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Abstract
Being poorly known, the fon chemistry of the lower stratosphere s generally ignored, or
treated as similar to that of the middle atmosphere, by the current chemistry-climate

modes. Some recent achievements

atmospheric chemistry have motivated us to re-
asses the fonization efficiency of galactic cosmic rays (GCR) and ion-molecular reaction
initiated by them. We reveal that near to the maximum of the GCR absorption, the
energetically allowed ion-molecular reactions form an autocatalytic cycle for continuous
05 production in the lower stratosphere. The amount of the produced ozone is

an indication that

comparable to the values of the standard winter time Os profile. This
GCR are responsible for a greater part of the lower stratospheric ozone variability then is

assumed currently.
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1. Introduction. It is broadly accepted that stratospheric ozone Oy s produced by
the photolysis of oxygen molecules by solar UV radiation (shorter than 242 nm) into
oxygen atoms and their rapid attraction by oxygen molecules, i.e. 0s+0+M—03+M ['].
Having a relatively short lifetime, the Oy is not uniformly mixed through the atmosphere
and its distribution is controlled by chemical and dynamical processes in the atmosphere
[*]. In the upper stratosphere, the ozone distribution is determined by a balance between
production and destruction from catalytic cycles involving hydrogen, nitrogen and
halogen radical species — the essence of the concept for photochemical equilibrium of the
upper stratospheric Os. In the middle and especially the lower stratosphere, the role of the

dynamics (i.e. the stratospheric Brewer-Dobson circulation) is supposed to have a
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Mechanism of lower stratospheric ozone influence on climate

Natalya A. Kilifarska

Abstract - The aim of this paper is to present an alternative 1o the widely accepred concepts for
Jactors governing the variabilit of the stratospheric Oy and climate. We show that long-term
variations of the lower stratospheric Oy initiate changes in climate system - offering a mechanism
of this impact and giving some sensitivity calculations and experimental evidences supporing its
Joundation. Addiionally we show that galactic cosmic rays (GCR) exert an effective control on the
lower stratospheric ozone variabilit. Our ion-chemistry model of the lower stratosphere allows us
10 estimate the amount of O created by ihe ion-molecular reactions initiated by GCR. It shows
that the ozone produced by the ion-molecular reactions in the lower stratosphere could influence
seriously the Oy profile near the tropopause. This new concept for the ozone - as a driving factor
of climate variability - opens @ new horizon for improvements.of our understanding and
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expectations for the further evolution of the climate s

stem.
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L Introduction - factors impacting
climate variations

Climate is defined as an averaged state of
metcorological parameters over a long time period
(conventionally accepted by the World Metcorological
Organisation -WMO 10 be 30 years). So it s reasonable
to assume that climate variability is driven by the long-
time periodicities of forcing factors, instead of their
shorter-term fluctuations (the latter add simply a noise to
the climate. evolution). This aspect of airibution of
factors determining climate variations seems to be not
well understood by many researchers, who use anomalies
(. the deviations from climatology) - instead of the
long-term variations of forcing factors ~ in their analyses.
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Another problem of climate research s the fact that
the dominant part of detection and aturibution techniques
i linear. It is well known that the linear statistics favours

linearly evolving forcings and underestimate the non-
liner ones [1]. In Table T we have summarised results
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from applying non-linear  statistics for _analysis of
relations between land air temperature (LandT) and
several forcing factors calculated in [1]. The examined
explanatory variables include: carbon dioxide CO,, multi-
decadal variations of sun spot numbers (SSN), galactic
cosmic rays (GCR) and ozone. The capability of cach
non-linear model to_describe the total variability of
dependent parameter is given in percents. Note that there
are at least two alternatives to CO; as a main driver of
climate variability — the multi-decadal variations  of
galactic cosmic rays (GCR) and total ozone content
(T0Z) in the column with wnit cross-section in the
atmospher
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Ozone as a mediator of galactic cosmic rays’ influence on climate
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Abstract. This paper provides information about the important role played by galactic cosmic rays (GCRs) in the
lowermst stratosphere ozone budget. We show that the electron impact fonisation of molecular oxygen 02, followed by
the production of 04+ and its consecutive disociation to: 1.) 3++0 or 2.) 024402 creates an autocatalytic cycle for
continuous production of czone in the lowermost stratosphere. The amount of 5o produced O3 has the same order of
magnitude as the mid-atitude steady.-state peak azone density. This s an indication that the lowermost ozone profile
‘could be substantialy distorted by the galactic cosmic rays and sporadically by partictes of soar orgin.

“This result s a complementary to previous studies reparting for enhanced climate sensitivity to the variations of the lower
stratospheric ozone. We show that the ozone variations near the tropopause act as @ commutator — increasing or
decreasing the water vapour density in the upper troposphere! ower stratosphere — through changes in the temperature
of the layer. These small humidity fluctuations have a tremendous Impact on the Earth's radiation balance, a5 is shown by
other authors. Ths new mechanism for influence on the surface temperature could change seriously our understanding for

the factors driving cimate variability, a5 well as our expectations or the future evolution of the Earth climate

©2012 BBSCS RN SWS. Al ights reserved
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Introduction
The sceplicism. regarding fhe leading role of COx in
the  confemporory globol warming, _increases
progressively. The curenty observed ise of e global
mean suface temperafure does not maich that
predicted by climale models, which indicafes ilher
an inaccurate assessment of cimate sensifivity 1o COz
concentration, or exsence of ofher processes not
included in curent models (1. Exaggerated climate
sensifvlly o COz densly i pointed oul ako in [2]
whose authors have analysed the fop-of-afmosphere
outgoing radiafion. comparing the dafa from ERBE
(1985-1999) and_ CERES (2000-2008) instruments with
models'_calculations. These and some more smilar
‘examples, as well as ine experimental evidences for o
curent leveling of the global mean surface
femperaiure, requie G re-osessment of our
understanding_relafed 1o the factors_confroling
cimate variabilty and fhe fendency of fs change.

In our previous study [3. 4] we have found that
Norihem Heisphere and i femperafure. (Land]
highly ani-correlates with fhe density of e columnar
oone (see Fig.l). We have crealed o nonlinear
regression model (diiven by mulfidecadal and
interannual variafions of Arosa fotal ozone) and snow
thot it describes 75% of the Land fofal variabilty -
sighty more than fhose  explained by COz
enhancement.

This result raises wo more questions: fi) which are
factors confroling the variafions of fhe lower
sitatospheric Os: i) who s the mechanism of such o
strong influence. In [4] we show fhaf the main diving
factor of the lower stratospheric Ox densiy is galactic
cosmic 1ays (GCR). I fhis paper we pu fhe accent on

the answer of the second question: What is the
mechanism of GCR influence on the ozone?

Data and methods of analysis

Data

In fhis analys's we hove used the annual values of
Northem Hemisphere land air femperature anomalies
(CRUTEM3v time series), Sunspot numbers for fhe period
19002010 and the longest fime series of the fofal
ozone from Arosa, Switzerland - for the period 1926-
2010.

Land air T, CO, and Total O, (1900-2010)
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NONLINEAR RE-ASSESSMENT OF THE LONG-TERM
OZONE VARIABILITY DURING 20TH CENTURY
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(Submitted by Corresponding Member P. Velinov on June 27, 2011)

Abstract

Nonlincar analyses of the total ozone galactic cosmic rays (GCRs) and
Sunspot numbers for the last 85 years reveal that ozone response to the varia-
tion of solar irradiance and GCRs is far from onr current understanding for a
lincar relation between the forcing factors and responding parameter. We show
that ozone variations depend more significantly on the multi-decadal variabil-
ity of GCRs and solar irradiance than to their short-term fluctuations  related
to the 11-year solar cycle, interanmial, ctc., variability. Multi-decadal varia-
tions of the forcing parameters act as a commutator switching between differ-
ent regimes of O response to the short-term variations in GCRs and sunspot
mumbers. This convoluted dependence cannot be detected and described by
linear statistical models. A nonlinear regression model of ozone dependence
on the GCRs variability reveals that the combination of long- and short-term
variations of the latter are able to deseribe 55% of the Arosa total ozone vari-
ability for the last 85 years. This is much more than and equivalent effective
stratospheric chlorine (BESC) or, the solar irradiance variations are capable
of explaining. In a prediction mode the GCRs nonlinear model estimates an
increase of the ozone concentration during the current 24th solar cycle, unlike
the EESC model, which shows levelling of the total ozone till the end of the
current decade. The latter shows that the expectations of IPCC and WMO for
a continuous weak enhancement of stratospheric O — due to a reduced concen-
tration of chlorofinorocarbons ~ need a reassessment, because the actual driver
of ozone recovery is the continuously inereased GCR flux intensity (consequence
of a decreasing solar activity). All these findings are begging a general revision
of our understanding for the processes controlling the ozone variability and its
influence on the climate.

1479
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MECHANISMS AND MODELLING OF A 22-YEAR CYCLE

IN THE STRATOSPHERIC WINTER TIME OZONE
VARIABILITY

Natalia Kilifarska

(Subumitted by Corresponding Member P. Velinov on March 11, 2011)

Abstract

In this paper we have shown that: i) the variable intensity of galactic
cosmic rays (CR) and, ii) the dependence of the lower stratospheric ozone
concentration on its own profile aloft, could successfully explain the quasi bi-
decadal variability found in the winter time ozone layer. Thus decades with an
enhanced CR intensity (ns 19705 and 1990s) are characterised by a stronger Oy
depletion, due to an activation of the ozone destructive cycles by precipitating
energetic particles. Oppositely, decades with reduced total intensity of CR
and consequently increased concentration of electrons in the CR compositional
structure (ie. 19605, 19805 and 20005) have the lower stratospheric ozone
slightly increased. This is due to the activation of another process known
as “ozone self-healing” (ie. Oy creation at lower levels as a result of ozone
destruction aloft).

Key words: inter-decadal variation of Os, ozone recovery, ozone self-
healing, costmic ray influence
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LONG-TERM VARIATIONS IN THE STRATOSPHERIC
WINTER TIME OZONE VARIABILITY - 22-YEAR CYCLE

Natalya A. Kilifarska
(Submitted by Corresponding Member P. 1. Y. Velinov on January 28, 2011)

Abstract

Statistical analysis of the stratospheric ozone for the last 5 decades re-
veals that besides from the solar UV radiation it is significantly influenced by
the energetic particles of solar and galactic origin. The effect of the galactic
energetic particles, also known as cosmic rays (CRs), is modulated by the 22-
year heliomagnetic cycle. 1t was found out that in 1970s and 1990s the CRs
influence manifested itself as a reduction of the winter time stratospheric O
on the prime meridian, while in the 1960s, 1980s and the first decade of the
215t century - an enhancement of the ozone mixing ratio in the lower-middle
stratosphere has been detected.

We investigate also the effect of solar fiare activity on the column ozone
and reveal that years with strongest ozone defcit closely follow the periods
of intense solar proton fluxes. When a coincidence with a strong volcanoes
eruption is observed a severe O depletion could be observed as those in 19905,

Key words: inter-decadal variation of Os, azone loss, solar proton activ-

ity
PACS Number

92.60.hd

1. Tntroduction. The ozonc variations and their consequences for the
Earth climate variability is an important chain in understanding of the observed
changes in the contemporary climate. A concept that increased concentrations
of chloroftuorocarbons (substances depleting stratospheric ozone) are the main
factors determining the current change of the ozone laer is a dominant paradigm
for the recent two decades or more [1+ 2]

However, many observational evidences show that stratospheric O; may be
severely influenced by the precipitating encrgetic particles [*]. This is the ba-
sic motivation for the current analysis of the particles’ impact on the decadal
variability of the Northern Hemisphere Og profiles dating back to the 1960s. The
effects of the galactic cosmic rays (CRs) are compared with those of the solar elec-
tromagnetic radiation and the acrosol loadings resulted from volcano eruptions
for the passed 50 years.
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Mechanism of Solar influence on the winter time Polar Atmosphere
N. A. Kilifarska
Geaphysical Institute, Bulgarian Academy of Sciences, 3 Acad. G. Bonchev, Sofia 1113, Bulgaria,
e-email: nkilifarska@geophys.bas.bg

Received 17.02.2009 ; Accepled: 210209

Abstract. The purpose o ths paper i to folate the main factors standing behind the polar night Jet variabiliy. We find out that stratospheric
thermo-dynamical conditions prior o the onset of the two different types of major stratospheric warmings (WSWs) are substantially diffrent.
We discover that the spiting of the polar vortex i critcally dependent on the deceleration of the core of the westerly Jet. Examination of
the stratospherc thermal regime shows that such  deceleration is observed prior 1o the onset of the split vortex events and Is obviously
related o the broad heating of the whole middle stratosphere - from the pole to the mid-lattudes. Nultple factorial anayses of the potential
trigsers of this pre-conditional warming reveal that sbout 50-60% of the total T and U variabilty can be attributed to a sudden decrease of
the galactic cosmic rays (GCR). We hypothesise that s relation to the abrupt increase of the stratospheric temperature s through the
comespondngcnancament o 1 Gone cocenratian. Thelaer . e o the o f the aansdeleg compnes, .. O
and NO, families.

e displacement type of NSWs appears when the pre-conditional warming of the stratosphere is confined to the Pole (below 10 h¥a). In
this case the vortex is strong and highly baroctiic; even highly distorted it does not spit. Statstcal analyss shows that the impact of all
examined factors (EPz flux, Fs, GCR and QBO) i much less, compared to the splic vortex MSWs, what supposes that some other mechaniss,

or ther combination, are responsble for the appearance of tis type of NSWs.

©2008 BBSCS RN SW. A ights reserved.

Keywords: polar vortex,stratospheric warming, cosmic rays

1. Introduction

Stratospheric sudden warmings and fhe mechanism of
their occurrence have exifed scientist for more than 40
years. One of the most expioited concepts s that of wave-
meon flow inferactions according fo  what the
stratospheric warmings result from safurafion and breaking
of vertically propagating planetary waves. The usefulness
of fhis paracigm has been successfuly demonsirated in
the pioneering mechanistic modeling work of Moafsuno
(1971) and Holton (197¢). Less popular, but supposed very
promising, is @ concept based on inferactions of coherent
structures of potenial vorficly due fo fhe fact fhat the
dynamics of the winter stratosphere offen fakes on a more
local character thon those described by giobal waves. Tris
synoplic view was advocated by O'Neil and Pope (1988]
and_ developed further by Dritschel (1995, Scoft and
Drifschel (2005). efc.

Despile the success of the wave-meon flow
description, some of siratospheric warmings like Canadion
warmings appear in years with modest wave activity and
are nof preceded by exireme wave breaking (Baidwin
and Holion, 1988 and this fact put @ question about the
existence of altemative mechanisms. Sfil unanswered is
the question why spliing fype warmings cre
“preconditioned” (Mclntyre, 1982) while “dispiacement’
fype are nof? This workis an aftempt 1o find answers on fhis
quesfions looking for fhe physical processes responsible for
these specific manifestafions of stratospheric warmings.

2. Data and method of analysis

We used ERA-40 data sef for femperature (1) and zonal
wind (U], which consist of é-houtly analyses hrough fhe
period 19572002 (ovailable af - hifp://www.ecrmwlini
research fera). The figures shown in this paper are for
12:00 local fime and standard pressure levels from 1000 to
1'hPa, taken af the Greenwich meridian. Dally values of
solar fodio_emission af 107 cm (Fios) and cosmic rays
infensity measured af he ground from stafion Ciimax are
foken from hitp://spidr.nade.noaa,aov/). The QBO index is
provided only on @ monihly bass, so we use the daily
Values of the equatorial zonal wind af 50 Pa as G proxy of
@ "daly QBO” index. Hiassen-Paim fluxes calculated from
ERA 40 within the EPS projeci CANDIDOS (Chermical and
Dynamical Influences on Decadal Ozone Change) are
used - by courlesy of the Climate Science division of the
Alred Wegener Institute for Polor and Marine Research.

In order fo isolate fhe effects of different foctors,
influencing  spafiaitime  distibufion  of  atmospheric
porameters, we have created several composites
separafing data according fo fhe following criferia:

1. ‘composite T(6ON)' - contains U or dT dofa for
days with posilive femperature anomalies af 60N
latitude and 10 hPa:

2. ‘composite (pole)’ - contains U or df dafa for
days with posifive femperature anomaiies at Norih
Pole and 10 hPo:
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Cosmic Ray Showers and their Relation to the Stratospheric
Sudden Warmings
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Abstract. The purpose of this paper is to analys the thermo-dynamical response of the stratosphere-troposphere system to
the solar corpuscular and electromagnetic forcing during Solar Proton Event in January 2005 (SPE'05). Cross-correlation
analyss of the zonal wind and temperature reveals a warming of subtropics and mic-atitudes (with a time delay of about 5
days) and coaling of the polar cap with time lag of 20-30 days. The zonal wind response manifests itself as a strong and
almost instantaneous acceleration of the vortex core and delayed westerlies' deceleration a its polar and equatorial edges.
The temperature response equatorward of SO°N are most probably related to the increased solar ultra-violet (UV) radiation,
whose effect can not be separated by the cross-correlation technique from those of the corpuscular heatin.

Mult-factorial and multivariate statistical analysis o the zonal wind before and after the SPE'05 confirms the leading role
of the solar short time variability. Moreover, it turs out that the vertical propagation of planetary waves is strongly
influenced by bursts in solar UV and corpuscular radiation. Comparison of the effectiveness of solar and wave forcing shows
that solar impact is dominant factor influencing temperature and zonal wind in the period of preparation of final

stratospheric warming in 19 March 2005.

© 2008 BBSCS RN SWS. All rights reserved.

Keywords: stratospheric warmings; proton fluxes; waves

Introduction

Living through the light and warm of our sfar - the
Sun, many scientists infuitively feel ifs important role in
almost all processes on the Earth. However, atfempts o
show undoubtedly its influence on fhe dynamics of he
winter polar stratosphere and froposphere are obscured
by the extreme complexity and interdependence of he
processes governing the state of the lower ofmosphere
[1-11]. Uniike most of the investigations frying fo estabish
some relations with 11-year [ie. 2, 12-17] or 27 days [18-
21] variably of the Sun. the aim of this poper is fo
elucidate effects of short fime variobly of solar
electromoagnetic and corpuscular radiation. For  this
purpose we examined one of the strongest solar profon
events - that of January 2005, which is characterized by
three consecufive profon flares and coronal _mass
ejections (CME) on 16, 17 and 21 January. The X7 fiare
and CME fhat occurred on January 21 produced the
hardest and most energefic profon event of Solar Cycle
23. We have examined fhe zonal wind and temperature
response from the surface up fo 10 hPa on the forcing by
infense solar proton fluxes measured on board GOES 10
and 11 saelies, bursls in solar electromagnefic radiafion
as well as infemal aimospheric modes fke GBO and

0

ENSO, for @ period Januory - March 2005. The purpose
wos fo invesfigate ifs effect on the strength of winter
polar vortex and its possible relations with major
stratospheric warming occurred in 19 March 2005

Data and method of analysis

Dofa for atmospheric temperature and zonal wind
are faken from NCEP/NCAR (Nafional Cenfers  for
Envionmental Predicfion and the National Cenfer for
Almospheric Research) reanalysis. Eiassen-Paim fluxes (o
measure of planefary wave aclivity) are calcuiated
within the EPS project CANDIDOS (Chemical and
Dynamical Infiences on Decadal Ozone Change) - by
courtesy of Climote Science Division of Alfred Wegener
Insffute for Polar and Morine Research,

The infensity of solar profon fluxes is measured on
board the geostationary spacecrafls GOES 10 and 11
Measurements from neutron moritors in Climax (42.21N; -
85.37W) show fhe decrease of Galacfic Cosmic Rays
(GCR] intensity due fo fhe sironger solar wind (known as
Forbush effect [22]). As a proxy of solar electromagnefic
radiation we used Fo (solar radio emission on 10.7 cm).
Daily values of equatorial zonal wind at 30 hPa are used
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[EXPLORATIONS COSMIQUES

COULD WE EXPLAIN THE SOLAR-QBO INFLUENCE
ON THE TROPOSPHERE-STRATOSPHERE SYSTEM?

Nataliya A. Kilifarska, Plamen J. Mukhtarov

(Submitted by Corresponding Member P. Velinov on July 3, 2007)

Abstract

Measurements and models’ results show that solar and QBO signals found in
many atmospheric parameters are comprehensively mixed. This makes a separation
and explanation of the mechanisms of such an influence extremely difficult. A brief
am of the most. known mechanisms, presented here, shows that neither of the
existent hypotheses are able to explain the great variety of features and exceptions
observed in Solar-QBO interrelations and their effect on the troposphere-stratosphere
system. Unlike the traditional pathway for solar signal transition — from the upper
stratosphere poleward and downward to the troposphere - we supposed that tropical
UTLS region may be “arena” for solar-QBO) interactions. The main reason for this
a statistical result reported from many authors that the tropical UTLS is warmer: a)
at solar maxima than at solar minima; and b) during west QBO phase than during
east one. Moreover, the QBO amplitude is strongest in the lower stratosphere and the
experimental evidence for its influence on the atmospheric parameters is remarkable.
We recognized four main channels of this coupling: 1) Redistribution of the
additional solar heating away from the tropical UTLS through the QBO induced
secondary meridional cireulation; 2) Feedbackup effect of redirected solar signal on: 1)
circulation and, ii) planetary wave propagation conditions into the lower stratosphere
3) Solar control over the wave propagation and Brewer-Dobson circulation in the
middle and upper stratosphere: 4) Solar modulation of the QBO duration.
Key words: solar-QBO interrelations, explanation

Introduction. Quasi-decadal variability found in different atmospheric parame-
ters (temperature, geopotential height, winds, chemical compositions, etc.) has been
reported for a long time and by many authors, The possibility for solar influence over
the lower atmosphere is hardly acceptable mainly due to the discrepancy between the
amplitude of forcing at the top of the atmosphere (small), and the amplitude of cli-
mate response (large). There are many hypotheses related to the amplification of the
solar signal by different mechanisms but all of them explain only partially the observed
auasi-decadal variability of the lower atmosphere. Some authors relate it to the ocean's

This study was partially funded by the Bulgarian National Seience Fund, contract No H3-1518/05,
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A UNIFORM CONCEPT FOR HORIZONTAL (TROPICS-POLAR
REGIONS) AND VERTICAL
(TROPOSPHERE-STRATOSPHERE) COUPLING

N. A. Kilifarska

(Submiticd by Corresponding Member P. Velinov on March 19, 2007)

Abstract

The mechanism for warming or cooling of winter polar atmosphere, polar vor-
tex weakening or strengthening, as well as the reaso i great interannual
variability are still not. well understood. We propose a unified concept. to explain all
these events into the light of QBO-Solar variability-Wave interactions. We show that
strong weakening of polar vortex and warming of polar atmosphere is closely related
to the equatorial lower stratospheric easterly winds. The role of QBO westerlies is
not 5o clearly defined and depends on the latitude of wave dissipation in the middle
and npper stratosphere, i.c. wave breaking near the equator can strengthen the polar
vortex, unlocking the trans-equatorial heat transport. from the summer hemisphere,
while those breaking northward of subtropics may decrease the speed of mean zonal
polar flow. The contribution of solar variability into these tropical-polar interrelations
is 1o reduce efficiency of QBO easterly winds in weakening the polar vortex (as solar
activity inereases), and to enhanee the ability of cquatorial westerlies to influence the
polar atmosphere. This rule can be violated during periods of very high solar activity
due 10 the change into the middle-upper stratospheric wave propagation conditions
allowing waves’ penetration and dissipation into the mesosphere and making the polar
vortex more suseeptible to the influence of the stronger Brewer-Dobson circulation

Key words: solar effects, QBO, mean meridional circulation, tropics, polar
vortex

1. Introduction. The role of tropical vau
troposphere intrascasonal and interannual variability is continuously discussed since [1]
hypothesis for the QBO influence over the frequency of sudden stratospheric warmings
(SSW) observed in the polar atmosphere. Since that time many experimental evidences
confirm the coupling between tropical and polar regions. However, there is still none
uniform explanation of this interdependence.

bility into the polar stratosphere-

This work i supported by the National Science Fund of the Bulgarian Ministry of Education and
Science, contract No H3 1315/05.

365




[image: image13.png]Mon. Not. R Astron. Soc. 000, 1-6 (1094)  Printed 25 May 2007 (MN IXTEX style e v1.4)

Influence of the UTLS region on the astrolabes solar signal
measurement

C. Badache-Damiani', J.P. Rozelot?, K. Coughlin® & Nataliya Kilifarska'

1 Obsretoie de Paris, LESIA (51 9, 5 place e Jonsen, 92195 adon Caee, France (c-mi i s oy 1)

2 Observatoire de la Cite d’Azsur, OCA-FIZEAU, Avenue Copernic, 06130 Grasse, France, (e-mail: jean-pierre. rozelot@obs-azur.fr )

© Untwraty o Tening. Depormens of Metcorso, Foicy Gote 0. Do 65, Rading HG# 05 (1) conghionending ac.)
© Graphaicl st . Avod. . Bonthin, 5, S 1115, g (ol atalksGoph o )

Accepted 2007 May XX, Received 2007 March 21, in orginal form 25 May 2007

ABSTRACT
Regular measurements of the Sun’s diameter have been obtained by means of solar
astrolabes for several decades. However the variations found from those measurement
axe still very controversial, and the results implying changes in the solar radius are not
conclusive. Since the quality of the measurements cannot be doubted, it s necessary to
wonder what they are actually observing. We show hiere that some refraction offects,
neglected o far, must be taken into account. Then, if the lower atmospheric layers
merely add high frequency noise (validated by the measured Fried parameter), we
show here that the mid to long term variations take root in the Upper Tropospherc
~ Lower Stratosphere region (UTLS). Hence the anmual means of the Sun's appar-
ent radius, measured at Calem (France) and Santiago (Chile), are lincarly correlated
with the geopotential height at 50- 100 mb, with correlation coeffcients of ~0.66 and
0.62 respectively, the opposite signs being the signature of the symmetry of the two
hemispheres, North and South. In addition, the measurement dispersion is correlated
with the varfance of the wind speed above cach observatory. Thus, it appears that the
solar signal is amplified by the mechanisms dwelling in this interface zone between
the lower stratosphere and upper troposphere. Because these amplification mecha-
aisins are unknown, it i difficult to extract pure solar information from the astrolabe
signals, especially in sites where the secing is less than 14-16 cmn.

Key words: Sun — radius variation - solar shape. Atmosphere — refraction ~ strato-
sphere — troposphere — UTLS

1 INTRODUCTION equations establishing the links betsscen the various vari-
ables, the solar radius (that we will note dr) is an unknown
that appeared o be easily assessed. As time went by and ob-
servations went on, dr should have remained constant, but
it did not. The astonishing temporal variability of the solar

radius, rather simply obtained by measuring the time be-

An absolute measurement of the solar dinmeter has been
wanted since antiquity. Despite the constant improvement
of the different techniques, this value is still unknown. The
value of 959.63", which is adopted by the ephemerids, was

determined in 1859, It has only recently been questioned
with the development of helioscismology. We speak today
of  “scismic radius”, which differs from the “photospheric
eadins” by about 500 km*. AL a time where the VLTI (Very
Large Telescope Interferometer) allows the measurement of
stellar diameter with an unprecedented accuracy, it seems
paradoxical that the solar diameter should be so badly esti-
mated (23). During the sixties, a program was started (0 ac-
curately determine the ephemerids sing a high-performance
instrument, the impersonal Danjon astrolabe. In the set of

* Seo “Astrophysical Quantities”, (Allen), 1976 R = 695 997
fon and 2000 cdition, Ry = 695 508 k.

© 1094 mAS

tween two successive contacts of the solar limb with a circle
of height, soon raised a great interest. Twenty years after the.
first results and more than five years after several solar as-
trolabes throughout the world have come into operation, in
France, Chile, Brazil, and Turkey, the question of solar diam-
oter variabiliy s still debated. Identical instruments, or at
least nstruments designed on the same principle, by means
of similar data reductions, should yield the same value of
5. Yet they do not, in terms of absolute value as well s for
the amplitude of the modulation and the phase of the tem-
poral signal or({). Finally, the values obtained by means of
the solar astrolabes are not consistent with those obtained
by other means. However, the network of astrolabes keeps
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Solar Variability and Climate - UTLS amplification of Solar Signal
Nataliya A. Kilifarska

Geophysical Insitute, Bulgarian Academy of Sciences, Bulgaria, natalka@geophys.bas. bg.

The solar signal in atmospheric interannual variabilit is well tracked ill the stratosphere. However, i is
still not clear how this signal propagaes into the iroposphere and does it affect Earth's climate. The mechanism

suggesting downward - propagation of solar effect from  the

stratopause levels could account for

stratotropospheric teleconnections at midle to high latitudes, but is not applicable for very low latitudes, where
the atmospheric angular momentum is almost constant. Some model experiments concerning tropical upwelling.
poinit out the limitations of the concept of extratropical pump and downward control and contribution of
stratospheric - iropospheric heating to the net tropical upwelling [13, 14]

Meamwhile, different sources of measurements show that at high solar activity the Upper Troposphere and
Lower Stratosphere (UTLS) are warmer than at low solar actvit. Based on this result and taking inio account
above-mentioned modelling, we propose an additional amplifying mechanism of the solar influence on climate.
In brief: 1) the warmer tropical UTLS at solar maximum affects vertical propagation of equatorial waves,
altering the duration of westerly QBO phase; 2) the equatorial upwelling (enhanced in solar max), on it trn is
modulated by QBO. This means that westerly phase of OBO will decrease the equatorial upwelling and
respectively Brewer-Dobson circulation, but asterly phase of QBO will force aditionally Brewer-Dobson cell,

Introduction

Does solar variability really forces the climate — a question
having many different answers. Soon W. et al. [1] estimates
that about 54% of decadal and longer-scale variations can be
optimally atiributed to the intinsic solar total irradiance
change. Douglas & Clader [2] found out that the sensitivity to
solar imadiance is about twice that expected from no-
feedback  Stefan-Boltzmann _radiation _balanced - model.
However, the scepticism related to the effect of solar
variability on the climate, is sill very high. Thus Salby et al
[3] virtually excluded any solar influence on climate.

It is generally accepted now that the response of the upper
and middle siratosphere to enhanced solar radiation is
manifested by higher ozone _concentrations and
cormespondingly higher temperatures. Although models seem
to be unable to produce the magnitude of the signal
(especially in O profile) [4], it is clear that this is largely a
response to enhanced UV radiation [4, 5. 6].

‘The possible solar effects on the UTLS, however, are still
not well established. Some  aspects of the quasi-decadal
signal, found in tropospheric and stratospheric. geopotential
heights, temperatures and fotal ozone, can be explained by
downward propagation of wave-mean flow interactions from
the upper stratosphere ([6] and references therein). With
downward propagation of solar signal are associated also
Northern Hemisphere sudden stratospheric warmings (7] and
North Atlantic Oscillation (NAO) [£].

However, this mechanism can ot explain a warmer
tropical UTLS [9, 10}, the QBO influence on the solar signal
found in temperature (T) and geopotential height [11], the
shorter duration of westerlies below 30 Mb [12], when the
Sun is more active. More over some authors [13, 14] pointed
out that hypothess of the dowmward control s not applicable
at very low latitudes and consequently does not explain the
round year upward air motion at the equator, detected from
observations.

‘The uncertainty found in analyses of the observational
results was the basic motivation for this study. The present
paper presents observational _evidence  about
stratospheric temperature response on the | 1-year solar cycle.

Some new interpretations and hypothetical explanation of the
interaction between solar and QBO signal, and their
complicated influence on the atmospheric. thermal and
dynamical regime will be presented as well,

Data and method of analysis

Free University of Berlin zonally averaged stratospheric
temperature (T) for the period 1963-2001 and T profiles from
the Halogen Occultation Experiment (HALOE) based on the
UARS satellite, version 19, for the period 1992-2005, have
been analysed. Solar radio emission in F10.7 cm is taken
from  hitp:/ispidr.ngdc.noa gov/ and the equatorial zonal
wind  observations  from  hitp:/iwww.cde.noaa.gov
[Climatelndices'.

HALOE temperature profiles from 0.01 to near 10 hPa are.
retrieved from its CO channel transmittances and from
NCEP (National Cenire for_Environmental _Prediction)
analyses below 5 hPa level. Trough most of the UARS
‘mission the NCEP analysis is obtained from SSU sensor on
NOAA 11 satellte. HALOE sunrise and sunset T(h) values
were separately interpolated in latitude-height grid: §0°S -
80°N latitudes and 5 - 85 km, in steps of 5*in latitude and 2
km in alttude). Each latitude bin is normally composed of
several days of profiles. Hence the exact date of each time
series point is obiained by averaging the times of the
individual profiles. The seasonal component from the both
data sets was removed by subtracting the mean of each month
taken over the whole period from the monthly values. The
differences have been then selected according the phase of
the quasi-biennial oscillations of the equatorial stratospheric
winds (QBO) and the level of solar activiy.

Results and discussion

Fig. | and Fig2 present the latitude-height distribution of
Northern Hemisphere (NH) temperature deviations — for
January and  February and for the whole year
comespondingly, calculaied from FUB data series. A glance
atthe Fig. I shows one of the well-documented features of the
northern. polar stratosphere — it is warmer when casterly
winds are placed at 30 hPa, but this warming is betier
pronounced  at  solar  minimum  (left  column).
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SOLAR MODULATION OF TEMPERATURE, WATER VAPOUR AND OZONE
SEASONAL CYCLE IN THE UPPER TROPOSPHERE/LOWER STRATOSPHERE

N.AKilifurska

ABSTRACT

Solar modulation of the seasonal cycle in troposphere-stratosphere exchange of water
vapour revealed by multiple regression analysis of data from the Halogen Occultation
Experiment (HALOE) for the period October 1991 - March 2003 is interpreted as an
additional indirect mechanism for solar influence on climate. A key role in this process
belongs to water vapour accumulated at solar maximum in borcal winters below  the
tropopause due to the increased saturated vapour pressure and a colder tropopause,
preventing H.O vapour transport into the stratosphere. In compliment the nitric oxides (NO ., )
regime of the upper troposphere (UpT) stimulates more ozone production at solar max,
followed by additional warming of the tropical upper troposphere-lower stratosphere. The
warmer UpT offers correspondingly an explanation for modulating the duration of QBO
‘westerlies and troposphere-stratosphere dynamics by the 11-year solar cycle.

Key words: solar signal, upper stratosphere, lower stratosphere, QBO, modualtion
PACS Numbers:

Introduction. Assessments of the effect of solar variability on the upper
troposphere/lower stratosphere (UTLS) vary widely - from more than 50% attributed to solar
variances to statements virtually excluding any solar influence.

What concerns the response of the upper and middle stratosphere to enhanced solar
activity, it is generally accepted now, that it is manifested by higher ozone concentrations and
correspondingly higher temperatures. Although models seem to be unable to produce the
‘magnitude of the signal (especially in O profile), it is clear that this is largely a response to
enhanced UV radiation [1,2,3].

The possible solar effects on the UTLS, however, are still not well established. Some
aspects of the quasi-decadal signal, found in tropospheric and stratospheric geopotent
temperatures and total ozone, can be explained by downward propagation of wave-
interactions from the upper stratosphere [3 and references therein]. With downward propagation
of solar signal are associated also northern hemisphere stratospheric sudden warmings [4] and
North Atlantic Oscillation (NAO) [5]. However, this mechanism can not explain a warmer
tropical UTLS [6], the QBO influence on the solar signal found in temperature (T) and
‘geopotential height [7], the shorter duration of westerlies below 30 Mb Salby and Callaghan [8]
etc., when the sun is more active.

The present paper investigates the interannual variability of the UTLS,
particularly quasi-decadal variations found in the latitude-altitude distribution of H,0
vapour, 05 and T. The results of a multiple regression analysis of HALOE data for the
period October 1991 — March 2003, as well as some 2D model’s simulations, are used to
estimate the effects of the different factors affecting temperature and Oj profiles.

Data and Model description. The Halogen Oceultation Experiment (HALOE)
version 19, monthly zonal mean descasonalized data (calculated in latitude-height grid:
80°S - 80°N latitudes and 5 - 65 km, in steps of 5° in latitude and 1 km in altitude) are
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EXTERNAL FORCING AND INTERNAL VARIABILITY OF THE UPPER
TROPOSPHERE-LOWER STRATOSPHERIC TEVPERATURE

N.A. Kilifarska, P. Muhtarov

Geophysical Insitute, ul. Acad. GBonche, b3, Sofial 13, Bulgaria, e-mal:
natalka@geophys.bis by

Abstract. The temperature regime of the upper troposphereflower stratosphere
(UTLS)is analysed using 56 year data record of NCEPINCAR re-analysis. The impact
of a four factor affecting alitude-latiude distribution of UTLS temperature anomalies
(QBO, solar variabifity, ENSO and NOI) was analysed by a multiple regression
analyss. It was found that the external (sola) forcing is modulated by the intemnal
QBO (quasi biennial oscillations) of the stratospheric cquatorial winds - . the "net
effect” of enhanced solar irmadiation at solar max is a warmer UTLS when westerly
winds are placed over the equator and cooler UTLS during the cast QBO phase. A
possible mechanism for interplay between QBO wind phase and solar signal is
discussed,

Key words: troposphere-stratosphere, variabilty. thermal regime, solar forcing, QBO
modulation

Introduction

The recently increased scientific interest to the Upper Troposphere-Lower
Stratosphere region (UTLS) is determined by its great sensitivity to climate changes and the
possibility for its backward influence on the climate through different feedbacks. The
interannual variability (i deviation from the climatological annual cycle) of troposphere-
stratosphere system can be generated by variations of an extemal forcing, or can be
‘generated internally within the system. One of the specific characteristic of this variability
i the dominated role of the internal processes and the very small impact of the external
forcing (Yoden et al., 2002). However, the strong non-linear character of the troposphere-
stratosphere system (defined by some authors as stochastic - ie. Weisenfeld and Moss,
1995) could amplify the small amplitude periodicity of the external forcing (Palmer, 1998;
Yoden et al, 2002).
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ABSTRACT

‘The response of the ionosphere on two geomagnetic storms, as appearing in the ionosonde
network in the Northern hemisphere, is examined and compared with ionospheric storm
simulations provided by the theoretical data assimilative model of the ionosphere (TDAMI).
This is a first principles analytical theoretical ionospheric model that updates its input
parameters (neutral species O, N, O and vertical plasma drift) by real measurements of
foF2 and  hmF2 (Kilifarska, Ouzounov, 2001). It is concluded that TDAMI model
successfully describes the ionospheric disturbances and might even be used as a prognostic
tool.

INTRODUCTION

Simulation of ionospheric storms is one of the most challenging tasks of the ionospheric
physics. The wide variability in the ionospheric storm reaction - with scason, time, latitude,
longitude, etc., is one of the main difficultics in modeling the real space-time distribution of
the ionosphere. An additional difficulty comes from the fact that, during magnetic storms, the
input of usable ionospheric data markedly decreases. In such environment the standard
statistical methods become ineffective for describing the geographical distribution of the
disturbed fonospheric parameters.

In spite of the increased sophistication of the global models of the magnetosphere-
ionosphere-thermosphere system (see Schunk, 1996,) they were only partially successful in
reproducing the observed ionospheric storm effects (Rees, 1995, Anderson et al., 1998, etc.),
mainly as a consequence of insufficient input information. Each of these models relies heavily
on the realistic picture of the magnetospheric input (global spatial-temporal variations of the
magnetospheric electric fields, particle precipitation, et.). Therefore similar models cannot
be used for a real time simulation of the disturbed ionosphere.

Another approach seems to be more effective - improvement of the physical models by
milation the ionospheric data in near real time (Wilkinson, 1995). A specially created
procedure was successfully used in determining the thermospheric composition and vertical
plasma drift from measurements of the ionospheric critical frequency (foF2) and the height
of the peak electron density (hmF2) (Kilifarska, 2000). The updated thermospheric
parameters are fed into the ionospheric model TDAMI for simulating the global distribution
of the disturbed ionospheric plasma. A full description of TDAMI model with the basic
mathematical equations, main physical mechanisms involved, input parameters, etc.. proper
written and explained, is given in Kilifarska and Ouzounov (2001). A brief information of the
model is given also in Kilifarska (1998), where it was compared with CCIR and URSI
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Theoretical modeling of £,F;and h,F; ionospheric
parameters during a strong magnetic disturbance

N. A. Kilifarska

Geophysical Institute, Bulgarian Academy of Sciences, Sofi, Bulgaria

D. P. Ouzounov
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Abstract. The theoretical data assimilative model of the ionosphere (TDAMI) was created to
answer the most challenging problem in ionospheric physics: modeling the ionospheric
disturbances (in particular, parameters related to_the peak of the F layer: /uF and JiF)
during geomagnetic storms. It is an analytical model that calculates maximum electron

density (Vo)

ribution and the height of this maximum (Jy,) as a function of time, laitude,

longitude, season and solar activity. Tested as a “climatological”, L., monthly average,
‘model over the worldwide midlatitude ionospheric data set for different seasons and solar
activity conditions, TDAMI yields results comparable with the well-known empirical
‘models of the International Radio Consultative Committee (CCIR) and the Union Radio
Scientifique Intemationale (URSI). The mean annual relative error in f,F is <8% for all
levels of solar activity, while the mean seasonal errors do not exceed 12%. A comparison
between the model simulations and all existing vertical incidence (V1) data for the
‘geomagnetically disturbed period October 10-11, 1988, shows that TDAMI adequately
simulates the UT-latitudinal-longitudinal dependence of the ionospheric reaction to the
‘geomagnetic disturbance. During the hours of maximum depletion in the electron density, the
improvement achieved by the model is more than 70-80% compared to intemational
reference ionosphere (IRI) global distributions (by CCIR and URSI coefficients sets). The

maximum TDAMI model error is 20-25%,

1. Introduction

“The simalation of onospheric storms is one o the most
challenging tasks of ionospheric physcs. The wide vriabilty
of onospheic storm reactions (with season, time, laitude,
longitude, etc.) leads (0 one of the main difficties in
modeling th real-time spatal distribution of the onosphere.
An additional problem in reaing this phenomenon arises
from the fact that during magnetc storms the quantiy of
fonospheric data markedly decreases. Therefore the standard
statisical methods besome inefctive for describing the
distribution of onospheri parameters over the globe. On the
other hand, the recent global models of the magnetosphere-
thermosphere-ionosphere system (TDIM, FLIP.CTIM, CTIP,
TIME-GCM, etc.) [Schunk, 1988; Richards and Torr, 1996;
Fuller-Rowel et al., 1994, 1996; Milward et a., 199; Roble
and Ridley, 1994] ely heavily on a ealistc picture of the
magnetospheric input (global spatal-temporal variations of
the magnetospheric elecric fields, particle precipitation, ctc.)
‘which s not avalable with a real-time simulation . Moreover,
‘mostof the above mentioned models need supercomputers ,
‘which makes them diffcut t0 use for practical applications.
“The proposed model s firstprinciple anaytical theoretical
model that solves the continuiy equation to establish a two-

(Copyright 2001 by the American Geophysical Union.
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dimensional, time-dependent disribution of maximum
electron density and the height o this maximum. Compared
with existing global thermospherc-ionosphere-plasmasphere,
thermosphere-ionosphere-mesosphere, ec., models [sce
Schunk, 1996), the theoretcal data assimilative model of the
ionosphere (TDAMI) i quite asimple fonospheric model.
However, some of its advantages. make it very useful. The
main priortes of TDAMI are listed as follows: (1) s speed
performance is excellent (he speed is comparable with those
of the empirical model IRI); or example, the calculation of
daily course (1.¢.,24 values for every station) takes between
20 and 30 min on a PC-200 M, (2) lis computational
fexibiliy allows it 0 be coupled casily with other models or
current systems for operational frequency management, GPS
systems, for more precise vertial total lectron content (TEC)
calculation (mainly by specifying the height of the peak layer
), et (3) TDAMI is combined with a procedure for
validation of the input parameters_(corresponding t0 the real
state of the ionospheric plasma), and it may be used for
almost real-time simulation of N, and f, 2 parameters.
Moreover,it may be used as a prediction model, if only
prognostic values of 7, and. P in one or some meridional
chains of vetical incidence (V1) statios are available.

2. Model Formulation

‘The theoretical data assimilative model of the ionosphere
(TDAMI) is based on two analytical  solutions of the
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Many efforts were spent on the solution of the problem on ionospheric storms
‘modelling. Most o them are fixed on the creation of more sophisticated physical mod-
\ ¢la (3.1 However, they are partly successful, mainly because of the lack of suitable
utinformation. Some suthort try o apply the o satistical methods for mag.
netically disturbed conditions (144)7] Unfortunately, the quantity of lonospheric
data strongly decreases during ionospheric storms. So, despite the different attempts
to avoid the problem on ient quantity of the mno:;ﬁuic data (creation of ad-
| ditional virtual points, etc.), this approach may give only rough estimation of the real
T hysca ionospheric model o be reatd 1]
‘was the reason for a quite simple physical i ic model to be c
e e e S el
* measured values of /0F2 and hmF"2. This means auto-correction of the model according
l:n(bt current ionospheric conditions detected in a meridional chain of ionospheric
| staions.
N Basic principles of TIM model. The theoretical jonospheric model (TiM) ap-
+ plied to simulate the spatial and temporal variations of the mid-latitude ionosphere
consists of four different solutions that cover-night, sunrise, day and sunset local time
periods, respectively. The model includes the main physical processes responsible for
irregularities in the lonospheric plasma distribution over the ‘The day- and night-
time behaviour of the F-layer is described by tical solutions of the stan
continuity equation [%). The sunrise and sunset time periods are described by
'RISHBETH'S approximation equations (10,

Procedure for updating the model's input parameters. Input parameters
{_TIM model are the solar activity (Fo.), the thermospheric winds, the densities
A-neutral composition O, Ny, O and temperatures Ty, Ty, ;. When running TiM
as median the input parameters are taken from the median empirical models
MSIS'86, HWM?00 and [RI'01. When simulate  concrete day of a month, a special
procedure is created allowing auto-correction of the model b{’ﬁxung the calculated and
‘measured values of foF2. hmF2 in a meridional chain of V1 stations. The procedure
corrects neutral deasites and vertical plasma drift (induced by the winds and electric
fields) - and then calculate the spatial distribution of the ionospheric plasma with these
corrected values,

1. CORRECTION OF THE VERTICAL PLASMA DRIFT. First step in this procedure
is to calculate the depletion of measured (fp F2meas) and calculated (i F2cac) height
of the maximum electron density, from an idealized level (o) — the height of peak
electron density with zero vertical plasma drift; o is calculated by TiM model

Then we assume that the level hy F2ey. is reached by uplifting or downlifting
of the F-layer with vertical drift velocity W (calculated by TiM with median input
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