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Polar projection of the Southern Hemisphere illustrating the evolution of material contours on the 850
K potential temperature surface in the vicinity of the polar vortex. A selection of material contours
have been advected by the wind field using a technique known as ‘contour dynamics’ (Norton 1994).
The winds were taken from a UK Meteorological Office model run in which the temperatures are
continually relaxed towards observations - this product has been developed and supplied as part
of the UK committment to the UARS project (Swinbank and O’Neill 1994). The contours were
initialised along selected isolines of potential vorticity (PV) on October 3rd 1992 and the plot shows
the contours 7 days later (11th October).

The inner core of the vortex (red) remains essentially intact, indicating little horizontal mixing
with lower latitude air. Note, however, the region of contour filaments around the edge of the
vortex (mainly yellow), which are in the region of the strong westerly winds. The formation of
filaments such as these enables efficient horizontal mixing between air parcels whose origins were at
substantially different latitudes. For example, subtropical air (white) close to the Greenwich meridian
has penetrated as far poleward as 75°S (at 225°E) in a tongue of air which has then been caught
up in the jet and wrapped around the vortex. Notice also that part of it is then transported back
into mid-latitudes in a tongue of air that has been stripped off the edge of the vortex (230-300°E;
30-40°S) and is being wrapped around a region of high pressure denoted by the green contour. This
feature is believed to be a signature of planetary wave breaking, leading to irreversible mixing and
the formation of a ‘surf zone’ in the mid-latitudes (McIntyre and Palmer 1983).

A more detailed description of this contour plot and its use in the interpretation of HALOE
measurements is provided by Bithell, Gray, Harries, Russell and Tuck (1994).



Contents

1 Abstract 3
2 Co-Investigator Groups 4
3 Introduction 5
4 The U.K. Universities Global Atmospheric Modelling Programme 6
5 Description of Proposed Work 8
5.1 The Stratospheric Winter Vortex. . . . . ... ... ............... 8
5.1.1 Dynamical Evolutionof the Vortex . . . . . .. ... .......... 8

5.1.2 Transport in and around the Vortex . . ... ... ........... 9

5.1.3 The Role of Gravity WaveDrag . .................... 11

5.2 Chemical Studies of the Middle Atmosphere . . . . .. ... ... ....... 13
5.2.1 Chlorine Activation and Deactivation . .. .. ... .......... 13

5.2.2 The Nitrogen Budget . . ... ... ... ... ... ... .c0..o... 13

52.3 StudiesofOzoneLoss. . . . . .. ... ... ... .. ... ..... 14

5.2.4 Studies of the Water Vapour and Total Hydrogen Budgets. . ... .. 14

5.2.5 Correlative Antarctic Ozone and NO2 Studies. . ... ... ... ... 16

52.6 PSC [/ Aerosol Studies. . . ... .......... ... . . ...... 16

5.3 Ozone Climatologies for General Circulation Models . . .. ... ... . ... 17
5.4 Interannual Variability of the Atmosphere . . . . . .. ... ... ....... 18
5.5 Solar Terrestrial Interactions . .. ... ... ... .. ............. 19

6 Management of the Project. 21
6.1 The UK Universities Global Atmospheric Modelling Programme. . . ... .. 21
6.2 The British Atmospheric Data Centre (BADC). . . . . ... ... ... .... 21
6.3 The UK Meteorological Office. . . . ... ... ... ....... ... .... 22

7 Funding. 22
8 References. 23
9 Appendix 25



1 Abstract

The proposal describes research of the dynamical, radiative and chemical balance of the
middle atmosphere to be carried out in the UK, utilising data from the Upper Atmosphere
Research Satellite (UARS). The studies are aimed at improving the understanding of at-
mospheric processes that control the distribution of ozone in the Earth’s atmosphere. The
work will be carried out jointly by eleven groups in the UK who are actively involved in
research of the middle atmosphere. Extensive use will be made of the hierarchy of computer
models that have been developed as part of the Natural Environment Research Council’s
‘UK Universities Global Atmospheric Modelling Programme’ (UGAMP). The proposed dy-
namical studies include examination of the evolution of the polar vortex, transport in and
around the vortex, the role of gravity wave forcing, interactions of vortex and mid-latitude
air and possible causes of mid-latitude ozone depletion. Proposed chemical studies include
mechanisms for the activation and deactivation of chlorine, the nitrogen budget, the water
vapour and total hydrogen budgets and studies of the roles of polar stratospheric clouds
and aerosols. Finally, studies of inter-annual variability and solar terrestrial interactions are
proposed and also the development of an ozone climatology.



2 Co-Investigator Groups

RAL : Rutherford Appleton Laboratory : Dr. L.J. Gray. Collaborators : Dr.
M. Bithell, Dr. B. Lawrence, Dr. S. Ruth, Dr. P. Dickinson, Dr. J. Ballard, Dr. B.
Kerridge. Rutherford Appleton Laboratory, Chilton, Didcot, Oxon, OX11 0QX, UK.
Tel : (44) 235 446745. Fax : (44) 235 445848.

CAMB/CHEM : University of Cambridge : Dr. J.A. Pyle, Dr. R. Jones.
Collaborators : Dr. M. Chipperfield, Dr. D. Lary, Dr. G. Carver, Dr. R. McKenazie,
Dr. E. Lutman, Ms. D. Fish, Dr. S. Bekki, Department of Chemistry, Cambridge
University, Lensfield Road, Cambridge, UK. Tel : (44) 223 33666. Fax : (44) 223
336362.

READ : University of Reading : Dr. K.P. Shine, Dr. W. Lahoz. Collabora-
tors : Prof. A. O'Neill, Dr. J. Thuburn, Dr. D. Li. Reading University, Whiteknights
Park, Reading, UK. Tel : (44) 734 318317. Fax : (44) 734 318316.

CAMB/DAMTP : Prof. M. MclIntyre. Collaborators : Dr P. Haynes, Dr. C.
Warner. Department of Applied Mathematics and Theoretical Physics, University of
Cambridge, Silver Street, Cambridge, UK. Tel : (44) 223 337871. Fax : (44) 223 33
7918.

IMP : Imperial College, London : Dr. J.D. Haigh, Prof. J.E. Harries.
Collaborators : Dr. Zhong, Dr. P. Clark, Imperial College of Science, Technology and
Medicine, Blackett Laboratory, Prince Consort Road, London SW7 2BZ, UK. Tel :
(44) 71 225 8837.

ED : Dr. P. Stott. Collaborators : Dr. R. Harwood, Dr. J. Kinnersley, Dr. P. Mote,
Ms. A. Pardaens. Meteorology Dept., Edinburgh University, James Clerk Maxwell
Bldg, King’s Bldg., Mayfield Road, Edinburgh EH9 3JZ, UK. Tel : (44) 31 650 5095.

OX : University of Oxford : Dr. W. Norton. Collaborators: Dr. D.G. Andrews,
Dr. M. Fatemian, Prof. F.W. Taylor, Dr. C.D. Rodgers, Dr. A. Dhudia, Dr. J.
Remedios, Dr. A. Lambert, Dr. D. Grainger, Department of Oceanic, Atmospheric
and Planetary Physics, Oxford University, Parks Road, Oxford, OX1 3PU, UK. Tel :
(44) 865 272907. Fax : (44) 865 272923.

UKMO : UK Meteorological Office : Mr. R. Swinbank. Collaborators : Dr.
V. Pope, Dr. J. Austin, Meteorological Office, London Road, Bracknell, RG12 2SZ,
UK. Tel : (44) 344 85 4033. Fax : (44) 344 85 4046.

BAS : British Antarctic Survey : Dr. H. Roscoe. British Antarctic Survey,
Madingley Road, Cambridge CB3 OET. Tel : (44) 223 251431. Fax : (44) 223 62616.

LEIC : Leicester University : Dr. T. Robinson. Collaborators : Prof D.T.
Llewellyn-Jones, Dr. N. Arnold. Dept. of Physics and Astronomy, Leicester Univer-
sity, University Road, Leicester, LE1 7RH, UK. Tel : (44) 553 523540.

UW : University of Wales : Prof. L. Thomas. Physics Dept., University of
Wales, Penglais, Aberystwyth, SY23 3BZ, UK. Tel : (44) 970 622802. Fax : (44) 970
622826.



3 Introduction

The U.K. has a long standing record of atmospheric research that covers virtually the
entire range of atmospheric studies, including instrument design and development,
data analysis, computer modelling, atmospheric radiation, dynamics and chemistry.
In this proposal, we outline studies to be carried out in the U.K. that will utilise
the recent data acquired by the various instruments flown on the Upper Atmosphere
Research Satellite (UARS). Several UK researchers already have a recognised status
as Principal or Collaborative Investigator (Co-I) on one of the UARS instruments and
therefore do not appear specifically as a Co-I on this proposal (specifically, Prof. A.
O’Neill of Reading University, Prof. F. Taylor, Drs. C. Rodgers and D. Andrews of
Oxford University and Dr. R. Harwood of Edinburgh University). The studies pro-
posed involve collaboration with those groups already affiliated with UARS and have
the full support of them. The studies described in this proposal are those proposed
to be conducted over and above those which are already planned by the affiliated UK
groups.

The studies will involve the interpretation of the data in order to further our under-
standing of the radiative, dynamical and chemical processes that affect the abundance
and distribution of ozone in the atmosphere. A hierarchy of computer models has al-
ready been developed as part of the U.K. Universities Global Atmospheric Modelling
Programme (UGAMP) and substantial use of these will be employed in the studies.
The British Atmospheric Data Centre (formerly the Geophysical Data Centre - GDF'),
of which the PI is Project Scientist, will be extensively involved in facilitating the UK
distribution of the data and of software to manipulate it.

A brief description of the UGAMP project and the tools that are available to
this project is provided in the next section. A description of the planned work, the
methods to be used and the importance of the anticipated results of each of the
proposed studies is provided in section 5. A description of the management structure
and funding of the project is provided in sections 6 and 7. A brief CV of each of the
investigators is also provided in Appendix A.



4 The U.K. Universities Global Atmospheric Modelling Pro-
gramme

The UK Universities Global Atmospheric Research Programme was initiated in 1987
as a coordinated modelling activity involving five university departments and the
Rutherford Appleton Laboratory. In 1990 it was adopted by the UK Natural En-
vironment Research Council (NERC) as a Community Research Programme. The
programme has a Director, Professor Alan O’Neill (who is already actively involved
in the UARS mission) and the active participation of nine research groups: the Cen-
tre for Global Atmospheric Modelling (CGAM), Reading University, the Meteorology
Department, Reading University, the Chemistry Department, Cambridge University,
the Rutherford Appleton Laboratory, the Department of Atmospheric, Oceanic and
Planetary Physics, Oxford University, the Department of Applied Mathematics and
Theoretical Physics, Cambridge University, the Centre for Remote Sensing, Imperial
College London, the Meteorology Department, Edinburgh University and the Climate
Research Unit, University of East Anglia.

The overall aim of UGAMP is to improve our basic understanding of the large-scale
atmospheric phenomena and processes that affect our environment. The two main
goals are to investigate the dynamical and photochemical processes that govern the
amount and distribution of ozone and to advance our understanding of the natural
internal variability of the atmosphere on time-scales from days to decades. Progress
in these areas will increase our ability to simulate natural and man-made changes in
the atmosphere, and will allow us to make more informed judgements of the reliability
of long-term numerical predictions.

The approach of UGAMP is to use a hierarchy of numerical models as research tools
to interpret observations of the atmosphere and hence to further basic understanding
of atmospheric processes. The models range from simple hypothesis-testing models
to sophisticated general circulation models (GCMs). The GCMs represent many of
the atmospheric processes involved in the ozone balance and climate change, and
incorporate advanced photochemical schemes to predict the distribution of ozone and
other trace gases.

The main GCM available to UGAMP has been adapted from the forecast model de-
veloped at the European Centre for Medium Range Weather Forecasting (ECMWF).
This may be run on the original (19) vertical levels extending from the ground to
approximately 30 km or on an extended (47) vertical level grid that reaches to ap-
proximately 90 km (0.0001 mb) in order to model middle atmosphere processes (Gray
et al., 1993, Jackson 1993,1994, Jackson and Gray 1994). The models use a spectral
formulation in the horizontal and may be run at a variety of different resolutions.
In both versions of the model, photochemical reactions involved in determining the
distribution of ozone have been included.

In addition to the full GCMs UGAMP has available a number of other simpler
models and tools such as

e a contour advection scheme (e.g. Norton 1994),

e an analysis scheme for chemistry along trajectories (Chipperfield et al., 1994a)
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e two dimensional models (height latitude) using both pressure coordinates (Har-
wood and Pyle, 1975) and isentropic coordinates (Kinnersley and Harwood,
1993) with extensive chemistry included,

¢ two dimensional models (latitude - longitude) of extremely high resolution for
fluid dynamical experiments and high resolution chemistry (e.g. Juckes and
Mclntyre, 1987)

¢ simpler 3-d models with fewer parametrizations than the GCM (e.g. Hoskins
and Simmons, 1975).

Two important new versions of the model have recently been developed to comple-
ment the hierarchy of models already available. The first is an ‘off-line’ chemistry and
transport model for case studies of ozone depletion (Chipperfield et al., 1994b). This
enables much more detailed chemical studies to be undertaken using observed winds
from, for example, the UKMO assimilated model runs. It incorporates a detailed rep-
resentation of photochemistry, including a representation of heterogeneous reactions
on polar stratospheric clouds. It is allowing detailed simulations to be made of peri-
ods when ozone destruction is thought to have taken place in the stratosphere; its use
is considerably enhancing our understanding of the interaction between transport,
chemistry and dynamics. This model has been used extensively in the interpreta-
tion of data from the European Stratosphere Ozone Experiment (EASOE). A novel
method has also been developed for initialising the chemical distributions to ensure

conformity between the initial chemical and meteorological distributions (Lary et al.,
1994).

The second recent model addition has been the development of a stratosphere
mesosphere model in which the model is forced from below at approximately 100
mb using geopotential height fields that have been derived from observations. This
model, therefore, also enables case studies of particular events in the atmosphere to
be carried out and may also be used to study the effect of the troposphere on the
middle atmosphere.

For further details of the UGAMP Programme and a description of some of the
areas of science that it has addressed, a brochure has been produced by the Natural
Environment Research Project entitled ‘Modelling the Atmosphere’ (see enclosures).



5 Description of Proposed Work

The proposed work has been organised into a series of scientific topics. There will
inevitably be substantial areas of overlap between the projects due to strong interac-
tions between different regions of the atmosphere and the different processes that are
present.

5.1 The Stratospheric Winter Vortex.

Work to be carried out by : READ, OX, RAL, CAMB, ED.

The recent discoveries of severe Antarctic ozone depletion (Farman et al. 1985) and
the potential for depletion in the northern hemisphere (e.g., Waters et al. 1993) have
highlighted the need to understand the morphology, evolution and transport processes
of the middle atmosphere as well as the chemistry. The existence of a wealth of
global three-dimensional and contemporaneous data sets, such as UARS observations
(Geophys. Res. Lett. UARS special issue, volume 20) and UK Meteorological Office
analyses (Swinbank and O’Neill 1993), provides an unprecedented opportunity to
carry out diagnostic studies of the middle atmosphere.

The stratospheric winter vortex is particularly interesting and important in terms
of its dynamics, the associated transport of air and chemical species, and its potential
for anomalous chemistry. We propose to use UARS observations and UK Meteorologi-
cal Office analyses, firstly, to document and, as far as possible, understand the seasonal
evolution of the three-dimensional structure of the stratospheric winter vortex, and
secondly, to investigate the transport of material in and around the vortex.

For much of the work described below, three dimensional gridded fields will be
used. Accordingly, we are investigating ways and means of producing optimal synoptic
analyses from the along-track profiles produced by various instruments. In addition
to the Kalman filtering and asynoptic gridding techniques being used at NCAR, JPL
and elsewhere, we have developed an objective analysis scheme. Evaluation of such
gridding techniques is being carried out under the aegis of the UARS Science Team
by intercomparing the gridded products and data fields which have been assimilated
into numerical models. These studies will be continued and will benefit the various
specific studies proposed below.

5.1.1 Dynamical Evolution of the Vortex

Datarequired: UK Meteorological Office analyses; temperatures and long-lived tracers
from MLS, ISAMS, CLAES and HALOE.

Our understanding of the seasonal evolution of the stratospheric winter vortex is
still far from complete. Some of the processes involved are radiative forcing, upward
propagation of disturbances from the troposphere, wave breaking and irreversible
quasi-horizontal mixing leading to a ‘surf zone’ outside the main vortex (McIntyre and
Palmer 1983), ‘peeling off’ of vortex edge air leading to sharpening of the vortex edge
(Juckes and McIntyre 1987), interaction of the vortex with mid-latitude anticyclones



(e.g., Mechoso et al. 1988), and minor and major warming events. Diagnostics of
the stratospheric vortex will be calculated using UARS temperature measurements
and UK Meteorological Office analyses. In particular, the three-dimensional nature
of the flow will be emphasized in order to study phenomena which are obscured in
the traditional zonal mean / wave picture, such as the interaction of the main vortex
with eastward travelling and / or quasi-stationary mid-latitude anticyclones.

One recent area of interest has been the use of coordinate independent diagnostics
such as area integrals (Butchart and Remsberg 1986, Lahoz, work in progress) and
circulation integrals (O'Neill and Pope 1993a, 1993b) to study the evolution of the
vortex, though the studies so far appear to disagree over the relative importance of
the role of radiation. These new techniques will be developed further and applied to
observations and model simulations in order to gain experience in interpreting them
and relating them to more familiar concepts such as wave-mean flow interaction and
isentropic mixing of potential vorticity. One particular aim will be to disentangle the
effects of finite resolution (in the model and observations) and numerical dissipation
(in the model) from the radiative and dynamical processes controlling the evolution
of the vortex.

Selected periods will be simulated using the recently developed middle atmosphere
model, with forcing from analysed 100hPa geopotential fields and the full middle at-
mosphere model. The results will be compared with the observations and analyses to
validate the model and to test its sensitivity to resolution and to the details of the
parameterized physics. In particular, differences between the model and the obser-
vations will give insight into the role of processes in the middle atmosphere such as
gravity wave drag, planetary wave propagation and stratospheric warmings.

5.1.2 Transport in and around the Vortex

Data required: MLS, ISAMS, HALOE, CLAES, UK Meteorological Office Analyses.

Recent analysis of global measurements of ozone distributions using satellites have
revealed a widespread decline in column ozone, with regional reductions approaching
approximately 1% per annum. Downward trends in ozone are present in both hemi-
spheres, throughout the year, and are not limited to polar regions. The existence
of a middle-latitude ozone loss has prompted much debate over whether and how
perturbations to the chemical composition at high latitudes within the polar vortex
may lead to reduced ozone amounts at lower latitudes. There are two extreme hy-
potheses about the transport of air through polar regions and its export to middle
latitudes. One hypotheses is that containment of air within the polar vortex is com-
plete during winter, and that all transport occurs as the polar vortex breaks down
during spring. During this process, air from within the polar vortex, in which ozone
may have been depleted, mixes with low-latitude air and reduces the mid-latitude
ozone column purely by dilution. It is also possible that further chemical ozone loss
could occur in this air after it reaches middle latitudes. In either case there is a clear
limitation on ozone loss: no more ozone can be destroyed than the amount contained
within the polar vortex when it first forms in early winter.

The opposite extreme is that expressed as the ‘flowing processor hypothesis’ (Tuck



1989, Proffit et al., 1989), namely that the air in polar regions is not well contained,
and that a substantial volume of air passes through those regions to middle latitudes
throughout the winter months. If vortex temperatures are low enough, then polar
stratospheric clouds (PSCs) will form within the vortex and heterogeneous chemistry
will cause reactive chlorine concentrations to rise. Denitrification, which allows active
chlorine compounds to persist for longer, may also occur (as may dehydration). Large
amounts of air passing through the vortex to middle latitudes could thus be chemically
primed for ozone loss. Although, in such a situation, temperatures in middle latitudes
may never have reached the threshold for PSC formation, the effects of heterogeneous
PSC chemistry (and dehydration) would still be apparent. Mid-latitude ozone loss
could then proceed, initiated by the polar air. In such a situation the potential for mid-
dle latitude ozone loss would be significantly enhanced over simple dilution, because
the volume of lower-stratospheric air exposed to PSC chemistry could be substantially
greater than the instantaneous volume of the polar vortex. These different scenarios
have very different implications for understanding and predicting mid-latitude ozone
loss. Furthermore, such processes could be major factors in determining the chemical
structure of the middle latitude lower stratosphere.

In order to address this very important uncertainty concerning the interaction of
polar and mid-latitude air, the morphology and evolution of the winter stratosphere
will be studied using chemical and dynamical tracers from the MLS, CLAES, ISAMS
and HALOE instruments and isentropic distributions of potential vorticity calculated
from UK Meteorological Office analyses. Chemical studies which complement these
dynamical studies will also be carried out and are described in section 5.2. Again,
the vortex centred viewpoint and the three-dimensional nature of the flow will be
emphasized. Some progress has already been made studying the northern winter of
1991/1992 (Lahoz et al. 1993, Ruth et al., 1994, Rosier et al., 1994) and the southern
winters of 1991 and 1992 (Harwood et al. 1993, Bithell et al., 1994). Correlations be-
tween the different tracers will be used to assess the data quality. Mean slopes of tracer
isopleths will be used to estimate the relative strengths of vertical (cross-isentrope)
motion and quasi-horizontal mixing (Mahlman et al. 1986). Also, extending the ideas
of Plumb and Ko (1992), we will examine the feasibility of using spatial and temporal
variations in the correlations between different species to identify regions of signifi-
cant horizontal mixing and regions of little horizontal mixing. One key question is
the extent to which some part of the vortex remains isolated from lower latitude air
at different altitudes and different stages of the winter. The techniques of parcel tra-
jectories and contour advection (Norton 1994) have already been employed to study
periods in the Antarctic spring-time during which the vortex is gradually breaking
up (Bithell et al., 1994) and are being used to quantify the transport of air that has
been chemically activated by PSCs, out of the northern hemisphere vortex (Norton
and Chipperfield, work in progress). These studies will be extended to examine the
different stages of winter.

Descent of air in and around the vortex can be diagnosed or calculated in a variety
of ways and so provides a way of comparing different data sets, as well as providing
a robust test of the processes driving the meridional circulation in numerical models.
There is evidence that air of mesospheric origin can reach the middle stratosphere on
a time scale of 3-4 months (Russell et al. 1993, Lahoz et al. 1993). However, currently
there appears to be disagreement between different estimates of descent rates within
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the vortex in the lower and middle stratosphere, for example, using observed descent
rates of tracer isopleths (Hartmann et al. 1989, Lowenstein et al. 1989, Harwood et
al. 1993, Lahoz et al. 1993), radiative transfer calculations (Rosenfield et al. 1987,
Shine 1989), observations of dehydrated air outside the vortex (Tuck et al. 1993) and
air parcel trajectory calculations using model generated winds (Fisher et al. 1993)
and analyses. Estimated descent rates range from a fraction of a K/day to about
2K/day in terms of potential temperature in the lower to middle stratosphere. It is
crucial to our understanding of the wintertime stratosphere to be able to reconcile
the observed tracer distributions, calculated radiative heating rates and dynamical
ideas of what controls the circulation. Furthermore, the descent rate is one factor
determining how much air can experience the extreme cold within the vortex during
the course of one winter (the other factor being the amount of lateral transport) and
hence be subject to anomalous chemical processing (e.g., Randel 1993). This has an
important bearing on the question of mid-latitude ozone depletion. Diabatic descent
rates will be calculated using temperature and data from MLS as input to the radiative
transfer model of Haigh (1984) and possibly other radiative transfer models. These
will be compared with descent rates estimated from tracer distributions.

Simple chemical tracer schemes in the middle atmosphere model will be used as
an indicator of the ability of the model to simulate the dynamics of the atmosphere.
Water vapour, methane and nitrous oxide are all tracers of atmospheric motion in the
middle atmosphere and a basic parametrization of their chemical source and sink terms
has been included in the UGAMP middle atmosphere model in a simplified version
of the chemical scheme that enables runs of many months duration. Various model
simulations will be run to study the evolution of the winters of both hemispheres.
The model will be initialised with measured distributions of water vapour from MLS
and CH, and N,0 from ISAMS and CLAES. Comparisons will be carried between the
model evolution and the observations. Estimates will be made of the descent rates
from different methods, using e.g., diabatic heating rates, the residual circulation or
air parcel trajectories. The aim will be to examine the variations of the descent rate
on synoptic space and time scales in relation to the detailed dynamical evolution of
the vortex and the sensitivity to the gravity wave parametrization. These runs will
be compared with shorter model runs in which the full chemistry scheme is included
(see section 5.2.4).

5.1.3 The Role of Gravity Wave Drag
Work to be carried out by : CAMB, UW, RAL.

Data required : ISAMS, MLS, CLAES, HALOE, HRDI, WINDIL.

One present concern is the role of gravity wave drag in the general circulation
of the atmosphere. The extent and rate of the descent at polar latitudes in winter
is an important factor in understanding the depletion of ozone in that region which
is not fully understood. The importance of gravity wave forcing of the atmosphere
on the mean circulation and hence on the downwelling at polar regions is generally
accepted, although other factors such as radiative effects are also important. However,
there are no climatological data on gravity wave drag against which to test models.
One approach to the gravity wave drag problem has been to calculate residuals of
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the known force terms in the momentum equations. In the past, such calculations
have been carried out for the zonal mean, but data at sufficiently high resolution has
not been available to examine zonal asymmetries. The ISAMS instrument on board
UARS provides temperature data throughout the mesosphere and it is hoped that
sophisticated numerical techniques involving new methods of calculating winds from
temperature data will allow us to evaluate the influence of gravity wave drag upon
the descent rate into the polar vortex (as discussed earlier).

Improved gravity wave parametrization schemes for use in computer models are
currently under development within UGAMP. For example the Fritts-Lu parametriza-
tion has recently been introduced into the middle atmosphere model and diagnosis
of the results is underway. The model runs with various gravity wave forcing will be
tested against the observations of the atmosphere from UARS. Additionally, theories
of stratospheric clear-air turbulence both from the viewpoint of wave drag and from
that of vertical mixing will be studied. UARS data will provide invaluable clues,
and tests of developing concepts, during the course of this work. The tests will in-
volve both studies of local behaviour in the lower stratosphere and global-scale tracer
transport, both of which are affected by the gravity wave phenomenon in question.

In a separate study, orographically generated gravity wave stress will be investi-
gated using experimental information from a limited number of aircraft and balloon
measurements and estimates from short periods of radar observations. The primary
objective of the proposed research in this area is to observe the characteristics of
gravity waves associated with different sources and to estimate the corresponding mo-
mentum fluxes, using the UK MST radar facility at Aberystwyth. It has previously
been demonstrated that such radar systems can provide information on the momen-
tum flux at tropospheric, stratospheric and mesospheric heights (Fritts et al., 1990,
Thomas et al., 1992, Fritts and Vincent, 1987). Recent observations at Aberyst-
wyth have compared the fluxes for periods greater and less than 6 hours in both the
troposphere and lower stratosphere (Prichard and Thomas, 1993) and have shown
substantially larger fluxes associated with orographic waves than with other short-
period waves. A related study, which will make use of both the radar facility and
lidar systems at Aberystwyth to make measurements over the whole height range up
to about 80 km will be concerned with the saturation of atmospheric gravity waves
(Marshel et al., 1991). A third area of investigation employing the radar system is
concerned with the incidence of turbulence in the troposphere, lower stratosphere and
mesosphere (Thomas and Astin 1994), its association with gravity waves and its role
in vertical mixing.

The restrictions of these measurements to a single site limits their direct com-
parison with relevant UARS data. However, the continuous measurements of the
vertical structure of waves, the associated momentum flux and turbulence intensity
could identify day-to-day and seasonal changes for corresponding studies of UARS
data. Furthermore, the parameters derived from the radar measurements could be
compared with those inferred from comparison of theoretical models and UARS ob-
servations.
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5.2 Chemical Studies of the Middle Atmosphere
Work to be carried out by : CAMB, BAS, ED, IMP, RAL.

Data required : HALOE, ISAMS, MLS, CLAES, UKMO Meteorological Analyses.

5.2.1 Chlorine Activation and Deactivation

Chlorine is activated when reservoirs react on the cold surfaces of polar stratospheric
clouds and sulphate aerosol. Chlorine remains activated as long as temperatures
remain low; the subsequent deactivation depends on, inter alia, the availability of
nitrogen oxides. The rate of deactivation can be expected to be different in the two
hemispheres. Understanding the deactivation stage is vital if we are correctly to
predict future ozone loss. For example, if vortex air mixes into middle latitudes the
ozone loss will depend critically on the rate of chlorine deactivation.

We will carry out a quantitative study of the rate of chlorine activation and deacti-
vation, using a combination of MLS, CLAES and, possibly, HALOE data. The study
will build on a current investigation (Chipperfield et al., 1994a) of the CIONO, data
from the MIPAS FTIR on the TRANSALL aircraft. In this study our off-line chem-
ical transport model, with transport forced by the daily analysis from the ECMWF,
has been used to study the Arctic vortices of 1991/92 and 1992/93 (Chipperfield et
al., 1993, Chipperfield et al., 1994b, Chipperfield, 1994). These studies have shown
remarkable agreement with the structure seen in the TRANSALL measurements of
column CIONO,. Thus the model reproduces a CIONQO, collar around the vortex in
mid-winter and a vortex filled with high CIONO, in the early spring. A particularly
interesting result is that the model reproduces the large variations seen in the CIONO,
amount around a PV contour. These variations are due to photolysis of HNOj; leading
to a recovery of active chlorine back to CIONQO,. It would be our intention to look
for similar structure in both ClO and CIONQO,; in and around the polar vortices of
both hemispheres and to compare quantitatively the expected and observed rates of
change.

5.2.2 The Nitrogen Budget

We propose to study in detail the nitrogen oxide budget of the stratosphere and meso-
sphere, using data from ISAMS, HALOE and CLAES. We will concentrate on two
specific problems. Firstly, the partitioning in the winter polar lower stratosphere.
Ground based data taken during the EASOE campaign (see, for example, Special
EASOE Issue of Geophys. Res. Letts, 1994, to appear) showed an interesting tem-
perature dependence in NO, which could have important implications for our under-
standing of heterogeneous chemistry on sulphate aerosol. We will look for evidence of
similar behaviour in the UARS data.

Secondly, we will continue our present studies of nitrogen oxides in the winter
polar upper stratosphere. ISAMS data shows some extremely interesting structures
during the mid-winter of 1991/92 when, during certain periods, high HNOj is found
both inside the polar vortex (i.e. high HNOj; correlates well with high PV) and
outside the polar vortex (i.e. high HNO; also correlates well with low PV in high

13



latitudes). Our 3-D model studies reproduce the latter feature. Air high in NOy is
advected polewards; the ratio of HNO3/NOx increases polewards. However, the basic
model does not reproduce the high HNO3/high PV correlation. It may be related
to heterogeneous chemistry in the upper stratosphere or perhaps transport of NOy
from a mesospheric source play an important role. We propose a number of studies
to investigate this feature.

Thirdly, the consistency between measured and theoretical values of the NO:NO,
ratio will be examined as a function of physical variables such as pressure, temper-
ature, solar zenith angle and overhead ozone column. While this ratio has been
investigated previously in the middle and lower stratosphere at mid-latitudes with
balloon-borne measurements, the UARS IR emission sensors have provided simulta-
neous global data on NO and NO,, together with critical quantities which govern
their steady-state balance. The statistics afforded by UARS data should permit a
quantitative test of this aspect of photochemical theory to be performed over a wider
range of atmospheric conditions than has hitherto been possible.

5.2.3 Studies of Ozone Loss.

In addition to the UGAMP GCMs which include chemistry, we have developed a
detailed chemistry/trajectory model (Lutman et al., 1994a,b). This model has been
used to study EASOE data by running large numbers of long-duration 3-D trajectories
to cover the entire domain of interest. In this way, a 3-D picture of atmospheric
chemistry evolution can be developed. This picture complements that provided by
the GCM. It is possible by comparing the two models to isolate model dependent
features. For example, spatial variations revealed in the trajectory studies cannot be
due to diffusion, which is not included in that model.

We have carried out studies of the ozone loss in the winter of 1991/92 using the
large number of ozone sondes launched during EASOE and these two models. One
study (Lucic et al., 1994) used the GCM model to estimate descent rates within the
polar vortex while the second (Von der Gathen et al, in prep.) attempted to match
ozone observations taken at increasing times along calculated air parcel trajectories.
We propose to repeat these two studies using UARS data from MLS and ISAMS.
UARS data obviously provides many more data points, over a much wider area, than
the ozone sondes, which have superior vertical resolution. A comparison of the time
behaviour along the trajectories of species other than ozone will also be performed.

5.2.4 Studies of the Water Vapour and Total Hydrogen Budgets.

The aims of this study are
1. To combine data from the HALOE, MLS, CLAES and ISAMS instruments in

order to
¢ develop a climatology of H,0,
¢ analyse the H,O + CH, budget of the atmosphere,
o derive the H; content of the mesosphere,

e evaluate the accuracy of the measured upper troposphere H,O fields.
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2. To compare the H,O, CHy and H; fields measured and combined in this way
with model calculations from the UGAMP 3-d model with full chemistry.

3. To study the fields in the stratosphere in terms of dynamical effects, using the
UKMO analyses.

The justification for this study lies in the importance of water vapour and other
hydrogen species in both the chemistry and radiation balance of the middle atmo-
sphere. H,O is the source of the active radical OH in the stratosphere (for example,
through oxidation by atomic oxygen in the 'D state), which is a dominating influ-
ence on stratospheric chemistry through many important reactions (see Brasseur and
Solomon, 1984, pp245-250) and along with CH4, H,O gives rise to molecular hydrogen
in the mesosphere and above (Le Texier et al., 1988). Moreover, water is implied in
vortex ozone-destroying reactions through the central role of ice crystals. In radiation
terms, water vapour accounts for a large fraction of the tropospheric long-wave radia-
tive cooling to space, and much of this cooling is controlled by water vapour in the
middle and upper parts of the troposphere. Also, in the stratosphere, water vapour
contributes significantly to the local radiation balance, both through long-wave cool-
ing and, to a lesser extent, short-wave absorption. Clouds, as a manifestation of water,
are also of great importance to the radiative balance of the atmosphere, although one
of currently great uncertainty.

The UARS data derived from a number of the composition-sounding experiments
on board (HALOE, CLAES, ISAMS and MLS) represent a unique set of measure-
ments of the water vapour in the atmosphere, and it is important firstly to derive the
best ‘climatology’ of H,O and related species such as CH, and (proxy) H, that we
can from them. The different instruments have their characteristic advantages and
disadvantages. HALOE can make very high precision measurements, on account of
the high signal-to-noise ratio obtained with a solar-occultation measurement, but the
coverage obtained with such a sounder is not perfect; the ISAMS instrument provides
much better coverage, but the pressure-modulation technique used seems to have cal-
ibration problems, and the short life of ISAMS (less than one year) is a limitation; the
MLS data covers a long time base, and provide good coverage, etc. A second aspect
of the study is that we can now ensure that we fully understand the details of the
relationship between H;0 and CHj, in the stratosphere, as the latter is converted to
the former: never before have we had such complete datasets with which to test our
models, as a function of time, season, latitude and longitude.

Another issue that can be addressed with the new data is the H; budget of the
mesosphere: previously, measurements were very limited in time and/or space; now
we can test our model simulations, and therefore our understanding, over a wide range
of conditions. One other important feature of the data which we must address is to
establish just how deeply into the troposphere we can make useful measurements: the
great importance of the middle and upper troposphere to the radiation balance makes
this a vital question, which will be addressed in this work.

With the data properly analysed and understood as a data set, a principal aim
of this work is to test the predictions of 3-d GCM models against the measured
composition fields, and their variation in time and place. Of special interest will be two
important regions: first, the equatorial tropopause region, where exchange processes

15



between the troposphere and the stratosphere badly need new measurements if they
are to be fully understood. The second is the winter/spring polar vortex regions,
where studies have already shown that the interplay of dynamics, radiative effects
and chemistry is intense (e.g. Tuck et al., 1993). The new data provide one of the
best views of these interacting processes that we have available, and will be used in
this work to test the models which, in such a complex system as the atmosphere, is
the only way to properly test our theoretical understanding of the atmosphere. In this
area, the chemical studies will be carried out in conjunction with the work proposed
on dynamical studies of the vortex described in section 5.1.2.

5.2.5 Correlative Antarctic Ozone and NO; Studies.

Measurements of O3 and NO, by the BAS UV-visible spectrometer (SAOZ) at Fara-
day, Antarctica have identified several features of interest which will be interpreted in
conjunction with co-located UARS data. The features include:

e Within the vortex, ozone appears to increase during early winter and decrease
during late winter, possibly signifying descent followed by earlier depletion than
previously observed. However, the measurements have a small dependence on
profiles of both ozone and temperature which needs to be investigated further.

e At the breakdown of the vortex in 1991, O3 and NO, did not recover simultane-
ously. Again, the measurements have a small profile dependence and a significant
dependence on aerosol in December 1991, when Mount Pinatubo aerosol arrived.

o During late spring, the change in NO, between morning and evening is much less
inside the vortex than outside, despite the NO, abundance being comparable.
This change in NO; should equal the amount of (2*N,05+CIONO,) photolysed
during the day. Again, the mecasurements have a profile dependence and the
explanation might simply be the temperature dependence of photolysis of N,Os.

Each of these features would benefit from examination of UARS profiles of O3, NO,
and aerosol, even if the profiles are not complete. The possible explanation of each
feature, if confirmed after excluding profile and other dependencies, are also of great
interest to the UARS community: descent within the vortex, early ozone depletion,
reduced NO, in pockets outside the vortex and low N,Ojs within the vortex despite
plentiful NO; are all areas of interest. Each would open the possibility of wider
collaborative science with both UARS measurement groups (MLS measurements of
high ClO in the early winter, measurements of HNO; within the vortex) as well as
with modelling groups.

5.2.6 PSC / Aerosol Studies.

Polar Stratospheric Clouds (PSCs) and sulphuric acid aerosols (SA) provide surfaces
for heterogeneous reactions in the lower stratosphere. The overall chemical effect
of PSCs and SA is a strong function of aerosol loading and particle composition
(and hence temperature). Data from various UARS instruments will provide valuable
information on the spatial and temporal variability of SA and PSCs and on their
correlation with other factors such as temperature and tracer concentrations. Optical
extinction data from ISAMS, CLAES and HALOE, along with temperature data, will
be used to test the consistency between theoretical predictions of PSC formation,
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as simulated by a full microphysical model, and observed aerosol properties. Whilst
the theoretical predictions are being tested, the actual observations of PSCs will be
used to constrain off-line chemistry and transport simulations. These simulations will
themselves be compared to UARS data as described in previous sections.

The eruption of the volcano Mt. Pinatubo introduced about 20 Mtonne of SO,
into the stratosphere. The SO, converted to SA in the space of a few months. The
transport and oxidation of volcanic SO; has been monitored by MLS. The transport
and decay of the subsequent aerosol cloud has been monitored by ISAMS, CLAES
and HALOE. A 2-D model, containing a detailed treatment of SA microphysics and
sulphur chemistry, and MLS data have already been used to confirm sulphur oxidation
mechanisms in the stratosphere (Bekki and Pyle, 1994). Simplified schemes are being
developed from the full microphysics and included in the GCM and off-line transport
models. 3-D simulations, in conjunction with UARS data, will be used to investigate
the interaction of heterogeneous processes and transport, and quantify the potential
for ozone depletion.

5.3 Ozone Climatologies for General Circulation Models

Work to be carried out by : READ.
UARS data required : HALOE, ISAMS, MLS.

General circulation modelling of the troposphere and middle atmosphere requires
three-dimensional and time varying fields of ozone for radiative calculations in either
of two ways: (i) in models which do not have ozone as a prognostic variable, the ozone
must be specified as an input climatology; (ii) in models which do carry ozone as a
prognostic variable, datasets are required to verify model output. Historically, rela-
tively little attention has been paid to such climatologies for GCM use. Producing an
ozone climatology for either of these purposes is not a simple task. Although there are
a large number of surface-based and satellite-based measurement techniques, no single
technique can provide data which meets the requirements of having good horizontal
and spatial resolution over the whole globe from the surface to the mesopause. In
addition, there is considerable intrinsic natural variability in ozone, particularly that
associated the stratospheric quasi-biennial oscillation; this means that short-period
observations, even if producing high quality data, have to be incorporated in to cli-
matologies with some care, to ensure that they are not biased to one phase or the
other of oscillations.

Work is in progress to combine a number of different data sets to produce a single
climatology for the surface - this has entailed using data from 5 different satellite
instruments as well as ozonesonde measurements. Merging such data sets into a single
climatology is a considerable challenge. Once these climatologies have been produced
they will be used to examine the sensitivity of the atmosphere to this specification;
preliminary integrations indicated that switching from a simplified climatology used
in the ECMWF model to a more recent (but still zonal mean) satellite climatology
had substantial effects in the upper troposphere and lower stratosphere.

These climatologies will need to be updated as more data becomes available. Ozone
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data from a number of UARS instruments (HALOE, ISAMS, MLS) will provide an
additional source of data. Particularly important would be height resolved data in the
lower stratosphere which is both diabatically important and presently rather poorly
sampled.

Finally, long-term trends in ozone have implications for both tropospheric and
stratospheric climate. The imposition on models of ozone changes deduced from
available data sets, of which UARS instruments will be an important component, will
allow an investigation of the effects of the change and comparison with, for example,
observed temperature changes.

5.4 Interannual Variability of the Atmosphere
Work to be carried out by : RAL, READ.

Data required: UK Meteorological Office analyses, HALOE, CLAES, MLS.

It has been known since the early 1960’s (Reed et al. 1961, Veryard and Ebdon
1961) that the zonal wind in the tropical lower stratosphere reverses sign with period
of about 22-34 months, giving rise to the so-called Quasi Biennial Oscillation (QBO).
There is also a well defined QBO in ozone that is not confined to the equatorial
latitudes; it extends over all latitudes and is largest at high latitudes (Lait et al., 1989).
2-d Modelling studies carried out by Gray and Pyle (1989), Gray and Dunkerton
(1990), Gray and Chipperfield (1990) and Chipperfield and Gray (1992) reproduced
the ozone QBO and also predicted the existence of a QBO signal in a number of
other trace gas abundances such as NO,, HNO3;, N,O and CIONO,. In a subsequent
study, Zawodny and McCormick (1991) detected a QBO signal in NO, as well as
ozone from measurements made by the SAGE II instrument, hence confirming the
model predictions (see also Chipperfield et al., 1994). In a further study, Gray and
Ruth (1992, 1993) showed that the phase of the QBO during the LIMS period of
measurements was opposite to that of the first year of UARS and suggested that care
should be taken in the use of LIMS observations for UARS validation purposes due
to the likelihood of variations in the equatorial abundance of, for example, NO; and
HNOj; associated with the QBO.

Although the time-series of data from UARS is insufficient for a rigorous analysis
of a QBO signal (which would require at least two QBO cycles and hence possibly
five years of measurements) nevertheless some comparisons may be possible with
model predictions and previous data now that one complete QBO cycle has been
sampled. For example, recent analysis of MLS data has invoked QBO effects as
possible mechanisms influencing the measured abundance and distribution of ozone
in equatorial regions (Froidevaux et al., 1994). The aim of the proposed study is to
examine the UARS data for evidence of the QBO and to extend previous modelling
studies of the QBO signal in trace gases by validation with the available UARS data.

In addition, a QBO signal has been detected in the UK Meteorological Office anal-
yses (Swinbank and O’Neill, 1994) with clearly defined descending bands of equatorial
easterlies and westerlies. It is generally accepted that the QBO is driven mainly by
equatorially trapped, upward propagating Kelvin waves and Rossby-gravity waves
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(e.g., Holton and Lindzen 1972). Some uncertainties remain over the possible role of
planetary waves propagating from the winter hemisphere (Dunkerton 1983), the role
of gravity wave drag and the possible coupling with the annual cycle. The work of
Swinbank and O’Neill will be extended by further diagnosing the UK Meteorological
office analyses in order to more fully characterize the structure of the QBO, including
the associated meridional circulation. It is not yet clear to what extent the waves
driving the QBO are present in the analyses. Diagnostic studies will be carried out to
identify and quantify the waves that are present. The residual in the angular momen-
tum budget will be calculated to quantify the effect of motions that are not captured
in the analyses, either through lack of resolution or lack of raw observations.

5.5 Solar Terrestrial Interactions

Work to be carried out by : IMP, LEIC.
Data required : PEM, ISAMS, HALOE, CLAES.

It is well established that the middle and upper atmospheres respond to solar ener-
getic particle events; in particular, solar proton events (SPEs), associated with solar
flare activity, impact the atmosphere at high latitudes and produce odd nitrogen,
through the dissociation and ionisation of Nj, which can then take part in the cat-
alytic destruction of ozone (Crutzen et al., 1975, Solomon and Crutzen, 1981). Two
dimensional model studies (Jackman et al., 1990, Reid et al., 1991) suggest ozone
depletions following SPEs of more than 20% lasting perhaps 2 months in the upper
stratosphere at polar latitudes. In the lower stratosphere predicted ozone changes are
small but depend sensitively on the penetration depths, and thus the energy spectra,
of the protons.

Lower stratospheric ozone plays a crucial part in the radiative balance of the lower
and middle atmospheres and is important in determining the downward flux of infrared
and solar radiation across the tropopause. Any changes in lower stratospheric ozone,
therefore, may have an impact on the radiative forcing of climate. In this proposal, we
seek to investigate the potential effects of SPEs on climate through the modification
of stratospheric ozone.

The photochemistry scheme in the UGAMP 2-d model will be extended to include
the appropriate ion chemistry and its response to the SPEs of February, June and
October 1992 will be assessed using proton flux data from the PEM. The accuracy of
the model results will be assessed by comparison with ISAMS, HALOE and CLAES
observations of temperature, ozone and the nitrogen family species. The changes in
net radiative flux at the tropopause predicted by the model will then be analysed
in the context of changes due to other mechanisms e.g. increasing concentrations of
greenhouse gases, using existing detailed radiative transfer schemes. The 2-d model
predictions of ozone change will also be used in the middle atmosphere model so that
the full climatic response (including, for example, wave activity) to variations in lower
stratospheric ozone might be investigated.

At a later stage it is anticipated that the appropriate photochemical schemes will
also be implemented in the GCM and the 2-d experiments described above repeated in
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3-D. In this way the inevitable approximations in the representation of the transport
of heat, momentum and mass (especially trace gases) of the 2-d model will be avoided
and a full 3-d simulation of the effects of solar variability directly on the atmosphere.

In a further study of Middle / Upper Atmosphere coupling, the role of the ther-
mosphere will be examined. Significant changes to both the neutral and the ionised
media occur in the upper atmosphere above approximately sixty kilometres altitude.
The mechanisms by which coupling with the rest of the atmosphere takes place are
not well understood. The Leicester ionospheric physics group has long experience of
using ground-based radars to study the upper atmosphere and is actively engaged in
a program to investigate the coupling between neutral gravity waves and the iono-
sphere. It is intended to extend the work to look at sources in the lower atmosphere
and wave propagation into the mesosphere and thermosphere.

Idealised radiative / chemical / dynamical studies of the global atmosphere are
already being carried out. It is proposed to extend an existing middle atmosphere
model into the lower thermosphere and to introduce a number of mechanisms which
are affected by solar variability directly. In addition, studies of wave instabilities and
damping involving modulated heat and momentum sources and their role in coupling
different atmospheric layers will be continued: these have been studied analytically
and numerically and there is now a need to examine these processes from an exper-
imental standpoint. Both of the above topics would benefit greatly from the use of
thermal composition and dynamical data from most of the UARS instruments at low,
middle and upper atmospheric heights.
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6 Management of the Project.

The project will be managed as a community project, with regular meetings in the
UK in order that the progress of research studies be reported and discussed. Some of
these meetings will be part of the regular meetings of the middle atmosphere UGAMP
community, where appropriate. The majority of the proposed studies involve collab-
oration between two or more research groups. These collaborations will be organised
locally by the Co-Investigators involved. Additionally, regular meetings between the
Scientific Co-Investigators and the British Atmospheric Science Datacentre (BADC)
Team (who will facilitate access to the data - see next section) will be held to ensure
that the access routes to the data are adequate and that sharing of software tools is
facilitated. The Principal Investigator is in an excellent position to ensure the smooth
running of this project and that good communication is maintained between the sci-
entific co-investigators and the data centres: she is a Principal Scientist of UGAMP
and the Project Scientist of the BADC.

6.1 The UK Universities Global Atmospheric Modelling Programme.

As already described in section 4, UGAMP is a community programme consisting
of the active involvement of nine research groups in the UK. It is coordinated by
Prof. Alan O’Neill, its Director, from the Centre for Global Atmospheric Modelling
at Reading University. In addition to the twelve Principal Scientists (which includes
Dr. Gray) there are four full-time coordinators with designated areas of responsibility
(the troposphere, the middle atmosphere, chemical studies and supercomputing top-
ics). Three of the coordinators are also based at CGAM, the fourth (the chemistry
coordinator) is based at the Chemistry Department, Cambridge University. The re-
search conducted under the auspices of UGAMP is carried out in the various research
departments of the Principal Scientists in collaboration with personnel at the CGAM.
Many of these are postdoctoral and postgraduate researchers funded specifically by
UGAMP.

Regular UGAMP meetings are held in order that the work carried out be properly
informed and coordinated where appropriate. One major (2-3 day) meeting is held
each summer which covers the whole programme and many smaller meetings are held
throughout the year on specific topics. The middle atmosphere group of UGAMP
meets regularly 3-4 times each year. Similar regular meetings will be held to discuss
data interpretation issues and discussion of the progress of the UARS Guest Investi-
gator Program will naturally fall into these sessions. The meetings will be widened
specifically to involve those participants of this programme who are not already in-

volved in UGAMP.

6.2 The British Atmospheric Data Centre (BADC).

The UARS data required for the studies described in this proposal will be acquired by
the individual research groups with aid from the British Atmospheric Data Centre (the
BADC - formerly the Geophysical Data Facility), which is funded by the UK Natural
Environment Research Council (NERC) as its prime atmospheric data centre. Where
the same dataset is required by more than one UK research group, the data will be
transferred from the Goddard Distributed Active Archiving Centre (DAAC) to the
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BADC and thence distributed within the UK. This will ensure efficient usage of the
network links across the Atlantic. Good coordination will hence be achieved between
the UK users of the data and the source of the data in the U.S. Dr. Gray is also
a member of the Goddard DAAC User Group and is therefore able to represent the
interests of the UK users of the data in that forum.

6.3 The UK Meteorological Office.

The UK Meteorological Office (UKMO) middle atmosphere group is responsible for
producing the synoptic analyses which underpin many of the proposed studies. The
UKMO group will continue to produce and diagnose these analyses as part of their
own commitments to the UARS project. The assimilation system will continue to be
developed to analyse UARS measurements of trace chemical species and stratospheric
winds. UKMO will also collaborate with the groups proposing to use the UKMO data
for studies of stratospheric circulation dynamics, in particular studies of the winter
vortex and interannual variability.

7 Funding.

There are a number of different sources of funding for the proposed studies. Much of
the proposed modelling work will fall naturally within the UGAMP programme (see
section 4) which is funded by the Natural Environment Research Council (NERC).
As part of the infrastructure of UGAMP, the NERC funds the Centre for Global
Atmospheric Modelling (CGAM), 4 coordinator posts, a number of central unit staff
and a number of research topic staff. Currently, the total number of personnel funded
through the UGAMP project is approximately 30. In addition, approx. £1M per
annum. is allocated for supercomputing costs in this area. Where proposed studies
do not directly involve modelling, funds may also be bid for via the NERC ‘responsive
mode’ route for grants and studentships. In addition to funding by the NERC in this
area, there are a number of other bodies that fund university research in this area,
for example the Commission for European Communities and the UK Department of
the Environment.

In the proposed areas of study which involve the upper atmosphere (above about
100 km) the relevant funding agency is the newly established ‘Particle Physics and
Astronomy Research Council’ (PPARC). The UK Science and Engineering Research
Council (SERC) which formerly funded the work in this region has been superceded
by a number of smaller research councils, of which PPARC is the one designated to
cover this research area.
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