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Abstract

We sort the information of atmosphere layers which we got from FORMOSAT-3 during the
eruption of Eyjafjallajokull volcano, 2010(March 5~April 29). Then we compare the temperatures
varying with the different heights of troposphere in order to know the effect of its eruption. Therefore, we

get some following conclusions:

The measurements of the volcanic eruption are proportional to the differences of lowering the
temperature in the tropopause. The less energy a volcano erupts, the more chances that the effects in the
temperature changes will happen at the low altitude; the more energy a volcano erupts, the more chances
that the effects in the temperature changes will happen at the high altitude. And the duration of volcanic
eruption 1s also proportional to the influence of temperature. Besides, we also discuss the changes of
temperature that are influenced by the distribution of volcanic ash clouds. The volcanic ash clouds gather
at the windward where the sun will be blocked, and the sun light cannot irradiate to the ground; hence,

the temperature will be low.
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Abstract

The information of FORMOSAT-3 comes from GPS occultation, and
the information including temperature, humidity, and the -electron
concentration, etc., and I use the information of temperature. Then I
compare the temperatures varying with altitudes of troposphere in different
period in order to know the effect of the volcano eruption on the
atmospheric environment. I get following conclusions:

First, intense volcanic eruptions are often accompanied by ash, hot
gases and powerful explosive energy, which could result in anomalous
temperature profiles changes in the troposphere and lower stratosphere.

Second, there are two different impacts of volcanic eruptions on
environmental temperature changes, one is that significant troposphere
warming and lower stratosphere cooling (Wang et al, 2009), and the other
one 1s that remarkable troposphere cooling and lower stratosphere
warming which had been demonstrated by this study.

Last, temperature profiles changes in the major ash area were higher
than those in other areas.
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Introduction

After being dormant for about 200 years, Eyjafjallajokull volcano in
Iceland erupted again in 2010. The ash was blown to Eurasia, which caused
European flights grounded and also caused serious losses in economy.

Atmospheric temperatures could be affected by volcanic plumes and ashes
(Wang et al, 2009; Okazaki and Heki, 2012). Data of FORMOSAT-3/COSMIC
(FS3/C) 1s useful to probe impacts of the volcano eruptions on environmental
temperatures. Using the data of FORMOSAT-3/COSMIC (FS3/C), this study
examines the changes of temperature profiles in the troposphere and lower
stratosphere during the eruptions of the Eyjafjallajokull in 2010.

Data and Methodology

1. What is FORMOSAT-3?

The FORMOSAT-3/COSMIC (FS3/C) mission
uses the Global Positioning System (GPS) radio
occultation (RO) technique to obtain high-resolution
vertical profiles of atmospheric refractivity (Fig.1),
which could be used to derive profiles of temperature,

water vapor pressure and ionospheric electron
density (Wang et al, 2009).

Comparisons of temperature profiles inferred from FS3/C with radiosonde
observations suggest that they are accurate to better than 0.6 K at heights 5~15
km (Hajj et al, 2004).

2. Eyjafjallajokull volcano

Eyjafjallajokull volcano in Iceland is located at

63.63°N, 19.42°W, and the height of Eyjafjallajokull
is about 1.6 km.

It erupted twice in 2010, the first one was on
March 20, which is nominated as day79; and the
second one was on April 14, which is nominated as
day104. There were still some smaller volcanic
activities after these two eruptions. The first eruption
continued to April 12, and the second one continued
to May 22. (Fig.2)
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3. VEI (Volcanic Explosivity Index)

The VEI (Fig.3) of these two eruptions in
2010 was 4.

4. Energy and height of the eruption

According to the report, energy of the
second eruption was higher than that of the first
eruption. And the maximum plume height in
the first eruption was about 2 km, while that in
second one was about 6 km. However, the
volcano ash could be transported to the nearby
layer of tropopause due to the buoyancy of hot
dense gases and the background wind.

5. Data setting

The FS3/C data area which I set was at 60~66°N, 4~34°W, and I used the
data in O~15km to do analysis.

6. Distribution of volcanic ash

The dots in these pictures mean the location of FS3/C data points. And the
lines indicate the volcanic ash area in different altitude: the red, green and blue
one means 0~6 km, 6~10 km and 10~15 km, respectively.

Fig.4 Distribution of volcanic ash
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Results and Discussion

1. Temperature profiles change of the first eruption

Wang et al (2009) demonstrated the impact of the Mt Chaiten eruption on
atmosphere was that tropospheric temperatures increased, while the lower
stratospheric temperatures decreased. However, in this study I found that
atmospheric temperature changes of Iceland volcanic eruption were that the
lower stratospheric temperatures increased, while the tropospheric temperatures
decreased (Fig.5 and Fig.6).

Estimated peak tropospheric temperature decreased up to 7 K, and lower
stratospheric temperature increased up to 6 K.

Since the volcanic ash could go up to about 9 km, the temperature changes
could be resulted from blocking effect of radiation and the absorption,
respectively.
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2. Temperature profiles change in the major ash area of the
second eruption

The changes of temperature after the second eruption (Fig.7) were higher
than those of the first eruption (Fig.5). It suggests that the impacts of the second
eruption were higher than the first one.

The sulfides and aerosols in the volcanic ash could absorb the solar near
infrared radiation and earth infrared radiation, therefore, the temperatures
increased in the lower stratosphere. Besides, the volcanic ash would also block
the sunlight and reduce the direct solar radiation in the troposphere, and the
adiabatic expansion associated with the upward motion of volcanic plumes
could result in the cooling effect of the troposphere. (Fig.8)
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3. Temperature profiles change outside the major ash area of the
second eruption

In these two pictures (Fig.9 and Fig.10), the changes of the temperatures
are that troposphere cooling and the lower stratosphere warming, and this
phenomenon is similar to the Fig.7 and Fig.8.

However, in the outside area of the volcanic ash, the temperature changes
in these two pictures are lower than those in Fig.7 and Fig.8. It suggests that the
data in these pictures were not within the major range of the volcanic ash,
therefore, the impact of the volcanic ash was lower, and the temperature
differences were not obvious.
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4. Temperature differences of the second eruption among four
different areas

I divided the surrounding region
around the volcanic center into four
different areas. (Fig.11)

In these pictures (Fig.12), the
temperature changes of the second eruption
were different. The changes of temperature
in Fig.12 (b) and (d) were much higher than
Fig.12 (a) and (c). It suggests that the
Fig.12 (b) and (d) were in the downwind
side and major distribution area of the
volcanic ash, therefore, the impact of the
volcanic ash was higher, and the
temperature change was more obvious.

Fig.12 Temperature differences of the second eruption
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5. Temperature differences of the second eruption between two
different data points

In this picture (Fig.14), the temperature changes of point 1 were higher
than those of point 2. It suggests that the point 1 was closer to the
Eyjafjallajokull volcano than point 2, therefore, the impact of the volcanic ash
was higher, and the temperature changes were more obvious than point 2.

6. Comparisons of temperature profiles change

In this picture (Fig.15), the
temperature differences of the second
eruption within the range of volcanic
ash are the highest one. According to
the report, the explosive energy of the
second eruption was higher. It
suggested that the temperature
profiles could be  obviously
influenced by the explosive energy,
upward adiabatic expansion, radiative
forcing, effect of volcanic ash and the
transport of cold air from high
latitudes associated with weather
system.
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Conclusions

. Intense volcanic eruptions are often accompanied by ash, hot gases and
powerful explosive energy, which could result in anomalous temperature
profiles changes in the troposphere and lower stratosphere.

. There are two different impacts of volcanic eruptions on environmental
temperature changes, one is that significant troposphere warming and lower
stratosphere cooling (Wang et al, 2009), and the other one is that remarkable
troposphere cooling and lower stratosphere warming which had been
demonstrated by this study.

. Temperature profiles changes in the major ash area were higher than those in
other areas.
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