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In this work, we focus on using FORMOSAT-3/COSMIC (F3C) data to analyze

vertical thermal structures of the atmosphere below 40 km altitudes; and to
study the coupling mechanisms between the stratosphere and the troposphere.

2 kFL

3.1. Stratosphere-Troposphere Coupling Studies Using F3C

Sudden tropospheric cooling and induced stratospheric warming were found during the
22 July 2009 total solar eclipse. Can the 22 July 2009 hallmark also be seen in other
major solar eclipses? Here we hypothesize that the tropospheric cooling and the
stratospheric warming can be predicted to occur during a major solar eclipse event.
In this work we use the FORMOSAT-3/COSMIC (F3C) Global Positioning System
(GPS) radio occultation (RO) data to construct eclipse-time temperature profiles before,

during, and after the passages of major solar eclipses for the years 2006-2010. We use



four times a day of meteorological analysis from the European Centre for Medium
Range Weather Forecast (ECMWEF) global meteorological analysis to construct
non-eclipse effect temperature profiles for the same eclipse passages. The eclipse effects
were calculated based on the difference between F3C and ECMWEF profiles. A total
of five eclipse cases and thirteen non-eclipse cases were analyzed and compared. \We
found that eclipses cause direct thermal cooling in the troposphere and indirect dynamic

warming in the stratosphere.  These results are statistically significant.  Our results

show -0.6 to -1.2 °C cooling in the troposphere and 0.4 to 1.3 °C warming in the
middle to lower stratosphere during the eclipses. This characteristic
stratosphere-troposphere coupling in temperature profiles represent a distinctive

atmospheric responses to the solar eclipses.

Major solar eclipses such as total solar eclipse and annular solar eclipse arise from
direct block out of incoming solar radiation by the moon to the atmosphere [Zirker,
1980; Lindsey et al., 1992; Pasachoff, 2009].  This sudden drop in the incoming solar
radiation causes the cooling of the surface and higher up, resulting in the changes of
atmospheric temperatures. These temperature variations drive changes in pressures and
winds [Ballard et al., 1969; Anderson et al., 1972, Founda et al., 2007; Gerasopoulos et
al., 2007; Kameda et al., 2009; Wang and Liu, 2010], and induces vertically
propagating gravity waves [e.g., Chimonas, 1970; Chimonas and Hines, 1971; Seykora
et al., 1985; Zerefos et al., 2007]. Solar eclipse also changes the ionosphere total
electron density [Le et al., 2009]. Treumann et al. [2008] described the physics of
electric discharges in the atmospheric gases, and average altitude profiles of
temperature and mass density from the surface to 150-km altitude.

Though the troposphere and the stratosphere are regarded as a coupled system

[Holton et al., 1995], the effects of the eclipse on this coupled system is not well
known, due to the lack of observational data from the troposphere to the stratosphere
when the lunar shadows move through the atmosphere.

Wang and Liu [2010] used F3C data to study the atmospheric effect of the 22 July
2010 total solar eclipse. They found a significant cooling through the troposphere
and a distinctive warming in the lower stratosphere. This sudden tropospheric
cooling and stratospheric warming appeared as a hallmark in the coupled



stratosphere-troposphere system during the 22 July 2009 total solar eclipse. Can the
22 July 2009 hallmark also be seen in other major solar eclipses? Here we
hypothesize that the tropospheric cooling and the stratospheric warming can be
predicted to occur during a major solar eclipse event. The motivation for this study
is to use F3C GPS RO data, together with the daily ECMWF global meteorological
analysis, to demonstrate that the tropospheric cooling and stratospheric warming

feature is indeed a hallmark during a major solar eclipse.

The results of this work has been published as a chapter in a book entitled “Dynamic
Coupling Between Earth’s Atmosphere and Plasma Environments”, Springer, 2013.

Following is a photo figure of this book.
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3.2. Vertical Temperature Profiles Variability in the Lower Troposphere

Long-range transport of the Saharan dust plumes is a pronounced feature
occurring during May-September of each year over the tropical North Atlantic
atmosphere [Dunion and Veldon, 2004]. Hence, the impacts of these transporting
Saharan dust plumes and

its associated Saharan air are of great importance for weather predictions [Pratt and



Evans, 2009] and climate assessments [Mahowald and Luo, 2003].

Previous studies have shown that Saharan dust plumes exert influences over the
tropical North Atlantic atmosphere by changing vertical wind shear [Dunion and
Veldon,

2004], vertical thermodynamic stability [Dunion and Veldon, 2004; Wong and

Dessler,

2005; Dunion and Marron, 2008; Jury and Santiago, 2010], water vapor content [Dunion
and Marron, 2008], and sea surface temperatures [Evan et al., 2009]. These results were
mostly derived based on limited radiosondes launched from fixed islands [Dunion and
Marron, 2008] and ships [Nalli et al., 2005], and aircraft sampling [Calson and Prospero,
1972; McConnell et al., 2008]. Most of the observations were made around the
western boundary (80°W — 60°W) and the eastern boundary (~ 20°W) of the
tropical North Atlantic atmosphere [Sun et al., 2009].

As such, detailed observations for the long-range transport Saharan dust plumes

in the longitudes between 20°W, where dust plumes leave the Sahara Desert and enter

the North Atlantic atmosphere, and 60°W, where dust plumes have traveled over the

40 degrees in longitudes and are about to enter the North Western Atlantic regions,
remain elusive. Currently, only satellite observations are able to provide high
density measurements over the vast open ocean regions.

The benefits of using satellite data over the tropical North Atlantic
atmosphere, that were not available in previous works, have been shown recently.
Wu et al. [2006] and Sun et al.  [2009] showed that the assimilation of the Aqua
AIRS satellite data

during the Saharan dust outbreaks enables the models to make more realistic predictions

of hurricane tracks than the predictions without the usage of the Aqua AIRS data.

3.3. Comparison of F3C Data With Radiosondes

1) Following is a table (Table 1) showing the warm years (red colored) and



cold years (blue colored) since 2006 until present. This table is an extract
from a report by US Climate Prediction Center. In this work, we use F3C
data to understand the atmospheric responses in the vertical during these

very different years.



|Year| DIF | 3FM |FMA[MAM| AM3I | M33 | 33A [ 3As |AsOo|sON]OND| ND3 |

2006/-0.9]1-0.7]-0.5) 0316 | 313 | 314 ] 315 | 316 | 0.5]10.8]1.0] 1.0
2007] 0.7 | 316 J 0314 J 0315 ) 0316 J 0316031 |-0.6]-0.9]-1.1]1-1.2]-1.4
2008]|-1.5]-1.5]-1.2]1-0.9|-0.7]-0.5] 0316 | 0315 ] 0324 J 0315 ] 0317 | 03 1:
2009] 031< J031; Jo319}jo0315) 314 | 317 }0.5]0.6]0.7]1.0]1.4] 1.6
2010/ 1.6 1 1.4 1.1]1 0.7 | 315 J03156]-0.8]-1.2]-1.4]-1.5]-1.5]-1.5

2011|-1.4]1-1.3]-1.0}-0.7| 0317 J 0315 J 0315 | 0315 | -0.6]-0.8]-1.0]-1.0
2012|-0.9]1-0.7]-0.5] 0316

Table 1.

Most of the previous works on the analysis of the past ENSO events generally
employed the use of the meteorological reanalysis data. For example, data
taken from NCEP, UKMO, ECMWEF, etc, are frequently used to derive
understanding of ENSO events.

However, as Figure 1 shows that direct measurements of vertical temperature
profiles from radiosondes in the stratosphere is rare. In a sharp contrast, direct

profile temperature measurements in the upper troposphere contain more data
than those shown in the stratosphere (Figure 2).
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Figure 1. Availability of direct profile of temperature measurements in the

altitude

range between 35 and 40 km from radiosondes (red crosses) and F3C

profiles (blue circles) for January 2012.
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Figure 2. Availability of direct profile of temperature measurements in the
altitude range between 5 and 10 km from radiosondes (red crosses) and F3C

profiles (blue circles) for January 2012.

We have continued working on this line of analysis, to understand the accuracy
of the F3C data when compared with the radiosondes in the different layers of

the atmosphere and different regions of the world.

Currently, we have obtained detailed radiosonde data for the period from Apr
2006, when the F3C was launched, to July 2012. We have also created gridded
RO data based on F3C data and all F3C post-processed profiles. Based on this
rich data set, we expect to work out spatial and temporal accuracy analysis for
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the F3C data since Apr 2006.

2) Other works are ongoing (please refer to the table shown in section 5.

A 13

We have continuously worked on the use of F3C data to elucidate the working
of the atmosphere from surface ocean/land, through troposphere and to the
stratosphere. We intend to produce good results following these works, which

can be useful for understanding the coupling processes in the atmosphere.

eale et al. [2009] reported positive impact of assimilating AIRS in forecasting tropical
cyclones.  Wang [2010] combined profiles of temperature measurements from F3C with
aerosol index (Al) data from OMI to show that profiles of temperature response to the
Saharan dust outbreaks exhibit pronounced warming of the atmosphere at altitudes
below 5 km, with the maximum warming of 3-5 K occuring around 2-3 km altitudes.
It is very encouraging to see that the enhanced spatial coverage of the Aqua

AIRS and the F3C Global Positioning System (GPS) radio occultation (RO) data over the
tropical North Atlantic atmosphere provide more detailed observations of the transporting

dust plumes than were previously available from the conventional data [Wong et al., 2009;
Huang et al., 2010]. These additional data were able to improve predictions of hurricane
tracks.  In this work we use the F3C GPS RO data to reveal temperature variations of the
transporting dust plumes.  We compare F3C with Aqua AIRS observations. We also
compare and contrast these satellite observations with meteorological analyses from the
National Centers for Environmental Predictions (NCEP), the United Kingdom Met Office
(UKMO), and the European Centre for Medium Range Weather Forecast (ECMWF), in the
days with and without Saharan dust outbreaks. These comparisons highlight the importance
of the changing temperature structures associated with the long-range transport Sahara dust
plumes which are not often seen by the meteorological analyses (as shown here) but

prominently feature from the F3C and the AIRS observations.
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