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Abstract. The effects of changes in the solar radiative emission on ozone levels in the strato-
sphere have been considered as a candidate to explain the link between solar activity and its
offects oo the climate. As ozone absorbe electromagnetic radiation, changes in orone coneentea-
tloms alter Farth® radiative balanee by modifying both incoming aclar radiation and outgoing
radiation. In this way, vmone controls folar encrgy deposition in the stratosphere and its varia-
tions after the thermal structuce of the steatoaphere. These changes are assumed fo propagate
downward through & chain of Feedbacks invelving thermal and dynamical processes. The effects
of high energy particle precipitation on mesospherie and stratospheric pzone have also been in-
vestigated. However, while the effects of high energy partiche precipitation on ozons distribution
in Ll aueoral repion bas beon investigated during the last decades, little is known about the role
of the high energy particls precipitation an the stratnapheric composition and thermal seeucewre
in the tropical fsubtropical region. Here we show that the spatia] distribution of the lower strato-
sphere traperature is affected by the presence of the scuthern hemisphers magnetic anomaly.
We found that during the anstral winter and apring, in the subtropical region (helow 30 deg
57, the reduction of the lower stratosphere temperature occura systematically in the magnetic
anomaly area. This result iy consistent with the ohservations that in the southern hemisphern
subtropical region the energy of precipitating particles is deposited lower In altitude in regiony
with weaker magnetic Aeld intensity,
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1. Introduction

The increase of the surface temperature during the last century ts the most important
evidence that the Farths elimate is changing. However, the increase of the surface temper-
ature is not uniform {see Fig. 1), A large increase of the wnrface temperature is observed
in the North Hemispherc over the continents. Regions without changes ar reductions in
the tomperatere are ohserved in the Pacific and Atlantic Oceans. Most of the changes of
the surface temperature are closely related to changes of the regional atmospheric and
pecatic circulation patterns.

Beveral authors argue thal the changes of the atmospheric and oceanic patterns are
relatad 1o the inerease of the cmission of greenhouse pases due o the anthropogenic
activicy. One strong argument. is that the solar aetivily doring the last 30 years 1s nat
increasing while a rapid increase of the surface temperature is ohserved. However, there
are barge uncerlainties of natural and anthropogenic forcings of climate change, For ex-
ample, the long-term variahility of the total and spectral zolar electromnagnetic emission
are not known.
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Eecently, a link between changes of the Walker civeulation in the Sonth Pacific and
the westward drift of the Southern Hemisphere Magnetic Anomaly (SHMA), a region
of low magnetic field intensity over South America and adjacent oceans, was proposed.
Many interesting and significant atmospheric circulation features, such as the ENSQ
phenonena, are ohserved in the equaterial and southern low-latitude regions of the Pacific
Ocean (e, Vincent 1994, and references thersin), Two important large-scale features
that oecur in the Pacific SHMA repion are: the Intertrapical Convergence Zoane (ITCZ),
and the South Pacific Convergence Zone (SPCZ). In this paper, we use the offects of
long-wovelenglh (LW cloud effects, on the radiative Bux in the atmosphers to indicate
tropical convection and rainfall, In order to study the effects on the radiative flux in
the SHMA region, wo used the ISCCP D data (Rossow & Schiffer 1991%. Figure 2
shows Ll distribtion of LW cloud effccts for December and June, averaged from 1953-
2004, DPositive values indicate energy input and negative values indicating energy loss.
The convective precipitation is obwerved in the heating regions. The superimposed black
tines in Figurc 3 show the iso-intensity contours of the geomagnetic field st 10 km in
the region of the magnetic anomaly for year 1990, The geomapnetic field was estimated
using the Internatioual Geomagnetic Hefercnee Field (IGRF) model [JAGA, Division ¥,
Working Group VMOD, 2003). We nsed in this paper the magoetic field parameters
in order to identify the magnetic anomaly region. In December, the axis of heating
stretcles sastward, along 5% — 10% 8, from the eastern Indian Gesan to 180° W. It then
extencds southeastward toward higher latitudes, to about 45° 5, 130° W, West of the
1807 meridian, the near-ronal band of convection is commensurate with the I'TCZ. East
of the 180° meridian, the diagonal eloud band is referred to as the SPCZ. In December, it
is most intense and extends farther poleward. The SPCZ cloud band is confined between
the .35 to 0.45 Gauss iso-intensity contours of the peomagnetic fisld. In June, the ITCZ
cloud band has shifted into the Northern Hemisphers; the axis of minimum values of LW
cloud effects stretohes from Southeast Asia to 10° N, near 140° E, and then generally
castward across the entire Pacific Ceean. The elowd band associated to the SPCZ axtends
tn approcdmately 107 8 also confined in the .35 to 0.42 Gauss iso-intensity contours of
the peomagnetic ficld.

The authors speculated that the physical mechanism should involve effects of par-
ticle precipitation in the megnetic anmualy region on the thertnal strocture of the
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Figure 1. Surfuce temperature trend froom 1951 e 2007 Source: Coddard Institute for Space
Btudies {QAI83) Surfare Temperature Analisis.
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Figure 2. Long-wavelength cloud effecta on the pet radiative Aux in the atmosphere for fa)
Tecermber and (b) June, averaged for the yeara 1983-2001. The superimposed black lines show
the iso-intensity contours of the geomagnetic field near the surface (10 km) for vear 1050

stratosphere. The effects of changes in the solar radiative emission and particle precipi-
tation on ozone levels in the siralosphere have been eonsidered as a candidate to explain
the link between solar activity and its effects on the Eartha atmospheric composition and
thermal structure (eg., Cubasch & Voss 2000, Bandal et ol 2006%. Pinto ef o (10940)
estimated that Lhe vzone depletion due to electron precipitation at 780 ki in the Seuth-
rrn Hemisphere Magnetic Anomaly {SHMA) region during large geomagnetic storms can
be as much as 30%. Estimatives of the ionization rate doe to electron precipitation in
middle Jatitude suggests o peak near 75 90 km altitude due to primery electron energy
deposition, whereas the secondary peaks near 3545 km are due to Bremsstrahlung X ray
penetration {Varnpols & Gorney 1983). In the SHMA repion the precipitation penetrates
deeper in the atmosphere and can lead bo more enhaneed iopization fromn Bremsstrahlung
at low altitudes. From this catimative, the ionization rate from the Bremsstrahlung X
tay penetration is aboit four orders of magnitude smaller than the primary electrons.
Ballcon-born X-ray messurements have detected energetic election precipitation effects
at stratospheric heights during intense magnetic disturhances [eg., Pinto & Gonzalez
1986, Finto & Gonsales 1988,

The elfects of the zonal asymmetry in the ozone on climate have been examined in
the Morthern and Southern Hemispheres, These analyses sugpgest that changes in the
zanal asymmetry of czone have had important impacts on Southern Hemisphere Climate
(Crook et el 2008, Vieira et al. 2008). In the next sootion we compare the patterns of
the lower stratosphers temperature with the configuration of the Farth’s magnetic Aels
in the South Hemisphere. The resulls presented are discussed in detall by Da Silva ef al.
(2008}

2. Southern hemisphere lower stratospheric temperature

Tu order to estimate the maonthly lower stratosphere temperature climatology, we 1sed
monehly distributions of the lower stralosphere lemperature (TLS channels) obtained
by Microwave Sounding Units [MSU) aperating on nine NOAA polar-orbiting platforms
from 1979 to 2007 The weighting function for the TLS chanoel peaks between 15 and
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20 kro of altitude, Warining events caused by the eruptions of El Chichon [1982) and Mt
Pinatubo (1931) were observed during the analyzed period.

Figure 3 presents the southern hemisphere lower stratosphere brightness temperature
climatology for June to November, estimated from 1979 to 2005, The atmospheric tem-
perature varics with altitude according to chemical and physical processes taking place.
In the lower stratosphere air is transported from the tropics towards the poles by the
Brewer-Duobson cireulation. In this region, the upper tropospheric convective processes
affect the tropies so that the temperature has a minimum near the equator and maxima
at the summer pole and in winter mid-latitudes. In the upper stratosphere and meso-
sphere Lhere is o solstitial circulation with upward motion in the summer hemisphere, a
summer-to-winter transport in Lhe mesosphers and descent near the winter pole. Follow-
ing Grytsal et al (2007), we focus on ihese months, 85 this is generally when both the
chemical and dynatnical contributions to the 2enal czone asymmetry act, and transport
processes associated with vhe break-down of the polar vortex are less important. The
superimpaosed black lines in Figure 3 show the iso-intensity contours of the gecmagnetic
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Figure 3. Southern betrisphers lower stratosphere temperature elimatology for June to Noven-
ber, The superimposed black lines show the so-intensity contours of the geomagnetic field at
10 km for yvear 1980 After T Silva of ol 2008
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ficld at 10 km in the region of the magnetic anomaly for year 1990. For the purpose of
this apalysis the bowmdaries of the magnetic anomaly were not fixed,

We note a large reduction of the temperature in the region of the magnetic anomaly
in the belt between 60F § and 30° 5 during the austral winter and spring, while during
the austral summer (ot shown here) the reduction in the temperature is not noticeable.
This reduction of the temperature coincides quite well with the region which presents
higher electron flux. The maximum difference hetween the temperatures inside the mag-
netic anomaly {60° W) and outside the ancmaly (150° E} for the latitude of 42.5° S is
ppproximately 5.9 K and oceurs in October during the anstral spring.

3. Conclusions

During the austral winter and spring, in the subtropical region (below 30° 5}, the
reduction of the lower stratosphore temperature ocenrs systematically in the magnetic
anarnaly arca. This result is consistent with the assamption that in the subtropical region
the energy of precipilating particles is deposited lower in altitude in regions with wealer
magnetic field intensity. However, from this analysis it is not possible to distinguish if
the effects of particle precipitation oceur in the lower stratosphere or, most probably, in
the lower mesosphers/upper stratosphere propagating dewhward,
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Discussion

DaviLa: Is there a physical mechanism to explain the magnetic field correlations you
showed?

VIFIRA: The physical mechanism seems to be related to changes of the atmosphere
composition and thermal structure due to particle precipitation in the magnetic anomaly
egion.



