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ABSTRACT 

Radiosonde, or weather balloon data, was used to analyze temperature trends over the tropical Atlantic Ocean 
from years 1996 to 2009. The observations focused on the standard pressure levels to better assess temperature 
trends throughout the troposphere and within the stratosphere. Results convey a near surface increase of tem-
perature, while also revealing a minimal but decreasing troposphere temperature trend, and stratospheric cool-
ing. Stratospheric cooling and near surface warming are consistent with the theory of anthropogenic climate 
change; contrastingly non-increasing temperatures within lower pressure areas of the troposphere are inconsis-
tent with the anthropogenic climate change theory [1-5]. 
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1. Introduction 

A previous study revealing MOZAIC in-flight data con-
veyed an increase of temperature in the atmosphere over 
the Atlantic Ocean at the 250 hectopascal (Hpa) stan-
dardized pressure level, from the years 1994 to 2009. To 
observe the temperature trends within the atmosphere, 
radiosonde data were used. Radiosonde is a unit that is 
used in conjunction with weather balloons to record at-
mospheric pressures, temperatures, height, and a wide 
range of advantageous data [6]. When released, the bal-
loon along with the attached radiosonde rises into the 
atmosphere recording pressure and temperatures at vari-
ous heights. Eventually, as the balloon’s height increases, 
the atmospheric pressure decreases, and attempts to main-
tain pressure equilibrium. The pressure difference causes 
the weather balloon to expand and burst. This breach 
triggers the radiosonde to no longer record data. 

The objective is to determine if radiosonde data from 
the years of 1996 to 2009 can show any significant at-
mospheric temperature trends which support previous 
studies [7]. Specifically using radiosonde data sets at 
32.37N 64.68W, Bermuda. Previous studies have shown 

the tropical Atlantic Ocean is the site of the highest in-
creasing temperature trends over recent years [8]. Through 
the use of radiosonde data, temperature trends over vari-
ous pressure levels within the atmosphere can be deter-
mined, focusing on the thirteen standard pressure levels. 
Typically temperatures decrease as pressure decreases 
within the troposphere. As the pressure levels reach the 
stratosphere, the temperatures begin to increase. The an-
thropogenic climate change model suggests that near 
surface and troposphere temperatures will increase over 
time, while the temperatures in the stratosphere will de-
crease [4,5]. This is due to the atmospheric principle 
which states, as the troposphere increases in temperature, 
the stratosphere will cool as a way to maintain balance. 

2. Methodology 

The National Oceanic and Atmospheric Administration 
(NOAA) and Earth System Research Laboratory (ESRL) 
collected the station data used for 32.37N 64.68W Ber-
muda. The ranges of data selected were from January 
1996 to April 2009. The data set included on average one 
to two daily radiosonde recordings for temperature and  
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pressure within the atmosphere at the given location. The 
scope of work only focused on data found within the 
stratosphere and troposphere. The data points found at 
the pressure levels were not consistent, meaning levels 
recorded varied in radiosonde soundings. To determine 
the temperature values at the standard pressure levels, 
interpolation of the nearest pressure values were con-
ducted [9]. The computations performed were conducted 
using a step-type nearest interpolation, yielding a piece-
wise-constant interpolant. 

The temperature values for each standard pressure 
level were chronologically organized, however due to 
seasonal oscillations no significant trend could be deter-
mined [9]. Seasonal oscillations were then removed us-
ing a method of de-seasonalization. This is a method by 
which the average temperature for each pressure level for 
each year was averaged. That value was then subtracted 
for each respective month. For example, the average of 
January temperatures at 1000 Hpa from 1996 to April 
2009 is subtracted from each individual January to de-
termine its difference from average values. Figures 1 to 
13 show the temperature values are the difference in Cel-
sius from the months average temperatures compared to 
all the averages for that month throughout the years be-
ing observed. A linear regression line was fitted to de-
termine any existing trends [10]. 

3. Results 

Figures 1-3 show little to no trend, with Figure 2, 850 
Hpa, being significantly low. Figures 4-13 show slightly 
larger decreasing temperature trends, compared to Figures 
1-3 [2,11,12]. 

4. Discussion 

Near the surface, 1000 Hpa, a positive temperature trend 
is occurring for the years collected. However, all other  

 

 

Figure 1. De-seasoned temperature values from January 
1996 to April 2009, with a slope of 0.0097, at 1000 Hpa. 

 

Figure 2. De-seasoned temperature values from January 
1996 to April 2009, with a slope of −0.00044, at 850 Hpa. 

 

 

Figure 3. De-seasoned temperature values from January 
1996 to April 2009, with a slope of −0.013, at 700 Hpa. 

 

 

Figure 4. De-seasoned temperature values from January 
1996 to April 2009, with a slope of −0.04, at 500 Hpa. 

 
temperature trends at standard pressure levels show 
negative trends, furthermore a decrease in temperature is 
occurring within the troposphere at 850 Hpa and lower 
pressure levels, and within the stratosphere. The anthro- 
pogenic climate change model suggests warming occurs 
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Figure 5. De-seasoned temperature values from January 
1996 to April 2009, with a slope of −0.064, at 400 Hpa. 

 

 

Figure 6. De-seasoned temperature values from January 
1996 to April 2009, with a slope of −0.044, at 300 Hpa. 

 

 

Figure 7. De-seasoned temperature values from January 
1996 to April 2009, with a slope of −0.065, at 250 Hpa. 

 
at the surface, near surface, and troposphere, while cool-
ing occurs within the stratosphere [4,5]. Near the surface, 
1000 Hpa, and the stratosphere, 100 Hpa and lower, are 
consistent with this model. However, the results show a 
cooling in the troposphere between 850 Hpa and 150  

 

Figure 8. De-seasoned temperature values from January 
1996 to April 2009, with a slope of −0.089, at 150 Hpa. 

 

 

Figure 9. De-seasoned temperature values from January 
1996 to April 2009, with a slope of −0.089, at 100 Hpa. 

 

 

Figure 10. De-seasoned temperature values from January 
1996 to April 2009, with a slope of −0.07, at 70 Hpa. 

 
Hpa, which is not consistent with the anthropogenic cli-
mate change theory [4,5]. 

Possible reasons for these results can be due to oscilla- 
tions that occur during longer periods of time. Further 
more the range of data analyzed had been limited to 1996 
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Figure 11. De-seasoned temperature values from January 
1996 to April 2009, with a slope of −0.066, at 50 Hpa. 

 

 

Figure 12. De-seasoned temperature values from January 
1996 to April 2009, with a slope of −0.076, at 30 Hpa. 

 

 

Figure 13. De-seasoned temperature values from January 
1996 to April 2009, with a slope of −0.072, at 10 Hpa. 

 
to 2009, observing the temperature trend over recent years 
would prove significant according to radiosonde data. A 
further investigation of previous years should be done to 
determine the temperature change over a longer span of 
radiosonde data. 

Temperature (˚C) slope at each standard pressure level 
from January 1996 to April 2009. 

Figure Number Pressure Level (Hpa) Slope 

1 1000 0.0097 

2 850 −0.00044 

3 700 −0.013 

4 500 −0.04 

5 400 −0.064 

6 300 −0.044 

7 250 −0.065 

8 150 −0.089 

9 100 −0.089 

10 70 −0.07 

11 50 −0.066 

12 30 −0.076 

13 10 −0.072 

 
Finally, errors in the results may be due to the ra-

diosonde weather balloons travel when released into the 
atmosphere [8]. The issue is these recording devices can-
not remain in the same coordinates due to wind speed 
and wind direction. This creates a range of undetermined 
errors as the balloon drifts into different coordinates as it 
ascends into the atmosphere [13]. Therefore, as the ra-
diosonde weather balloon goes into lower pressures, the 
reliability of the temperature trends decreases as pressure 
levels decrease [8]. 

5. Conclusion 

The MOZAIC in-flight study, which showed an increase 
in temperature over the Atlantic Ocean at 250 Hpa, does 
not coincide with the conclusion found in this experiment. 
Near the surface, 1000 Hpa, and the stratosphere, 100 
Hpa and lower, are consistent with the anthropogenic 
climate theory [13,14]. However, the results show a 
cooling in the troposphere between 850 Hpa and 150 Hpa, 
which is not consistent with the anthropogenic climate 
change theory [13,14]. These values were obtained through 
the computable methods of interpolation and de-seaso- 
nalization. In conclusion, the near surface temperature 
trends were minimally increasing, while all other stan-
dard pressures were found to have a declining tempera-
ture trend. 
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