result of the natural influences, but the term is most often used to refer to the warming
predicted to occur as a result of increased emissions of greenhouse gases. Primary greenhouse gases include
water vapor, carbon dioxide (CO,), methane (CHy), nitrous oxide (NO) and ozone (O;) [4]. Carbon dioxide, as
well as other greenhouse gases, is a very important factor in the vital cycles which sustain life on this planet.
The greenhouse effect is a natural process which makes life on Earth feasible. The greenhouse gases in atmos-
phere let the energy in and prevent it from escaping, directing it back to Earth’s surface [5]. In fact, there are
notably increases in greenhouse gases over the globe of the Earth (e.g. [6]-[12]). Weather patterns are and will
be modified: number of radically hot days will augment; frequency and severity of storms, hurricanes, floods,
droughts and forest fires will increase; more intense rainfall will bother some areas, and at the same time water
supplies in some regions, particularly in already affected areas arid with deserted climate (e.g. [13]-[24]). How-
ever, there are several scenarios of models for global warming in the future. Unfortunately, it has an uncertainty
factor [25] [26].

The NOAA Annual Greenhouse Gas Index (AGGI) measures the commitment society has already made to
living in a changing climate. It is based on the highest quality atmospheric observations from sites around the
world. Its uncertainty is very low. The AGGI is a measure of the warming influence supplied by long-lived trace
gases and how that influence is changing each year. The AGGI provides a way for the warming influence to be
presented as a simple index. However, the Earth’s climate depends on the functioning of a natural “greenhouse
effect”. This effect is the result of heat-trapping gases (also known as greenhouse gases), like water vapor, car-
bon dioxide, ozone, methane and nitrous oxide, which absorb heat radiated from the Earth’s surface and lower
atmosphere and then radiate much of the energy back toward the surface. However, human activities have been
releasing additional heat-trapping gases, intensifying the natural greenhouse effect, and thereby changing the
Earth’s climate. The climate is influenced by a variety of factors, both human-induced and natural. The increase
in the carbon dioxide concentration has been the principal factor causing warming over the past 60 years. Its
concentration has built up in the Earth’s atmosphere since the beginning of the industrial era in the mid-1700s,
primarily due to the burning of the fossil fuels (coal, oil and natural gas) and the clearing of forests. Human ac-
tivities have also increased the emissions of other greenhouse gases, such as methane and nitrous oxide. In-
creases in the abundance of atmospheric greenhouse gases since the industrial revolution are largely the result of
human activity and are largely responsible for the observed increases in global temperature [1]. However, cli-
mate projections have modeled uncertainties that overwhelm the uncertainties in greenhouse gas measurements.
We present here an index that is directly proportional to the direct warming influence (also known as global ra-
diative forcing) supplied from these gases. Because it is based on the amounts of long-lived greenhouse gases in
the atmosphere, this index contains relatively little uncertainty.

The climate forcing is a “change” in the status quo. IPCC takes the pre-industrial era (arbitrarily chosen as the
year 1750) as the baseline. The perturbation to direct climate forcing (also termed “radiative forcing”) that has
the largest magnitude and the least scientific uncertainty is the forcing related to changes in long-lived and well
mixed greenhouse gases, carbon dioxide (CO;), methane (CHy), nitrous oxide (N,O) and halogenated com-
pounds (mainly CFCs) in particular. Atmospheric global greenhouse gas abundances are used to calculate changes
in radiative forcing for the period beginning in 1979 when NOAA’s global air sampling network expanded sig-
nificantly. The change in annual average total radiative forcing by all the long-lived greenhouse gases since the
pre-industrial era (1750) is used to define the NOAA Annual Greenhouse Gas Index (AGGI), which was intro-
duced in 2004 [8] and has been updated annually.

El Nino/Southern Oscillation (ENSO) teleconnection patterns can be thought of as resulting from the inter-
annual warming and cooling of equatorial Pacific sea surface temperatures (SSTs) and associated atmospheric
circulation changes. The opposing phases of ENSO, the warm El Nino and the cold La Nina, though occurring
quasi-periodically with roughly a cycle of 3 - 7 years, have not proved to be highly predictable [27] despite con-
siderable effort. E1 Nino also tends to cause warmer than average conditions over parts of the tropics and into
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the extra-tropics [28]. Suggest mechanisms further illustrate the interconnectivity of the atmosphere-ocean sys-
tem and include higher latitude warming strong enough to enhance the monsoon and overcome the rain sup-
pressing effects of El Nino (e.g. [29]-[35]).

North Atlantic Oscillation (NAO) whether the major mode of mid or high northern hemisphere variability is
better characterized as a regional oscillation. A measure of the NAO is an index generally defined as a pressure
difference between a high latitude station representative of the Icelandic low (Reykjavik or Stykkisholmur,
Iceland) and a subtropical station (Lisbon or Gibraltar) which represents other centers of action in the Azores
surface high pressure system. The phase of the NAO modulates climate in eastern North America and North
Atlantic, particularly in winter months. The NAO, like ENSO, is an inter-annual oscillation with an irregular
pattern of several years [36]-[40]. Many studies have examined the factors involved in forcing variability in the
NAO and have found a variety of potential mechanisms within the Earth system: SST [41]-[43]. The variability
of climate due to these teleconnection patterns is therefore variable over longer time scales. The present work
aims to study the relationship between the GRF and global annual climatic variability of the weather elements
and climatic indices over the globe.

2. Data and Methodology
2.1.Data

The NCEP/NCAR Reanalysis project is using a state-of-the-art analysis/forecast system to perform data assimi-
lation, within resolution of 2.5 x 2.5 degree lat/lon grid, using past data from 1948 to 2011. Data used in the
present study is annual mean and annual time series of several meteorological elements (air temperature, wind,
surface pressure, outgoing long wave radiation, precipitation rate and geopotential height at level 500 hPa, etc.)
over the globe of Earth for the period (1948-2011). The data are obtained from the Web site
http://www.cdc.noaa.gov/. The data have been provided by the NOAA/OAR/ESRL PSD, Boulder, Colorado,
USA [44]. Furthermore, the corresponding annual mean values of NAO index, SOI, El Nino 3.4 and SST have
been obtained from the Climate Prediction Centre Web site http://www.cpc.ncep.noaa.gov. However, NCEP da-
ta set domain considered in the present work are extended to 90°N - 90°S, 180°W - 180°E for whole the globe.
The global radiatve forcing data of GHG for the period (1979-2011) has been used. However, the annual aver-
age total radiative forcing by all the long-lived greenhouse gases since the pre-industrial era (1750) is used to
define the NOAA Annual Greenhouse Gas Index (AGGI), which was introduced in 2004 [8] and has been up-
dated annually since.

2.2. Methodology

A. Calculation of Annual Averages

For each grid point in the domain [resolution of 144 x 73 grid points] of the globe of the Earth annual aver-
ages for meteorological elements (surface temperature, wind, surface pressure, geopotential height, etc.) have
been calculated. Using the NCEP/NCAR reanalysis monthly data sets for the year using of statistical mean av-
erage (i.e. (12 months/12) along the period from 1948 to 2011). The annual composite mean comes from the sta-
tistical mean for twelve months from January to December for the period of study. However, the interactive
plotting and analysis NCEP/NCAR software program has been used for this analysis. The annual values of NAO
index, SOI, and El Nino 3.4 have been calculated in the same manner. The global radiative forcing for GHG’s
has been calculated according to [45]. The anomaly method has been used.

B. Local Significance and Calculation of Correlation Patterns

For a given year, means of meteorological elements, e.g. geopotential height at level 500 hPa at each grid
point correlates with the (Global surface air temperature, Solar index, NAO, SOI and El Nino 3.4). Each grid
point correlation is a t-tested for local significance using [46] allowing for temporal autocorrelation according to
[47] method. For field significance, the areal extent of locally significant correlations in a correlation map must
exceed the areal extent that can be expected by chance. To estimate the correlation, we use the Monte Carlo
methodology. The field-significance statistic is the area-weighted average absolute correlation of a given corre-
lation map (considering only the locally significant correlations). The field-significance threshold is the 95th
percentile of a 1000-member Monte-Carlo population.

C. Radiative Forcing Calculations
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To determine the total radiative forcing of the greenhouse gases, we have used IPCC recommended expres-
sions to convert greenhouse gas changes, relative to 1750, to instantaneous radiative forcing (see Table 1). These
empirical expressions are derived from atmospheric radiative transfer models and generally have an uncertainty
of about 10%. The uncertainties in the global average abundances of the long-lived greenhouse gases are much
smaller (<1%, [45]).

D. Linear Correlation Method

For a linear correlation analysis of the previous global weather elements, climatic indices NAO, SOI, El Nino
3.4 and SST and global radiative forcing datasets during the study period (1948-2011), the methodology of Monte
Carlo has been used [47]. Based on this methodology a correlation of +/—0.3 would be significant. These signi-
ficance levels are local for a resolution of 144 x 73 grid points. One would assume at least 0.05 x (144 x 73) =
526 grids would be significant by chance at the one-sided 95% level (at Web site
http://www.ersl.noaa.gov/psd/data/correlation/significance.html). In addition to that linear correlation coefficient
according to [48] has been used.

3. Results

3.1. Study the Variability of Global Annual Geopotential Height at Level 500 hPa through
the Period (1948-2012)

In fact, the geopotential height at level 500 hPa played a greater role in climate and abnormal weather over the
globe. The NCEP/NCAR Reanalysis data assimilation, within resolution of 2.5 x 2.5 degree lat/lon grid, for the
globe from 1948 to 2012 has been used. Data used in the present section are annual mean of geopotential height
at 500 hPa, global temperature, and solar index, NAO, SOI and El Nino 3.4. Analysis of this data revealed that:

1) Global annual geopotential height anomaly at level 500 hPa time series analysis observed that, it varies
from year to year with time and becomes continues above its normal value from year 2000 up to 2012. The trend
of variation is a positive trend as shown in Figure 1.

2) An outstanding correlation coefficient between global annual geopotential height and global temperature
composites mean reached to (+1) in the tropics meanwhile the correlation decrease towards the north and South
Pole. However, there is a positive correlation in the northern polar region; meanwhile there is a negative sign of
correlation towards the South Pole through the study period (1948-2012). It is clear from Figure 2(a).

3) Non significant appears between annual geopotential height and solar index in general, see Figure 2(b).

4) Annual geopotential height has a significant negative correlation of (—0.9) with NAO over Iceland. Mean-
while, there is a positive correlation (+0.7) over the north Atlantic region. The tropics have not any significant
correlations as clear in Figure 2(c).

5) Annual geopotential height has significant correlations of (0.7) with SOI over the tropics. It has outstand-
ing correlations over all the Atlantic Ocean through the study period (1948-2010) as shown in Figure 2(d).

6) Annual geopotential height has a significant positive correlation reached to (0.7) with El Nino 3.4 over the
tropics. Meanwhile, there are significant correlations reached at (+0.7) over the central of the Atlantic Ocean as
clear in Figure 2(e). It is noticed that over the Atlantic Ocean the signs of correlation contradicting to the signs
of correlations with SOI. See Figure 2(d) and Figure 2(e).

Table 1. Expressions for calculating radiative forcing.

Trace Gase Simplified Expression Radiative Forcing, AF (W/M ) Constant
CO, AF = aln(C/C,) a=5.35
CH, AF = ﬁ(M‘/Z—M;“)—[ f(M,N,)-f(M,.N,)] £=0.036
N;O AF =¢(N*=N)')-[f(M,, N)- f(M,, N,)] 6=0.12

CFC 11 AF=(X-X,) A=0.25
CFC 12 AF=w (X-X,) 0=0.32

[Source IPCC (2001)]. The subscript “o” denotes the unperturbed (1750) abundance; {M, N) = 0.47In[1 + 2.01 x 107° (MN)0.75 + 5.31 x 10 — 15
M(MN)1.52]; C is CO;, in ppm; M is CHy in ppb; N is N,O in ppb; X'is CFC in ppb; C, =278 ppm; M, = 700 ppb; N, =270 ppb; X, = 0.
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Figure 1. The time series of global annual anomaly in geopotential height 500 hPa and the trend through the period (1948-
2012).

3.2 Study the Relationship between the GRF and Global Annual Weather Elements Varia-
bility through the Period (1979-2011)

Through this section, the variability of weather meteorological elements (surface air temperature, 500 hPa air
temperature, sea level pressure, geopotential height at level 500 hPa, surface wind, precipitation rate, OLR and
SST over the globe has been analyzed through the period of (1948-2012). In addition to that, the greenhouse
gases and global radiative forcing has been analyzed. Time series analysis has been used to study the variability
between all of these datasets. The results revealed that:

1) For CO, and surface air temperature and 500 hPa level of temperature anomaly, it is clear that, all of these
three parameters have a sharp increase with time through the period (1950-2012) and all of it becomes above its
normal value after year 2000 up to 2012 as appears in the Figure 3(a). With the continuing increase of CO, the
geopotential height increases too. Meanwhile, surface air pressure gradually decreases in contradicting to the
variability of geopotential height. See Figure 3(a) and Figure 3(b). Precipitation rate increase to become more
its normal values on year 1985 up to the year 2012 over the globe likely the variability of CO, during the same
period. Meanwhile the surface wind varies like a wave and not related to CO, variation through the period of
study (1950-2012) as shown in Figure 3(c). Outgoing longwave radiation (OLR) and sea surface temperature
(SST) varies and increases with time, typically with the CO, variability for all the period (1950-2012) over the
globe as shown in Figure 3(d).

2) For CH, and surface air temperature and 500 hPa level of temperature anomaly, it is clear that, CHy in-
crease sharply through the period of study (1979-2011) and becomes above its normal value since 1992 and do
not return to its normal value until 2011. The increasing after year 2000 matches with the increase of tempera-
ture as shown in Figure 4(a). CH, variability after year 2000 coincide with the variability of geopotential height
at level 500 hPa and contradicting with variation of sea level pressure in general, see Figure 4(b). It is noticed
that, for the period of (1995-2011) the increase in precipitation rate matches with the increase in CHy. In fact the
wind variability does not follow the CH, variability as clear from Figure 4(c). For OLR and SST it is observed
that after 1997 they has amounted over its normal values and continues increase to the year 2011. There is a
positive increase through the study period for all of these three parameters as shown in Figure 4(d).

©
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Figure 2. (a) The correlation coefficient distribution of composite of global annual geopotential height at level 500 hPa and
global surface air temperature through the period (1948-2012); (b) The correlation coefficient distribution of composite of
global annual geopotential height at level 500 hPa and Solar index through the period (1948-2012); (c) The correlation coef-
ficient distribution of composite of global annual geopotential height at level 500 hPa and NAO through the period (1948-
2012); (d) The correlation coefficient distribution of composite of global annual geopotential height at level 500 hPa and SOI
through the period (1948-2012); (e) The correlation coefficient distribution of composite of global annual geopotential height
at level 500 hPa and EI Nino 3.4 through the period (1948-2012).

3) For N,O and surface air temperature and 500 hPa level of temperature anomaly, it is clear that, all of these
three parameters have a sharp increase with time through the period (1979-2011) and all of it becomes above its
normal value after year 1999 up to 2011 as appears in the Figure 5(a). It is clear that with the continual increase
of N,O the geopotential height increase too. Mean while surface air pressure gradually decreases in contradict-
ing to the variability of geopotential height. See Figure 5(a) and Figure 5(b). Precipitation rate increase to be-
come more its normal values on year 1995 up to the year 2011 over the globe likely the variability of N,O.
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Meanwhile the surface wind varies like a wave and not related to N,O variation through the period of study
(1979-2011) as shown in Figure 5(c). Outgoing longwave radiation (OLR) and sea surface temperature (SST)
varies and increases with time, typically with the N,O variability for all the period (1979-2011) over the globe as
shown in Figure 5(d).

4) For CFC 12 and surface air temperature and 500 hPa level of temperature anomaly, it is clear that the CFC
12 has become more its normal values since 1991. It decreases with time from the year 2004 up to 2011 as
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Figure 3. (a) Time series of CO,, surface air temperature and 500 hPa temperature anomalies for the globe through the pe-
riod (1950-2012); (b) Time series of CO,, sea level pressure and 500 hPa level of geopotential height anomaly for the globe
through the period (1950-2012); (c) Time series of CO,, surface wind and precipitation rate anomaly for the globe through
the period (1950-2012); (d) Time series of CO,, OLR and SST anomaly for the globe through the period (1950-2012).
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appears in Figure 6(a). Variably connection of CFC 12 with the geopotential height, surface air pressure, Preci-
pitation rate, surface wind, OLR and SST are not clear through the study period (1979-2011). See Figures
6(b)-(d).

5) For CFC 11 variability, like as CFC 12 no connection appears with weather elements variably over the globe
through the period of study (1979-2011). Meanwhile, CFC 11 returned to its normal values from the year 2006
as shown in Figures 7(a)-(d).
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Figure 4. (a) Time series of CHy, surface air temperature and 500 hPa temperature anomalies for the globe through the pe-

riod (1979-2011); (b) Time series of CHy, sea level pressure and 500 hPa level of geopotential height anomaly for the globe

through the period (1979-2011); (c) Time series of CH,, surface wind and precipitation rate anomaly for the globe through

the period (1979-2011); (d) Time series of CHy, OLR and SST anomaly for the globe through the period (1979-2011).
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6) For 15-MINOR, and surface air temperature and 500 hPa level of temperature anomaly, it is clear that, 15-
MINOR became more than its normal values after 1993. All of these three parameters have a sharp increase with
time through the period (2001-2011) as appears in Figure 8(a). With the continual increase of 15-MINOR, the
geopotential height increase contradicted to surface air pressure almost time of the study period. See Figure 5(b).
Precipitation rate increase to became more its normal values from the year 1995 to the year 2011 over the globe
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Figure 5. (a) Time series of N,O, surface air temperature and 500 hPa temperature anomalies for the globe through the pe-
riod (1979-2011); (b) Time series of N,O, sea level pressure and 500 hPa level of geopotential height anomaly for the globe
through the period (1979-2011); (c) Time series of N,O, surface wind and precipitation rate anomaly for the globe through
the period (1979-2011); (d) Time series of N,O, OLR and SST anomaly for the globe through the period (1979-2011).
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Figure 6. (a) Time series of CFC 12, surface air temperature and 500 hPa temperature anomalies for the globe through the
period (1979-2011); (b) Time series of CFC 12, sea level pressure and 500 hPa level of geopotential height anomaly for
the globe through the period (1979-2011); (¢) Time series of CFC 12, surface wind and precipitation rate anomaly for the
globe through the period (1979-2011); (d) Time series of CFC 12, OLR and SST anomaly for the globe through the period

(1979-2011).
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likely the variability of 15-MINOR. Meanwhile the surface wind varies like a wave and not related to 15-
MINOR variation through the period of study (1979-2011) as shown in Figure 8(c). Generally, OLR and SST
vary and increase with time, typically with the 15-MINOR variability for all the period (1979-2011) over the

globe as shown in Figure 8(d).

7) It is noticed that the variability of total GRF and AGGI values is the same with the variability of the
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Figure 7. (a) Time series of CFC 11, surface air temperature and 500 hPa temperature anomalies for the globe through the
period (1979-2011); (b) Time series of CFC 11, sea level pressure and 500 hPa level of geopotential height anomaly for the
globe through the period (1979-2011); (c) Time series of CFC 11, surface wind and precipitation rate anomaly for the globe
through the period (1979-2011); (d) Time series of CFC 11, OLR and SST anomaly for the globe through the period (1979-
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Figure 8. (a) Time series of 15-MINOR, surface air temperature and 500 hPa temperature anomaly for the globe through the
period (1979-2011); (b) Time series of 15-MINOR, sea level pressure and 500 hPa level of geopotential height anomaly for

the globe through the period (1979-2011); (c) Time series of 15-MINOR, surface wind and precipitation rate anomaly for the
globe through the period (1979-2011); (d) Time series of 15-MINOR, OLR and SST anomaly for the globe through the pe-
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global annual weather elements through the period of study except with surface air pressure and wind. Whereas,
the total GRF and AGGI values have become above normal since 1995 with the same manner of the meteoro-
logical elements in general. See Figure 9 and Figure 10.

0.8

A

0.6 ————TOTAL GRF
—#—SURFACE AIR TEMPERATURE
—4—500 HPA TEMPERATURE

n
],

ATl
o L /\R« N v

19;7/ 19841 }fﬂi 1985 87 m 1989 1991 1995 19 1999 2001 2003 2005 2007 2009 2011

22 A\
A A
o v

AND 500 HPA TEMPERATURE

ANOMALY IN TOTAL GRF, SURFACE AIR TEMPERATURE

-0.8
YEAR
(@
1.5
—+—TOTAL GRF
11— -=-sLpP 1
—4—500 HPA GEOPOTENTIAL HEIGHT

ANOMALY IN TOTAL GRF, SLP AND 500 HPA
GEOPOTENTIAL HEIGHT X10

YEAR
(b)



Y. Y. Hafez, M. Almazroui

25

15 L

\ 1

Y ~ “' Lo T
s ' .
] " . T T, T T T T \
1995 1997 99 2001\}\ 20(#3 2005 2007 2009 2011
o i . ;

SURFACE WIND
=}

ANOMALY IN TOTAL GRF, PRECIPITATION X10 AND

—+—TOTAL GRF \ / |
1.5 —=&— PRECIPITATION : #' I
— -k - SURFACE WIND o \
2 Poly. (SURFACE WIND) Vo \
. T
v A
»
2.5
YEAR
(©
1.5
——TOTAL GRF
—=-OLR a /\
1 +———A—SST

05 A [\ ~ A

1999 2001 2003 2005 2007 2009 2011

1983 1985 1987

ANOMALY IN TOTAL GRF, OLR AND SST

YEAR
(d)

Figure 9. (a) Time series of GRF, surface air temperature and 500 hPa temperature anomalies for the globe through the pe-
riod (1979-2011); (b) Time series of GRF, sea level pressure and 500 hPa level of geopotential height anomaly for the globe
through the period (1979-2011); (c) Time series of GRF, surface wind and precipitation rate anomaly for the globe through
the period (1979-2011); (d) Time series of GRF, OLR and SST anomaly for the globe through the period (1979-2011).
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3.3. The Relation between GRF and Climatic Indices NAO, SOI, El Nino 3.4 and SST
Variability during the Period (1979-2011)

From the above results it has become clear that the effect of global radiative forcing for greenhouse gases varies
from greenhouse gas to another in the annual weather and climatic conditions for the globe. Through this sub-
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Figure 10. (a) Time series of AGGI, surface air temperature and 500 hPa temperature anomalies for the globe through the
period (1979-2011); (b) Time series of AGGI, sea level pressure and 500 hPa level of geopotential height anomaly for the
globe through the period (1979-2011); (c) Time series of AGGI, surface wind and precipitation rate anomaly for the globe
through the period (1979-2011); (d) Time series of AGGI, OLR and SST anomaly for the globe through the period (1979-

2011).
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section the time series trend analysis has been sued to study the relation between GRF, AGGI and for each of
greenhouse gases and annual climatic indices NAO, SOI and El Nino 3.4 through the study period. The results
revealed that there is a positive trend of the NAO, El Nino 3.4 and total GRF, AGGI and for each of greenhouse
gases in general. Meanwhile, the connection between CFC 12 and CFC 11 and climatic indices variability are

not clear through the study period, as clear from Figures 11(a)-(h).
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Figure 11. (a) Time series of CO,, NAO, SOI and EL Nino 3.4 anomaly for the globe through the period (1979-2011); (b)
Time series of CHy, NAO, SOI and EL Nino 3.4 anomaly for the globe through the period (1979-2011); (c) Time series of
N,O, NAO, SOI and EL Nino 3.4 anomaly for the globe through the period (1979-2011); d) Time series of CFC 12, NAO,
SOI and EL Nino 3.4 anomaly for the globe through the period (1979-2011); (e) Time series of CFC 11, NAO, SOI and EL
Nino 3.4 anomaly for the globe through the period (1979-2011); (f) Time series of 15-MINOR, NAO, SOI and EL Nino 3.4
anomaly for the globe through the period (1979-2011); (g) Time series of total GRF, NAO, SOI and EL Nino 3.4 anomaly
for the globe through the period (1979-2011); (h) Time series of AGGI, NAO, SOI and EL Nino 3.4 anomaly for the globe
through the period (1979-2011).
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3.4 The Correlation Coefficient between the GRF and Weather and Climatic Elements of
the Earth through the Period (1979-2011)

Through this section, the annual mean values of weather meteorological elements (surface air temperature,
500 hPa air temperature, sea level pressure, geopotential height at 500 level hPa, surface wind, precipitation rate,
OLR, SST, NAO, SOI and El Nino 3.4 over the globe has been correlated with the GHG, S and global radiative
forcing has been analyzed through the period of 1979-2011. Anomaly and linear correlation coefficient methods
had been used through this analysis. The results revealed that:

1) For CO,, it is clear that there is an outstanding positive correlation coefficient (0.918, 0.840, 0.832, 0.895
and 0.890) between CO, and surface air temperature, 500 hPa air temperature, geopotential height at level 500
hPa, OLR and SST respectively over the globe through the study period. See Table 2.

2) For CHy,, it is clear that there is an outstanding positive correlation coefficient (0.832) between CH,4 and
precipitation rate and significant correlation (0.707) with surface air temperature over the globe through the
study period. See Table 2.

3) For N,O, it is clear that there is an outstanding positive correlation coefficient, (0.843, 0.847 and 0.803)
between N,O and surface air temperature, precipitation rate and SST respectively through the study period as
observed in Table 2.

4) For CFC 12, it is clear that there is only an outstanding positive correlation coefficient (0.806) between
CFC 12 and precipitation ate over the globe. As shown in Table 2.

5) For CFC 11, no clear significant correlation coefficient between CFC 11and meteorological elements and
climatic indices over the globe through the study period (1979-2011).

6) Forl15-MINOR, it is clear that there is an outstanding positive correlation coefficient, (0.843) between
15-MINOR and global precipitation rate. Significant correlation is (0.786) with global surface air temperature.
Significant correlation (0.758) with SST has been observed through the study period as shown in Table 2.

7) For total GRF, it is obvious that, there is an outstanding positive correlation coefficient, (0.827 and 0.857)
between total GRF and global surface air temperature and precipitation rate respectively over the globe through
the period of study (1979-2011). In addition to that, a significant correlation (0.795) with SST observed as it is
illustrated in Table 2.

8) For AGGI, it is clear that, there is an outstanding positive correlation coefficient, (0.827 and 0.857) be-

Table 2. Correlation coefficient matrix between the anomaly of global radiative forcing and anomaly of global annual me-
teorological elements and climatic indices through the period (1979-2011).

Correlation Coefficient Global Radiative Forcing through the Period 1979-2011 (W/M?)

Elememl‘sd;;?g’lli‘:lgl;ct?cl Indices Co, CH, N0  CFC12 CFCI11 15-MINOR Total GRF AGGI
Surface air temperature 0.918024 0.707127 0.843433  0.609622  0.31776  0.786746 0.827388  0.82754
500 hPa temperature 0.840601  0.501532  0.665005 0.389704 0.123157 0.598436 0.643048 0.643403
Surface pressure —0.66817 —0.54941 —0.48916 -0.56819 —0.55258 —0.53109 -0.51149 —0.51157
500 hPa geopotential height 0.832213  0.504543  0.689727 0.382592 0.076265 0.609663 0.660489 0.660712
Surface wind 0.133966  —0.1922  —0.05411 -0.24155 -0.3964 —0.13968 —0.09421 —0.09489
Precipitation 0.366403  0.83247  0.847832 0.806665 0.571969  0.84339  0.857825 0.857528

Outcomes long wave radiation 0.895361  0.58275 0.677631  0.49631 0.28587  0.630049 0.671062 0.671389

Sea surface temperature 0.890022 0.688904  0.80383  0.607949 0.329496 0.758558 0.795115  0.79521
North Atlantic oscillation 0.142676  0.000243 —0.07773  0.032751  0.13715  —0.05338 —0.06904 —0.06866
Southern oscillation index —0.00406 0.299658 0.406407 0.203953 0.038910 0.364564 0.391314  0.390809

El Nino 3. 4 0.100101 —0.07408 —0.12147 —0.01978 0.049022 —0.09326 —0.11633 —0.11575
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tween AGGI and global surface air temperature and precipitation rate respectively over the globe through the
period of study (1979-2011). Also a significant correlation (0.795) with SST is observed. Notably, it is approx-
imately typically of total GRF correlation results. It is illustrated in Table 2.

9-There is no significant correlation observed between the global radiative forcing and the climatic indices
NAO, SOI and El Nino through the period of study (1979-2011), as it is clear in Table 2.

4. Discussion

The global climate change will have a strong impact on development in coming decades. The greenhouse gas
concentration has built up in the Earth’s atmosphere since the beginning of the industrial era in the mid-1700s,
primarily due to the burning of fossil fuels (coal, oil and natural gas) and the clearing of forests. Human activi-
ties have also increased the emissions of other greenhouse gases, such as methane and nitrous oxide. The ab-
sence of strong global action to reduce greenhouse gas emissions will hinder future development over the globe
of the Earth. Scenarios of the climatic models have a great degree of uncertainties. The present work aims to
uncover the impacts of GRF in climatic variability over the globe of the Earth using of calculating GRF and op-
erational weather and climatic data. However, there are four fold studies in the present studies. First one is the
variability of global annual geopotential height at level 500 hPa through the period of (1948-2012). Analysis of
the global annual geopotential height anomaly at level 500 hPa observed that, it varies from year to a year with
time and becomes continues above its normal value from year 2000 up to 2012. The trend of variation is a posi-
tive trend. An outstanding correlation coefficient between global annual geopotential height and global temper-
ature composites mean reached to (+1) in the tropics meanwhile the correlation decrease towards the north and
south poles. It has a significant negative correlation of (—0.9) with NAO over Iceland. Meanwhile, there is a
positive correlation (+0.7) over the north Atlantic region. In addition to that, it has significant correlations of
(+0.7) with SOI over the tropics. It has outstanding correlations over all the Atlantic Ocean through the study
period (1948-2010). Also, there is a significant positive correlation reached at (+0.7) with El Nino 3.4 over the
tropics. Meanwhile, there are significant correlations reached at (+0.7) over the central of the Atlantic Ocean. It
is noticed that over the Atlantic Ocean the signs of correlation contradicting to the signs of correlations with SOI.
Through second one, the relationship between the GRF and global annual weather elements variability has been
studied. Through this section, the variability of weather meteorological elements (surface air temperature, 500
hPa air temperature , sea level pressure, geopotential height at 500 hPa level, surface wind, precipitation rate,
OLR and SST over the globe and GRF gases has been analyzed. For CO,, surface air temperature and 500 hPa
level of temperature anomaly, it is clear that, all of these three parameters have a sharp increase with time and
all of it becomes above its normal value after year 2000 up to 2012. With the continual increase of CO, the
geopotential height increases too. Meanwhile, surface air pressure gradually decreases in contradicting to the
variability of geopotential height. Precipitation rate increase to become more its normal values on year 1985 up
to the year 2012 over the globe likely the variability of CO, during the same period. Meanwhile the surface wind
varies like a wave and not related to CO, variation. Outgoing longwave radiation (OLR) and sea surface tem-
perature (SST) varies and increases with time, typically with the CO, variability for all the period (1950-2012).
For CHy it is clear that, CHy increase sharply through the period of study (1979-2011) and becomes above its
normal value since 1992 and do not return to its normal value until 2011. The increasing after Year 2000 matches
with the increase of temperature. CH, variability after year 2000 coincide with the variability of geopotential
height at level 500 hPa and contradicting with variation of sea level pressure in general. Also, it is noticed that,
for the period of (1995-2011) the increase in precipitation rate matches with the increase in CHy. In fact the
wind variability does not follow the CH, variability. For OLR and SST it is observed that after 1997 they have
amounted over its normal values and continues increase to the year 2011. For N,O and surface air temperature
and 500 hPa level of temperature anomaly, it is clear that, all of these three parameters have a sharp increase
with time through the period (1979-2011) and all of it becomes above its normal value after year 1999 up to
2011. With the continued increase of N,O the geopotential height increases too. Global precipitation rate in-
crease to become more its normal values on year 1995 up to year 2011 likely the variability of N,O. Meanwhile
the surface wind varies like a wave and not related to N,O variation through the period of study (1979-2011).
Outgoing longwave radiation (OLR) and sea surface temperature (SST) varies and increases with time, typically
with the N,O variability for all the period (1979-2011). The CFC 12 has become more its normal values since
1991. It decreases with time from the year 2004 up to 2011. Variability of CFC 12 with the geopotential height,
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surface air pressure, Precipitation rate, surface wind, OLR and SST are not clear through the study period. For
CFC 11 variability, like as CFC 12 no connection appears with weather elements variably over the globe
through the period of study. CFC 11 returned to its normal values from the year 2006. For 15-MINOR, and sur-
face air temperature and 500 hPa level of temperature anomaly, it is clear that, 15-MINOR became more than its
normal values after 1993. All of these three parameters have a sharp increase with time through the period
(2001-2011). With the continued increase of 15-MINOR, the geopotential height increase contradicted to sur-
face air pressure almost time of the study period. Precipitation rate increase to became more its normal values on
year 1995 up to the year 2011 over the globe likely the variability of 15-MINOR. Meanwhile the surface wind
varies like a wave and not related to 15-MINOR variation through the period of study (1979-2011) as shown in
Figure 8(c). Generally, OLR and SST vary and increase with time, typically with the 15-MINOR variability for
all the period (1979-2011). It is noticed that the variability of total GRF and AGGI values is the same with the
variability of the global annual weather elements through the period of study except with surface air pressure
and wind. The total GRF and AGGI values has become above normal since 1995 with the same manner of the
meteorological elements in general. Third one, the variability of GRF and climatic indices NAO, SOI, El- Nino
3.4 and SST has been studied. It is revealed that there is a positive trend of the NAO, El Nino 3.4 and total GRF,
AGGI and for each of greenhouse gases in general. Meanwhile the connection between CFC 12 and CFC 11 and
climatic indices variability are not clear. Last one, the correlation coefficient between the GRF and weather and
climatic elements of the Earth through the period (1979-2011) has been studied. Through this section, the annual
mean values of weather meteorological elements (surface air temperature, 500 hPa air temperature , sea level
pressure, geopotential height at 500 hPa level, surface wind, precipitation rate, OLR, SST, NAO, SOI and El
Nino 3.4 over the globe has been correlated with the GHGs and global radiative forcing has been analyzed
through the period of (1979-2011). Anomaly and linear correlation coefficient methods had been used. It is no-
ticed that:

1) For CO,, an outstanding positive correlation coefficient, (0.918, 0.840, 0.832, 0.895 and 0.890) between
CO; and surface air temperature, 500 hPa air temperature, geopotential height at 500 hPa level, OLR and SST
respectively over the globe.

2) For CH4 an outstanding positive correlation coefficient (0.832) between CH,4 and precipitation rate and sig-
nificant correlation (0.707) with surface air temperature over the globe.

3) For N,0, an outstanding positive correlation coefficient, (0.843, 0.847, 0.803) between N,O and surface air
temperature, precipitation rate and SST respectively.

4) For CFC 12, it is clear that there is only an outstanding positive correlation coefficient (0.806) between
CFC 12 and precipitation ate over the globe.

5) For CFC 11, no clear significant correlation coefficient between CFC 11 and meteorological elements and
climatic indices over the globeO0.

6) For 15-MINOR, there is an outstanding positive correlation coefficient, (0.843) between 15-MINOR and
global precipitation rate. It has a significant correlation (0.786) with global surface air temperature. Significant
correlation (0.758) with SST has been observed through the study period.

7) For total GRF, it is obvious that, there is an outstanding positive correlation coefficient, (0.827 and 0.857)
between total GRF and global surface air temperature and precipitation rate respectively over the globe. In addi-
tion to that, a significant correlation (0.795) with SST observed.

8) For AGGI, it is clear that, there is a significant positive correlation coefficient, (0.827 and 0.857) between
AGGQGI and global surface air temperature and precipitation rate respectively over the globe through the period of
study (1979-2011). Also a significant correlation (0.795) with SST is observed. Notably, it is approximately
typically of total GRF correlation results.

9) In general, there is no significant correlation observed between the global radiative forcing and the climatic
indices NAO, SOI and El Nino through the period of study (1979-2011).

5. Conclusion

Finally, one can conclude that the GRF is impacting on the annual variability of weather and climatic elements
on the globe. The present work conducts that the global annual climatic variability of weather elements and global
warming is strongly related to the global radiative forcing and human activities. Emissions of GHG must be re-
duced to eliminate its impacts on the global abnormal extreme weather events to exist and to control the global

O,



Y. Y. Hafez, M. Almazroui

change of climate. However, using renewable, clean energy sources as a source of power will break the global
change of climate and control the weather.
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