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ABSTRACT

Greenhouse gas data were utilized as proxy data in interpreting climate variability. These greenhouse gases were related
to temperature records using standard deviation (SD) as the transfer function based on observed correlations between
them and global warming records. The annual SD used as warming index for the concentrations of these greenhouse
gases for the period 1996 to 2005 at the various stations considered showed good correlation with 1998 as the warmest

for these stations.
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1. Introduction

Climate variability is the term used for changes in cli-
mate over time scales of less than 100 years. It is often
used to denote deviations of climate statistics over a
given period of time (such as specific month, season, or
year) from the long-term climate statistics relating to the
corresponding calendar period [1]. In this sense, climate
variability is measured by those deviations which are
usually termed anomalies.

Climate variability is due to both natural and human
activities. The natural activities could be short or long
term events; they include solar variation, ocean currents,
El Nino and many other causes. Human activities have
been known to influence climate in many ways, such as
land use changes, like the irrigation of historically semi-
arid areas for farmland, the paving and development of
sprawling urban areas, the draining of wetlands, and in-
creased aerosols in our atmosphere. In recent years, changes
in the composition of the atmosphere arising from human
activities have been well documented and monitoring of
these atmospheric concentrations shows that CO, as well
as other greenhouse gases have increased during the past
few decades via industrialization and other practices [2].
However, majority of researchers believed that the earth
is polluted, especially with anthropogenic emission of
greenhouse gases [3] which are also believed to be caus-
ing abnormal variations to the expected climate within
the earth’s atmosphere.

A climate proxy is a local quantitative record (e.g.
thickness and chemical properties of tree rings, pollen of
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different species) that is interpreted as a climate variable
(e.g. temperature or rainfall) using a transfer function
that is based on physical principles and recently observed
correlations between two records [4]. The traditionally
used proxies for indirect measures of climate include
historical data; corals, fossil pollen, tree rings and ice
cores. For example, historical grape harvest dates have
been used to reconstruct summer temperatures in Paris,
France from 1370 to 1879. This method is not perfect but
along with the use of other indirect measures, it allows a
reasonable reconstruction of climate over a long period
of time [5]. Also, Corals build their skeletons from CaCOs,
a mineral extracted from sea water, through which some
corals form annual rings as they grow. The carbonate
contains isotopes of oxygen, as well as trace metals
which are similar to those of tree rings which can be used
to determine temperature. Hence, they too can be used to
determine the temperature of the water in which they
grow. When the temperature is warm the coral will grow
faster than when the temperature is cold. So, warmer
years will make wider growth rings and colder years will
create thinner rings in a similar way to tree rings growth.
These temperature recordings can then be used to recon-
struct climate of coral growth as well as annual climate
records for centuries in trees [6,7]. According to U.S
researchers who used tree rings and ice cores to deter-
mine temperatures over the past 1000 years, 1998 was
the hottest year globally for the last millennium [8].
Temperature is the best documented of the weather pa-
rameters and the easiest to infer from other evidence.

The region of the Earth where there is a very signifi-
cant temperature impact is the Tropics. Similarly, the
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Tropics is very significant in terms of temperature trans-
portation round the whole world because of the much
heat it receives directly from the sun as well as the origin
of a global phenomenon within it referred to as El Nino
and its southern oscillation which also transfer heat around
the world. However, climatic change is not a matter of
temperature fluctuation alone; a change in the nature of
the general circulation is implied and therefore, also in
the distribution of rainfall [9].

2. Materials and Methods

Both CO, and CH, concentrations data on per-minute
basis for the period January 1996 to December 2005 uti-
lized in this work were sourced from the World Data
Centre for Greenhouse Gases. The hourly data are gener-
ated by arithmetic means from the per-minute data while
the arithmetic means of hourly data are adopted as daily
data. Likewise, the arithmetic means of daily data are
adopted as monthly data and the arithmetic means of
monthly data also adopted as yearly data. The various
observation sites (Table 1) from which these data were

obtained from are Tropical Africa: Assekrem (Algeria);
Tropical America: Ragged Point (Barbados); Tropical
Asia: Minamitorishima (Japan), and Tropical oceans in-
cluding oceanic islands: Mauna Loa (Hawaii, USA).

The analysis of climatic data was processed using mov-
ing average approach, auto-regression analysis and em-
pirical models [10]. The standard deviation (SD) which is
the most satisfactory and widely used measure of disper-
sion was used to determine warming effect of these gases.
It takes into account all members of the population and
can be subjected to algebraic analyses. It also tells us
how much the measurement differs from the average.
The SD was computed for the 12 month anomaly distri-
bution of these gases for each year considered in order to
be able to compare their warming pattern from year to
year [11].

3. Results and Discussion

Tables 2-5 showed that CH,4 gave higher SD values than
CO, which signifies that on a per molecule basis, propor-
tional increase in CH, is much more effective as a

Table 1. List of stations/observation sites (Jan 1996 to Dec 2005) used for this study.

SIN Observation Sites/Territory Latitudinal and Longitudinal Locations Tropical Region Altitude (asl)"/m
1 Assekrem (Algeria) Lat. 23°10'N, Long. 5°25'E Africa 2728
2 Minamitorishima (Japan) Lat. 24°17'N, Long. 153°59'E Asia 8
3 Mauna Loa (USA) Lat. 19°32'N, Long. 155°35'W Pacific Ocean 3397
4 Ragged Point (Barbados) Lat. 13°10'N, Long. 59°25'W America 45

“asl = above sea level.

Table 2. Values of mean annual concentration of CO, and CH, with both the standard deviation and ranking for Assekrem

station.

Year Mean CO; conc. (ppm)

CO, SD  Ranking of CO, SD by position

Mean CH, conc. (ppb) CH,SD Ranking of CH, SD by position

1996 362.2+0.1 0.25 10
1997 363.6 £0.2 0.62 5
1998 366.4+0.3 0.90 1
1999 368.2+0.1 0.42 9
2000 369.7 £0.1 0.45 8
2001 371.3+0.2 0.54 6
2002 373.4+0.2 0.64 4
2003 375.7+0.2 0.70 3
2004 3775+0.1 0.48 7
2005 379.6 £0.2 0.77 2

1776.7+0.3 0.94 7
17795+ 0.6 2.04 2
1790.7+ 1.4 4.69 1
1801.0+0.3 1.05 5
1801.3+0.2 0.51 10
1802.1 £ 0.3 0.91 8
1800.7+0.2 0.82 9
1804.8 £ 0.5 1.66 3
1803.6 £ 0.5 1.55 4
1803.0+0.3 0.96 6

Table 3. Values of mean concentration of CO, and CH, with both the standard deviation and ranking for Minamitorishima

station.

Year Mean CO, conc. (ppm)

CO, SD Ranking of CO, SD by position Mean CH,4 conc. (ppb) CH, SD Ranking of CH4 SD by position

1996 363.9+0.2 0.77 4
1997 364.1+0.1 0.39 8
1998 366.3+0.3 0.92 2
1999 368.6 £0.1 0.39 8
2000 369.8+0.1 0.42 7
2001 371.3+0.1 0.44 6
2002 373.2+0.2 0.70 5
2003 375.9+0.2 0.82 3
2004 377.8+0.1 0.39 10
2005 380.3+0.4 141 1

17733+ 0.6 2.06 3
1780.6 £ 0.9 3.30 1
1786.6 +0.4 1.33 7
1791.0+£0.3 1.09 10
1795.7 £ 0.6 1.98 4
1798.2+0.3 1.16 9
1799.8 £ 0.5 171 6
1808.2 £ 0.6 1.98 4
1805.9+0.7 2.57 2
1799.8 £ 0.4 1.22 8

Copyright © 2013 SciRes.
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Table 4. Values of mean concentration of CO, and CH, with both the standard deviation and ranking for Mauna Loa station.

Year Mean CO, conc. (ppm) CO,SD Ranking of CO, SD by position

Mean CH,conc. (ppb) CH,SD Ranking of CH, SD by position

1996 362.3+0.1 0.38 9
1997 363.6+0.2 0.55 5
1998 366.4+0.3 0.95 1
1999 368.3+0.1 0.35 10
2000 369.5+0.1 0.45 7
2001 371.1+0.1 0.43 8
2002 373.0+0.2 0.75 2
2003 375.7+0.2 0.75 2
2004 377.6+0.2 0.51 6
2005 379.8+0.2 0.72 4

1763.0+0.4 1.27 8
17709+ 0.6 1.91 3
17777+ 1.1 3.65 1
1785.1+0.5 1.82 4
1785.7+0.3 1.16 9
17855+ 0.4 1.50 6
1783.7+0.4 1.36 7
17916+ 0.6 2.08 2
1790.8+0.5 1.75 5
1788.7+0.3 0.98 10

Table 5. Values of mean concentration of CO, and CH, with both the standard deviation and ranking for Ragged Point sta-

tion.

Year Mean CO, conc. (ppm) CO, SD Ranking of CO, SD by position

Mean CH, conc. (ppb) CH,SD Ranking of CH, SD by position

1996 362.1+0.1 0.37 9
1997 363.3+0.2 0.52 7
1998 366.1+0.3 0.97 1
1999 367.7+0.1 0.16 10
2000 369.0+0.2 0.65 4
2001 371.1+£0.2 0.56 6
2002 373.0+0.2 0.60 5
2003 375.4+0.2 0.75 2
2004 377.4+0.2 0.51 8
2005 379.4+0.2 0.67 3

17740+ 0.7 2.48 2
1773.4+0.4 1.29 6
1780.2+1.6 5.46 1
1789.7£0.2 0.82 9
1791.4+£0.3 0.90 8
1789.6 £ 0.4 1.37 5
1791.7+£0.3 0.97 7
1794.7 £ 0.6 1.89 4
1794.3 £ 0.6 1.99 3
1789.9+£0.2 0.80 10

greenhouse gas than similar increase in CO,. However,
CHj, is less effective than CO, on climate change because
of its smaller atmospheric concentration.

The following are the summary of what was obtained
for each of the observation sites considered.

3.1. Assekrem Station

Table 2 shows the mean concentrations and SD for CO,
and CH, gases. With reference to this table, the yearly
variation shows that the SD which indicates warming has
five of its highest values in terms of position ranking
when arranged in decreasing order in 1998, 2005, 2003,
2002 and 1997 for CO,, while those of CH, are 1998,
1997, 2003, 2004 and 1999 (Figures 1(a) and (b)). Thus,
in this location, 1998 is the warmest year and coincides
with the SD peak of CO, and CH,.

3.2. Minamitorishima Station

Table 3 shows the mean concentration and SD for these
gases. With reference to this table the yearly variation
shows that the SD has five of its highest values in terms
of position ranking when arranged in decreasing order in
2005, 1998, 2003, 1996 and 2002 for CO,, while those
for CH,4 are 1997, 2004, 1996, 2003 and 2000 (Figures

Copyright © 2013 SciRes.

2(a) and (b)). Thus, in this location 2005 and 1997 would
be the warmest year in terms of both CO, and CHj, re-
spectively if these gases were the dominant factor of
warming.

3.3. Mauna Loa Station

Table 4 shows the mean concentration and SD for these
years. With reference to this table the yearly variation
shows that the SD, has five of its highest values in terms
of position ranking when arranged in decreasing order in
1998, 2002, 2003, 2005 and 1997 for CO,, while those
for CH,4 are 1998, 2003, 1997, 1999 and 2004 (Figures
3(a) and (b)). Thus, in this location 1998 is the warmest
year and coincides with the SD peak of CO, and CH,.

3.4. Ragged Point Station

Table 5 shows the mean concentration and SD for these
gases. With reference to this table, the yearly variation
shows that the SD which indicates warming has five of
its highest values in terms of position ranking when ar-
ranged in decreasing order in 1998, 2003, 2005, 2000
and 2002 for CO,, while those for CH, are 1998, 1996,
2004, 2003 and 2001 (Figures 4(a) and (b) ). Thus, in
this location 1998 is the warmest year and coincides with

ACS



0. E. OGUNSOLA, E. O. OLADIRAN

0.8 4

T
(8]

g 8

O 06 c 34

5 s

c k-

o 2

% 04 T 2

e £

| P

'g »

S 02 1

&

0.0 0
1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005
period period
@ ®)

Figure 1. (a) and (b): Plot of annual standard deviation for
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Figure 2. (a) and (b): Plot of annual standard deviation for
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Figure 3. (a) and (b): Plot of annual standard deviation for
CO; and CH, at Mauna Loa station.

the SD peak of CO, and CH,

4. Conclusion

The SD of the concentrations of CO, and CH, gases
showed good correlations with the years associated with
warming and serves as good climate proxies in a similar
way to the traditionally used proxies of climate. Also,
these standard deviations which indicate abnormality

Copyright © 2013 SciRes.

Figure 4. (a) and (b): Plot of annual standard deviation for
CO, and CH, at Ragged Point station.

showed that 1998 is the warmest among the years con-
sidered for this study.
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