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CLIMATE VARIABILITY — A CONCERT FOR O3, H,0 VAPOUR
AND “ORCHESTRA”

Abstract. In this study we offer a new alterative to the anthropogenic concept for the observed
global warming of the planet Earth. This new mechanism connects the galactic cosmic ray
(GCR) influence on the lower stratospheric Oy density, with the observed enhancement of the
upper tropospheric humidity and the forcing exerted by the latter on the surface temperature. We
demonstrate statistical evidences for the existence of strong relations between these three
atmospheric parameters (ozone and water vapour near the tropopause and surface T). Due to the
geomagnetic control over the latitude/height penetration of GCR, this mechanism is not
uniformly distributed over the globe, but is confined to the areas with the strongest geomagnetic
field — easily accessible to GCR. Alongside statistical analyses, we offer an explanation and
quantitative estimation of the mechanism of Oy influence on the water vapour density near the
tropopause. Unlike the CO; concept, the O — H;O duet, controlled by GCR intensity, is capable
of explaining not only the currently observed growth of the global temperature, but also the
existence of altenating periods of warming and cooling in the historical records of Earth’s
paleo-climate.
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Introduction. The concept for the Global Warming as a result from continuously
increasing emissions of greenhouse gases has been a dominant one for the last several decades
Although the water vapour is the strongest greenhouse gas — ensuring more than 70% of the

greenhouse effect (Schmidt et al., 2010) ~ currently it is believed that the main drivers of the

global warming are anthropogenic emissions. This understanding is based on the fact that there is
neither a factor, nor a mechanism known, which could increase the amount of the upper
tropospheric humidity, being observed in recent decades and actually responsible for the rise of
the global temperature (IPCC, 2007). Consequently, the common explanation of water vapour
abundance is attributed to the initial small warming of CO; and methane.

Model

part of the received solar radiation, which is emitted by the Earth backward into the space — is

ng studies have shown that the outgoing long-wave radiation (OLR) - i.e., that

the most sensitive to the humidity fluctuations in the driest upper troposphere (Spencer and
Braswell, 1997). Numerical experiments of these authors reveal that a small enhancement of the
upper tropospheric humidity leads to a nonlinear decrease of the OLR and consequently — to a
greenhouse warming of the Earth surface.

On the other hand, we have shown that on climatic time scales (30 years and more) the

lower stratospheric ozone (LSOs) anti-correlates fairly well with the land air temperature
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STATISTICAL METHODS FOR ANALYSIS OF CLIMATIC TIME SERIES
AND FACTORS CONTROLLING THEIR VARIABILITY

N.A.KILIFARSKA
Geophysical Institute, BAS, 3 Acad. G. Bonchev, Sofia 1113;
nkilifarska@geophys. bas.bg

Abstract:

In this study we investigate how the applied statisties could influence the
accuracy of conclusions related to the factors affecting climate variability. We
show that the use of linear statistical methods on climatic time scales (i.e.
longer than 30 years) could lead to misleading conclusions. By the use of
nonlinear statistics we show that galactic cosmic rays (GCR) could directly
influence the temperature and humidity in the most sensitive for outgoing long.
wave radiation region — near the tropopause. This result shows that on longer
time scales, the amount of the stronges! greenhouse gas in the planet — the water
vapour — is quite possibly controlled by GCR, but is not the climate system
response to the increased CO2 concentration (as is supposed in the TPCC
reports).

Keywords: satistical methods, galactic cosmic rays, ozone, humidity, climate.

1. Current problems in statistical analysis of climatic time series

Although the climate system is essentially nonlinear, lincar methods of
signal analysis are very common and the techniques of linear analysis often
predominate over the nonlinear ones. This is due to the fact that the linear
approach is usually less complicated, easier to implement, and computationally
less demanding. A distinct nonlinearity in all European climatic time series,
generally more apparent in the longer ones, is reported by Miksovsky and Raidl
(2006). They also pointed out that non-lincarity is expressed especially well in
multivariate systems like the climate system.

On the other hand the most of the results in IPCC reports are based on linear
statistical analyses of data or model’s experiments. Morcover, the longest
period taken into account is the 11-year solar cycle (except for the paleo-
climatic studies). In this publication we will reassess some of the conclusions of
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LATITUDINAL -LONGITUDINAL DEPENDENCE OF STRATOSPHERIC RESPONSE
TO PARTICLES FORCING IN JANUARY 2005
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Abstract: This study is aimed to analyze irregularities in the spatial distribution of temperature
and ozone that could be related to the solar proton event in January 2005 (SPE’05). Unlike the
common opinion that precipitating particles deplete the O (through forcing of HO, and NO,
destructive cyele) we have shown that regional response of the mid-latitude stratospheric ozone
could be positive. This O; abundance s explained with the reduction of the O optical depth aloft,
due to its chemical losses at mesospheric levels — an effect known as ozone self-healing. Using a
simple analytical model we have estimated quantitatively its effect on the lower level ozone,
depending on the amount of it destruction at higher levels, temperature and concentration of OH
radicals. For the first time we show that UV radiation with length close to the maximum of O
absorption cross-section (i.¢. 240 nm) is the most effective in the process of the ozone self-
healing, due to a delicate balance between dissociation of molecular oxygen (producing ozone)
and O;. We have shown also that the mid-latitude O; enhancement during SPE’05 could be
attributed to preciptating particles from Earth’s radiation belts, which reduce the O; optical depth
aloft and force the effect of ozone self-healing at lower levels. This mechanism is capable of
explaining the observed — by MLS on Aura and TOMS on Earth Probe — and modeled by ERA
Interim reanalysis latitude-longitude variations of the middle atmospheric ozone and temperature.

Keywords
events

lativistic electrons; lower energetic protons; stratospheric ozone and temperature; solar proton

1. Introduction

Being one of the most absorbing gases in the stratosphere, the ozone plays a key role in the
thermo-dynamical - regime of the stratosphere-troposphere system. ~For this reason  the
determination of factors altering its variability is of great importance. In order to clarify what is
the impact of the solar particles — emitted during one of the strongest solar proton events in
January 2005 on the spatial distribution of temperature and ozone variability, we have
thoroughly analyzed the longitudinal sector 270°-0’E using a broad range of data. In this paper we
focus our attention on the short term response of the stratosphere to particles’ forcing.

2. Data and methods

The O, and T variations have been analysed using midday data of ERA Interim reanalysis,
ozone data from MLS (Aura) and TOMS (Earth Probe) measurements for the winter 2004-2005,
‘with a special attention to the Solar Proton Event (SPE) in January 2005.

‘The intensity of particles” fluxes - measured on board the geostationary spacecraft GOES 11 -
has been used in statistical analyses 1o estimate the efficiency of the solar particles with different
energies in the process of disturbing the stratospheric Os and T profiles. Although GOES data are
not a proxy of the particles really precipitating in the atmosphere, they have been used as an
approximate indicator of the particles” density variations in the near Earth space. The effect of the
variable solar UV radiation has been estimated using data for the solar radio emission at 10.7 cm
(Fuos). taken from hitp://spidr.ngde.noaa. gov

Complex research of Earthquake’s forecasting possibilie, seismicity and climate change correlation 1
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Atmospheric evidences for solar protons influences on energetics of the
stratosphere-troposphere system

NA. Kilifarska', VK. Tasser’

! Geophysical Institute, Bulgarian Academy of Sciences, Sofia, Bulgariankilifurska@geophys.bas.bg
* Solar-Terresirial Influences Laboratory, Bulgarian Academy of Seiences, Sofia, Bulgaria, yiassevi@sti.bas bg

Thermo-dynamical regime of the wintertime atmosphere afier solar proton event on January 2005 was
examined in order to estimate the impact of solar energetic paricles into.thermo-dynamical balance of the
middle and fower aimosphere. It was found that solar proion fluxes with energies within whole examined
interval of 0.7-500 Mev. influence quite effectively the spatial distribution of atmospheric zonal wind and
temperature. Besides proton fluxes we studied also effect of short fime ariability of solar electromagnetic
radiation and two of the iniernal amospheric modes - QBO (quasi biennial oscillation) and ENSO (EI Nino

southern oscillation).

as well as impact of wave activity. Multiple regression analysis of the whole set of

parameters show that proton fluxes and planetary waves are the most important factors defining more than 70%
of total variabiliy of the upper troposphere- lower siratosphere system afier solar chromospheric eruption in
January 2005. We found also that afier almost simultancous response on the initial protons burst, the middle
and lower atmosphere react also on the second and third pass through the IMF secior affected by chromospheric
eruption in January. The final of ths periodic response is a major stratospheric warming on 19 March 2005,
This is the first reported evidence for major stratospheric warming provoked by highly energetic proton fluxes

Introduction
A possibility that highly energetic particles penetrating the
Earth atmosphere may affect thermal and dynamical regime
of the atmosphere below 50 km s highly questionable. It is
broadly accepted that only extremely fast particles with
energies of hundred MeV or several GeV are able to reach the
ground surface. The density of such fluxes, however, are so
low - several particles per cm” per steradian per second - that
their effect on the lower atmosphere must to be negligible.

We select one of the strongest solar proton events in
January 2005 characterized by three consecutive proton flares
and coronal mass cjections (CME) on 16, 17 and 20 January.
“The X7 flare and CME that oceurred on January 20 produced
the hardest and most energetic proton event of Cycle 23. We
examine the zonal wind and temperature response. from
surface up to 10 hPa using data from NCEP/NCAR reanalysis
for the period January — April 2005. The purpose is o extract
the “pure” proton fluxes signal and o separate it from the
internal fluctuations of the atmosphere as well as other
external influences like short time variability of solar electro-
‘magnetic radiation.

Data and methods of analysis

For the intensity of solar proton fluxes we used
‘measurements on board the geostationary spacecraft GOES
10 and 1. Measurements from neutron monitors in Climax
(422IN; -85.37W) and Kiel (54.3°, 10.1°) indicate the extent
of Galactic Cosmic Rays (GCR) intensity decrease due to the
stronger solar wind (known as Forbush decrease).

Data for atmospheric temperature and zonal wind are taken
from NCEPNCAR reanalysis. Eliassen-Palm fluxes (a
measure of planeary wave activity) are calculated within the
EPS project CANDIDOS  (Chemical and  Dynamical
Influences on Decadal Ozone Change) - by courlesy of
Climate Science division of Alfred Wegener Institute. for
Polar and Marine Research.

As a proxy of solar electromagnetic radiation we used Fiy;
(solar radio emission on 10.7 cm). Daily values of equatorial
zonal wind at 30 hPa are used as a proxy of daily QBO indesx.
Daily values of Southern Oscillation Index (SOI) are taken
from Long Paddock website provided by the Queensland

HELYOPHYSICS

Government:(hitp://www.longpaddock.qld.gov.au/SeasonalCl
imateOutlook/SoutherOscillationlndex/30DaySOIValues)),

To reveal possible changes in zonal wind (U) and
temperature (T) related to intense proton fluxes we analyzed
10 days average latitude-altitude distribution of U and T
fields and their anomalics (dU and dT). The latest have been
calculated as a deviation from 50 years daily average.

Multple regression analysis with autoregressive noise of
third order is used to identify the relative impact of the main
factors affecting spatial distribution of U and T, namely: Fiy.,
proton fluxes intensity, QBO and SOI indices. We exclude
the AO index from our analysis because its stochastic nature
could not help us to understand the physical process
responsible for zonal wind and T variability after solar proton
event.

In order to estimate the time delay of atmospheric response
on influencing factors we used lagged correlation analysis.
‘Time series of U, dT and corresponding forcing agent were
initially smoothed by 10 points running median procedure.

Synopsis of Solar proton event in January 2005
i) energeric paricles

Analysis of GOES 10 and 11 time series show that during
the protons flares and several months later, the energetic
particles measured by the two geostationary spacecrafl have
dominantly solar origin in all examined energetic bands (0,7-
45 49; 9-15; 1540 40-80; §0-165; 163-500). Fig. |
illustrates the time evolution of energetic protons in the
Towest and one the highest energetic bands. I shows lso the
evolution of neutron fluxes measured at the ground by
neatron monitors of Climax and Kiel. Notice that Climax
encounter srong Forbush decrease during protons flares and
CMEs of the Sun, while Kiel does not “see” this extremely
strong solar activity. This is a good cxample how the
heterogeneity of geomagnetie field can modulate the spatial
distribution of energetic particles” effects into the lower
atmosphere. Galactie charged particles (or cosmic rays),
reaching the earth surface in periods of inactive Sun, are
deflected now by the stronger solar wind afler the Sun
chromospheric eruption. So the neutron monitor of Climax
detects a decrease of Galactic cosmic rays (GCR). Station
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Ozone Variations in the Tropospheric Inversion Layer at European High Latitudes
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The stdy of the
Middle Amosphere Research (LOMAR) (693N,
Sodanyl (674°N, 26.6°) and at -

 Academy of Scence, Sofa, Bulgaria

iter-nnual zone varitio i based on datases from the Arcic Ldar Observiory for of

"16.0°) station at Andenes and from the stations at

Alcsund (78.9°, 11.9%). The dat setscove the ime eriod rom 1994

up 1o 2004, We fnd  second czone maxium rear 13-1 i between the tropopause and the absolte ozone

maiomum near 17- 20 km. The second czone maximum i relted
ropopae. Th imersion ayer s verysrong during summer and autun ar inconsequence he layer s

ery stabl,reticting the verticaltansport into the aye. The hortzontal

and ower strtosphere i alo enforced daring summer. Durng winter and cariy spring

are descend fllng the overworid and the lowermost sraosphere witth

‘it by thecombination of horizontal airmass ransport and chemical ozone

dstrction, maily caused by the NO,cataytic cyle which begins afer th polarnightand

incrasing day length. During summer the vetcal air mass transport reduces

e

strtospheric air masses
sccond ozone maimun s then

"Th descendin of osone rom higher v lower altiudes weakens compared
mechanisms procuces a layer with  vry low ozone density above

warming
‘combinaion ofthese dynamical an chemical
e iroposphere imersion layer from Junelly il
obtained from he several actcsatons re compared

Introduction wiiabie

The i fsire in e sssghre over e witr
emipheeple o ol vore,which i deveioped wih
e begning f e pol ight b b cooling f e i
s o ol (1], The ey i mae creses wih
(b s ot tempesar. The escnding ey at
s 13 oplio by st s fom St The dibaic
Vel cowmd oo e downward vl
‘advection of the chemical atmospheric constituents through
‘b g st

Love aon.densty in the lowermost. sosphre
il datshthe i of e wopicl g, i
Wik dnty e i of o pola i

o o o midie and high e » part of he
il ol 10 cooe varbilty ca be relied wih e
N Aanic Osclaon (NAO). Th eflet o NAO
Srenge i wine.Dirin posive NAO phses, ol onne
e ovr Eutops i xbcedavr e v Alic

1

‘Bimer (] bas revealed a very srong inversion in the mean
yerical temperstre gradient and consequently a very sharp
tropopause on average for two midititude radio sonde
Satons in souther Germany. Using dat rom he USA radio
Sonde stations he has shown tht the trposhpeic inversion
layer xiss on average in the xtratropics [sbout 30°N 70N]
o)

“The iterannual and long-tem varistons in ozone pofiles
over the Arctic from 1989 t0 2003 were stuied by Kivi et l.
3. They found 8 mean secondary ozope maximum between

OTHER RELATED TOPICS

o th temperature inversion layer jut above

‘advection in the upper roposphere
inthe polar vortex cold
czone. The.

inensifes with the

Together with the siratospheric
with the winte period. The

ute auann. The ozone and. temperature diribuions
and th diffrences are discussed.
i ropopause nd the 150 kP alitde during May and
‘August. However tber detals wer no subated.

Data used and data processing.

"To study the ozone varisions t European high lattudes
ozone proiles obined by soundings at the high latinude.
Sations Ny-Alesund (789°N, 119%) and Sodankyli
(674N, 266°F) and ozone profiks resuling from oeone
i méssurement from Arctic Lidar Observatory for of
‘Middle Atmosphere Research (ALOMAR) (69°N, 160°E)
saion st Andencs were used. The geopotental height
emperature, pressure, ozone patl pressure,horzontal wind.
diection and speed ad the relative humidity sre determined
by the ozone radio sondes. The lidar messurenens allow
bisning the temperature, azone densiy, it densty and the
potentl temperatre depending from the alitde. The main
Soul of the ozone observations by radio sondes et high
Tatitdes i th investgation of the Arcic ozon hole from is
formation i the lae autumn il its_break up during the
sprng and the connected physical and chemical processes
[6:7) Therefor the frequeney of the winierspring soundings
s greater than the provided soundings during summer and
autumn period. During_ winerspring  soundings were
provided every second day and during the summer a0d
‘Sutumn the soundings were redaced toapproximlcly 00 per
week. The profile mumber varies fom 40 up o 90 per yesr
nd saton. Lidar observations at ALOMAR were performed
ot continuously. This type of observaton are caried out,
during measurements campaigns. For example._amosphetic
Soundings by ocket experments were supparted by fidar
mesurements

a0
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Variability of Polar Atmosphere and its Effects on European
Winter time Climatic Conditions

N.A. Kilifarska

Geophysical Institute, Bulgarian Academy of Sciences, Sofia 1113, Bulgaria

Abstract. The enhanced variability of the weather and climate is one of the main consequences
of the global warming. That's why the understanding of mechanisms leading to establishment of
colder than usual winters in the middle and northern Europe and warmer and wet periods in the
Mediterrancan countries is especially important for improvement of seasonal and intraseasonal
forecast. The main goal of this study was to answer the question: “What are the reasons for polar
vortex weakening (which serves as a barrier for intrusion of Arctic air masses in mid-latitudes) and
correspondingly colder winters in Europe?”

We fond out that stratification of polar vortex conditions on weak and strong in regard to the
sign of Arctic Oscillation index (AO)  based on the difference between sea level pressure between
Azores and Island — do not allow discovering of any meaningful relations between potential forcing
factors and probability for warming oceurrence. For this reason we apply a stronger criterion and
classify cases with increased temperature (T) as stratospheric warmings only if T anomalies at 10 hPa
and 60°N are higher than 26 and zonal wind at the same level and latitude is weaker than its mean by
more than 2. Applying this criterion we may feel confident that picked up warming events are not a
result from an internal fluctuation of the atmosphere. Elementary statsties of this newly derived
shows that 70% of all stratospheric warmings have occurred during east QBO phase.
2 a cross-correlation analysis between atmospheric parameters and the intensity of solar
radiation (Fiq7) and cosmic rays, QBO and AO we found that “easterly” stratospheric warming
(occurring during east phase of QBO) are most likely to appear in periods of high solar activity and
weak equatorial easterlies, what is about 3/4 of high solar activity warmings and almost 50% of all
“easterly” events. “Westerly” warmings, even occurring more rarely, “prefer” periods of low level
solar radiation and strong equatorial westerlies. The last tendency is not as strong as the fist one, but
nevertheless it explains about 63% of low solar activity warmings and 41% of all “westerly” events.

Al these results may be exploited further for improvement of seasonal predictability of winter
time thermo-dynamical regimes of European mid- and high latitudes as well as of Mediterrancan
region.

Keywords: stratospheric warmings, polar vortex, solar-QBO interactions, AO, cosmic ray

1. INTRODUCTION

A growing number of scientific reports suggest that the stratospheric polar vortex
(winter high latitude westerly flow) is responsible for Northern Hemisphere middle and high
latitudes climate variability. Many authors use Arctic Oscillation index (AO) as a measure for
the disturbances of this zonally symmetric westerly winds. It is broadly documented the
existence of statistical relationships of surface temperature at mid- and high latitudes,
precipitations, enhanced frequency of occurrence of extreme low temperatures, sea ice depth,
etc. with AO index (Creilson et al., 2003; Polvani and Waugh, 2004; Thompson et al., 2001;
Walter and Graf, 2005, etc.). For this reason at the first stage of this study we have separated
the daily ERA-40 reanalysis temperature (T) and zonal winds (U) data according the sigh of
AO index. We tried to isolate the main factors affecting the termodynamical regime of
troposphere-stratosphere system up to 1 hPa. Unfortunately no meaningful systematic
relations could be found nor with extemal factors (i.e. solar variability and cosmic rays
intensity), neither with modes of internal atmospheric variability such as QBO (quasi biennial
oscillations of equatorial stratospheric winds). Morcover, when looking at isolated sudden
stratospheric warmings (as examples of vortex weakening) we found out that AO index may
have not only highly negative, but also highly positive values (see Fig. 1 for an illustration)
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IS THE WAVE FORCING THE ONLY EXPLANATION OF STRATOSPHERIC WARMINGS?
Kilifarska N.and Mukhtarov P.

"Geophysical Institute, Bulgarian Acad. of Sci., Sofia 111

Bulgaria, natalka@geophys.bas.bg

It was recognised recently that Holton-Tan explanation of siratospheric sudden warming does not ahvays
hold-up, especially during periods of solar maximum. Based on the statistical analysis of the FUB 38 years
record of stratospheric temperature, K, inder (a measure for geomagnetic disturbances) and QBO index (quasi-
biennial oscillation of equatorial siratospheric winds). a new aliernative mechanism for sudden siratospheric
warmings is proposed. The heaing of the atmosphere by highly energetic solar particles (especially effective at
high latitudes) disturb the thermal balance of the atmosphere. This local warming followed by equatorward and
poleward mass/heat transport, can weak stratospheric polar jet and mean méridional circulation as well,
creating conditions for reflection of planetary waves (especially during winter months). Our statistical analysis
show that impact of the particle heating in a statistical appearance of sudden stratospheric warmings is
comparable with the impact of the wave forcing during easterly phase of QBO and solar minimum for conditions
oft 1) solar maximun and 2) solar minimun and westerly OBO. This means that an alternative mechanism on
the wave forcing exists and the whole effect is modulated by the QBO phase.

Introduction

Stratospheric sudden warmings are one of the most
intriguing phenomena in the polar atmosphere appearing
imegularly and mostly in the Norther Hemisphere (NH).
These warmings occur during the wintertime, when the
Solar radiation s a heat source is missing. Temperature
increases rapidly several tens of degree in a few days and a
normaltemperature gradient. (mid-latitudes are warmer
than the poles) is reversed. During the major stratospheric
warming the strong westerly circumpolar jet (typical for
winter season at high latitudes) is completely destroyed and
displaced by easterly winds.

Dynamical mechanism of this phenomenon in terms of
the interaction of vertically propagating planetary waves
with zonal winds was firstly explained by Matsuno [1]. He
supposed that global scale disturbances generated into the
troposphere propagate upward into the ~stratosphere
transporting poleward eddy heat fluxes. The meridional
circulation induced by this heat transfer decelerates the
polar night jet at the upper levels, reducing the barrier for
planetary wave propagation. In case of anomalously intense
planetary waves the westerly jet may be fully replaced by
casterly winds. Appearance of a so called “critical laye
(where the zonal wind vanishes) leads to further
intensification of easterlies (due to the strong absorption of
the planctary waves' encrgy) and rapid warming of the
polar air as well as weakening of the initial wave
disturbance.

Matsuno theory was further evolved by N. Lordi et al.,
(2] taking into account the effect of wave-wave interaction
as an additional factor in development of sudden
stratospheric warmings. Holion and Tann [3] provide for
the first time the explanation of the experimentally
obtained by Labitzke fact [4] that sudden stratospheric
warmings (SSWs) are modulated by quasi biennial
oscillation (QBO) of the equatorial stratospheric winds
between westerly and easterly direction, with an average
period of 28 months. They hypothesised that the latitudinal
shift of the position of critical line (zero velocity of the
zonal mean flow) acts as a wave-guide for planetary wave
propagation from troposphere into the stratosphere. Thus
according to this hypothesis one may expect warm and
disturbed polar stratosphere during the east QBO and cold,
undisturbed polar stratosphere for QBO west  phase.

However, many of the later studies [see for example 5, 6, 7,
etc.] show that Holton-Tan mechanism is applicable mainly
for low solar activity and not for the periods of active sun.

“This fact increases the number of uncertainties related o
SSWs and as may be expected it stimulated the studies
trying 1o explain the complicated relations between SSWs,
solar activity and QBO. Meanwhile, Salby and Callaghan
[8] revealed quasi-decadal variations in QBO itself, tying
solar signal found i polar temperature and QBO
oscillations of the equatorial stratospheric winds with solar
variability. This result provoked appearance of paper
announcing existence of QBO in band-passed filtered
FI0.7 data [9) and in solar UV irradiance (monitoring
using the Mg 11 index) [10]. More over, it is claimed that
the variability of solar UV radiation is larger when the sun
is more active, with a maximum tending to occur during
the easterly wind phase; result confirmed later by [11], The
st authors went even further reporting about QBO found
in geomagnetic activiy, particularly in the equatorial D,
index [121, According theirs result, higher UV levels and
higher geomagnetic activity oceur during the east phase of
the equatorial stratospheric winds, when the sun is more
active. For low solar activity this relation is reversed.
Speculating further about the relations with. polar T and
o7one concentration  these  authors  conclude that
stratospheric. warmings are more likely to oceur in a
periods of low geomagnetic activity.

Regarding this mishmash of possible  mechanism
affecting SSWs and their relations with solar variability
and the equatorial stratospheric winds phase, we decided to
make a detailed analysis of the deviations of NH
stratospheric. temperatures from  their mean state. An
attempt. for a proper explanation of these complicated
relations will be given in the lights of all available till now
information.

Data and method of analysis

38 years time series of the stratospheric temperature
(zonally averaged monthly median data) and equatorial
zonal wind observations from radiosonde_ascents (Free
University of Berlin) for the period 1963-2001 and time
series from Antarctic station Syowa (695, 40°E) for the
period 1963-2002 has been analysed. Solar radio emissions
in F10.7 cm and the global Ap index (representing
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ABSTRACT

Measurements of 0, H.0 vapour, NO; and temperature:
(1) from Halogen Occuliation Experiment (HALOE)
over the period October 1991 - March 2003 are used to
investigate their alitude-latitude dependence on solar
variability. Using multiple regression analysis it was
found that all of them are modulated by changes in solar
irmadiance. The concentration of NO; and H.0 increase
below 40 km when the sun is more active with the NO
enhancement showing a stronger response (up 1o 6%)
compared with those of Hx0 vapour (no more than
1.5%). These results confim our previous model
assessments for the enhanced importance of NOx and
HOx ozone destructive cycles and their role for the
reduced sensitivity of the stratospheric Oy and 7 in the
contemporary  atmosphere fo  variations in ~solar
irmadiance.

It was found a negative response of Oy about 25 ki
which exactly coincides with a positive anomaly in NO,
mixing ratio. This is in agreement with previous
analysis of SBUV data, however we show that the
reason for this is enhanced ozone destruction by NOX
cycle (not shielding effect of upper stratospheric O5),
moreover the  positive anomaly in the upper
stratospheric. O is much less than those reported in
SBUV analysis.

“The secondary maximum of /1,0 below the tropopause:
is much stronger and its scasonal variations are related
o solar modulation of troposphere-stratosphere tropical
exchange.

The annually averaged solar regression term for
temperature shows that the whole stratosphere and
upper troposphere are warmer throughout the tropics
during the periods of higher solar activity. This result is
in agreement with the SPARC assessment and UKMO
TOVS analysis. Possible mechanisms warming  the
upper troposphere and lower stratosphere when the sun
is more active are discussed.

1. INTRODUCTION

Model predictions of the Earth’s future climate depend
crucially on discriminating between cffects due to
natural factors, such as solar variability from those due

to anthropogenic factors. An important measure for the
solar effect may be its influence on the stratosphere [4],
In an earlier paper [6] we used an interactive dynamical-
chemical-radiative 2D model [5, 7, 21] and found the
response of stratospheric ozone and temperature o solar
variability 1o be greater in the non-polluted, dry pre-
industrial atmosphere than in the contemporary one. It
was assessed that the main reasons for this response are:
1. the wetter contemporary atmosphere, partly due (0 the
tropospheric. emissions of non methane hydrocarbons
(NMHCs), partly 10 the solar modulation of H0; and 2.
the increase of NOx (NO+NO, ) concentration in the
lower stratosphere when the sun is more active. The
latter means that O, destruction rates are much less in
periods of low solar activity, which decreases. the
amplitude of the ozone response and consequently of T
10 variations in solar activiy.

In this paper we test assess the model results using
multiple regression analysis of HALOE data for O,
H0, NO; and T measured during the period October
1991-March 2003 and make some speculation s t0
possible solar modulation of troposphere-stratosphere
H:0 vapour tropical exchange.

2. DATA ANALYSIS AND COMPARISON WITH
PREVIOUS RESULS

HALOE version 19 data interpolated onto a latitude-
height grid covering 80°S 10 SO'N latitudes and $ 0
6Skm, in steps of S"in latitude and 1 km in altitude, arc
used for caleulations the monthly values of 05, H:0,
NO; and temperature (7).

Previous analyses of HALOE data have shown clear
evidence of low-frequency variations associated with
(1) the seasonal cycle [10, 12, 14] and (2) the quasi-
biennial oscillations of stratospheric. equatorial winds
and temperatures (QBO) [10, 12]. The concentrations of
atmospheric consiituents and T are affected also by
Volcanic. ejections of trace gases and aerosols (9],
anthropogenic trends [3. 19, ete].  One way fo
distinguish between these effects s o use multiple
regression techniques.

The zonal mean data were descasonalized by
subiracting the mean of each month taken over the
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‘Weicome tothe fourth editon of the NERC Upper Troposphere
Lower Stratosphere (UTLS) OZONE Newsetter. UTLS OZONE has
now been ruming o 4.5 years. We are pleased to amnounce
that the programme has now been extended to run unti the

end of March 2006. This will allow the Programme to continve
throughout the duration of the funded research.

Future Activities 2003
EGS-AGUEUG Jolat assembly Nice, France | 7:11 Aprt
Royal Meteorologicl Socety Blennial

sclentifc meeting, Norwich, UK 15 September

Followingonfrom 2000370 2001, UTLS OZONE wilagan b rep-
reserted at the EGS-AGU-EUG fint assembly, co-comvening the
ASB.03sesion Processes Contollin the Chemical Compositon
Of the UTLS” (w.copermicus. rg/EGS/ egsga/uturega. ).

s year, Instead of  designated science meeting, we wil
be heping to organise the forthcoming Royal Meteorological
Society Bleanal Scentific meetng (ww.oyal-met:soc.rg.uk).
“The session on atmospheric composition will be of key nterest
and we encaurage submission o abstracts by 3 March 2003,

Previoust, 8 worishop on Transport and Chemisty n the UTLS
Region was held on 17-19 December 2001 at Madingley Hall,
Cambridge. The workshop aimed to examine field campaign
data collected as part of the UTLS OZONE Programme. vited
ks, postes and discusson sessions were focussed on three
themes: 1) The orgin of air i the UTLS regin; 2) smallsale
transport processes; and 3) the relative roles of transport and
chemistry. Due to the success of the workahop, t s antcipated
that another themed worshop wil take place n 2004. Sugges:
ons for appropriate research themes would be welcome.

The call for the th and final funding round closed on 1
February 2002 and following 3 decison meeting in Jne, the
remaining UTLS OZONE funds will e used t support 3 projects.
These primarly covered the areas of: Trace gas and aerosol
budgets inthe upper troposphere and lower sratosphere; mea
urements of trace gases etc. on commercial aicrat; analyss of
existing and new data; and chemitry-cimate lnteraction, a5
requested withinthe Announcement of Opportunity.

During the Joint UTLS OZONE/COSWAS science meeting (see
below), Dr Helen Rogers took over the role of UTLS OZONE Pro-
ramme Manager from Dr Kathy Law. Kathy has taken up a per-
manent position at CHRS i Paris to o futher research o, for
‘exampte, long:range transport o poiutants and ropical chernis-
ryover WestAfica. Helen, whase background s i atmspheric
madelling of the UTLSreglon, s ookingforward tothe next phase.
of the programme and the culmination and dissemination of
excitng science rests.

As part of Helen's it task a3 UTLS OZONE programme
manager, she was nvolved with the Environment Section of
the Society for Bitish Aerospace Comparies” stand a the Farn-

borough Intermational Ar Show 2002 (22-28 i), Information
about the UTLS OZONE Programime was provided on the stand,
‘which occupled a prominent position in o of the main exnbi.
Fon halls. The Society for British Aerospace Companies was the
organiser of the Alr Show and as such maintained a high prfie
with isits from WP, MEPs, roylty and other digntaries. Helen
was present to distribute relevant brochares and information
packs and to provide information on relevant projects and -

atives b the UK atmospheric science community.

Helen Rogers & Rebecca Perkett.
managergutls.nerc.ac.uk





